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Every one knows how greedily a theorist pounces on a fact, highly 
favourable to his views. 

- Charles Darwin, 1846 

INTRODUC'I~ION 

Natural Selection has become a paradigm for the demonstration 
of the influence of external factors on the formulation of scientific 
theories. Darwin himself indicated that reading Malthus in 1838 was a 
key factor in arriving at his theory, 1 and the Malthusian influence is 
undeniably present. Yet the linkage between natural selection and the 
social and political environment in which it was formulated is complex. 2 
The fact is that Darwin had read the Malthusian statements on several 
occasions before September of 1838. 3 Moreover, even a cursory look 

1. Autobiography in Francis Darwin, ed., The Life and Letters o f  Charles 
Darw/n, ed. 2 vols. (New York: Appleton, 1896), I, 68. Hereafter, this book is 
cited as LLD. 

2. For a contrast of views on the issue, see, e.g., G. Himmelfarb, Darwin and 
the Darwinian Revolution (New York: Doubleday, 1959); Gavin de Beer, Charles 
Darwin: Evolution by Natural Selection (New York: Doubleday, 1964); R. M. 
Young, "Malthus and the Evolutionists," Past and Present, 43 (1969), 109-141; 
P. J. Vorzimmer, "Darwin, Malthus, and the Theory of Natural Selection," Z 
Hist. Biol., 30 (1969), 527-542; S. Herbert, "Darwin, Malthus and Selection," 
J. Hist. Biol., 4 (1971), 209-217; M. T. Ghiselin, The Triumph of  the Darwinian 
Method (Berkeley: University of California Press, 1969); C. Limoges, La s~l~ction 
naturelle (Paris: Presses Universitaires de France, 1970); E. Mayr, "Darwin and 
Natural Selection," Amer. Sci., 65 (1977), 321-327; E. Mayr, Evolution and the 
Diversity o f  Life: Selected Essays (Cambridge, Mass.: Belknap Press, 1976). One 
of the most perceptively and persuasively argued cases for the complexity of the 
situation is P. Bowler, "Malthus, Darwin, and the Concept of Struggle," J. Hist. 
Ideas, 37 (1976), 631-650. 

3. He had read it in Paley's Natural Theology while an undergraduate at 
Cambridge and in 1833 in Humboldt's Political Essay on the Kingdom of  New 
Spain (New York: Riley, 1811) in Buenos Aires, while the Beagle docked there; 
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at the Victorian periodicals of the 1830s makes it clear that the laws 
governing the growth of population were central to many of the politi- 
cal and economic issues being debated at the time and that it would 
have been difficult for anyone reading the Edinburgh Rev iew or the 
Quarterly Review,  as Darwin did, not  to be familiar with Malthus' 
thesis. 4 

Any clarification of the process by which Darwin "got a theory by 
which to work" must account for the resonance set up in Darwin's 
mind in September 1838 by the interaction of external and internal 
factors. At the very least this implies a careful analysis of the evolution 
and development of the scientific part of  Darwin's endeavors. For as 
C. C. Gillispie has aptly noted in sharpening Pasteur's famous statement 
about chance favoring the prepared mind, "the mind has to be not  
only prepared but  cocked ahead of time. ' ' s  In September 1838 that 
was certainly true of Darwin's mind. Darwin came to Malthus not  for 
his "amusement" - as he would have us believe - but  after reading 
Brewster's review of the first two volumes of  Comte's Philosophie 
positive. Reading that review had led him to Quetelet's Sur l S o m m e ,  
and to a lengthy review of it in the Athenaeum.  It was there that he 
once again came across the Malthusian principle of population growth. 6 
His scientific inquiries were thus the stimulus that led him to Malthus, 

and in the summer of 1838, when Darwin was led to Malthus by way of Quetelet, 
he was also rereading Humboldt's Political Essay. The C transmutation notebook 
has the following entry on p. 268: "Humboldt: New Spain much about castes 
etc."; and on the same page appears: "Find out from Statistical Society where M. 
Quetelet has published his laws about sexes relative to age of marriages." All 
four transmutation notebooks are transcribed in Gavin de Beer, ed., "Darwin's 
Notebooks on Transmutation of Species, Bull. Brit. Mus. (Nat. Hist.) (Hist. Set.), 
2, (1960), De Beer, M. J. Rowlands, and B. M. Skramorski, ed., "Pages Excised 
by Darwin," ibid., 3 (1967), 129-176 (excised pages). De Beer's "First," "Second," 
"Third," and "Fourth" notebooks correspond to Darwin's B, C, D, and E note- 
books. Throughout I will cite them by Darwin's letter and page number followed 
by a lower-case e in the case of excised pages: e.g., C, p. 123. 

4. See, e.g., Elie Haldvy, The Growth o f  Philosophic Radicalism (Boston: 
Beacon Press, 1955); Edwin Cannan, A History o f  the Theories o f  Production and 
Distribution in English Political Economy from 1776 to 1848, 3rd ed. (London: 
Staples Press, 1917). 

5. C. C. GiUispie, private communication. Pasteur's original statement is: "In 
the fields of observation, chance favors only the prepared mind"; quoted in Rend 
Vallery-Radot, La vie de Pasteur (Pads: Haehette, 1900), p. 88. 

6. See S. S. Schweber, 'The Origin of the Origin Revisited,"Z Hist. Biol., 10 
(1977), 229-316. 
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and in September 1838 his researches were at a stage where he could 
assimilate and use Malthus' insight. 

The interaction of  external and internal factors is no less important 
in explaining the process by which Darwin arrived at his principle of 
divergence of character - his explanation of how diversity is generated. 
In this paper I analyze some of the external and internal aspects of the 
genesis of  the principle of  divergence of character, focusing particularly 
on the relationship between political economy and evolutionary theory.7 
As will become clear, there are many parallels between how Darwin 
came to formulate natural selection and how he arrived at the principle 
of divergence. Darwin himself indicated that his explanation of the 
divergence of  characters was essentially equivalent to the concept of the 
"physiological division of labour" that Milne-Edwards had promulgated 
in his writings, a That principle, I shall show, was certainly known to 
Darwin before 1852, the date usually ascribed to Darwin's insight after 
his reading of Milne-Edwards' Introduction h la zoologie gbn~rale. 9 

Milne-Edwards himself credited his formulation of the concept of the 
division of physiological labor to the writings of political economists. 
Darwin never so credited his principle, yet as I shall document, he was 
certainly familiar with the doctrines of the leading political economists 
of the day. The question therefore arises why Milne-Edwards in France 

7. For previous investigations of this question, see L. Eisely, Darwin's Century 
(New York: Anchor Books, 1961), pp. 182-184; C. Limoges, "Darwin, Milne- 
Edwards, et le prineipe de divergence," XII Congrks International d'Histoire des 
Sciences, 1968, 111-115; C. Limoges, La s~lection natureUe, pp. 135-137; Robert 
Young, "Darwinism and the Division of Labour," The Listener, 88 (1972), 202- 
205; H. Grubor and P. Barrett, Darwin on Man (New York: E. P. Dutton, 1974), 
pp. 117-118; M. P. Winsor, Starfish, Jellyfish, and the Order o f  Life (New Haven: 
Yale University Press, 1976), pp. 171-178; E. Mayr, Evolution and the Diversity o f  
Life; M. T. Ghiselin, The Economy of  Nature and the Evolution of  Sex (Berkeley: 
University of California Press, 1974); W. Faye Cannon, "The WheweU-Darwin 
Controversy," J. Geol. Soc., 132 (1976), 377-384; Donald Worster, Nature's 
Economy: The Roots o f  Ecology (San Francisco: Sierra Book Club, 1977); Janet 
Browne, '~he Charles Darwin-Joseph Hooker Correspondence: An Analysis of 
Manuscript Resources and Their Use in Biography," J. Soc. Bibliog. Nat. Hist., 8 
(1978), 352-366. 

8. R. C. Stauffer, ed. Charles Darwin's "Natural Selection" (Cambridge: 
Cambridge University Press, 1975), p. 233; Charles Darwin, On the Origin of  
Species, facsimile of the 1st edition, with an Introduction by Ernst Mayr (Cam- 
bridge, Mass.: Harvard University Press, 1964), p. 101. 

9. H. Milne-Edwards, Introduction ~ la zoologie g~n~rale ou considerations 
sur les tendances de la nature dans la constitution du rbgne animal (Paris: Victor 
Masson, 1851). 
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freely adduced political economy as a source for a biological principle, 
whereas Darwin in England steadfastly refused to do so. 

To understand the genesis o f  the principle o f  divergence therefore 
requires full consideration o f  external as well as internal factors. Con- 
cerning the former, many scholars have suggested that taken as a whole 
Darwinian theory is characteristically British. Seventy years ago John 
Theodore Merz in his classic History o f  European Thought ventured the 
opinion that "physiology and economics joined hand" lo in Victorian 
England. Darwin's Origin o f  Species can be characterized as evolu- 
tionary thought joining hand with British political economy and British 
philosophy of  science. My aim in investigating the factors that influenced 
Darwin's thinking about the generation o f  diversity is to substantiate the 
thesis of  the uniquely British character o f  Darwinian evolutionary theory. 

The philosophy of  individualism that Darwin subscribed to was, of  
course, a characteristic feature o f  the school o f  British political economy 
from Adam Smith to McCulloch. Affinity for, and satisfaction with, 
individualistic ("atomic")  explanations seem to have been features o f  
the British mind in the first half  o f  the nineteenth century. It is one o f  
my  aims here to analyze to what extent Darwin's commitment to 
individualism reflects an indebtedness to the political economists and 
to the Benthamite deductive approach to political economy. Similarly, 
I attempt to show that, whereas on the Continent universal principles 
were being advanced to account for nature's diversity, Darwin was 
characteristically British in stressing the need to understand particular 
and separate phenomena as reflecting universals. 11 But undoubtedly 
Darwin's constant attempts to understand the particular in all its 
uniqueness in order to apprehend the universal features o f  its history 
are also aspects o f  his genius. 

1 o. John Theodore Merz, A History of European Thought in the Nineteenth 
Century, 4 vols. (Edinburgh, 1904-1912), II, 395-396,415. See also the perceptive 
remarks in vol. I comparing the British approach with that of the continent in 
physics, mathematics, and the other sciences. For comments on a somewhat 
later period, see Gerald L. Geison, Michael Foster and the Cambridge School of 
Physiology (Princeton: Princeton University Press, 1978), pp. 220, 348-351. 

11. Darwin's indebtedness to Scottish philosophy merits a thorough study. 
Scottish philosophy from Hume to Dugalt Stewart and Thomas Browne rejected 
the notion that one could explain anything by referring to ultimate principles or 
processes whose existence and operation could not be ascertained from the 
observation of particular instances. And Hume's notion of causality played a 
central role in the development of the "social" sciences and in ascertaining 
mechanisms of evolution. See Norman Kemp Smith, The Philosophy of David 
Hume (London: Macmillan, 1941); Thomas Browne's "Inquiry into the Relation 
of Cause and Effects," in Geoffrey Keynes, ed., The Works of Sir Thomas Browne, 
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Of course, intemal  factors also played a role in the genesis o f  Dar- 
win's principle of  divergence o f  character. In fact, Darwin had already 
obtained the essential insights into the divergence o f  characters during 
that  amazingly creative period from 1837 to 1841. When he wrote the 
"Sketch"  12 in 1842, Darwin very probably thought that  the problem 
had been solved. In the ensuing years, he evidently forgot some of  the 
insights he had earlier recorded in his notebooks,  for the "Essay o f  
1844" is much less explicit  on the issue than the "Sketch of  1842." 
The question is why? For  the answer, I believe we must  explore certain 
psychological dimensions. When Darwin opened his t ransmutation 
notebooks  13 in July 1837 he was elaborating two research programs 
simultaneously. On the one hand,  he was trying to  corroborate the fact  

of  evolution, and on the other,  he was searching for the mechanism o f  
evolution. Although Darwin realized that  the two programs could be 
kept  separate, they nonetheless became intertwined,  particularly after 
the Malthusian insight. I believe that  in the period following this insight 
Darwin felt that  he had a universal mechanism and that  natural  selection 

6 vols., (London: Faber and Gwyer, 1928); J. B. Morrell, 'q'he University of 
Edinburgh in the Late Eighteenth Century," 1sis, 62 (1971), 158-171. For re- 
marks on the British character of Darwinian evolution see E. Mayr, "Fhe Nature 
of the Darwinian Revolution," Science, 176 (1971), 981-989, reprinted in Mayr's 
Evolution and the Diversity o f  Life, pp. 277-296. The attempt to characterize 
Darwinian evolutionary theory as British has a long history. It has been observed 
repeatedly that James Cowles Prichard, William Lawrence, Joseph Adams, James 
Anderson, William Marshall, and Charles Wells, among others, were looking for a 
mechanism to explain the origin of organic diversity based solely on individual 
heredity and variation. See Herbert Hayes Odom, "Ground Work for Darwinism: 
Theories of Heredity and Variation in Great Britain, 1790-1820," Ph.D. diss., 
Harvard University, 1972; P. J. Darlington, Darwin's Place in History (Oxford: 
BlackweU, 1959), pp. 19-24; Jacques Roger, Les sciences de la vie dans la pens~e 
franeaise du XVlI1 e sibcle (Paris: A Colin, 1963); and J. B. Morrell, "Individualism 
and the Structure of British Science in 1830," Hist. Stud. Phys. Sci., 3 (1971), 
183-204. 

12. Both the "Sketch of 1842" and the "Essay of 1844" appear in Charles 
Darwin, The Foundations o f  the "Origin of  Species": Two Essays Written in 
1842 and 1844, ed. Francis Darwin (Cambridge: Cambridge University Press, 
1909), and in Charles Darwin and A. R. Wallace, Evolution by Natural Selection 
(Cambridge: Cambridge University Press, 1958). My citations refer to the Darwin 
and Wallace book. 

13. De Beer, ed., "Darwin's Notebooks on Transmutation of Species"; Gavin 
de Beer and M. J. Rowlands, ed., "Addenda and Corrigenda," Bull. Brit. Mus. 
(Nat. Hist.) Hist Ser., 2 (1961); De Beer, Rowlands, and Skramorski, ed., "Pages 
Excised by Darwin," pp. 129-176. 
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would "metamorphose" all of biology, in the same way that Newton's 
insights had revolutionized the physical sciences. 14 In the summer of 
1839, when Darwin dosed his fourth transmutation notebook, he had 
a unitary evolutionary view of everything around him: the planetary 
system, our own planet, its geology, geography, and climate, its living 
organisms (including, of course, man) and their social organizations. 
More important, he was convinced that the dynamics of this evolu- 
tionary process was explained by the invariable laws of physics and 
chemistry and by natural selection without the necessity of divine 
intervention at any stage or level. 

Ghiselin has perceptively and convincingly argued that to under- 
stand the genesis and execution of the various research programs 
Darwin undertook after 1839, one must keep in mind the centrality of 
natural selection as the dynamical exl~lanatory theory. Is From 1839 to 
1859 Darwin was committed to the following overall view of natural 
selection: 

Members of a species exhibit variations. These variations are 
manifest in individuals as different morphologies, physiologies, and 
behaviors. Some of these variations are heritable. Because in each 
generation more individuals are produced than can survive to reproduce, 
there is a struggle for existence. In this struggle (which is interspecific, 
intraspecific, and with the physical environment), certain heritable 
traits will render an organism better adapted to its environment than 
other members of the species (not endowed with this trait or endowed 
with other traits). The fitter individuals - that is, the ones better 
adapted to their environment - will therefore leave more offspring 
(with similar traits). Adaptation of the various parts of an organism or 
between the organism and its environment is, however, never perfect. 
The many needs of the organism, the complexity of the organism and 
of the environment, all make perfect adaption 16 impossible even for 
the simplest organism (although for some organisms their adaptation 

14. S. S. Schweber, "The Young Darwin," £ Hist. Biol., 12 (1979), 175-192. 
15. Ghiselin, The Triumph o f  the Darwinian Method. 
16. In the "Essay of 1844" Darwin does speak of perfect adaptation with 

reference to sexual selection: '°rhe most rigorous males, implying perfect ad- 
aptation, must generally gain the victory in their several contexts. This kind of 
selection, however, is less rigorous than the other [i.e., natural] " (p. 121). For a 
sharply contrasting view, see Dov Ospovat, "Darwin after Malthus," address at 
the History of Science meeting, Madison, Wisconsin, Oct. 31, 1978, and '~Perfect 
Adaptation and Teleological Explanation: Approaches to the Problem of the 
History of Life in Mid-Nineteenth Century," Stud. Hist. Biol., 2 (1978), 33-56. 
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to their essentially constant  environment is such as to allow them to 
survive without  further evolution for very long times). 

But the causes o f  variations, and o f  their frequency, consti tuted 
problems that  Darwin was to grapple with unsuccessfully throughout  
his life. The correlation o f  sexual reproduction with variations had been 
apparent  to him from the time he opened the t ransmutat ion notebooks.  
I t  is one of  Darwin's great insights that  he recognized that  variations 
were nondirected as early as 1838, and could accept them at his level 
of  description as " random" e l e m e n t s -  even though he believed that  
ul t imately they were "caused." The role o f  the environment in causing 
variations was complex and difficult to specify. Darwin believed that  
an organism placed under new condit ions varies "in every trifling 
respect"17 to some degree and that  some o f  these slight variations are 
(or tend to become) hereditary.  

The dynamic interrelat ion between environment,  variations, natural  
selection, and adaptat ions was always part  and parcel of  Darwin's overall 
view. Natural selection rigorously selected variations, including those 
elements that  were responsible for variations and the rate o f  variations. 
In that  sense natural  selection had to account for the origin o f  sex. 
Indeed,  one o f  Darwin's research efforts throughout  his life was to ex- 
plain the origin o f  sex and such related problems as hermaphrodism, TM 

the dichogamy of  plants, 19 and the dimorphism of  sexually reproducing 
organisms. 2° To Darwin the self-reflexive and self-regulating character 
o f  his dynamic theory was one o f  its essential aspects. I f  to the young 
Darwin o f  1839 it  was this feature which made him hope his theory 
might indeed encompass the entire biological sphere, this same aspect 

17. Darwin and Wallace, Evolution by Natural Selection, p. 41. The quotation 
occurs in the opening sentence of the "Sketch of 1842." 

18. Darwin's interest in hermaphrodism is already evident in the notebooks. 
See, e.g., B, p. 96, C, p. 245, D, p. 174, and E, pp. 70-71. See the listings in 
"Concordance-Darwin Manuscripts at Cambridge University Library," ed. P. H. 
Barrett (Michigan State University, 1977). I thank Professor Barrett for making 
a copy of the "Concordance" available to me. 

19. Box 49 of Darwin's papers at Cambridge University Library contains 
his notes on dichogamy in plants (the maturing of the anthers and stigmas of 
individual flower at different times) dated 1841. At that time Darwin viewed 
dichogamy not only as a device to reduce the self-fertilization of individual flowers 
but also as a means of favoring the crossing of different individuals. 

20. In his Autobiography, LLD, p. 74, Darwin wrote, "I had noticed in 1838 
or 1839 the dimorphism of Linum flairim, and had at first thought that it was 
merely a case of unmeaning variability. But on examining the common species 
of Primula I found that the two forms were much too regular and constant to be 
thus viewed." 
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may well have deluded the older Darwin into believing that he was not  
abandoning his original theory when he adopted a more Lamarckian 
position in the third and later editions of  the Origin. 

I submit that in 1839 Darwin felt that the phenomenological facts 
that he had accumulated in the transmutation notebooks would be 
explained by natural selection, in conjunction with geological, geo- 
graphic, and climatological data and principles. I believe that in 1839 
Darwin felt confident that natural selection would explain not  only the 

two primary facts of the biological world, adaptation and the increasing 
diversity of organisms over time, but  also such Cuviedan formal laws as 
the "uni ty  of type," the "conditions of existence," and the "correlation 
of parts" (to the extent that they were true), and more particularly, the 
many biogeographical facts that he had gleaned from his vast readings 
and that play a central role in the transmutation notebooks. 21 Darwin 

21. The centrality of biogeography in the notebooks has been stressed by 
Limoges, La sdlection naturelle, pp. 57-59, and by R. C. Stauffer, "Ecology in the 
long Manuscript Version of Darwin's Origin of Species and Linnaeus' Economy of 
Nature," Proc. Amer. Phil. Soc., 104 (1960), 235-241, and "Haeckel, Darwin, 
and Ecology," Quart. Rev. Biol., 32 (1937), 138-144. See also P. Vorzirnmer, 
"Darwin's Ecology and Its Influence upon His Theory," Isis, 56 (1965), 148-155; 
F. Egerton, "Humboldt, Darwin, and Population," J. Hist. Biol., 3 (1970), 326- 
360; Egerton, Studies of Animal Population from Lamarck to Darwin," aT. Hist. 
Biol., 1 (1968), 255-259. For earlier but post-Or/gin, nontechnical presentations 
of biogeography, see Asa Gray, "Species as to Variation, Geographical Distribu- 
tion, and Succession," Amer. J. Sci. and Arts, May 1863, reprinted in Asa Gray, 
Darwiniana, ed. A. H. Dupree (Cambridge, Mass.: Harvard University Press, 
1963). Biogeography also played a major role in Wallace's development of natural 
selection theory. In 1876, with Darwin's encouragement, Wallace wrote The 
Geographical Distribution of  Animals (London: Macmillan, 1876), noting in the 
preface: "I am well aware that this first outline of a great subject is, in parts, very 
meagre and sketchy; and, though perhaps overburdened with some kinds of 
detail, yet leaves many points most inadequately treated. It is therefor~ with some 
hesitation that I venture to express the hope that I have made some approach to 
the standard of excellence I have aimed at; - which was, that my book should 
bear a similar relation to the eleventh and twelfth chapters of the Origin of  
Species, as Mr. Darwin's Animals and Plants Under Domestication does to the 
first chapter of that work. Should it be judged worthy of such a rank, my long, 
and often wearisome labours, will be well repaid." See also A. R. Wallace and W. 
T. Thiselton-Dyer, '~flie Distribution of Life, Animal and Vegetable in Space 
and Time," Humboldt Library of  Popular Science Literature, January 1885; 
and Thiselton-Dyer's "Geographical Distribution of Plants" and Hans Gadow's 
"Geographical Distribution of Animals," chap. 16 and 17 in A. C. Seward, ed., 
Darwin and Modern Science (Cambridge: Cambridge University Press, 1909). For 
other interesting articles on biogeography, see David Starr Jordan, "Isolation as a 
Factor in Organic Evolution," in Fifty Years of  Darwinism: Modern Aspects of  
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himself  stressed that  the biogeography o f  the Gal~pagos was crucial for 
his recognition o f  evolution in nature.  

Biogeography was of  particular interest to Darwin not  only because 
it could strengthen the case for evolution (descent and the assumption 
that  species originate in well-defined single centers at well-def'med times 
and migrate therefrom being the explanation o f  the qualitative facts o f  
geographical distribution),  but  also because biogeographical data could 
be expressed quantitatively. After  the Malthusian insight, the issue 
became how natural  selection and the geological his tory o f  the earth 
would account for these biogeographical facts. 2z That some of  the facts 
were quanti tat ively stated as statistical distributions made them very 
attractive since Darwin agreed with Herschel and Comte that  " the 
ul t imate object  o f  physical theories is to predict, as exactly as possible 
all the phenomena which a body will present when placed in any given 

circumstances." 23 
By the 1840s biogeography was the core o f  natural  history.  Im- 

por tant  biogeographical questions were being posed by men with 
training and competence in botany and/or  zoology and in geology, 
paleontology,  and geography, men such as Lyell, E. Forbes,  J. Hooker ,  
and Dana. But none o f  these researchers was trying to answer simul- 
taneously as many questions as Darwin. For  besides addressing the issue 
of  centers o f  creation, Darwin was also using biogeographical data to 
clarify the role of  the environment in producing variations, to  verify his 
assumptions about  the "absoluteness" o f  competi t ion,  to support  his 

Evolution (New York: Henry Holt, 1909); J. B. S. Haldane, "Natural Selection," 
in P. R. Bell, ed., Darwin's Biological Work: Some Aspects Reconsidered (Cam- 
bridge: Cambridge University Press, 1959); and P. J. Darlington, Jr., "Darwin and 
Zoogeography," Proc. Amer. Phil. Soc., 103 (1959), 307-319. 

22. The notebooks contain many references to A. yon Humboldt and A. 
Bonpland's Essai sur la g~ographie des plantes (Paris, 1805) and to Humboldt's 
later essays "on the laws observed in the distribution of vegetable forms." The 
latter essays (originally written in French) were translated into English and 
appeared in the Phil. Mag. J., 47 (1816), 446, and in the Edinburgh Phil. J., 6 
(1822), 273. The earlier essay also appeared in 1817 as De Distributione Geo- 
graphica Plantarum (Pads); there Humboldt showed that in plants the average 
number of species in genera is larger by a factor of two in France as compared 
with the number in Lapland. Humboldt believed that the number of species in 
each order is determined by a mathematicallaw and that this law remains constant 
throughout any geological epoch. Darwin appreciated Humboldt's efforts to use 
these quantitative relations to predict plant distributions in similar climatic 
regions. The E notebook contains many questions relating to quantitative bio- 
geographical data. 

23. Schweber, "Origin of the Origin," p. 264. 
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view tha t  adap ta t ions  were  t oward  " s t a t i ons"  in the  e c o n o m y  o f  

na ture ,  to  corre la te  the  fossil record  wi th  geological h i s to ry  in t ime and 

space,  and to  tes t  de ta i led  mechan i sms  o f  specia t ion - and  all this  to  

s t r eng then  the  case o f  natural  select ion.  

Darwin ' s  in teres t  in b iogeography  had  p robab ly  been  s t imula ted  

while he was at Cambridge by  Hens low,  24 as well as by  reading o f  

24. In reviewing John Richardson's Fauna Boreali-America in the Edinburgh 
Review, 52 (1831), 328-360, James Wilson wrote an essay on the geographical 
distribution of animals that surveyed the field as of 1830, before the publication 
of LyeU's Principles of  Geology. Wilson wrote: "A knowledge of the various 
phenomena presented by the different groups of  animals and plants, in accordance 
with the latitude, the longitude, and the altitude of their position constitutes the 
science . . .  and forms one of the most ir~teresting and important branches of 
natural history . . .  The geographical distribution of animals presents a wide field 
for speculation, although the modes by which that distribution has been effected 
will probably remain ever concealed from human knowledge. Their gradual 
extension by natural means, from a single center of creation, scarcely falls within 
the sphere of credibility; and thus the creation of various groups of species over 
different points of the earth's surface . . .  or the removal and dispersion, by 
supernatural agency, of the greater proportion of existing species from an original 
center seem to be the two p o i n t s . . ,  to be i l lus t ra ted . . .  It is for the naturalist 
• . .  to collect an ample, accurate and extended series of facts . . .  and, by com- 
paring and combining these determinant observations, to deduce the laws in 
accordance with which species and genera are now dispersed over the surface 
of the earth." As a footnote to this last sentence, Wilson added: "One of the 
most important of those preliminary enquiries which are essential to a proper 
comprehension of zoological geography, consists of the investigation and as- 
certainment (at least approximately) of the limits which nature has assigned to 
the variation in the specific characters of animals, and the establishment of fixed 
and determinate principles, by reference to which it may be discovered whether 
certain distinctions were sufficient to constitute a specific difference, or were 
merely the result of climate, or some peculiar or accidental combination of 
circumstances . . .  One of the chief difficulties . . .  in tracing the distribution 
of widely-extended species, arises from the uncertainty under which naturalists 
labour, from the want of a positive and assured test to ascertain whether a certain 
character should be regarded as expressive of specific distinction, or ought rather 
to be ranked as within the legitimate range of individual variation . . .  Where we 
have acquired a knowledge of the habits and economy of a species, and of the 
individuals of that species, wheresoever found, and if these are uniformly the 
same under different and far-removed localities, then a distinction in plumage 
should be regarded as insufficient to constitute a specific difference between them; 
but when we f'md the individual from one country or continent characterized and 
distinguished by some peculiarity in their instinctive habits, or modes of life, as 
well as by a cognizable different of aspect, we are then authorized to infer that 
they are specifically distinct, and are entitled to rank them accordingly. We have 
entered into these apparently trifling details, because we are aware that some 
modern writers deny that any species is widely distributed." 
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H u m b o l d t  in preparing for  his Canaries Island trip. 2s The  Beagle had  

carried m a n y  o f  the  classics o f  b iogeography o f  the per iod,  among  t h e m  

H u m b o l d t ' s  works,  Robe r t  Brown 's  Append ix  to  Flinder's Voyage, and 
A. P. de Candol le ' s  impor t an t  and inf luent ia l  works  on phytogeo-  

graphy. 26 In  Sep tember  1832 Darwin received the  second vo lume o f  

LyeU's Principles o f  Geology, 27 which  could  apty have been  subt i t led 

"Biogeography , "  since its ma jo r  concerns  were present ing the facts 

about  the geographical  d is t r ibut ion o f  organisms and a discussion o f  

wha t  cons t i tu tes  an acceptable  explana t ion  o f  those f a c t s )  s LyeU had 

25. In the Autobiography, Darwin indicates that "during my last year at 
Cambridge, I read with care and profound interest Humboldt's Personal Narrative'" 
(LLD, p. 47). He read passages from it aloud to his friends on their excursions 
with Henslow. Darwin's personal copy of vols. I and II of A. Von Humboldt and 
A. Bonpland's Personal Narrative of  Travels to the Equinoctial Regions of  the 
New Continent during the Years 1799-1804, trans. Helen Williams, 7 vols. in 9 
(London, 1814-1829), was given to him by Henslow and is inscribed "J. S. 
Henslow to his friend C. Darwin on his departure from England upon a voyage 
round the World 21 Sept. 1831." 

26. Darwin noted in his Autobiography that he had met Robert Brown 
several times before boarding the Beagle, and he wrote Henslow that he had 
received advice from Brown about microscopes. Among Darwin's reprint collec- 
tion is a copy of Brown's Observations on the Organs and Mode of  Fecundation 
in Orehideae andAsclepiadeae (London: Richard Taylor, 1831), inscribed "Given 
to me by Mr. Brown on Friday, December 9th, 1831." In view of Brown's travels 
as a naturalist and his phytogeographic interests it is not unlikely that Brown 
would have stressed the importance of biogeography in talking to Darwin. 

Darwin's letters to Henslow during the voyage of the Beagle indicate that the 
Dictionnaire elassique dTffstoire naturelle (Paris: Rey et Grartier, 1822-1831) (in 
which Candolle had written the article on plant geography and Humboldt that on 
geognosy) and Humboldt's Voyages aux regions equinoxiales were aboard, and, 
moreover, that Darwin was reading them. See Nora Barlow, ed., Darwin and 
Henslow: The Growth of  an Idea, Letters, 1831-1860 (Berkeley: University of 
California Press, 1867), in particular letter 1, p. 26, letter 19, p. 54. Candolle's 
essay on plant geography had originally appeared in 1820 as the Essai el~mentaire 
de g~ographie botanique; in this form, it was well known and had proved very 
influential. It contained the profound statement: "All the theory of geographical 
botany rests on the particular idea one holds about the origin of living things and 
the permanee of species." 

27. Charles Lyell, Principles of  Geology, vol. II (London: John Murray, 
1832). 

28. Chap. 5 of vol. II of LyeU's Principles of  Geology, p. 66, begins with: 
"Next to determining the question whether species have a real existence, the 
consideration of the laws which regulate their geographical distribution is a 
subject of primary importance to the geologist. It is only by studying these laws 
with attention, by observing the position which groups of species occupy at pre- 
sent, and inquiring how these may be varied in the course of time by migrations, 
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writ ten Volume II, he wrote his father in 1829, in order to solve "the 
grand problem, whether the various living organic species came into 
being gradually and singly in insulated spots, or centres of  creation, 
or in various places at once, and all at the same t ime."  29 In the same 
let ter  Lyell had written, "The lat ter  cannot,  I am already persuaded, be 
maintained." The first no tebook  on transmutation,  the B notebook,  
which Darwin opened in July 1837, is full of  biogeographical data and 
queries. In it  Darwin demonstrates his int imate acquaintance with 
the standard works dealing with biogeographical questions: those 
by Humboldt ,  Candolle, R. Brown, Pritchard, Lyell. a° The B note- 
book  also records that Darwin had studied Swainson's Treatise on the 

Geography and Classification o f  Animals. 31 Although Darwin con- 
sidered Swainson's view on classification based on MacLaey's quinerian 
system "wonderful ly absurd," he must surely have agreed with Swainson 
that  the two fundamental  questions facing natural historians were: 
"What are the causes that  have produced this dissimilarity o f  creatures? 
and secondly, is there method in all this amazing diversity?" 32 The 
beginning of  the B no tebook  records the splitting of  species into 
branches - that  is, the generation o f  diversity - as a phenomenological 
fact. 33 

Organized beings represent tree, irregularly branched. (B, p. 21) 

by changes in physical geography, and other causes, that we can hope to learn 
whether the duration of species be limited, or in what manner the state of the 
animate world is affected by the endless vicissitudes of the inanimate." Vol. II 
of Lyell's Principles is also important because it contains many references to 
CandoUe, Brown, and Humboldt, which would have stimulated Darwin to read 
these works. 

29. Mrs. Lyell, ed., Life, Letters, and Journals of  Sir Charles Lyeli, Bart., 
2 vols. (London: John Murray, 1881), I, 246. 

30. See the entries under these names in Barrett's "Concordance" to the 
notebooks. 

31. William Swainson, A Treatise on the Geography and Classification of  
Animals (London: Longmans, 1835); see B, pp. 67, 92, and 276. 

32. Swainson, Treatise on the Geography and Classification of  Animals, pp. 
1-2. 

33. The tree-of-life and "corar'-of-life metaphor and diagrams are introduced 
early in the'B notebook, pp. 21-24; see the discussion in Gruber and Barrett, 
Darwin on Man, (New York: E. P. Dutton, 1974); H. Gruber, "Darwin's Tree of  
Nature and Other Images of Wide Scope." in On Aesthetics in Science, ed. J. 
Wechsler (Cambridge, Mass.: M.I.T. Press, 1978). 
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The tree of life should perhaps be called the coral of life, base of 
branches dead; so that passages cannot be seen. (B, p. 25) 

The bottom of the tree of life is utterly rotten and obliterated in the 
course of ages. (B, pp. 25-26) 

What was at issue was the cause and mechanism of the splitting. 
When Darwin opened his transmutation notebooks he has already 

committed to the theory of  descent. On that view all the different 
species of a genus descended from a common ancestor. The members of 
a species must therefore at some remote time have inhabited a well- 
defined area from which their descendants spread to the regions they 
now occupy. In those cases where physical barriers such as mountain 
chains and oceans separate the areas now occupied by the same group, 
the question of how the migration was effected must be answered. 
Since most of  the existing flora and fauna came into existence during 
the Tertiary and Secondary periods, the nature of and the changes in the 
surface of  the earth during these periods had to be addressed. Darwin 
did so. a4 Although he did not divulge his views on the mutability of  
species to Lyell in the 1837-1839 period, biogeography was probably 
the subject most freely discussed between them relating to the "mystery 
of mysteries." Both were concerned with migration mechanisms and 
possible migration routes consistent with the geological history of the 
earth, since both believed in single centers of creation. Lyell, who in 
1838 believed in the f'trdty of  species (but also in their extinction), 
would only go so far as to consider the introduction of a new species 
as occurring through natural, secondary (though unknown) causes. 3s 
Darwin, the private transmutationist, had to supply a detailed mecha- 
nism for the origin of new species. To both it was clear that geographic 

34. In Lyelrs Principles o f  Geology, which Darwin studied carefully in its 
original form in the f'trst edition of 1830-1833 and thereafter in its various re- 
visions, the Tertiary period received special attention. The fossil record of the 
mollusks of the Tertiary was the basis of the time reckoning Lyell had developed. 
See M. Rudwiek, The Meaning o f  Fossils: Episodes in the History o f  Palaeontology 
(New YorK: American Elsevier, 1972); M. Rudwick, '°l'he Strategy of Lyell's 
Principles o f  Geology," Isis, 61 (1970), 4-33; L. G. Wilson, Charles Lyell, The 
Years to 1841: The Revolution in Geology (New Haven: Yale University Press, 
1972); and particularly M. Rudwiek, "Charles Lyell's Dream of a Statistical 
Palaeontology," Palaeontology, 21 (1978), 225-244. 

35. W. F. Cannon, '°l'he Uniformitarian-Catastrophist Debate," Isis, 51 
(1960), 38-55, and '°l'he Problem of Miracles in the 1830's," Vict. Stud., 4 
(1960), 5-32; see also Life o f  Lyell, I, 467. 
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isolation played a special role in the process. Darwin had witnessed at 
first hand the end product  o f  the isolation process in the Gal~ipagos. His 
mechanism for speciation is explicit ly stated at the beginning o f  the 
first t ransmutat ion notebook:  36 "isolate species, especially with some 
change probably vary quicker" (B, p. 17). This isolation resulted in 
"permanent  varieties, produced by  confined breeding and changing 
circumstances" which varieties became new species when they no longer 
interbred with the parent  form: "a species as soon as once formed by  
separation repugnance to intermarriage - settle i t "  (B, p. 24). Earlier, 
in 1825, Von Buch had arrived at a conclusion identical to Darwin's 
with respect to the role of  isolation in the mechanism of  speciation, and 
Darwin favorably commented on i t  when he came across Von Buch's 
discussion in 1838. 37 

That recently separated islands, such as England, should have fewer 
peculiar species than long-established islands, such as New Zealand, 
was understandable to Darwin, given his views on isolation. His note- 
books also give evidence o f  other  qualitative insights, all very plausible 
on the basis o f  descent. For  example,  the older a group of  organisms, 
the wider should its geographical distr ibution be, and, conversely, rela- 
tively recent groups should be more restricted. That groups of  animals 
were restricted, or nearly so, to certain areas though well adapted to 
live elsewhere was, of  course, a strong argument for evolution. Indeed, 
Darwin had been very much struck by  the fact that  sloths and armadillos 
were confined to South America and that  the extinct  megatherium had 
inhabited the same region. 3s 

36. Malcolm J. Kottler, '~3harles Darwin's Biological Species Concept and 
Theory of Geographic Speciation: The Transmutation Notebooks," Ann. Sei., 35 
(1978), 275-297. 

37. L. yon Buell, Description physique des isles Canaries, trans. C. Boulanger 
(Pads: F. G. Levrault, 1926). Von Buell repaid the compliment; writing to Hum- 
boldt after he had read Darwin's Journal of  Researches, yon Buch said that his 
views on the origin of species on earth "are very stimulated by the excellent and 
solid description of the Gal~pagos by Darwin." He did not, however, agree with 
Darwin's theory of the formation of coral atolls. See H. Beck, Alexander yon 
Humboldt (Wiesbaden: F. Sterner, 1959), II, 301 n. 120. 

38. In chap. 10 of the Origin Darwin wrote: "Mr. Clift many years ago 
showed that the fossil mammals from the Australian caves were closely allied to 
the living marsupials of that continent . . .  I was so much impressed with these 
facts that I strongly insisted, in 1839 and 1845, on this 'law of the succession,' on 
'this wonderful relation in the same continent between the dead and living'"; see 
also F. Darwin and A. C. Steward, ed., More Letters of  Charles Darwin, 2 vols. 
(London: John Murray, 1903), letter 87, to Charles Lyell, pp. 132-134; this book 
is hereafter cited as More Letters. 
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In the spring o f  1839, Darwin observed: 

Varieties are made in two ways - local varieties when whole mass of  
species are subjected to some influence, & this would take place 
from changing cotmtry:  but  grey hounds,  race-horse, Poulter pidgeon 
have not  been thus produced,  but  by  training crossing & keeping 
breed pure - / &  so in plants effectually the offspring are picked & 
not  allowed to cross./Has nature any process analogous - i f  so she 
can produce great ends - But how - even i f  placed on Isld - i f  so 
then give my  theory - excellently true theory.  (E, p. 118) a9 

This entry clearly indicates that  Darwin recognized that  a priori  natural  
selection could give rise to a linear evolution wherein a species evolves 
into a single new one. The analogy with artificial selection, that  is, the 
breeder 's  picking - s~lecting the individuals he wants and preventing 
their crossing with ones with unwanted traits - suggested the model  for 
branching evolution. But how does nature effect reproductive isolation? 
Is speciation in nature allopatric or sympatric? Reflecting the pr ior i ty  
o f  his zoological interests, Darwin believed until  1842 that  speciation 
in nature was allopatric. (I t  is still an open question whether sympatric 
speciation has ever occurred in the higher animals.) But Darwin's 
botanical  studies, particularly after 1842, gave him clear evidence of  
sympatric speciation in plants. And  Edwards Forbes 's  great work on 
the inverterbrates o f  the Aegan Sea 4° must  have raised questions in 
Darwin's mind about  how the wealth o f  species in the open sea could 
have developed by  allopatric speciation. 41 

39. E, p. 114 is dated March 12, 1839. At some later date Darwin inserted 
after the sentence "Has nature any process analogous...  " the  words "makes the 
difficulty apparent by cross-questioning". 

40. E. Forbes, "Report on the Mollusca and Radiata of the Aegean Sea, 
and on Their Distribution Considered as Beating on Geology," Report o f  the 
Thirteenth meeting of  the British Association for the Advancement o f  Science, 13 
(1843), 130-207. 

41. Forbes's paper showed that like the land, the seabed was subdivided into 
zones and stations. Although the potential for species formation by geographical 
isolation existed on the sea floor, how such speciafion occurred within a zone was 
not obvious. Forbes's work probably also reinforced Darwin's view that adapta- 
tions were toward ecological niches. Today it is clear that Darwin was tackling 
extremely difficult problems, many of which are still unsolved. The answer to the 
question of whether species originate allopatrically or sympatricaUy is an ambig- 
uous one. The vocabulary which has emerged in recent years is revealing. In addi- 
tion to aUopatric and sympatric speciation, one speaks of semigeographic, semi- 
sympatric, statipatric, parapatric, alloparapatric speciationI See, e.g., G. L. Brush, 
"Modes of animal Speeiation," Ann. Rev. Ecol. and Syst., 6 (1975), 339-364. 
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There were also other difficulties. Natural selection as a mechanism 
acted selectively on individuals. By August 1838, Darwin had located 
the site of random variations in individuals. His study of breeding, even 
though the initial focus was on ascertaining the causes of variation, 
had impressed him with the fact that every individual is different 
from every other and made him sensitive to the critical importance of 
selecting the individuals used in breeding. In the period from 1838 to 
1844 there was never any question in Darwin's mind that the mecha- 
nism which operates in nature acted selectively on individuals: "each 
individual of each species holds its place either by its own struggle 
and capacity of acquiring nourishment in some period (from the egg 
upwards) of  its life, or by the struggle of its parents (in short lived 
organisms, when the main check occur at long intervals) against and 
compared with other individuals of the same or different species. ''42 
Although the dynamics was to be individualistic, one of the central 
components of the theory, namely the origin, distribution, and propaga- 
tion of variations among individuals, was terra incognita. To overcome 
this difficulty Darwin had to accept a coarser level of description with 
varieties and species as the units of variations. I believe it was Darwin's 
ignorance of the genetic laws for individuals and his inability to formu- 
late "invariable" laws of variations and heredity for individuals that led 
him to base his theory of speciation on phenomenological laws of the 
variation in wide-ranging, populous species. Those populous species 
that present the most varieties are the most likely to produce new 
species. Populous species with wide ranges are the most likely to fred 
themselves in different geographic regions; such new environments will 
result in variations being produced, hence new varieties. Wide range 
also makes it more likely that physical isolating mechanisms will 
exist, allowing varieties to become good species in time. Thus wide- 
ranging, populous species, which present the most varieties, are the 
most likely to produce new species. I believe it was this insight, and 
the consequent acceptance of working at the variety-species level, that 
generated Darwin's extended search for phenomenological statements 
on the variability of wide-ranging genera and species during the 1840s 
and 1850s. Precisely the data he needed were available in the plant 
statistics of the phytogeographers and in the reports of the best zoo- 
geographers. 

By the end of the 1840s Darwin's inquiries into the geographical 
distribution of flora and fauna, his taxonomic researches based on 

42. "Essay of 1844," p. 119. 
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descent, his difficulties with speciation mechanisms and with how much 
of a role to ascribe to intraspecific as compared with interspecific 
competition, all had reinforced his approach to consider varieties and 
species as the units of  description. It is therefore perhaps not too 
surprising that when Darwin once again faced the general problem of 
the branching of species and their subsequent divergence in the early 
1850s, he had forgotten those insights of  1839 which had been based 
on a strictly individualistic approach. 43 

Darwin's correspondence with Hooker attests to his constant concern 
in the 1840s and early 1850s with problems relating to speciation in 
plants. Similar questions about the taxonomy and geographical distribu- 
tion of the Cirrepedia probably brought up the issue of a general, all- 
encompassing, explanation for the increasing diversity of  organisms 
over time, - that is, an explanation applicable to the entire biological 
sphere. Reading Milne-Edwards in 1852 helped clarify the issue. In 
his Zoologic gbnbrale Milne-Edwards had raised the statements that 
"nature is prodigal in the variety of  her creations, yet parsimonious 
in the means of diversifying her works ''44 to the status of  general 
phenomenological laws, which he called the law of diversity and the 
law of economy. For Darwin the challenge was how to account for 
these familiar and well-known observations in terms of a universal 
mechanism. 

But just as Darwin was familiar with Malthus before September 
1838, so before 1852 he was acquainted with Adam Smith's doctrine of  
the division of labor as the competitive mechanism driving the "artificial" 
economy of commerce and industry and with Milne-Edwards' concept 
of  the division of  physiological labor in the economy of nature. In 1852, 
as in 1838, Darwin could amalgamate the concepts he already knew 
about only after arriving at a certain stage in his scientific inquiries. 
Limoges, in his perspicacious analysis of  Darwin's arrival at the principle 
of  divergence of character, has emphasized that Darwin transformed 
Milne-Edwards conception. I concur. Whereas to Milne-Edwards the law 
of diversity and the law of economy were phenomenological statements, 
and the "division of physiological labour" a descriptive unifying prin- 
ciple for the observed specialization of  function in organisms, for Darwin 
"physiological division of labour," natural selection, and extinction were 
the elements of  a self-consistent dynamics that could explain divergence. 

43. This point has been stressed by Ernst Mayr in private conversations. 
44. Milne-Edwards, Zoologie g~ndrale, pp. 7-8. The idea that '~nature is like 

an artist making a thousand pictures from a single plan" is Goethe's. 
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After Darwin read Mflne-Edwards all the previous insights fell into 
place. Adaptation toward a place in the economy of nature together 
with the principle of  the m a x i m u m  amount of  life per unit area as the 
overall driving force make understandable why there is divergence of 
character: in ecological differentiation and adaptation the primary 
factor of  divergence is functional specialization. 

In the "Sketch" and the "Essay" Darwin had treated adaptation as a 
process by which individuals found an ecological niche (i.e., function) 
in nature, yet had insisted on discussing speciation in terms of varieties 
that subsequently became geographically isolated. He had no link 
between adaptation and speciation except whatever could be supplied 
by a quasi-developmental idea of the "strongest possible tendency to 
increase the number of living beings." Milne-Edwards' discussion of the 
division of physiological labor suggested to Darwin an explicit relation 
between adaptation and speciation: The organisms that move into 
unoccupied niches will enjoy reduced competition, hence an adaptive 
advantage, and will shift their species to move into the same niches. 
Since competition is more intense between closely related species, 
divergence will result. But an important difference should be noted: 
Milne-Edwards' discussion was based on a teleological metaphysics, 
whereas Darwin's mechanism was "self-regulating" and eschewed 
teleology and renounced final causes. Also, rather than basing his dis- 
cussion on the competitive advantage to the individual that results from 
division of labor, Darwin relied on the maximum amount of life per 
unit area as the overall principle. 

I do not doubt that when he adopted the maximum-minimum 
formulation of the Utilitarians and Adam Smith's insight into the 
competitive advantage of the division of labor, Darwin was aware that 
he was "biologizing" the explanations political economy gave for the 
dynamics of the wealth of  nations. In the transmutation and the M 
and N notebooks, 4s Darwin had explicitly stated his hope that his 
evolutionary theory and mechanism would account for the development 
of  instinct, human intelligence, and human societies. For Darwin, 
psychology and political economy were branches of  evolutionary 
biology, whose empirical laws were eventually to be explained by 
biological principles. 

But Darwin was also sensitive to the constraints put on the develop- 
ment of biology as a scientific discipline by his society. Biology, like 

45. The M and N notebooks have been transcribed by Paul Barrett and 
published in Gruber and Barrett, Darwin on Man. 
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every o ther  science, was n o t  to  be ta in ted  wi th  pol i t ical  ideo logy  - at 

least  no t  consciously or  overt ly .  I believe this to  be one o f  the  reasons 

Milne-Edwards proved  so a t t ract ive to Darwin.  He could  m e t a m o r p h o s e  

Milne-Edwards '  division o f  physiological  labor  in to  the physiological  

division o f  labor ,  46 ascribe this principle to  a great  zoologis t  and 

theore t ic ian  o f  biology,  and never  have to refer to poli t ical  e c o n o m y .  
In Natural Selection a7 and in the  Origin 48 Darwin is at pains to  quo t e  

Milne-Edwards '  concep t  o f  the  physiological  division o f  labor  and to  

indicate  its re lat ion to  the  principle o f  divergence.  The initial version o f  

the principle,  which  I take to  be the  '5ardversal" version found  in the 

first draf t  o f  Natural Selection, Darwin pu t  to  paper  to  Mach 1857, 

and it  is essentially this vers ion that  he  c o m m u n i c a t e d  to Asa Gray  in 
Sep tember  o f  tha t  years. 49 The principle was once again ampli f ied 

when  Darwin worked  on the "Geographica l  Dis t r ibu t ion"  chapter  o f  
Natural Selection in the spring o f  1858. s° I t  was evident ly  then  tha t  i t  

46. The position of the adjective "physiological" is important. As one of the 
editors of More Letters, Francis Darwin commented that Darwin's use of "division 
of physiological labour" in his letter to Hooker in 1854 was "a slip of the pen 
for physiological division of labour." But in fact Darwin was correctly quoting 
Milne-Edwards. It was in his own writing that Darwin put "physiological" before 
"division." See More Letters, I, 76. 

47. Darwin, Natural Selection, p. 233. 
48. Darwin, Origin, p. 115-116. 
49. Darwin and Wallace, Evolution by Natural Selection, pp. 264-267. 
50. R. C. Stauffer, in his mastery edition of Natural Selection indicates that 

chap. 6, "On Natural Selection," was worked on at two different periods. The 
first draft (written on gray foolscap paper) was completed on March 31, 1857, 
and contained only a brief mention of the principle of divergence. The later 
additions and versions (written on bluish-gray paper) were made between April 14 
and June 12, 1858, and in them Darwin devotes over forty pages to divergence. 
The reference to Milne-Edwards occurs in the second draft of the principle of 
divergence. It has been hypothesized by John L. Brooks (The American Phi- 
losophical Society Yearbook, 1968, pp. 534-535) that Darwin's concept of 
divergence was formulated in response to his receipt of Wallace's MS in 1858. 
Brooks suggested that Darwin did not obtain the MS on June 18, 1858, as is 
usually assumed, but on May 18, so that it was in Darwin's hands several weeks 
before June 12, the date Darwin gives in his private diary for the completion 
of the "note on divergence" that he inserted in chap. 6 of the long manuscript 
of which the Origin of  Species is an abstract. H. L. McKinney in Wallace and 
Natural Selection (New Haven: Yale University Press, 1972), pp. 138-146, has 
conclusively shown that Darwin did not receive the Wallace MS before June 3, 
1858. But there can be no doubt that Darwin had the concept of divergence of 
character before May or June of 1858. The letter of September 1857 to Asa Gray 
would be sufficient proof of  that. 
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occurred to him to amalgamate the visualization of the tree-of-life 
diagrams of the early B notebooks with the dynamics of the principle 
of divergence. The famous diagram on page 116 of the Origin (which 
also appears in Natural Selection) represents the process of speciation 
both in space and in time. It is the high point of  the Origin and dramat- 
ically illustrates the origin of species. 

Thus the unraveling of how Darwin obtained, and fmally formulated 
the principle of the divergence of character illustrates the process of 
theory formation as a complex interaction of internal, external, and 
individual psychological factors. What follows here examines this 
process in detail. 

DARWIN ON DIVERGENCE OF CHARACTER 

In his Autobiography, Darwin recalled that when he first worked 
out, in the period from 1838 to 1844, how natural selection would 
account for the formation of new species, he failed to address a problem 
of great importance: 

This problem is the tendency in organic beings descended from the 
same stock to diverge in character as they become modified. That 
they have diverged greatly is obvious from the manner in which 
species of all kinds can be classed under genera, genera under families, 
families under sub-orders, and so forth. (Autobiography, p. 68) 

Writing in 1876, Darwin wondered how he could have overlooked 
this problem and its solution, and then recalled his happiness at fmding 
the solution: "I can remember the very spot in the road, whilst in 
my carriage, when to my joy the solution occurred to me; and this 
was long after I had come to Down" (Autobiography, p. 69). In the 
Autobiography (p. 69) Darwin also indicated that the solution "as I 
believe, is that the modified offspring of all dominant and increasing 
forms tend to become adapted to many and highly diversified places in 
the economy of nature." 

Darwin first divulged his "principle of divergence" to Hooker in a 
letter dated August 22, 1857. After inquiring whether Hooker's findings 
corroborated the results of Asa Gray and H. C. Watson who had marked 
for him in their catalogues several closely related, yet distinct species of 
British flora, Darwin commented: 

If it all hold good it is very important for me; for it explains, as I 
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' ~ i  all classification, i,e:; ttie quasi.branching and sub-branching 
o f  forms, as if:from one r00ti big genera increasing and: splitting up~ 
ere:. as' y o u  will petceivel B u t  then :comes in, also what ~I ealf,a 
principle of divergence; ~ wki~h ~ k I  can explam; :bi/t which is too 

' 5 t  ? : : : long; and perhaps you Would not Care to hear, '.~ 
) : : ~ !  L: 

He did, however, state the princiPle more fuUy in his famous;letter 
t O AsaGray of September 5 ; i857:  ' : ~ ' : ..... 

Another principle, which may be called the p~cipledivergencel 
plays, I believe, an important part in the origin of species. The same 
Sp:6t ~ SaPp6~:more: life if oceupied by very ~ve~e f0~s:  We:see 
this 'in ~e  m~y: generic forms' ~ a square:'yard 0f turf ,  and in 
the plants:or insects On a n y  Htfle uniform islet; beloa~g ~ o s t  
in¢~ably ~to aS many genera and families a.~ species . . !Now;  every 
0 t ~ c  being, by: piopaga~g sO rapidly, maybe ~said to be striving 
its UtmoSt to ~Crea~ numbeis~: So i t : ~ :  be with the Offspring 
of 'any'  species: a f te r  it :has bee0m~ diVeisified~into varietids; or 
subspeeies~ 0r fro6 SpeCies: ~ d  ~it f6116Ws;' I ~ ,  from ~e  Tore - 
going facts, that the varying offspring of each species will try (only 
few will succeed) to seize on as many and as diverse places in the 
economy o f  nata~e ~as poSSible. EaCh : new: :variety Or Species, when 
formed, ~ generally ~ e . t h e  phee bf~ and~thus extemiinate its less 
well-fitted parent, ~T~ :I 15eiieve-tO be the origin Of the classification 
and affinities of organic beings at all times; for organic beings always 
seem to branch and sub-branch like the ' ~ b s  Of a: ti'ee from a 
common t r u e ;  the the 

:iess vigorous '~th~ net 
genera and,families, : . ,  : , ~:i : ..... 

This sketch is most imperfect; but in so shorta space I cannot 
make it ,better, :Your ~ a # a t i o n  :must fill up very Wide bl~s .S2 

gence is evident.in alt his writings on ,the~subjeet;..While atwork on,the 
"Big Species Book,':' Darwin wrotetO Hooker 0n JUne 8(  1858! 

version published at the Linnean Society." 
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the 'Principle of Divergence,' which, with 'Natural Selection' is the 
keystone of my book; and I have a very great confidence it is sound." s3 

When in July 1858 Darwin laid claim with Wallace to the discovery of 
"the laws which affect the production of varieties, races, and species" at 
a meeting of the IAnnaean Society, Darwin attached to the material 
presented to the Society his letter to Gray, quoted above, that outlined 
the principle of divergence, s4 

Gavin de Beer inferred from a letter Darwin wrote to George Ben- 
tham in 1863 that Darwin arrived at the principle around 1852. ss In 
that letter Darwin said: 

I, for one, can conscientiously declare that I never feel surprised at 
any one sticking to the belief of immutabil i ty;  though I am often 
no t  a little surprised at the arguments advanced on this side. I 
remember too well my endless oscillations of doubt and difficulty. 
It is to me really laughable when I think of the years which elapsed 
before I saw that I believe to be the explanation of some parts of 
the case; I believe it was fifteen years after I began before I saw the 
meaning and cause of the divergence of the descendants of any one 
pair. s~ 

Given the importance that Darwin attached to the principle of diver- 
gence, it is interesting that although he could remember the very spot 
in the road where the solution occurred to him, he could not  pinpoint  

53. More Letters, II, 109. 
54. Charles Darwin, and Alfred Wallace, "On the Tendency of Species to 

Form Varieties" and "On the Perpetuation of Varieties and Species by Natural 
Means of Selection," Z Linn. Soe., 3 (1859),45 (read July 1, 1858);see especially 
the "Abstract of a letter from C. Darwin, Esq., to Professor Asa Gray of Boston, 
U.S., dated September 5, 1857." 

55. De Beer, Evolution by Natural Selection, p. 140. It was George Bentham's 
paper on the fixity of species that was displaced by the reading of the Darwin- 
Wallace material at the Lirmean Society on July 1, 1858. Bentham seems to be 
one of the few people who was struck by the Darwin-Wallace findings, for he 
altered his paper in the light of their presentation. Bentham was a naturalist 
whose book Labiatarum Genera et Species (London, 1832-1836) Darwin had 
studied in 1837-1839. On March 6, 1838, Darwin noted on p. 104 of the E 
notebook: "Mr. Bentham says in Sandwich Isld. he believes there axe many cases 
of genera peculiar to the group having species peculiar to the separate islands. 
In his work on the Labiatae some of the species are described - capital case - 
for Sandwich Isld are very similar to Galapagos - study Flora. What general 
forms -a re  the Labiatae nearest to American or Indian Groups?" 

56. LLD, II, 210-211. 
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more accurately the date of  his insight. It would seem that there~were 
sufficient milestones in his life - e.g., the completion of his first 
volume on the cirripedes s7 - for Darwin not to have to append "I 
believe" to his dating. Also, in view of the importance of  the principle, 
it is odd that Darwin does not indicate the context in which he arrived 
at his principle. 

In his "Big Species Book," the principle of  divergence is presented 
in Chapter VI, "On Natural Selection." Darwin opens his discussion of 
the principle by saying that he believes that it has "played a most 
important part in Natural Selection. ' 's8 The principle is explained ("as 
in all other cases") with artificial selection. In 

our domestic productions . . .  Each new peculiarity either strikes 
man's eye as curious or may be useful to him; & he goes on slowly & 
often unconsciously selecting the most extreme forms . . .  & he 
makes his several breeds of  improved tumblers, carriers, pouters, fan- 
tails, &c, all as different or divergent as possible from their original 
parent stock the rock pigeon; the intermediates, & in his eyes inferior 
birds, having been neglected in each generation & now become 
extinct . . .  Moreover, far more f a n c y  - pigeons will be kept . . .  
after they have become broken up into very distinct breeds, than 
when fewer more similar birds existed. 

Darwin then states that an anlogous principle, "not liable to caprice," is 
at work in nature 

"& that varieties of the same species, & species of  the same genus, 
family or order are all, more or less, subjected to this influence. For 
in any country, a far greater number of  individuals descended from 
the same parents can be supported, when greatly modified in many 
different ways, in habits constitution and structure, so as to f'dl as 
many places, as possible, in the polity of  nature, than when not at all 
or only slightly modified. 

We may go further than this, & independently of  the case of 
forms supposed to have descended from common parents, assert that 
a greater absolute amount of  life can be supported in any country or 

57. Charles Darwin, A Monograph on the Subclass Orripedia with Figures o f  
All  the Species: The Lepadidae or Pedunculated Orripedes (London: The Ray 
Society, 1851). 

58. Darwin, Natural Selection, p. 227. 
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on the globe; when life is developed under many & widely ~fferent 
forms, than when under a few & allied forms;the fairest measure 
of the amount of life, being probably the amount o f  chemical 
composition and decomposition w i ~  a given period.S 9 

Further on in his discussion Darwin indicates that : 

~ e  view that the greatest number of org~i¢ beingsi(or more strictly 
the greatest amount of life) can be supported on any area, by the 
greatest amount of their diversification, . , i s  in fact that of "the 
division o f  labour," so admirably propounded byMilne EdWards,1 
who argues that a stomach will digest better, if it does not, as in 
many.of the lowest ~ a ! s ,  serve at the same time as a respiratory 
organ; that a Stomach ~ get more nutmnent out of vegetab!e or 
~ a l  matter, if adapted to  digest either Sep~ately instea d of 
both. It is obvious ~a't more descendants from a Carnivorous animal 
could supported i n k y  country:: if some were adapted, by 10ng 
cOntinUed modification throu~i natural selection, to hunt small 
prey, & o ~ r s  i!arge prey  l i n g  either on plains or in ~forests~ in 
burrowS, or On trees or in the waterl ~ ~ 

1. Milne-Edwards, IntroduCtion ~t la' Zool0gie g6n~rale. . .  Paris, i851 see 
p. 35, p. 55-7, and art. "Organisati6n ~ in Dict. class: hist. nat, v01. 12, Paris, 
1827, p. 332-44. e° 

Darwin stressed that he considered it "of the utmost importance fully 
to recognize that the amount of life in any country, & still more that 
the number of modified descendants from a common parent, will in 
chief par t  depend the amoun t of diversificati0n which they have 
undergone, s o  as best  t ° flU as many & as widely different places as 
possible in the great scheme of nature."61 In Chapter I V  of Natural 
Selection Darwin had established that the species of the larger genera 
in any country (not all the, species , ,,but only spme, & chiefly those 
which are wide rangers, much diffused & numerou s in individuals") 
present a greater average number ~0f varieties that are in "some degree 
permanent" 62 than do the species o f  the smaller genera. The more 
modified forms of these stable varieties - i.e., incipient species - are 
less liable to extinction. 

59. Ibid., p. 228. : 
60. Ibid., p. 233. 
6i. Ibid., p. 234. 
62. Ibid., p. 235. 
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The formation of new ~ e t i e s a n d  species through natural setecfion 
implies much extinction of the less altered. Hence, though the larger 

genera  may be now varyinglmost, & must ,:~, have:varied !argely, so 
as to have become modified into mariy specific forms, yet such large 
genera must have suffered alarge amount ofextinction.~ 3 

. . . .  ~ : . , r 

"The complex action o f  these several principles namely, natural sdec- 
tion, divergence & extinction, ''64 is then conveyed by t h e  famous 
diagram that illustrates"the manner, in which Ibelieve species descend 
from:each other." 6s ~ 

The discussion of the principle of divergence in the Origin of  Species 
is patterned on tha t  inNatursl Selection. In  the Origin the problem 
to be solved is pgsed as  follows: ~,'How . . .  does the lesser difference 
between varieties become augmented into the greater difference between 
species?"66 ! Some :of the features D ~  h a d  most stressed in  the 
"Big Species B o o k " : -  i n  particular, t h e  quantitative aspects of his 
formulation of natural selection, the number of stable :varieties in  the 
larger genera, and the d y n ~ c s  of e x t i n c t i o n -  are not emphasized as 
much in the Origin, What is gained b y  the greater conciseness is the 
metaphor that represents the  affinities of all thebeings Of the  same 
class as "a great tree" and the relation of the diagrammatic representa- 
tion ~ o f  the  "great T r e e  of  Life" t o  taxonomy and speciation. In that 
sense the discussion following the "Principle of  Divergence" is thelhigh 
point of the Origin o/Species. 67 

In the preface to The Variation o/Animals andPlants under Domes- 
tication 68 Darwin gives the most succinct statement o / the  problem and 
its solution. 

r , " 

We shall see h o w  difficult, or rather how impossible it often is, to 
distinguish between races and subspecies, as the less well-marked 
forms have some times ~been denominated; and again between 

subspecies and t r u e  speciesi I shall further attempt to show that it 
is the common and widely ranging, or, as they may b e  called, the 

63. Ibid., p. 235. 
64. Ibid., p. 235. 
65, Ibid., pp, 236,237 . . . .  
66. Darwin, Or/g/n, p. 111 .  . . . . . .  
67. Ib id . ,pp.  111,126.: 
68 .  Charles Darwin, The Variation o f  Animals and Plants under Domestication 

2 vols. (London: John  Murray, 1868); the 2nd ed., revised, appeared in 1875~ 

219 



SILVAN S. SCHWEBER 

dominant species, which most frequently vary; and that it is the 
large and flourishing genera which include the greatest number of 
varying species. Varieties, as we shall see, may justly be called 
incipient species . . .  The differences between natural varieties are 
slight; whereas the differences are considerable between the species 
of the same genus and great between the species of distinct genera. 
How do these lesser differences become augmented into the greater 
difference?.. .  

It has been shown from many facts that the largest amount of life 
can be supported on each area, by great diversification or divergence 
in the structure and constitution of its inhabitants. We have, also, 
seen that the continued production of new forms through natural 
selection, which implies that each new variety has some advantage 
over others, inevitably leads to the extermination of the older and 
less improved forms. These latter are almost necessarily intermediate 
in structure, as well as in descent, between the last produced forms 
and their original parent-species; thus the lesser differences charac- 
teristic of varieties come to be augmented into the greater differences 
characteristic of species, and by the extermination of  the older 
intermediate forms, new species end by being distinctly defmed 
objects. 

Thus, also, we shall see how it is that organic beings can be classed 
by what is called a natural method in distinct group, - species under 
genera, and genera under families. 69 

DIVERGENCE IN THE NOTEBOOKS 

When Darwin claimed to have obtained the principle of divergence 
around 1852, he seems to have forgotten the insights he had gained in 
1837 and in the period after he read Malthus.  7° 

Darwin recorded the tree-of-life imagery for the first time in the B 
notebooks in the summer of 1837. The various tree-of-life diagrams 
that appear in the B notebooks represent (1) "the endeavor of each typ- 
ical element to extend his domain into other domains"; 71 (2) the gaps 

69. Darwin, Variation o f  Animals andPlants, 2nd ed., p. 18. 
70. That the insight into divergence of character may have occurred twice has 

previously been suggested by Gruber, Darwin on Man, p. 117. 
71. The first diagram appears in B, p. 26. A particularly penetrating discussion 

of the tree-of-life diagrams appears in Darwin on Man, pp. 117-118, 140-149, 
195-198, and in Gruber's essay "Darwin's Three o f  Nature." 
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in the fossil record, with dotted lines showing the continuity between 
hypothetical extinct forms; 72 and (3) the role of extinction: extinction 
is required. 73 The diagrams thus implicitly incorporate the notion of 
struggle, the exponential growth of  the number of species (since each 
branch splits into further ramifications ), and the role of extinction. 
Extinction is required because there must be a mechanism that keeps 
the number of species constant. The law of  conservation of species was 
a Lyellian principle that Darwin accepted at that stage of  his theorizing, 
as is indicated on page 36 of the B notebooks. The tree of life also 
diagrammatically illustrated the taxonomic relation of species to genera, 
genera to families, families to suborders. 74 The visualization afforded 
by the diagrams raised in Darwin's mind questions such as, "Is the 
shortness of life of species in certain orders connected with gaps in 
the series o f  connections? (if starting from same epoch certainly)" 
(B, p. 35). The diagrams also helped Darwin discern how the "great 
gap between birds and mammalia, still greater between vertebrate & 
articulate, still greater between animal and plants" (B, pp. 42-43) could 
be explained, namely: 

" the greater the groups the greater the gaps (or solutions of con- 
tinuous structure) between them" (B, p. 42). 

The important point here is that all these early notions and their 
pictorial representations are based on a conceptual framework in which 
species are the unit of  analysis. The total number of species is constant, 
yet the diagrams suggest an exponential growth of the number of  species 
that somewhat must be checked. Extinction must therefore occur on a 
vast scale. Indeed, Darwin followed his entries on the tree of  life with 
lengthy speculations on extinction. Yet he was not satisfied with his 
understanding of extinction and toward the end of 1837 he wrote, 
"weakest part of theory death of species without apparent physical 
cause" (B, p. 135), even though he had earlier surmised that extinction 
was "a consequence. . ,  of  non adaptation of circumstance." 7s 

72. The second diagram is in B, p. 26; B, p. 25: '~'he tree of life should 
perhaps be called the coral of life; base of branches dead; so that passages cannot 
be seen." 

73. The diagram is in B, p. 35; B, p. 36: "Case must be that one generation 
then should have as many living as now. To do this & to have many species (as is) 
requires extinction." 

74. B, pp. 21-22: "Organized beings represent a tree, irregularly branched; 
some branches far more branched, - Hence Genera." See also B, pp. 39-40. 

75. B, pp. 37-38: "With respect to extinction we can easy see that variety of 
ostrich Petise may not be well adapted, & thus perish out, or on other hand like 
Orpheus being favourable, many might be produced." 
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..... One o f  the. problems Darwin  faced in connection with extinct ion 
w ~  that  i t  could b e  the r~sult o f  accidental events: a chance t r ~ s p o r t  
of  s o m e  seed or  animal,  or man b r ing ing  new flora i0r f a u n a  into a 
geographic area.  Another  p r o b l e m  was how to integrate such chance 
effects in to  a determinist ic theory that  was to account  for phenomena 
in which ext inct ion p l a y e d a n  impor tant  r01e,76 ~ 

The t i m e  scales on which ext inc t ion  occurs were Mso giving Darwin 
trouble at this t ime .  Ex t inc t ion  could occur  rapid ly  a s  wen as slowly, 
When  i t  occurred  rapidly ,  was  it, a violat ion o f  the, dictum "Natura  
n o n  face t  saltum," t o  which Darwin was commit ted? H o w  discon- 
t inuous a process cou ld  he  allow into t h e  theory without~ ~ola t ing the 
"great  principle o f  cont inui ty"?  W h a t  did r ap id  extinct ion i m p l y  for 
LyeU's chronology o f  t he  Tertiary period, which had been based  on the 

? 

76. The :evolution of  Darwin's understanding of extinction is vividly spelled 
out in the two editions o f  the Voyage o f  th e Beagle. ln the  first edition ~ the 
Journal of  Researches into the Geology and Natural History of  the Various 
Countries Visited by H. M.. S. "Beagle" under the Command of  Captain Fitz Roy, 
g: N., from 18s2 to 183a (London: Colburnl ~ 1839), the MS Of which was 
completed in 1837, before the opening of the transmutation notebooks, D a ~  
concludes his brief discussion of extinction with: ',All that at  present can be said 
with certainty, is that, as with the individual, so with the species, the hour of life 
has run its course, and is Spent." However, Darwin had written earlier in the 
discussion that "variations of climate and food, or introduction of enemies, or the 
increased numbers of other species,' [are] the cause of the sUecessi0n of races." In 
the 2nd ed., the:Journal of  Researches into the Natural History of  the Countries 
Visited during the Voyage of  H. M. S. "Beagle" round the World (London:4, 
MurraY, 1845), Darwin wrote, "Certainly no fact in the long history of the world 
is so startling as the wide and repeated extermination of its inhabitants.', The 
discussion on extinction is much longer here, and Darwin explicitly states his 
Malthusian insights and Vividly expresses his commitments to allopatric Speciati0n. 
He reiterates his strong commitment to a naturalistic explanation o f  extinction 
and mockingly suggest s tha t we should not be surprised to find extinction pre- 
ceded by very low population densities. His discussion echoes Paley's in Natural 
Theology: "to a patient a t  the close of his disease .... Death .... is only the last 
of a long train of changes; in his progress through which, i t  is possible that he may 
experience no Shocks or sudden transitions" (The. Works of  William Pale),, D. D. 
[Philadelphia; J. Woodward, 1831], p. 479). Darwin also stresses that extinction 
can be initiated by a chance event, It was clear to Darwin that his theory need 
not account for chance events such as the transport of a seed by winds or birds 
being carried b y a  storm to an island. They formed the initial conditions for 
the phenomena to  be explained b y t h e  theory, which was to account for the 
regularities that occurred when a system was placed under specified circumstances. 
This point had been explicitly discussed in Herschel's Preliminary Discourse on 
NaturalPhilosophy (London: Lardner's Cabinet, 183t). 
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assumption :of  ~ g r a d u a l  and :uniform rate o f  change ha .the organic 
world.77 ~ . .~  .~: . . . . .  ....... .%. ~: 

Reading. Malthus',.Essay. on: PopulatiOn in  September 1838 again 
drew Darwin's: attention: to  t h e  importance o f  time scales,TS: The two 
Mal thus i an  laws :.were q u a n t i t a t i v e  s t a t e m e n t s : c o m p a r i n g  rates,:of 
growth= the  growth  o f  human populations~ i f  unchecked, is exponential  
as compared with the increase in t he  food supply on which man subsists-, 
which t e n d s t o  have a constant  rate o f  increase, : : . . . . .  : 

To clarify the various t ime scales involved: became:very impor tant  
to Darwin for understanding how natural  selection operated. To begin 
with, he  had  to  determine which parameters,  a s  :a first approximation,  
could be considered c0nstant  in ~ e  when :analyzing various pheno- 
mena.  The  first  and longest  relevant ~ e  scale was' the geol0~cal  oiie: 
the average t ime Scale for the subsidence a n d  elevation o f  Continents 
and the correlated geographical and climatic changes. 79 -The time scale 
for speciation, Darwin assumed, was corre la ted with tiffs geological t ime 
scale!s° Though ext inct ion eould Under e e r t ~  ~ c u m s t a n c e s  be related 
to geological changes, ext inct ion cou ld  Occur mUch m0re rapidly '  ~ a n  
s ch changes (as  w h e n a  new species entered a p lace  m the economy 

77, LyeU's Principles o f  Geology (London, J; Murray), vet, I (1830), voLII 
(1832), and especially vol. I l I  (1833). See also: Rudwick, Meaning Of Fossils, 
and Rudwiek, '!Charles Lyell~s Dream of a Statistical Palaeontology,,' pp, 225, 
244. ' . . . .  • . 

7 8 ,  Seemy discussion in "Origin of the Origin,,':pp. 299-302~ A typical entry 
of tha t period is the one Darwin wrote on October 4, 1838, in E, p. 4: ',It cannot 
be objected to my theory, that the amount of change within histQrical times has 
bee n small -because change in form is solely adaptation of  whole of~one race to 
some change of circumstances; now we know how slowly & insensibly such 
changes are in progress-  w e feel interest in discovering a charlge of level e r a  few 
feet during the last two thousand years in Italy, but what change would such a 
chang e produce in climate yegetation &c ~-it is the e~cumstanee of  small physical 
changes & oscillations, not affecting organic forms, that the whole value of the 
geol0gieal chronology depends tha t most sublime discovery of the genus of 
men.,~ See also the section "On Time,r~ chap. 7 o f  Charles Babbage's Ninth 
Bridgewater Treatise (London: John Murray, 1838), which Darwin rea d in October 
1838. , , 

: "79' E' p. '125:1 "No one but a practised geologist can really comprehend how 
old the world is, as the measurements refer not to revolutions of the sun & our 
lives, but  to. period necessary to form heap of pebbles &e &e: the~succession of 
organis m tells nothing about length O f time, only orders of succession.'! . . . . .  

..80. D, p. 140: "whe n we multiply the effects of earthquakes, elevating forces 
in raising continents, sea on beaches we really measure the rapidity of changes of 
forms & instincts in theanimal kingd0m." : 
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o f  n a t u r e  a n d  e x t e r m i n a t e d  t he  f o r m e r  t enan t s ) ,  si The  t ime  scale for  

ind iv idua l ,  small  va r ia t ions  was s h o r t  c o m p a r e d  w i t h  t he  geological  

t i m e  scale, va r ia t ions  in  a p o p u l a t i o n  be ing  cop ious  and  occur r ing  

ub iqu i tous ly .  - Var i a t ions  are addi t ive ,  a n d  b y  the i r  c u m m u l a t i v e  

e f fec ts  ( m e a s u r e d  o n  the  t ime  scale o f  a gene r a t i on )  s2 variet ies  a n d  

even tua l ly  n e w  species are p r o d u c e d ,  t h r o u g h  t he  o p e r a t i o n  o f  na tu r a l  

se lect ion.  Un t i l  1844 ,  we m u s t  r e m e m b e r ,  Da rwin  be l ieved t h a t  specia- 

t i on  occurs  w h e n  ind iv idua l  o rganisms  are geographica l ly  i so la ted ,  as in  

the  case o f  the  Gal~pagos  m o c k i n g b i r d s ,  s3 

81. The ecological concept of place is refered to in the notebooks, e.g., E, p. 
114 (March 12, 1839): "we must recollect the multitude of plants introduced 
into our g a r d e n s . . ,  which are propagated with very little care - & which might 
spread themselves as ~vell as our wild plants, we see how full nature, how f'mely 
each holds its place." Earlier, in his "Ornithological Notes," which were very 
probably written during 1836 on the last leg of the Beagle voyage, Darwin had 
noted: "I have specimens [of Gal~pagos mockingbirds] from four of the larger 
islands . . .  The specimens from Chatham & Albermarle Isld appear to be the 
same; but  the other two are different. In each Isld. each kind is exclusively found: 
habits of all are indistinguishable. When I recollect the fact that the form of the 
body, shape of scales & general size, the Spaniards can at once pronounce, from 
which Island and Tortoise may have been brought. When I see these Islands in 
sight of each other, & [but deleted] possessed of but a scanty stock of animals, 
tenanted by these birds, but slightly differing in structure & filling the same place 
[my italics] in Nature, I must suspect they are only var ie t i es . . .  If  there is the 
slightest foundations to these remarks the Zoology of Archipelagoes, will be well 
worth examining; for such facts [would inserted] undermine the stability of 
Species." N. Barlow, ed., "Darwin's Ornithological Notes," Bull. Brit. Mus. (Nat. 
Hist.), Hist. Set., 2, no. 7 (1963), 203-262. For the dating of this passage see 
S. Herbert, "The Place of Man in the Development of Darwin's Theory of Trans- 
mutation, Part I, to July 1837," Z Hist. Biol., 7 (1974), 217-258; G. Grinnell, 
"The Rise and Fall of Darwin's First Theory of Transmutation," Z Hist. Biol., 7 
(1974), 259-273; R. Colp, Charles Darwin and the Gal~pagos," N.Y. J. Med., 77 
(1977), 262-267. 

82. E, p. 57: "Every structure is capable of innumerable variations, as long as 
each shall be perfectly adapted to circumstances of times & from persisting owing 
to their slow formation these variations tend to accumulate on any structure." It 
is interesting to note that  strictly speaking the time scale for variation has meaning 
only for a population. 

83. Darwin to Hooker, Sunday, 1844. "The conclusion, which I have come 
at is that those areas, in which species are most numerous, have oftenest been 
divided and isolated from other areas, united and again divided; a process implying 
antiquity and some changes in the external conditions. This will justly sound very 
hypothetical. I cannot give my reasons in detail; but  the most general eonchislon, 
which the geographical distribution of all organic beings, appears to me to indicate 
is that isolation is the chief concomitant, or cause of the appearance of new forms 
(I well know there are some starring exceptions). Secondly from seeing how often 
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In  the per iod  o f  in tox ica t ion  fo l lowing the Malthusian insight Darwin 

mus t  have h o p e d  tha t  he  cou ld  show h o w  natural  select ion migh t  

accoun t  for  the  various t ime scales living forms exhibi ted ,  because " the  

great  end  mus t  be the  law & causes o f  changes"  (E,  p. 52). Natural  

select ion was to be al l-encompassing and expla in  everything found  

in the biological  world.  O f  course,  the geological ,  geographic,  and 

cl imatic  stage u p o n  Which the  biological  processes unfo lded  had to  be 

considered,  bu t  these inorganic processes wou ld  be accoun ted  for  by  

the laws o f  physics and chemis t ry .  ~ 
But  i t  mus t  quickly  have b e c o m e  apparent  to  Darwin tha t  his dream 

was an impossible  one ,  for  i t  m e a n t  going back  to an initial origin o f  

every th ing  on  ear th  and having to  consider  the  in te rac t ion  o f  everything 

wi th  everything else and to  specify precisely the  evo lu t ion  o f  every  

the plants and animals swarm in country, when introduced in it, and from seeing 
what a vast number of plants will live, for instance in England ff kept free from 
weeds, and native plants, I have been led to consider that the spreading and 
number of the organic beings of any country depend less on its external features, 
than on the number of forms, which have been there originally created or pro- 
duced. I much doubt whether you will find it possible to explain the number of 
forms by proportional differences of exposure; and I cannot doubt if half the 
species in any country were destroyed or had not been created yet that country 
would appear to us fully peopled. With respect to original creation or production 
of new forms, I have said that isolation appears the chief element. Hence, with 
respect to terrestrial productions a tract of country, which had oftenest within 
the later geological periods subsided and been converted into islands and reunited, 
I should expect to contain most forms. 

"But such speculations are amusing only to one self and in this case useless as 
they do not show any direct line of observation. 

"Your geographical-law-letters require being read and reread, and I have only 
read your last twice, and so will hazard no remarks on it. You seem however to 
have put the case of 'typical forms' in a clearer point of view, than I ever saw it 
and stripped the word of half, ff not all its mystery: I have long suspected, that 
typical and abnormal forms consist only of those, of which a greater or less variety 
have been created or modified - with this excellenty!! expressed sentence, I will 
conclude." 

This letter is in the Hooker-Darwin correspondence of Cambridge University 
Library. I thank Peter Gautrey and the Librarian of the Library for permission to 
quote it. Part of the letter is included in LLD, I, 388-389. 

84. J. F. W. Herschel, "On the Astronomical Causes Which May Influence 
Geological Phenomena," Trans. Geol. Soc. London, 3 (1932), 293-299. See also 
W. F. Cannon, "John Herschel and the Idea of Science," J. Hist. Ideas, 22 (1961), 
215-239; Rudwick, Meaning of  Fossils, p. 187; Dov Ospovat, "Lyell's Theory of 
Climate," £ Hist. Biol., 10 (1977), 317-399. 
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variety, extant and extinct, as A moremodes t  approach had to be 
accepted. He need not try to account for everything. H e could instead 
accept a phen0menol0gical description of the form s of life and the 
geological, geographic, and climatic conditions on earth at some given 
time and then allow "secondary causes" to take him from that stage to 
some later stage. ! n working out this program, he would firs t establish 
phenomenological laws  (e.g., conservation laws of subsidence and 
elevation of land masses, the law of conservation of species, laws of 
climate, laws of variation, laws of correlation of parts) and thereafter 
look for causes, verae causae. 86 This was part of  the Comtean message 
that Darwin had read inAugust  1838 and that resonated so strongly 
with his own prior views, inspired by his reading o f  Herschel and Lyell. 

Darwin realized that there were several ways of  looking at the 
phenomena. He could consider global evolution over long periods of  
time, or he could look at the differential local description. In this second 
approach, he could try to limit the inquiry to how natural selection 
operated over short time intervals in fairy localized geographical 
regions. This approach is equivalent to an inquiry into how natural 
selection accounts for the observed dynamic equilibrium. In fact, 
Lyell in his Principles o f  Geology had already addressed himself to the 
question of why a given locality "will be occupied by a few [species] to 
the exclusion of many, and these few are enabled, throughout long 
periods, to maintain their ground successfully against every intruder, 
not withstanding the facilities which species enjoy, by virtue of  their 
powers of diffusion, of invading adjacent territories." 87 Lyell 's explana- 
tion appealed to the interactions among species, and it was in this 
context that he referred to CandoUe's "spirited" statement: "All the 
plants of a given country are at war with one another." 

From 1838 to 1839, when Darwin was principally concerned with 
the higher animal forms, he recognized that in his investigation of how 
natural selection explained local equilibria, important simplifications 
could be made. First, he could assume that the geological and geographic 

85. E, p. 52: "I from looking at all facts as inducing toward law of transmuta- 
tion, cannot see the deductions which are possible." 

86. See, e.g., E, p. 51: "Thinking of effects of my theory, laws will probably 
be discovered of correlation of parts, from the laws of variation of one part 
affecting another." See also E, pp. 53-54 and p. 59: "Hurrah - 'intermediate 
cause.'" In connection with the vera causa principle, see M. J. S. Hodge, '"The 
Structure and Strategy of Darwin's Long Argument," Brit. J. Hist. Science, 10 
(1977), 237-246. 

87. Lyell, Principles of  Geology, II, 130. 
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processes were changing extremely slowly in time, were locaUy un- 
affected by  the biological phenomena, taking pla'ee, and thus to aJfirst 
approximation the environment could be assUmed-constant. Second, 
he could assume that the rates for reproduction and fertility, as well as 
generational times, were constant: Doing so, Darwin then inferredthat 
the average effect of interspecific competition and short-term climatic 
effects resulted, in a food Supply for any species that on the~avetage was 
constant.: That is, Darwineould make plausible (and in this sense derive) 
why"the average percentage of every one'of the inhabitants of a country 
will :ordinan'ly remain constant: '~ In Other words, given the "enOrmous 
multiplying power inherent a n d  annually in action in a l I  animals;,"' as 
natural selection could account for.th~ dynamic equilibrium: o n  the 
average the food supply was constant and the population of the  various 
species remained constant~ 

The third point in the famous entry on page 58 Of the E notebook - 

Three principles will account for all ..... 

1) grandchildren like grandfathers . 
2) tendency to small change . . ,  especially.with physical change 
3) great fertility in proportion to support of parents - 

makes explicit m y  inference: there is only one Malthusian statement, 
and the second Malthusian law follows from the first. As Darwin himself 
emphasized, an important aspect of the solution o f  his problem Was the 
application of the Malthusian thesis to all of  nature. For Darwin this 
meant that: there was only one Malthusian law, which stated that when 
unchecked, the rate of increase' of  the population of any one species 
is exponential. (But different species may have different reproductive 
time ScaleS.) It was this exponential growth that gave rise to population 
pressure, the vera causa of natural selection, and the ensuing interspe- 
ciflc and intraspecifie competition. There Was one obvious constraint 
that had to  be  taken into account in considering the equilibrium of  the 
entire system: the fmitude'of the' surface of  the eaith. The areas that 
could be occupied by living organisms imposed an absolute limit on the 
biomass the earth could ;support. ' . . . .  ' ' 

:But as useful as the Malthusian Statement was'in this analysis, it 
was nonetheless only/an~importatit phenomenological statement that 
eventually should be subsumed, under.a  more general and universal 

88. "Essay of 1844," p. 118. . . . .  
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statement,  s9 The fact that  the second Malthusian law, relative to 
the food supply, could be shown to be a consequence of  the law of  
geometrical populat ion growth when this law was applied to all of  nature 
suggested how the process was to operate. 9° Darwin was grappling with 
these problems when in January 1839 he wrote:  

The enormous number of  animals in the world depends on their 
varied structure & complexi ty.  - hence as the forms became com- 
plicated, they opened fresh means o f  adding to their complexity.  
- but  ye t  there is no necessary tendency in the simple animals to 
become complicated although all perhaps will have done so from the 
new relations caused by  the advancing complexi ty  of  others. - I t  
may well be said, why should there not  be at any time as many 
species tending to d i s - d e v e l o p m e n t . . ,  my  answer is because, i f  we 
begin with the simplest forms & suppose them to have changed their 
very changes tend to give rise to others - . . .  I doubt  not  i f  the 
simplest animals could be destroyed,  the more highly organized 
would be soon disorganized to fill their places. - 

The geologico-geographico changes must  tend sometimes to 
augment & sometimes to simplify structures. Without  enormous 
complexi ty  it is impossible to cover whole surface o f  world with 
life. - for otherwise a frost i f  killing the vegetable o f  one quarter of  
the world would kill a l l . . ,  i t  is quite clear that  a large part of  the 
complexi ty  o f  structure is a d a p t a t i o n . . .  

Considering the kingdom of  nature as i t  now is, it  would not  be 
possible to simplify the organization o f  the different beings, (all 
fishes to the state of  the Ammocoetus ,  Crustacea to - ? &c) without  
reducing the number  o f  living beings - but  there is the strongest 
possible [tendency?] to increase them, hence the degree of  develop- 
ment  is either stat ionary or probably increases. (E, pp. 95-97) 91 

I fmd this entry staggering. There are several strands in it. One con- 
cerns the problem of  how to reconcile the evolution from simple to 
complex forms and its associated time arrow with Lyell 's  steady-state 

89. In other words, the questions why do organisms reproduce so as to give 
rise to a geometrical rate of increase, and what the time constant is, are meaningful 
and must be answered by the theory of natural selection. 

90. See Schweber, "The Young Darwin," on the relation between how natural 
selection operated and how the Newtonian description worked. 

91. The word tendency does not occur in Darwin's original MS. De Beer 
inserted it. 
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uniformitarianism and its explicit rejection of directionality in time. 9: 
Does the "necessary tendency . . .  to become complicated" violate 
Lyell's ideas? Does it imply that present-day processes are different in 
kind than earlier ones? Conflated with this is the question: " I f  there 
is evolution from lower to higher forms why are there still so many 
beings of  the simplest structure?" Lyell had posed this question in his 
Principles o f  Geology, and Darwin entered an answer in the marginalia 
to the fifth edition, which he read in 1837: "Because there were local- 
ities fitter for simplest animals as well as the most complex, therefore 
some remained simple if not created. ''93 Note, however, the change 
that occurred between 1837 and 1839. In 1837 Darwin spoke of 
adaptation toward localities~ that is, geographical localities. In January 
1839 adaptations were toward "place." And for Darwin the notion of 
place is ecological: it is a place in the economy o f  nature. 94 

Moreover, it is clear from the sentence in the E notebook entry in 
which Darwin states that he does not doubt that if the simplest animals 
were destroyed "the more highly organized would soon be disorganized 
to fill their places" that for Darwin in 1839 adaptation could be 
"progressive" as well as "retrogressive" and natural selection could 
account for both kinds of changes. 

The entry also indicates that in viewing the process of evolution, 
Darwin considered organisms as entities that had a history and a memory 
(a program, in modem terminology). 9s Only by virtue of  having ob- 
tained a degree of complexity can organisms add further complexity 
(change their program). Although there is no necessary tendency in the 
simple animals to become complicated, Darwin suggests that the "new 
relations caused by the complexity of  others" will induce complexity 
to evolve. "Complexity" not only meant the possibility of adding 
further complexity, it also meant "diversity. ''96 "Without enormous 
complexity - [read "diversity"] it is impossible to cover whole surface 
of world with life." Since there is "the strongest possible tendency for 
each organism to increase" its numbers, the "'degree of development" 
probably increases. Darwin's statement "strongest possible tendency 

92. I thank J. Hodge for a discussion of this point. 
93. Quoted in Stauffer, "Ecology in the Long Manuscript Version of Darwin's 

Origin o f  Species," p. 237. 
94. See ibid., p. 238, for the use of the world place. 
95. See Mayr's stimulating 1974 essay, 'q'he Evolution of Living Systems," 

reprinted in Evolution and the Diversity of  Life, pp. 16-25. 
96. In C, p. 147e Darwin says that the quantity of  life on a planet depends on 

"subdivisions of stations & diversity." 
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t o  increase" is the: first s t e p  in :the generaliza~On of the Malthusian 
principle.: _ . ' : ~ 

The transition from the specific Malthusian s t a t emen t -  that popula÷ 
tions, if unchecked, increase geometrically on  a ~fixed time s ca l e - t o : a  

• a a  " 1 formulation m terms of the ~ strongest possib e tendency t o  increase" 
marks an importantl shif t in~ :Darwin. Whereas the specific Malthusian 
statement: allowed one  to ~exptore the equilibrium at a given time, the 
formulation in: terms o f  " the  maximum tendency to increase" allowed 
one t o  look ~' at the initial and.the final configurations and then ~ry~to 
interpolate between thesein terms o f  a most probable h i s to ry ,  : :~ 

stated more: succinctly; the "local" theory formulated in terms the 
Malthusian laws mimicked the differentialNewtonian description of 
physical phenomena, wher~e the knowIedge of the con~tions at a given 
time and of the laws Of force aUowed one t o  determine :the history o f  
the system for the next instant, The statement in:termS of "a m ~ u m  
tendency t o  increase~' was the analogue of a variationaI p~c ip le  Which 
stated that :the actual trajectory of  a system (giventhe force laws)Was 
the one that maximized a cert~:expression~ In this "global" way of 
looking a t  the problem, the initial and ffmal' (spatial) configurations of 
the system are prescribed (as comparedto the speeifiCatiort of  the initial 
position and velocities in: the differential appraoch), and the trajectory 
that connects initial ~ d f m a l  configuration is then determined,: : : 

I am not  suggesting that: Darwin knew o f  these alternative formula- 
tions of Newtonian :mechanics. 97 Bu t  I do believe that~he:recognized 
the inherent:, usefulness o f  the. second approach, It~:allowed him to 
consider both the initial and the.final s t a t e  and t o  give a plausible 
history of the evolution from the initial to ,the final state. The geotogi~ 
cal and climatic conditions at each period, together with the competi. 
t ion  exerted by Other speeies and by  members of the same speciesi?are 
the ',foroes', that "select'~ the particular history. 

The introduction of: "history" into biology is a facet of the larger 
transformation of~the intellectual world t ha t  began during the.second 
half of  the.eighteenth c e n ~ r y  (and will:bediscussed later on);: One 
aspect of this transformation was the change from a descriptive to a 
developmental way of ~ g ,  Darwin,s attraction to this mode of 
explanation is of  course not surprising. To believe in evolution implies a 
commitment to that mode. Thus Buffon's explanation of the differences 

97. Neither Herschel in:hisPreliminary DiseoursenorWhewellinhisHistory 
of the lndueHveSeienee~ deals with these variational formulationS: of mechanics. 
I have not established whether Darwin knew:about Such principles in 0pries. 
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in species was "historical." By the beginning of the nineteenth century, 
also, the aim of the science of geology was to discover the path by 
which one state of  the earth had changed into another; and Darwin's 
initial training was as a geologist. 

There is another important feature of  the "global" approach. Even 
though one considers initial and final configurations, the approach is 
not teleological. There are two sources which Darwin read in the 1839- 
1841 period - apart from the political economy literature, which I 
shall consider later on - that adress scientific questions in this same 
way: Brougham's Dissertations on Sub/ects o f  Science 9s and Liehig's 
Organic Chemistry. 99 Both these books use the maximalization-mini- 
realization approach. 

Darwin studied Brougham's Dissertations in 1839 when working on 
questions relating to instinct, and the M and N notebooks contain 
several references to it. Volume I of  the Dissertations also contained a 
lengthy entry titled "Observations, demonstrations, and experiments 
upon the structure of  the cells of  bees." In it, Brougham asked what the 
requirements "that the greatest possible saving should be made both of 
space, of  wax, and labour" imply for the geometry of the cells. How 
should the cells be made so as to place the greatest number in each set 
or comb, when the further constraint was applied that "the form of all 
• . .  give the largest proportions of  the walls, and the smallest of the 
rhomboidal base"? Brougham considered all aspects of  the problem: 
the physiology of the manufacture of  the wax by the bees, the labor 
involved, the mathematical problem of minimizing the surfaces (so as 
to save wax) but maximizing the available space (so as to maximize 
population) - indeed a careful analysis of  the natural economy of bees. 
Darwin carefully read and annotated this lengthy article, and followed 
all the steps in the algebraic and geometrical calculations. (The pages of 
the "Appendix of Demonstrations," which involved calculus, were, 
however, left uncut.) 

Darwin's entry on page 95 of the E notebook, Brougham's formula- 
tion and solution of the problem of the determination of the geometry 
of honeycombs, and Liebig's approach, which I shall consider later, are 
all indicative of  a way at looking at biological problems quantitively 

98. Henry, Lord Brougham, Dissertations on Subjects of  Sciences Connected 
with Natural Theology, 2 vols. (London: C. Knight, 1839). 

99. Justus Liebig, Organic Chemistry in Its Application to Agriculture and 
Physiology, ed. Lyon Playfair (London: Taylor and Walton, 1840)• Darwin's 
copy is at Cambridge University Library and is signed "Charles Darwin 1841" 
inside the front cover. 
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that derives from Utilitarian political economy. I believe it is an expres- 
sion within the biological sciences - the use of  "statistics" in biogeo- 
graphy is another - of  similar tendencies within political economy. 
There the quantitative approach found more fertile fields and its 
influence was more pervasive.m° 

I f  you couple the Malthusian statement expressed in terms of the 
"strongest possible [tendency?] to increase the number of living 
beings" with Darwin's earlier statements that "the end of formation of 
species & genera is probably to add to quantum of life possible with 
certain pre-existing laws. - If  only one kind of plant not so many" 
(C, p. 146); and that "the quantity o f  life on planet at different periods 
depends on relations of desert, open ocean, & c. This probably on long 
average equal quantity, 2 ° on relation of heat and cold, therefore fewer 
now than formerly. The number o f  forms depends on the external 
relations (a fixed quantity) & on subdivisions of  stations & diversity, 
this perhaps on long average equal" (C, p. 147e), it is but a small step 
to the Benthamite-like inquiry of the "Big Species Book": how will 
"the greatest number organic beings or more strictly the greatest 
amount of life" be supported in any area? And it is not surprising that 
the answer is: "by the greatest amount of their diversification." 

I submit that pages 95-97 of the E notebooks, together with pages 
146-147 of the C notebook, contain the key insight of ecological diver- 
gence: without enormous complexity (diversity) it is impossible to cover 
the whole surface of the world with life. Though the earth is finite, 
diversity is infinite. By becoming more complex, more and more organ- 
isms can be adapted to more and more places in the economy of nature. 

The classificatory insights of  tree-of-life diagrams in the B notebooks 
are, however, not combined with the insights recorded in the C and 
E notebooks. One cannot therefore say that the dynamic problem 
of divergence was explicitly solved in the 1837-39 period. All the 
ingredients for a solution were there, however, and Darwin may well 
have thought that the problem had been solved. 

DIVERGENCE DURING THE 1840S 

The "Sketch of 1842" clearly adumbrates Darwin's view of the 

100. I shall discuss later the attempts to quantify and mathematize political 
economy. Here I remark only that Whewell was involved in such a project while 
Darwin was at Cambridge. See W. Whewell, "Mathematical Exposition of Some 
Doctrines of Political Economy," Trans. Camb. Phil. Soc., 3 (1830), 191-230, and 
4 (1833), 155-198. 
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mechanism of speciation in the period immediately following his major 
insights. It also, however, reflects Darwin's concern with zoological 
questions rather than botanical ones up to 1840, a preference that was 
gradually supplanted after 1840 or so. 

The "Sketch" opens with a discussion of variations: the frequency of 
variations increases when an organism is placed under new conditions 
during several generations. Although '~ f ld  animals vary exceedingly 
little - yet they are known as individuals" ("Sketch," p. 43), and their 
"variations [are] analogous in kind, but less in degree with domesticated 
animals" (p. 44). Breeding under domestication can be viewed as a 
laboratory experiment wherein the operations that occur in nature are 
amplified and magnified: the cummulative variations are larger, the 
operation of artificial selection on these variations more tangible and 
visible. But although "Nature's variation [is] far less," natural selection 
is "far more rigid and scrutinizing" ("Sketch," p. 48), and, moreover, it 
acts on all variations, including the invisible constitutional differences. 
Darwin treats speciation at length in the "Sketch" (pp. 66-72) and 
describes the process as depending essentially on geographic isolation: 
"change of external conditions, and isolation either by chance landing 
of a form on an island, or subsidence dividing a continent, or great 
chain of mountains, and the number of  individuals not being numerous 
will best favour variation and selection" ("Sketch," p. 68). The fact of  
the geographical distribution of organisms then "all follow in a simple 
manner on the theory of occurrence of species b y . . .  and being adapted 
by selection to . . .  conjoined with their power of dispersal, and the 
steady geographico-geological changes whicl~ are now in progress and 
which undoubtedly have taken place" ("Sketch," p. 70). In other 
words, the present geographical distribution of organisms can be ex- 
plained by considering species as created in single centers and migrating 
therefrom. The geological history of the earth is invoked to account 
for possible migration routes as well as for past and present-day barriers. 
Incidentally, the "Sketch" contains Darwin's explanation of the geo- 
graphic distribution of alpine plants, and this presentation is a paradigm 
for his approach to biogeographical questions. 1°1 

In his discussion of "Aff'mities and Classifications" in the "Sketch" 
Darwin summarizes his views: 

101. Darwin's discussion of alpine plants in the "Sketch" is on pp. 65-67. For 
an interesting discussion of biogeography written somewhat after the "Essay," see 
Darwin's review of Natural History of  the Mammalia, by G. R. Waterhouse, Ann. 
Mag. Nat. Hist., Including Zool., Bot., Geol., 19 (1847), 53-56 which is reprinted 
in The Collected papers of  Charles Darwin, ed. Paul Barrett, p. 214-217. 
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The origin o f  sub-genera, genera, etc., is not  difficult on notion o f  
genealogical succession, and accords with what we know of  similar 
gradations o f  affmity in domesticated organisms. In the same region 
the organic beings are . . .  related to each other and the external 
conditions in many physical respects are allied . . .  and therefore 
when a new species has been selected and has obtained a place in the 
economy of  nature, we may suppose that generally it will tend to 
extend its range during geographical changes, and thus, becoming 
isolated and exposed to new conditions, will slightly alter and its 
structure by selection becomes slightly remodified, thus we get 
species of  a sub-genus and genus - as varieties o f  merino sheep - 
varieties of  British and Indian cattle. Fresh species might go on 
forming and others ,become extinct (just as it is not  likely every 
present breed of  fancy birds and cattle will propagate, only some of  
the best) and all might become extinct and then we should have 
extinct g e n u s . . .  But more often the same advantages which caused 
the new species to spread and become modified into several species 
would favour some of  the species being preserved: and if two of  
the species, considerably different, each gave rise to group of  new 
species, you would have two genera the same thing will go on. 
("Sketch," pp. 73-74) 

What is striking in the passage is Darwin's constant reliance on the 
model presented by breeding under domestication and artificial selec- 
tion. The speciation mechanism is driven by variations whose frequency 
is increased by changes in environment. Migration is an essential factor. 
It  exposes populations to new environments, thus inducing variations 
and giving rise to competition and extinction through natural selection. 
As in the case of  artificial breeding, "only some of  the best" survive. 
And I understand this to mean that natural selection will tend to favor 
those variations that differ most from th6 p~rental type and from each 
other; competition will eliminate all the intermediate forms. 1°2 

Note also that Darwin is quite explicit that adaptation is to a place 
in the economy o f  nature. The struggle for existence is, to use modern 
terminology, for an ecological niche. Earlier, in 1841, when discussing 

102. In the "Sketch," p. 74, Darwin further noted: "Accozding to mere 
chance every species may generate another, but if any species A, in changing gets 
an advantage and that advantage (whatever it may be, intellect, etc., or some 
particular structure or constitution) is inherited, A will be the progenitor of 
several genera or even families in the hard struggle of nature. A will go on beating 
out other forms, it might come that A would people earth." 
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the mockingbirds of the Gal~pagos, Darwin had noted that "the habits 
of these three species are similar and they evidently replace each other 
in the natural economy of the different islands." loa Similarly, in 1842 
in his discussion of coral reefs he had written that no station capable of 
supporting life is lost; "there is a struggle for each station between the 
different orders of nature." 104 Although adaptations are to stations in 
the economy of nature, the requirement of geographic isolation in 
species formation mutes the overall ecological approach inherent in 
Darwin's approach in the "Sketch." In the "Essay of 1844" the role of 
niche is further clarified in the comparison of  speciation on islands and 
large land masses: 

As the number of the in_habitants are supposed to be few, and as all 
these cannot be so well adapted to their new and varying conditions 
as they were in their native country and habitat; we cannot believe 
that every place or office in the economy of the island would be as 
well f'flied as on a continent where the number o f  aboriginal species 
is far greater and where they consequently hoM a more strictly 
limited place, los 

This passage shows clearly that by 1844 Darwin believed that adapta- 
tion is toward a place or office in the economy of nature. One can only 
infer from the addition of the word office that Darwin intended to 
make it unmistakably clear that he had the ecological and not the 
geographic meaning of "place" in mind. An ecological understanding 
of "place" is also explicit in Darwin's discussion of extinction in the 
Voyage o f  the Beagle, dating from 1845. There Darwin indicated that 
we often do not know when and where the checks to the Malthusian 
increase in population occur; "hence probably it is that we feel so little 
surprise at one, of two species closely allied in habits, being rare and the 

103. Quoted in Stauffer, "Darwin, Linnaeus, and Ecology," from Charles 
Darwin, ed., The Zoology of  The Voyage of  H.M.S. "Beagle," under the Command 
of Captain Fitz Roy, R. iV., during the Years 1832 to 1836 (London: Smith, 
Elder). 

104. Quoted in Stauffer, "Darwin, Linnaeus and Ecology," from C. Darwin, 
ed., The Structure and Distribution of Coral Reefs, Being the First Part of the 
Geology of  the Voyage of the "'Beagle" (London: Smith, Elder 1842), p. 63. 

105. "Essay of 1844,"p. 142;my italics. In the "Fair Copy Annoted by C.D.", 
which is in the Cambridge University Library, this entry occurs on pp. 154-155. 
The last line reads: "where they consequently hold a more strictly limited place 
against a far severer struggle," with "against a far severer struggle" crossed out. 
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other abundant in our district, and another, f'filing the same place in 
the economy of nature, should be abundant in a neighboring district, 
differing very little in its conditions." ~o~ 

In the "Sketch," Darwin is explicit about difficulties: How does 
speciation occur on large land masses with large populations? This 
problem must be confronted because the process of speciation on small 
islands stops once adaptation results and no further geological change 
occurs. Furthermore, speciation on a large land mass and in the oceans 
- where large populations and many different forms of life o c c u r -  
must be considered in order to account for the diversity observed in the 
world. 

I have indicated that in the period from 1838 to 1844 Darwin 
attempted to solve problems in terms of a dynamics in which individuals 
were the primary units. This is most succinctly expressed in the "Essay 
of 1844" where Darwin outlines the reasoning for his conclusions 
regarding natural selection: 

let it be borne in mind that this average number of individuals (the 
external conditions remaining the same) in each country is kept up 
by recurrent struggles against other species or against external nature 
(as on the borders of  the artic regions, where the cold checks life); 
and that ordinarily each individual of  each species holds its place 
either by its own struggle and capacity of acquiring nourishment 
in some period (from the egg upwards) of  its life, or by the struggle 
of  its parents (in short lived organisms, when the main check occurs 
at long intervals) against the compared with other individuals of the 
same or different species.l°7 

The origin of new species was to be explained in terms of inheritable 
variations that arose among the individuals of a population. Any ad- 
vantage accrued by such variations (such as access to new food supplies, 
avoidance of prey, or better fitness in the physical environment) would 
imply the eventual, rigorous, and total extirpation of the parent popula- 
tion by the offspring. This last assumption, incidentally, could be tested 
by biogeography: were there cases of closely related species living in the 
same locality? Writing to Hooker in 1844, Darwin observed, 

106. Darwin, Journal of Researches, 2nd ed., 2 vols. (New York: Harpers, 
1871), I, 225. 

107. "Essay of  1844," pp. 118-119. 
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I am particularly interested by your  remarks on Insular Floras. A 
genus having several good species in the small island is new to me 
and very remarkable and as you  will observe hostile to descent: can 
you  enlarge I should particularly be obliged on this sometime to me: 
are such genera peculiar to islands? 1o8 

But there were difficulties in the individualistic approach that could 
not  easily be eliminated. These were connected with the blending 
mechanism of  inheritance Darwin was committed to. Darwin could 
argue that dilution and blending could be overcome on islands because 
the initial population in which the favorable variations occurred was 
very small. Isolation of  a small population could prevent blending and 
preserve variations and make varieties. But in a large population, 
blending would rapidly swamp favorable variations. Ignorance o f  the 
dynamics of  inheritance 1o9 forced Darwin when dealing with variations 
in larger populations to a more phenomenological and coarser descrip- 
tion with varieties and species as the units. His theory of  speciation 
would eventually have to rest on the hypothesis that those species 
which present the most  varieties are the most likely to produce new 
species, and that only species with large and increasing populations - 
i.e., those which are clearly not  on their way to extinction - need be 
considered. Furthermore, populous species that have wide ranges are 
most likely to fmd themselves in different geographic regions so that 
new variations are environmentably induced. The hypothesis thus 
becomes self-consistent for populous, wide-ranging species. (As a bonus, 
isolation could be invoked to explain how the varieties o f  widely ranging 
species turn into species). 

I believe it was Darwin's attempt to justify these assumptions (and 
his concomitant acceptance o f  the necessity o f  working at the species- 

108. Darwin-Hooker correspondence, Cambridge University Library, box 150. 
109. See Kotfler, "Darwin's Biological Species Concept and Theory of Geo- 

graphic Speciation". Note that Darwin had suggested an individualistic mechanism 
of inheritance several times before 1842 (e.g., blood theories in the early note- 
books) and that his gemmule theory was formulated in the 1840-1842 period. 

Mayr has noted that Darwin often used the term '~ariety" in two different 
senses: deviating individuals and deviating populations. I{ would be interesting 
to see whether one can correlate his usage with his beliefs in mechanisms of 
inheritance; that is, whether when he believed that he had an explanation of 
inheritance based on an individualistic mechanism, such as, gemmules, variety 
refers to deviating individuals, and whether when he had less faith in an individ- 
ualistic mechanism, varieties refer to deviating populations. 
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variety level, rather than at the individual level) that prompted his 
extensive biogeographical investigations in the 1840s and 1850s. He 
recognized that phytogeography, with its many quantitative facts, 
was precisely the right vehicle to test and, he hoped, confirm his 
hypotheses. Moreover, in 1843 Hooker, that most knowledgeable 
botanist, had just returned from his Antarctic expedition and was 
therefore available to answer botanical and, more particularly, phyto- 
geographic questions. 

The first exchanges between Darwin and Hooker exhibit Darwin's 
interest in questions relating to the commonness and range of species, 
and the number of  species in botanical genera present. "You ask me 
whether I suppose the small proportions of  sp [ecies] to genera in Coral 
Islets arises from chance of  seed? I cannot answer this," Hooker wrote 
Darwin in on January 29, 1844; but nonetheless Hooker ventured the 
answer: "I should say perhaps not: if genera or small groups are truly 
natural they are supposed to contain many characters in common, it is 
but right to assume the character of  transportable seeds should hence 
be common to some groups above others, the inference of which need 
not state. ' ' n °  This explanation for the differences in the number of  
species in genera on islands as compared to the number on neighboring 
continental land masses, and for the variation of this ratio on continents 
as a function of latitude, were long-standing biogeographical problems 
in 1844. Von Humboldt had already pointed out, in 1807, that the 
number of  species per genus for many plants in Lapland was lower by 
a factor of  more than two as compared with the number in France. n~ 
Indeed, it was the need to explain the disparity between the number of  
plant species per genera on the Canaries and St. Helena as compared 
with the number in continental North Africa that had led Von Buch to 
advance isolation as the mechanism for speciation, nz 

After reading Hooker's letter of  January 1844, Darwin wrote himself 
a little note: "Explanation of fewness of  species and diversity of  genera, 
I think must be partly accounted for the plants groups could subsist 
in greater numbers, and interfere less with each other. This must be 

110. Darwin-Hooker correspondence at the Cambridge University Library, 
box 150. See also Browne, '~"narles Darwin-Joseph Hooker Correspondence." 

l l l .  Humboldt, De Distributione Geographica Plantarum. 
ll2. Von Buch, Description physiques des isles Canaries. On p. 147, Von 

Buell quotes the following ratios of species to genera: continental North Africa, 
1:4.2; Canaries, 1:1.46; St. Helena, l:l.5. He also compares the numbers of 
orders on continents with those on islands. 
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explanation of  Artic Regions - How are alpine Plants. Several genera? 11 s 
This note is particularly interesting because it indicates that already in 
1844 Darwin based the explanation of  the aforementioned phytogeo- 
graphical observations on the principle that in any locality the largest 
amount of  plant life will be supported if there is divergence of  character, 
for then the "plants groups will interfere less with each other." As 
Darwin was to note in the Origin, 

the most closely allied forms - varieties of  the same species, and 
species of  the same genus or of  related genera - from having nearly 
the Same structure, constitution, and habits, generally come into the 
severest competition with each other; consequently, each new variety 
or species, du~ing the progress of  its formation, will generally press 
hardest on its nearest kindred, and tend to exterminate them. 1~4 

Darwin's initial inquiries to Hooker were primarily concerned with the 
biogeographical properties of  species, particularly with range as an 
inheritable character. It  was evidently Hooker who in early 1844 led 
Darwin to consider similar questions about higher taxa: "I will now 
observe that you have extended my remarks on the range of  species of 
shells into the range of  genera or groups. ' ' u s  On March 11, 1844, Dar- 
win questioned Hooker on the relation between the range of mundane 
genera and the range of their species. In his reply, Hooker asked whether 
there is a correlation between the range of genera and the range of their 
species, as a function of the size of  the genus, us 

All this indicates that by the mid 1840s Darwin was involved in 
biogeographical questions bearing on the justification of the proposi- 
tion, which becomes fully articulated in the 1850s, that it is "the 
dominant species - those which range widely over the world, are 
the most diffused in their own country, and are most numerous in 
individuals, which oftenest produce well marked varieties, or as I con- 
sider them, incipient species." 117 The dichotomy in Darwin's approach 
should be noted. Problems relating to variations and heredity are 
answered with varieties and species as the units of  description; those 

113. Darwin-Hooker correspondence, Cambridge University Library, box 150. 
114. Darwin, Origin, p. 112. 
115. Darwin-Hooker correspondence, Cambridge University Library, box 150; 

undated letter, early 1844. 
116. Some of these letters are reprinted in LLD, pp. 382-389, and in More 

Letters, II, 402-422. 
117. Darwin, Origin, pp. 53-54; see also pp. 326 ff. 
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relating to compet i t ion,  adaptat ion,  ext inct ion - that  is, those that  
natural  selection explains - are answered with individuals as the units 
o f  description. This difference in the "uni ts"  used is important .  It 
accounts for the fact that  at times levels o f  description were inter- 
changed and some confusion necessarily crept  in. I t  also explains why 
the principle o f  maximizat ion o f  the amount  o f  life per  unit  area should 
prove so attractive to Darwin: i t  is invariant under the different levels 

of  descriptions. 
There were, o f  course, many other problems to be addressed from 

the mid 1840s to the mid 1850s before the formulat ion of  the principle 
o f  divergence o f  character as it  appears in Natural Selection and the 
Origin emerged - the higher taxa and their biogeographical relation- 
ships, the biogeography o f  the fossil record, and, in particular,  the 
correlation between the distr ibution in time o f  fossil taxa and their 
distr ibution in space. But the form in which the principle was to be 
formulated is already apparent  in 1844. 

Darwin's biostatistical inquiries from 1837 on, particularly those 
after 1844, deserve careful study,  because they are central to the 
formulat ion of  the principle of  divergence. 11a Similarly, Darwin's 
changing views on speciation mechanisms after 1844 meri t  detailed 
inquilT. 119 Such studies will undoubtedly  further clarify the process 
and sharpen the chronology o f  Darwin's formulat ion of  the principle of  
divergence o f  character as it  appears in Natural Selection. In the next  
section, I discuss Darwin's work on cirripedes in an effort to show that  
the barnacles confronted him with the problem of  how to formulate 
a universal explanation for the increase in diversity over t ime of  all 

organic forms. 

118. Janet Browne has investigated the biostatistical materials in boxes 15 
and 16 of the Darwin papers at Cambridge University Library. Included there are 
materials on "Common and Large Genera Presenting Most Varieties," miscellane- 
ous tables of species, etc., all important for understanding Darwin's views on 
variations, biogeography in the mid 1850s, and his final formulation of the 
principle of divergence. See Browne, "Darwin's Botanical Arithmetic and the 
Principle of Divergence, 1854-1858," J. Hist. BioL, 13 (1980), 53-89; I thank 
Dr. Browne for allowing me to read this paper before publication. In this connec- 
tion see also Fred Somkin, '°l'he Contributions of Sir John Lubbock, F. R. S., to 
the Origin o f  Species: Some Annotations to Darwin," Notes Rec. Roy. Soc., 17 
(1962.), 183-191. 

119. In broad outline the changes have been sketched in Limoges' La sJlection 
naturelle and in Mayr's Evolution and the Diversity o f  Life, but it would be 
interesting to know the specific way in which Darwin's botanical research during 
the 1840s affected his views on speeiation. 
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THE RELATION OF THE CIRRIPEDES TO DIVERGENCE 

If we are to take Darwin at his word - and I have found no evidence 
to the contrary - his later insights into the principle of divergence 
occurred while he was immersed in his work on barnacles. It is thus of 
interest to understand why Darwin undertook this long and arduous 
task. An outline of the history of this research will also verify Darwin's 
intimate acquaintance with Milne-Edwards' work and his familiarity 
with Milne-Edwards' principle of the physiological division of labor 
before 1852. 

Many suggestions have been put forward to explain Darwin's work on 
cirripedes. 12° The most convincing case has been made by Ghiselin. 121 
To appreciate Ghiselin's suggestions one must stress, as he has, that 
the period from 1837 to 1844 was the most creative of  Darwin's life. 
Essentially, all his great biological ideas and insights were generated 
then: natural selection, details of  the process of  speciation (such as the 
role of  geographic isolation), pangenesis, the place of man in nature, the 
nature and evolution of instinct and mind, the nature of  variations, the 
role of  sex in giving rise to variations, and so on. 

This creative period culminated with Darwin's writing the "Essay 
of 1844," which is the first self-contained and not altogether private 
statement of his theory of  the mechanism of evolution. In order to 
make the theory more acceptable, Darwin had to try to verify em- 
pirically his assumptions concerning variations, extinction, etc., and to 
show that some of his conclusions were correct in specific cases. To do 
this, he needed an abundant widely distributed class of flora or fauna 
with a sufficient fossil record that he could use to test key explanatory 
features of his theory of descent - the process of  adaptation, geographic 
distribution, taxonomy based on phylogeny, etc. 

The cirripedes offered all these advantages and certain additional 

120. See, e.g., Thomas H. Huxley's comments on pp. 347-348 of his Life and 
Letters and p. 315 of  LLD for Hooker's thoughts. 

121. Ghiselin, The Triumph o f  the Darwinian Method, pp. 103-105, 111,117, 
128-129. See also De Beer, Evolution by Natural Selection, pp. 135-156; Sydney 
Smith, "The Darwin Collection at Cambridge with One Example of Its Use: 
Charles Darwin and Cirdpedes," Actes du X I  e Congr~s International d'Histoire 
des Sciences, 15 (1964), 96-100; Thaddeus J. Trenn, '~harles Darwin, Fossil 
Cirtipedes and Robert Fitch, Presenting Sixteen Hitherto Unpublished Darwin 
Letters of 1849 to 1851," Proc. Amer. Phil. Soc., 118 (1974), 471-491; A. E. 
Gunther, "J. E. Gray, Charles Darwin, and Orrepedes,'" Notes Rec. Roy. Soc., 34 
(1979), 53-63. 
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challenges, such as devising a correct classification for them. 122 They 
were particularly well suited for studying the problem of  the congruence 
between classifications based on larvae and those based on adults,  and 
for clarifying the significance o f  homologous as opposed to analogous 
charactersJ  23 Barnacles were also admirably suited for studying the 
problem o f  organic diversity and the problem that  had concerned Darwin 
on pages 95-98 of  the E no tebook:  the relation between complexifica- 
t ion and progression (and/or  regression). Some barnacles developed 
from fairly normal crustaceous larvae into sessile adults,  losing in the 
process many o f  the functions and organs associated with a mobile," 
free-swimming life. This seeming "regression" was, however,  a clear 
case o f  successful adaptat ion and indicative o f  the explanatory power 
o f  natural selection. Barnacles also presented the possibili ty of  obtaining 
an insight into the evolution o f  sex and hermaphrodism, 124 and thus 
possibly an insight into the evolution o f  the plant  and animal kingdoms. 

There were probably other,  more personal, reasons for Darwin to 
undertake his cirripedes work. By 1846 he had made his mark as a 
geologist and as a natural historian. The reception o f  his theory o f  
" the origin of  species by  means o f  natural  selection" would be part ly 
determined by his standing in the zoological community.  Darwin's 
books on the Cirripedia clearly placed him among the outstanding 

122. For the place of barnacles in nineteenth-century taxonomy, see Mary 
P. Winsor, "Barnacle Larvae in the Nineteenth Century: A Case Study in Taxo- 
nomic Theory, J. Hist. Med. Allied Sci., 29 (1969), 294-309, and Winsor, Starfish, 
Jellyfish, and the Order o f  Life. 

123. R. Owen, Lectures on the Comparative Anatomy and Physiology o f  the 
Inverterbrate Animals (London, 1843). See also Owen's report to the 1846 meet- 
ing of the BAAS and its enlarged version, On the Archetype and Homologies o f  
the Verterbrate Skeleton (London, 1848); Merz, History o f  European Thought, 
II, 258-259; and Roy M. MaeLeod, "Evolutionism and Richard Owen, 1830-1868: 
An Episode in Darwin's Century," Isis, 56 (1965), 259-280. 

124. The association of cirripedes with the problem of the evolution of sex 
dates at least to the 1838 period: 'q'he sexual system of the Cirripedes is the 
more remarkable from their alliance to Articulata which are truly bisexual" (E, 
p. 60). See also E, pp. 71, 80, and especially 155: "My theory only requires that 
organic beings propagated by gemmation do not undergo metamorphosis, but 
to arrive at their present structure they must have been propagated by sexual 
commerce . . .  The relation of the inference from some plants & some mollusca 
being hermaphrodite is, that intercourse every time is of no consequence in that 
degree of development. It is singular there is not true hermaphrodite on beings 
which have fluid sperma." Darwin believed that hermaphroditic species eventually 
evolve into bisexual ones. 
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anatomists  and zoologists  o f  the  day,  and established h im as the  peer  o f  

such n o t e d  figures as Owen  and Milne-Edwards.  

Final ly ,  Darwin 's  compe t i t i ve  nature  should n o t  be exc luded  as a 

fac tor  in his invo lvement  wi th  the  cirripedes.  The  Orripedia is b o t h  an 

a t tack  on  and a tes t imonia l  to  Cuvier  as a compara t ive  anatomis t ,  x2s 

Lamarck  in 1809 had  placed the  Cirr ipedia in a class by  themselves ,  and 

he  v iewed this class as a t ransi t ion f rom the  Annel ida  to  the Mollusca.126 

Cuvier was quick  to  deny~the possibi l i ty  o f  any in te rmedia te  be tween  

the ar t iculate  and mol lusk  " e m b r a n c h m e n t s "  and placed the  cirripedes 

in the  la t te r  category.  127 There  is a no te  o f  pr ide when  Darwin states in 

the  Or/g/n: "even  the  i l lustrious Cuvier  did n o t  perceive that  a barnacle 

was, as i t  cer ta in ly  is, a crustacean,  bu t  a glance at the  larva shows this 
to be the  case in an unmis takable  m a n n e r . "  128 Darwin was well  aware 

125. What W. S. MacLeay had said of Cuvier in his Horae Eatomological;or, 
Essays on the Annulose Animals (London: A. Bagster 1819-1821) - "For skill in 
anatomical dissection, for accuracy of observation, and reference of means to 
their respective ends, perhaps no man living can be placed in competition with M. 
Cuv ie r . . .  it has been too often and too justly remarked, that no person of such 
transcendent talents and ingenuity ever made so little use of his observations 
towards a natural arrangement as M. Cuvier" (p. 326) - may well have struck a 
resonant chord in Darwin. Darwin had carefully studied MacLeay in the 1837- 
1839 period, and from a letter to Henslow in 1832 it is evident that he knew of 
MacLeay's work while on the Beagle• See Darwin and Henslow, p. 62, partienlarly 
Barlow's note 2. 

For the relevance of MacLeay's work to Darwin's eirripedes research, see 
Smith, "Darwin and Cirripedes"; barnacles held a central position in MacLeay's 
classification system. How influential MacLeay was is indicated by James Dwight 
Dana, Crustaeea : US Exploring Expedition under the Command o f  Charles Wilkes, 
USN, 2 vols. (Philadelphia, 1852-1853)• Darwin read this book on Sept. 20, 1853, 
and must have come across on p. 54 Dana's comments: 'q'here are neither straight 
lines nor circles in nature, but main branching lines, with subordinate branches, 
and almost endless reticulations or anastomoses, by curves of all kinds and all 
grades of divergence and convergence." Dana was commenting on the numerical 
complexities of the circular classificatory system of MacLeay, Swaiuson, and 
others, and indicated that it "was a brilliant scheme when first brought forward 
• . .  but as the first glare has now passed, we can perceive that while it attempted 
to rid science of the straight and rigid bars of artificial systems, it only modified 
the mode of coercion by bending bars into circles." See also Winsor, "Starfish, 
Jellyfish, and the Order of Life"; and P. L. Heilbroner, "Circular Logic: The 
Context, Structure, and Influence of William Sharp MacLeay's Quinarism," thesis, 
Dept. of the History of Science, Harvard University, 1976. 

126• J. B. Lamarck, Philosophie zoologique ou expositions des considerations 
relatives ~ I 7~istoire naturelle des animaux (Paris, 1809). 

127. G. Cuvier, Le rbgne animal d'aprbs son organisation, 4 vols. (Paris, 1817). 
128. Darwin, Origin, p. 440. 
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that the most powerful challenge to his evolutionary views came from 
Cuvier's work and that strong opposition would come from the school 
of comparative anatomists Cuvier had trained: Owen in England; Agassiz 
in the United States, Flourens, Milne-Edwards, and their associates in 
France. 

Thus it was important for Darwin to demonstrate the instability of 
Cuvier's classificatory scheme, based on the principle of the correlation 
of parts. Variations were central in Cuvier's as well as Darwin's scheme. 
Cuvier, of  course, did not deny the existence of variations, but he 
insisted that variations exist only within certain weU-defined limits 
(thus guaranteeing the reality and fixity of  species). These limits were 
very narrow for the central organs, but.were quite wide for the periph- 
eral, external features: 

Thus we fred more numerous varieties in measure as we depart from 
the principal organs and as we approach those of  less importance; 
and when we arrive at the surface where the nature of  things places 
the least essential parts - whose lesion would be least dangerous - 
the number of  varieties becomes so considerable that all the words 
of  the naturalists have not yet been able to form any sound idea of 
it. 129 

For Darwin, however, it was essential to show that inheritbale 
variations exist not only for the external visible parts, but also for the 
internal organs, that such variations exist at any stage of the organism's 
life, and that they are additive, so that given enough time the observed 
phylogenetic internal changes could be accounted for as a result of  
natural selection operating on these variations. 

In the "Essay of 1844" Darwin, when trying to explain how natural 
selection operated, introduced "a Being with penetration sufficient to 
perceive differences in the outer and innermost organization quite 
imperceptible to man." 13o But Darwin had to show that this assumption 
of variability in nature (as distinct from variation under domesticity) 
was correct. One of the functions the long barnacle project served was 
to prove that small variations indeed occur "in every part of  a plant or 
animal" and "appear during all periods of  life." 131 Such a proof also 

129. Quoted in W. Coleman, Georges Cuvier, Zoologist: A Study in the 
History o f  Evolution Theory (Cambridge, Mass.: Harvard University Press, 1964), 
p. 143. 

130. "Essay of 1844," p. 114. 
131. Ibid., p. 247. 
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simultaneously disproved Cuvier's theoretical scheme: the parts were 
not perfectly correlated, the principal organs were not invariable or 
absolutely stable. Sufficient variations could be shown to occur not 
only to produce speciation, but given enough time also to bridge the 
"embranchements." 

In a revealing letter to Hooker in 1849 Darwin wrote that he was 
struck "with the variability of  every part in some slight degree of every 
species. When the same organ is rigorously compared in many individ- 
uals, I always t'md some slight variability." 132 Darwin is even more 
explicit in his Cirripedia: 

Not only does every external character vary greatly in most of  the 
species, but the internal parts very often vary to a surprising degree; 
and to add to the difficulty, groups of specimens not rarely vary in 
the same manner . . .  I must express my deliberate conviction that 
it is hopeless to find any species, which has a wide range, and o f  
which numerous specimens f rom different districts are presented for 
examination any one part or organ, - . . .  - absolutely invariable in 
form or structure.ia3 

In his preface to his book on the Lepadidae, Darwin succinctly stated 
what this implied for systematics - one of the challenges which attracted 
him to the cirfipedes originally - 

The Lepadidae, or pedunculated Cirripedes, have been neglected 
under a systematic point of  view, to a degree which I cannot quite 
understand; no doubt they are subject to considerable variation, 
and as long as the internal surface of the valves and the organs of  the 
animal's body are passed over as unimportant, there will occasionally 
be some difficulty in the identification of  the several forms, and still 
more in setting the limits of  the variability of  the species. But I 
suspect the pedunculated Cirripedes have, in fact, been neglected, 
owing to their close affinity, and the consequent necessity of  their 
being included in the same work with the Sessile Cirripedes; for 
these latter will ever present, I am fully convinced, insuperable 
difficulties in their identification by external character alone. 134 

132. LLD, I, 397. 
133. Charles Darwin,A Monograph on the Sub-Class Cirripedia : The Balanidae 

(London" Ray Society, 1854), p. 155. 
134. Darwin, Orripedia: The Lepadidae, p. XI. 
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Darwin started his work on the cirripedes in October 1846. In his 
Autobiography he said that he had become interested in them because 
on the Beagle he had discovered "a most curious form, which burrowed 
into the shells of  Concholepas and which differed so much from all 
other Cirripedes that I had to form a new sub-order for its sole re- 
ception." 13s An attempt to understand an allied burrowing genus that 
had been found in Portugal made Darwin examine and dissect many 
of  the common forms, which in turn led him - according to the Auto-  

biography - "to take up the whole group." Availing himself of  all the 
collections of  barnacles extant at the time, he began his long study of 
the geographical distribution, comparative anatomy, and taxonomy of 
the cirripedes. He requested specimens of barnacles from naturalists 
all over the world, from Peach, Gray, and Henslow in England, W. 
Thomson in Ireland, J. Mtiller in Germany, Milne-Edwards in France, 136 
Syms Covington in Australia, 137 and Augustus Addison Gould and J. D. 
Dana in the United States. In a letter to Gould ~as in September 1848, 
Darwin wrote: 

I have been employed for nearly two years on an anatomical and 
systematic monograpnh on Cirripedia. It is my intent ion to describe 
the animal of every species, which by soaking I am enabled to do 
even with dry specimens. All the descriptions, without exception 

135. Autobiography, LLD, p. 66. 
136. See the Preface in Darwin's Cirripedia: The Lepadidae, where he thanks 

those who had sent him specimens. Some of the letters requesting barnacle 
specimens are at the American Philosophical Society. See, e.g., letters 71 and 72 
to Gray and no. 76 to Milne-Edwards, as quoted in P. T. Carroll, ed., An Annotated 
Calendar of  the Letters of  Charles Darwin in the Library of  the American Phi- 
losophical Soeiety (Wilmington, Del.: Scholarly Resources, 1976). 

137. Covington became Darwin's attendant on the voyage of theBeagle, and 
his clerk and anamuensis after their return to England. Covington later settled in 
New South Wales, Australia, and sent Darwin one of the best collections of barna- 
cles. "I have received a vast number of collections from different places, but never 
one so rich from one locality," Darwin wrote Covington; see Gavin de Beer, ed., 
"Some Unpublished Letters of Charles Darwin,"~Notes Rec. Roy. Soc. London, 
13 (1958), 19. 

138. Darwin was familiar with Gould's book the Cicindelidae of  Massachusetts 
(Boston, 1833) and his impressive conchological work "Results of an Examina- 
tion of the Species of Shells of Mass. and Their Geographical Distribution," 
Boston J. Nat. Hist., 3 (1840), 483-494. Darwin had studied vols. I to IV ("entire") 
of the Boston Journal on May 30, 1847, and earlier (on May 31, 1845) had read 
vol. IV "p. 377 to end." See P. J. Vorzimmer, "The Darwin Reading Notebooks," 
J. Hist. Biol., 10 (1977), 107-153. 
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which I have hitherto seen are too imperfect for the identification 
of species: external forms, properties & state of surface are nearly 
valueless as characters - 

The species of  the United States would be particularly interesting 
to me for comparison with European on account of geographical 
range. I am aware that you have described some species & I am most 
anxious to avoid giving a second name, which cannot do without 
seeing specimens of  same & being allowed to disarticulate one or two 
of each kind.la9 

The phrasing "'the animal of every species" (my italics) should not go 
unnoticed. The letter was written ten years after Darwin formulated 
the theory of natural selection, and is to be contrasted with an entry he 
made in the E notebook in 1838: "'naming mere single spec imens . . .  
worse than useless - I may say all this, having myself aided in such 
sins" (E, p. 52). Similarly, in a letter to Milne-Edwards in 1848, Darwin 
wrote he wished to obtain "a single specimen of some of the species 
[from the genus Alepa] figured in the voyage of  the Astrolobe." 14o 
Gould and Milne-Edwards would, of  course, have found Darwin's 
request for a single specimen perfectly normal: a taxonomist could 
categorize a species from one specimen alone (this is an illustration of 
what Mayr has called typological thinking). Darwin, however, was 
firmly convinced that several organisms must be examined, and accom- 
plished this by requesting specimens of  the same species from different 
sources. 

The letters to Gould and Milne-Edwards indicate how careful Darwin 
was in his approach to the professional community of  zoologists. Gould 
was a friend and associate of  Louis Agassiz, and Milne-Edwards and 
Agassiz were leading defenders of  Cuvier's view on the fixity of  species. 
In a letter to Agassiz thanking him and Gould for their assistance, 
Darwin wrote on October 22, 1848, "I  have been particularly gratified 
in receiving specimens from yourself in as much as, when doubting 
whether to undertake a monograph of the class, or to confine myself 
to their anatomy, Your sentence that 'a monograph on Cirripedia was 
a pressing desideratum in zoology' much helped to decide me." In the 
same letter, answering a request by Agassiz to "hear" what results he 

139. This unpublished letter is in the Houghton Library of Harvard University, 
and is quoted here by permission ofW. H. Bond, the librarian. 

140. This letter, dated Sept. 1, 1848, is no. 76 in the Annotated Calendarof 
the Letters o f  Charles Darwin. 
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had obtained thus far, Darwin indicated that it would give him "real  

pleasure to do so," "as far as the limits of a letter go." But Darwin 
added: "I should be glad if  you would not  ment ion my present results, 
partly because I should like to have the satisfaction of publishing 

myself what few new points I have found out and partly because one 
is more free to alter one's own view when they are confined to one's 
own breast." 141 

Darwin does in this letter give Agassiz a fairly complete account of 
his work on the cirripedes up to that time. The summary begins with 
his reasons for placing the cirripedes as a subclass of the crustaceans: 
"The Cirripedia are true Crustaceans with no affinities to other classes; 
Mr. St. Ange curiously mistook a strong epithelium for an inner sort of  
stomach hence the af•mity with the Annelides disappears," Darwin 
wrote, and continued for three pages. What Darwin did not  divulge was 
the relation of this work to his evolutionary theorizing. This remained 
"confined to [his] own breast." 

This same reluctance to set the work in its larger context also appears 
in the monographs on the cirripedes. In fact, Darwin intended to have 
his presentation seem as "objective" and "neutral" as possible, and thus 
to avoid any controversy. 142 There are no hints of his evolutionary 
views. Darwin did not  wish to offend. 

Ghiselin, however, has given a thorough and convincing account of 
the relation of the cirripedes investigation to Darwin's evolutionary 
interpretation of the  "chain of nature," the relation of adaptation to 
function, and the relation of  adaptation to natural selection. 14a And 

141. This letter is in the Houghton Library of Harvard University, and is 
quoted here by permission. 

142. Contrast Darwin's restrained presentation (admittedly for a "profes- 
sional" audience) with Huxley's and Owen's presentation of their views to lay 
audiences. T. H. Huxley, in his famous lecture "On the Method of Studying 
Zoology," delivered to the science classes at the South Kensighton Museum in 
the early 1850s, said, "'Unity of plan everywhere lies hidden under the mask of 
diversity of structure - the complex is everywhere evolved of the simple." Richard 
Owen, answering questions in 1851 before the English Public School Commission, 
which was seeking advice on curricular changes, said that "the fundamental 
principles of classification in natural history are as certain [as those of mathe- 
matics] . . .  There is neither fluctuation nor speculation [in natural history]. The 
principles of natural history are already as settled and fixed as can be needed for 
its use as a disciplinary science." Both these presentations are reprinted in E. L. 
Youmans, ed., The Culture Demanded by Modern Life: A Series o f  Addresses and 
Arguments on the Claims o f  Scientific Education (New York: Appelton, 1897). 

143. Ghiselin, The Triumph o f  the Darwinian Method, pp. 103-130. 
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Ghiselin and Jaffe have shown that Darwin's taxonomy of  the cirripedes 

in his two monographs actually reflects his phylogenetic restructuring 
of  that science. 144 

What is important  here is that Darwin's work on the cirdpedes 

proves his thorough familiarity with Milne-Edwards' work before 1852. 

From the time o f  the notebooks 14s Darwin  had carefully followed 

Milne-Edwards' writing and researches. He had studied Milne-Edwards' 

1844 seminal paper on natural classification 146 and the several volumes 

of  his classic work on the crustaceans as they appeared. 147 Milne- 

Edwards had sent Darwin barnacle specimen; the two had first met  in 

1847 at the Oxford meeting o f  the British Association for the Advance- 

ment  o f  Science, 14a and had met  again in 1849 at the BAAS meeting in 

Birmingham. At that meetirtg they discussed their differing views on the 

cementing apparatus o f  the cirripedes. 149 Darwin makes numerous 

references to Milne-Edwards' important  researches in both volumes of  

144. M. T. Ghiselin and Linda Jaffee, "Phylogenetic Classification in Darwin's 
Monograph on the Sub-Class Cirdpedia," Syst. Zool., 22 (1973), 132-140. 

145. Barrett in his "Concordance" to the notebooks lists entries for Milne- 
Edwards. For an early entry see B, p. 112; for one after Darwin read Malthus, see 
E, p. 25. 

146. H. Mllne-Edwards, "Considerations sur quelques principes relatifs ~ la 
classification naturelle des anirnaux," Ann. Sci. Nat., 3rd set. (1844), 1, 66-69. 
See also H. Milne-Edwards, "Rapport sur une serie de memoires de M. A. de 
Quatrefages relatffs/t l'organisation des animaux sans vertebres," Ann. Sci. Nat., 
3rd. ser. (1844), 5-9. 

147. In Vorzimmer, "The Darwin Reading Notebooks," the following readings 
are indicated: "Jan. 30, 1847 - M. Edwards Geog. Distribution of Crustaceae, 
3d Tom of Suite [?] de Buffon; Nov. 26, 1852 - M. Edwards Introduct. Zoolog. 
Gener. 1851." Both monographs on the Cirripedia give ample further proof of 
Darwin's careful study of Milne-Edwards' published works. 

148. In a letter to Milne-Edwards dated Sept. 1, 1848, Darwin thanks him 
for his kindness at the Oxford BAAS meeting in June 1847. See letter 76 in 
Annotated Calendar o f  the Letters o f  Charles Darwin. 

149. See the Athenaeum, 1143 (22 Sept. 22, 1849), 966. This exchange is 
reprinted in P. H. Barrett, ed., The Collected Papers o f  Charles Darwin, 2 vols. 
(Chicago: University of Chicago Press, 1977), I, 250-251. The standing of Milne- 
Edwards in the scientific community is indicated by the following passage in the 
"Transactions of Section D, Natural History, Including Physiology," of the 
BAAS report for 1849: "The comments made by the emminent naturalist H. 
Milne-Edwards, Member of the Academic des Sciences in Paris on this com- 
munication [M. Barrandi's paper on the metamorphosis of certain recently 
discovered trilobites] must have so much weight, that a deviation is made from 
the ordinary practice in giving this abstract of them in a note" - Miine-Edwards' 
comments are then given. 
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his Cirripedia. And Darwin's 1854 monograph on the Lepadidae is 
dedicated to Milne-Edwards "with  the most  sincere respect, as the only, 
though very inadequate acknowledgment which the author  can made 
o f  his great and cont inued obligations to the Histoire natureUe des 
crustacees, and to the other memoirs and works on Natural History 
published by  this illustrious naturalist ."  

MILNE-EDWARDS ON THE DIVISION OF LABOR 

Milne-Edwards first put  forth the principle o f  the division o f  labor in 
his entries "Organisation" and "Nerfs" in the Dictionnaire classique 
dT~istoire naturelle. 1so The Dictionnaire classique was on board the 
Beagle and Darwin owned a copy o f  it. 1sl Very probably he read these 
entries during the voyage, for they dealt  extensively with the inverte- 
brates, central to  Darwin's zoological investigations on the Beagle. is2 

In "Organisation" Milne-Edwards writes 

The body o f  these animals [polyps] can be compared to  a workshop 
where each worker is employed in executing similar labours, and 
where, consequently,  their number  influence the sum total ,  but  
not  the nature o f  the result. In effect,  each por t ion o f  the body 
can smell, contract ,  move, nourish itself and reproduce into a new 
b o d y . . .  

When, on the contrary,  life begins to manifest more complicated 
phenomena,  and the final result produced by  the interplay o f  the 
different parts o f  the body becomes more perfect,  certain organs 
present particular s t r u c t u r e . . .  The life o f  the individual, instead o f  
being the sum of  a larger or  smaller number  o f  identical dements ,  
results from essentially different acts produced by  dis t inct  organs. 

150. Dictionnaire classique d?~istoire naturelle; "Organisation" is in vol. XII 
(1827), pp. 332-344; "Nerfs" is in vol. XI (1827), pp. 529-534. 

151. Darwin's copy of the Dictionnaire classique is now at Down House. Mr. 
Titheradge, the curator of Down House, informs me that the entries "Organisa- 
tion" and "Nerfs" bear no annotations. 

152. That Darwin was reading the Dictionnaire classique is clear from his 
letters to Henslow. On May 18, 1832, for instance, he wrote: "I am well off in 
hooks. The Die. Class. is most useful" (Barlow, ed., Darwin and Henslow, p. 54; 
see also letter no. 22, from Henslow to Darwin). Darwin's "Diary of Observations 
on Zoology of the Places Visited during the Voyage of the H.M.S. Beagle" is kept 
in boxes 30, 31, and 32 of Darwin's Papers at the Cambridge University Library. 
The early observations are primarily on invertebrates. 
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The diverse parts of  the animal economy all compete towards the 
same goal, but  each in a manner appropriate to it, and the more the 
faculties o f  the organism are numerous and developed, the greater 
the diversity o f  structure and the division o f  labor... . are furthered 
(my italics) 

Substantially the same explanation appears in Milne-Edwards' influential 
Elemens de zoologie: Legons sur l'anatomie, la physiologie, la classifica- 
tion des moeurs des animaux, the first volume of  which was published 
in 1834: lSa 

In animals whose faculties are most  limited and whose life are 
simplest, the body presents everywhere the same structure. The parts 
are all similar; and this identity of  organization brings about an 
analogous mode of  action, the interior of  these organisms can be 
compared to a workshop where all the workers are employed in the 
execution o f  similar labors, and where consequently their number 
influence the quantity but not  the nature of  the products. Every 
part o f  the body performs the same functions as the neighboring 
parts, and the life of  the individual is made up of  those phenomena 
which characterise the life o f  one or the other o f  these parts. 

But as one rises in the series of  beings, as one comes nearer to 
man, one sees organization becoming more complicated; the body 
of  each animal becomes composed o f  parts which are more and more 
dissimilar to one another, as much in their morphology, form and 
structure, as in their functions; and the life o f  the individual results 
from the competition o f  an ever greater number o f  "instruments" 
endowed with different faculties. At first it is the same organ that 
smells, that moves, that absorbs from the environment the needed 
nutrients and the guarantees the conservation o f  the species; but 
little-by-little the diverse functions localize themselves, and they all 
acquire instruments that are proper to themselves. Thus, the more 
the life o f  an animal becomes involved in a variety of  phenomena, 
and the more its faculties are delineated, or the higher the degree to 

153. H. Milne-Edwards: Elemens de zoologie: leqons sur l'anatomie, la phy- 
siologie, la classification des moeurs des animaux (Pads: Crochard, 1834). Darwin 
did not own this book. It is not listed in Rutherford's Catalogue of  the Library of 
Charles Darwin in the Botany School (Cambridge: Cambridge University Press, 
1908). In a catalogue of the Victor Masson Books (Ancibnne Maison Crochard) 
that Darwin owned, which now is at Cambridge University Library, Darwin check- 
ed off the Milne-Edwards book which he owned, but not Elemens de zoologie. 
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which division of labor is carried out in the interior of the organism, 
the more its structure is complicated. 

The principle which seems to have guided nature in the perfectibi- 
lity of beings, is as one sees, precisely one of those which have had 
the greatest influence on the progress of human industry technology: 
the division o f  labor. 1s4 

Milne-Edwards concluded "Organisation" by saying that the senses 
(vision, smell, hearing, etc.) "furnish new examples of the division 
of labor," and the same is true for the reproductive apparatus: "this 
function, which initially could be executed indifferently by all the parts 
of the body, localizes itself and becomes the appendage of a series of 
more and more complicated organs; also the sexes become distinct 
and the concourse of two individuals necessary to accomplish the 
procreative act." In the entry "Nerfs," Milne-Edwards introduces the 
thesis he will later elaborate in his Introduction b la zoologie gbnbrale of 
1851: 

Nature, which is always economical in the means she employs to 
arrive at a given goal, has followed in the perfectioning of organisms 
the principle so well developed by the modern economists, and it is 
in these works as well as in the productions of  the [mechanical] arts, 
that one sees the immense advantage that results from the division of 
labor. 

Even if Darwin did not read the Mllne-Edwards entries aboard the 
Beagle, it is almost certain that he read them in the early 1840s before 
undertaking his barnacle work. This is indicated by Darwin's notes to 
Milne-Edwards' Histoire naturelle des crustacbes, lss On page 6 of 
Volume I of this work is a paragraph that is essentially the same as the 
one quoted above from the "Nerfs" entry in the Dictionnaire classique. 
Darwin drew a broad line to the left of the paragraph and the footnote 
Milne-Edwards had appended: "See the articles Organisation, Nerfs,  etc. 
of the Dictionnaire Classique d'histoire Naturelle and our Elemens de 
Zoologie where we have developed this principle." ls6 That Darwin read 

154. Milne-Edwards, Elemens de zoologie, I, 8. 
155. H. Milne-Edwards, Histoire naturelle des crustac~es comprenant l'anato- 

rnie, la physiologie, et la classification de ces animaux, 3 vols. (Paris: Librairie 
Encyclopedique de Roret, 1834-1840). Vol I appeared in 1834, vol. II in 1837, 
and vol. III in 1840. Darwin's annoted copies are at Cambridge University Library. 

156. Ibid., I, 6. 
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very careful Milne-Edwards' volumes on the crustaceans is clear from 
the large number of annotations he made in the text. He scanned these 
volumes once again, probably in 1856, before beginning his long version 
of Natural Selection and pinned on the back covers references to the 
most useful parts of the books. The volumes dealt with all the subjects 
that were of paramount interest to Darwin in his barnacle work: 
physiology, comparative anatomy, general principles of classification, 
geographical distribution. Particularly revealing are Darwin's comments 
on Milne-Edwards' discussion of the geographical distribution of 
crustaceans. Milne-Edwards had indicated that "in all likelihood" the 
facts did not support the "emanation" of these animals from a single 
center of creation and their subsequent dispersal to distant oceans: 

one sees that the area occupied by each species has more or less 
narrow limits, and one does not tarry to convince onself that there 
exist for these marine animals, just as for the plants and the terres- 
trial animals, a certain number of distinct regions characterized 
by particular populations. The fauna of each of these regions is 
composed in part of species that are not encountered elsewhere, and 
in part of common species.IS7 

On the top of the page, Darwin wrote, "How explain this, except by 
single creation," and on the side of this page Darwin commented, 
"without regard to anything else: make a Barrier & you will have 
species different on different side." Yet at the bottom of the page 
Darwin adds, "I do not think read with sufficient care." His respect for 
Milne-Edwards was great and well-deserved, and the explanation of the 
geographicaldistribution of crustaceans was not without difficulties. 
Darwin was also indebted to Milne-Edwards for raising and clarifying 
taxonomic questions, and it is evident that Darwin studied carefully 
what Milne-Edwards had to say on taxonomy throughout the 1840s 
and 1850s and read all his works as they appeared. 

In Histoire naturelle des crustacbes, Milne-Edward also succinctly 
stated his biological philosophy. The different operations that delineate 
the life of an organism, he wrote, can be related to three great divisions: 
(1) generation (reproduction), whose function is the conservation 
of the species; (2) nutrition (and related functions), whose role is 
the survival of the individual of the species; and (3) other functions 
determining the relation of organism to its environment. Milne-Edwards 

157. Ibid., p. 555. 
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was careful to note that this separation of functions was not absolute, 
but it was very useful, particularly in considering those organisms that 
manifest hetereogeneous functions. Again he stated his principle of  the 
division of labor: "in a word, the principle followed by nature in the 
perfectibility of organisms is the same as the one so well developed by 
modern economists, and in this works as in the products of  industry one 
sees the immense advantages that result from the division of labor." ls8 
Milne-Edwards then proceeded to elaborate this principle in much the 
same words he had used in Elemens de zoologie. 

But Milne-Edwards' most extensive and philosophic statements on 
the principle of  division of labor appeared in his Introduction ~t la 
zoologie gbnbrale. In the preface he says that in the book he has tried 
to fathom the plart which has "presided over the animal kingdom." 
Although he does not believe that he was able to determine the path 
followed by "the Author of  everything in the execution of his work," 
nonetheless he believes that in order to understand the harmony of 
that creation it is a worthwhile hypothesis to suppose that nature has 
proceeded as we would have, were we to produce an analogous result. 
By studying living organisms as if they were machines created by 
human technology, he has "tried to account for the manner they would 
have been invented and the principles which would have led to a similar 
ensemble of varied instruments." ls9 Chapter I of  the Zoologie gbnbrale 
gives a global view of the animal kingdom. Noting that there is never 
complete identity between individuals of  a species "in time nor in 
space," Milne-Edwards suggests that "diversity of  products" is the first 
condition imposed by nature in the production of organisms. Although 
obeying a law of  diversity o f  organisms, nature nonetheless has not had 
recourse to all the physiological combinations that were possible; "and 
as prodigal [as nature is] in the variety of  her creations, as economical 
she appears in the means of diversifying her works." This is the law of 
economy. As an illustration, Milne-Edwards cites the case of  the birds, 
for which over 2,000 species were then known. Yet 

in these thousands of species and untold numbers of  varieties what is 
essential is invariable . . .  In order to diversity all these organisms, 
nature did not have recourse to any new organic creation; she has 
limited herself to change, within narrow limits, the proportions of  
certain parts and to vary the decorations without touching the 
essential character." 

158. Ibid., p. 6. 
159. Mflne-Edwards, Zoologie gdndrale p. 6. 
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The general tendency of nature, he suggests, has been to multiply in 
"gigantic proportions" the differences, while varying minimally the 
constitutent materials of  animals and the manner in which these mate- 
rials have been put to work: "She has thus reconciled two apparently 
contradictory principles, because she has shown herself simultaneously 
economical and prodigal." To this Hegelian solution o f  the problem of 
diversity and fixity, Milne-Edwards adds the anti-Lamarckian statement 
that nature has tended to vary the degree of  perfectibility achieved 
by organisms. Thus insects are superior to mollusks with respect to 
locomotion, but the latter are superior in their digestive organs and 
circulatory apparatus. The same principle also operates for organs 
within organisms: man's nervous system is more perfect than his 
skeletal system. 

Chapters III and IV of the Introduction b la zoologie gbnbrale are 
devoted to to the influence of the division of physiological labor in the 
perfecting of organisms. Interestingly, Chapter III, which introduces the 
notion, is not extensively annoted by Darwin (in contrast to the other 
chapters of the book); and this suggests that the principle was indeed 
not new to him. Darwin drew a line next to Milne-Edwards' introductory 
statement - "in the creations of nature, as in the manufacture of men, 
it is mostly by the division of labor that perfectibility is obtained" 16o _ 
and two lines next to the concluding sentence of the chapter: "it is 
principally by the division of labor that nature tends to perfect the 
organism. 161 The only other annotations Darwin made in the chapter 
were to draw a line next to Milne-Edwards' description of Nicolet's 
experiments on the formation of the stomach cavity in lower animals 
(the cavity being somewhat accidentally formed and having but a 
temporary existence), and to write "beautiful gradation" next to the 
passage recalling that Trembley had shown that a hydra could be turned 
inside out without affecting any of its physiological functions. Dar- 
win's reaction seems to be to the beauty of Nicholet's and Trembley's 
observations. 

Chapter IV, which deals with the means nature employs to effect 
the division of labor in animal organisms, is, by contrast, heavily 
annoted. Darwin noted the passage where Milne-Edwards remarked that 
in an organism 

the greater the extent of the specialization of functions and the 

160. Ibid., p. 35. 
161. Ibid., p. 57. 
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division of labor, the more the number of different parts and the 
complication of the machine has to increase . . .  the number of 
dissimilar parts that make up an organism and the magnitude of the 
differences that these parts present are the indices of the degree to 
which the division of labor has been carried out. 162 

Darwin also carefully noted Milne-Edwards' illustration of the extent 
of the series of special phenomena that result from the specialization of 
various organs ("usually formed from preexisting parts"). Darwin was 
clearly receptive to Milne-Edwards' suggestion that increasing phy- 
siological specialization (such as the presence of respiratory, digestive, 
reproductive organs) allowed one to classify organisms and rank them 
(though for Milne-Edwards this rank is still tied to a Cuverian-llke table 
of organization). 

Limoges has argued convincingly 163 that reading Milne-Edwards 
was an important step in the development of Darwin's concept of 
divergence of character. Milne-Edwards' presentation and discussion of 
such important topics as classification and diversity were surely useful 
to Darwin. In particular, Milne-Edwards' emphasis on the role of 
functional specialization may well have been responsible for Darwin's 
key insight that the primary factor of divergence in ecological differ- 
entiation is functional specialization. The issue for Darwin, however, 
was how to account for the process of functional specialization and how 
to fit the other phenomenological laws Milne-Edwards had advanced 
(such as law of diversity, the law of economy) into an explanatory 
scheme based on descent via natural selection. 

The biological insight that Darwin got from reading Milne-Edwards' 
Zoologie gbnbrale were undoubtedly important. I would suggest that of 
equal importance was the license Darwin obtained from it to use the 
metaphor of the industrial economy and its driving force - competition 
and division of labor - in a biological context. The freedom with which 
Milne-Edwards was adducing industrial analogies certainly made a 
strong impact on Darwin. It allowed him to ascribe the principles of 
the physiological division of labor to an emminent zoologist and 
philosopher of biology, rather than to the political economists. This 
accords with the emphasis Darwin places on Milne-Edwards in his 
discussion of divergence of character in Natural Selection and in the 

162. Ibid., p. 60. 
163. Limoges, La s~lection naturelle and "Darwin, Milne-Edwards, et le 

principle de divergence." 
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Origin. (More than that, the zoological philosophy that Milne-Edwards 
had presented in the Zoologie gbnbrale was either superficial or teleo- 
logical, and Darwin was quick to puncture holes in those arguments 
which were readily understood in an evolutionary context.) But in order 
to substantiate my thesis it is necessary to look more closely at Darwin's 
knowledge of political economy before 1852. 

DARWIN AND POLITICAL ECONOMY 

Before discussing of the influence of political economy on Darwin, 
we must first place him in his social, intellectual, political, and economic 
milieu. We know that he v~as brought up in a Whig home. His father, 
Robert Waring Darwin, was a Unitarian, and his grandfather, Erasmus 
Darwin, was a deist and materialist. Both leaned toward agnosticism, 
and had strong proclivities toward French Enlightment views on educa- 
tion and politics. 

Robert Waring Darwin was voluble, voluminous, and outspoken. 
As Erasmus Darwin's son, he was considered a heretic and radical in 
conservative Shrewsbury, where the family lived, m¢ But since he had 
earned the respect of  the local population by his medical knowledge 
and his ability to earn their confidence and trust, his religious and 
political views did not impede his medical practice. He never gave up 
his liberal leanings, and in 1823 or 1824 his daughters, with his f'mancial 
support, opened the first free "infant school" in Shrewsbury. The 
school was run on the line of  Rousseau's and Pestalozzi's educational 
philosophy and was equipped with "blackboards, arithmetical beads 
and frames," considerable novelties in those days.t6s 

The family of  Charles Darwin's mother, the Wedgwoods, were closely 
associated with liberal thought and initially were very sympathetic with 

164. On Erasmus Darwin, see C. Darwin's introduction in Ernst Krause, ed., 
The Life of Erasmus Darwin Together with an Essay on His Scientific Works (New 
York: D. Appelton, 1880); see also Gruber's "Essay on a Psychological Study of 
Scientific Creativity," in Darwin on Man; R. E. Colp, To Be an Invalid: The Illness 
of Charles Darwin (Chicago: University of Chicago Press, 1977), chap. 1 ; Desmond 
King-Hale, Erasmus Darwin (London: Macmillan, 1963); and Hesketh Pearson, 
Doctor Darwin (London: Dent, 1930). For Robert W. Darwin, see Eliza Meteyard, 
A Group of  Englishmen (1895 to 1915), Being Records of  the Younger Wedg- 
woods and Their Friends (London: Longmans, Green, 1871); "where religious 
creeds and political opinions were concerned, Meteyard wrote, the inhabitants 
of Shrewsbury "were Mike narrow and bigoted to excess" (p. 257). 

165. Meteyard, A Group ofEnglishmen, p. 265. 
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the aims of the French Revolution. 1~ The elder Josiah Wedgwood 
was a close friend of  Erasmus Darwin, of James Watt, and of Joseph 
Priestley. He was one of the few people who assisted Priesfley when he 
fell victim to the political upheavals in Birmingham in 1791.167 Two 
of Wedgewood's sons, Thomas and Josiah (Uncle Jos), were close 
friends of Godwin, Wordsworth, and Coleridge at the time they were 
considered radical. Coleridge was offered a lifetime annunity by Wedg- 
wood's sons, 168 and the younger Josiah Wedgwood helped Godwin fi- 
nancially when he fell on hard times in the first decade of the century. 

The younger Josiah Wedgwood was on familiar terms with Henry 
Brougham, James Mackintosh, and Sidney Smith, and was deeply 
involved in the economic and political transfo~aation that took place 
during his lifetime. He was a member of  Parliament during the turbulent 
years following Napoleon's downfall and participated in the attempts to 
repeal the Corn laws. 

Darwin admired his Uncle Jos greatly 169 and visited his home, Maer, 
often while a youth.  Sir James Mackintosh, Bentham's close friend, was 
Uncle Jos' brother-in-law and was often at Maer. In his Autobiography 

Darwin described Mackintosh as "the best converser I ever listened 
to," t7o and recalled with obvious pride that Mackintosh had said of 

166. J. C. Wedgwood, A History of  the Wedgwood Family (London: St. 
Catherine Press, 1909); E. Meteyard, The Life of  Josiah Wedgwood, 2 vols. 
(London, 1865-1866). For a brief introduction to this period, see Gruber and 
Barrett, Darwin on Man, pp. 17-33; for another excellent study, see J. D. Y. Peel, 
Herbert Spencer: The Evolution of  a Sociologist (New York: Basic Books, 1971), 
esp. chap. 2 on Erasmus Darwin. 

167. Anthony Burton, Josiah Wedgwood - A Biography (New York: Stein 
and Day, 1976), pp. 213-214. 

168. See, e.g., W. J. Bate, Coleridge (New York: Macmillan, 1968), pp. 85-88, 
126-127. Apparently, Darwin took a special interest in the group of "radicals" 
who were close to the younger Josiah Wedgwood at the beginning of the century 

- Godwin, Southey, Wordsworth, Coleridge. Darwin was reading Godwin and 
Shelley in 1841 and 1842; and his reading notebook for that period records: 
"1841 - July 23, Godwin's Answer to Malthus (Shelley says is victorious and 
decisive). December 4, Godwin on Population. 1842 -September 26, Shelley's 
Letters and Essays." His liking of the poetry of Wordsworth is well known. In 
1848 Darwin commented in his reading notebook: "Cottle's Recollection of 
Coleridge & Southey (very good)." 

169. Darwin, Autobiography, LLD, pp. 38-39: "I was also attached to and 
greatly revered my uncle Jos; he has silent and reserved . . .  but he sometimes 
talked openly with me. He was the very type of an upright man, with the clearest 
judgment. I do not believe that any power on earth could have made him swerve 
an inch from what he considered the right course." 

170. Ibid., p. 38. 
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him, "There is something in that young man that interests me," after 
Mackintosh had met him at Maer in 1827. "This," Darwin added, 
"must have been chiefly due to his perceiving that I listened with much 
interest to everything he said, for I was as ignorant as a pig about his 
subjects of history, politics and moral philosophy. ''171 Mackintosh's 
influence on Darwin was great. In 1839 Darwin carefully studied 
Mackintosh's Dissertation on the Progress o f  Ethical Philosophy, and 
while at Maer during the summer of 1840 he reread Mackintosh's 
Memoirs.  In January 1846 he read Mackintosh's Life o f  More,  and in 
July of that year he was reading Mackintosh's "Misc. Works 3 vol." 172 

After his return from the Beagle voyage, as an outstanding member 
of the British scientific elite and of  the English upper class, Darwin was 
thoroughly acquainted not only with the developments in all scientific 
fields but also with the political and economic issues that were then 
being debated in Great Britain. Discussion of the important historical, 
literary, and philosophic works of the day were usual at the dinner 
parties he attended when he lived in London from 1837 to 1841. 
Darwin kept abreast of  all intellectual advances by voraciously and 
assiduously reading not only the British and Continental scientific 
journals, but also influential periodicals such as the Edinburgh Review,  
the Quarterly Review,  and the Athenaeum.  As G. M Young has noted, 
these were the organs written by and for "the articulate classes, whose 
writing and conversations make opinion." 173 Darwin was an enthusiastic 
member of the exclusive Athenaeum Club, to which belonged the most 
influential members of British society. 17a 

171. Ibid. 
172. Vorzimmer, "The Darwin Reading Notebooks," pp. 125, 134, 136. 

James Mackintosh, Dissertation on the Progress of  Ethical Philosophy Chiefly 
during the Seventeenth and Eighteenth Century, 2nd ed. (Edinburgh: Black, 
1836); R. J. Mackintosh, ed., Memoirs o f  the Life o f  Sir James Mackintosh, 2 
vols. (London: E. Maxon, 1835); R. J. Mackintosh, ed., The Miscellaneous Works 
o f  Sir James Mackintosh, 3 vols. (London: Longman, Brown, 1846). James 
Mackintosh's History o f  England from Earliest Times to the Year 1588 (Lardner's 
Cabinet Encyclopedia 1830) may have been aboard the Beagle. Fitz Roy and 
Darwin quote from it in "The Moral State of Tahiti," South African Christian 
Recorder, 2 (1836), 221-238. See Barrett, ed. Colleeted Papers o f  Charles Darwin, 
I, 19-38. See also E. Manier, The Young Darwin andHis Cultural Circle (Dordreeht: 
D. Reidel, 1978). 

173. G. M. Young, Victorian England: Portrait o f  an Age (Oxford: Oxford 
University Press, 1953), p. 6. 

174. Francis Gled Stanes Waugh, Members o f  the Athenaeum Club, 1824 to 
1887, (privately printed). 
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In his personal writings Lyell describes the atmosphere at the Athe- 
naeum: "The Athenaeum was very entertaining last night, so many 
members of  the honourable House coming there, after the new Reform 
bill was moved, and giving their opinions pro and con.'" 17s On another 
occasion Lyell wrote, "Found the table o f  Athenaeum this evening 
covered with new books - in this respect a club is a real economy - 
Whately's new lectures on Politial Economy."  176 Darwin was "full 
of  admiration at the Athenaeum, ''177 and in 1838, LyeU wrote to 
Darwin: 

I am very glad to hear that you like the Athenaeum. I use to make 
one mistake when first I went there. When anxious to push on with 
my book, after a ' two hours '  spiel, I went there by way of  a lounge, 
and instead o f  that, worked my head very hard, being exalted by 
meeting with clever people, who would often talk to me, very much 
to my profit on the very subject on which I was writing. 178 

The description that LyeU gave of  Poulett Scrope, a member o f  the 
Athenaeum and a professor of  geology at Oxford who later became 
an eminent political economist would apply equally well to all the 
members o f  Darwin's cultural circle: "Scrope . . .  has a most active 
intellectual mind - alive to everything, politics, political economy, 
Hume, Berkeley and Reid's metaphysics, geology, Irving, the Roweites, 
and progress of  fanaticism." 179 This characterization certainly applies 
to Lyell, WheweU, Babbage, Henslow, Sedgwick, John Herschel, his 
brother Erasmus, his cousin Hensleigh Wedgwood, Carlyle, Harriet 
Martineau, and, later, Hooker. 

Darwin was also a fellow of  the Roya lSoc ie ty ,  and in addition 
from 1838 to 1841 he was secretary o f  the Geological Society. At the 
executive meetings of  the Geological Society, he came into regular 
contact with Whewell, Lyell, Babbage, de la Beche, and others whose 
interest and influence extended to all the important scientific societies: 
the Royal, the Statistical, the Astronomical. The fruits of  Darwin's 
zoological and botanical work aboard the Beagle had brought him into 

175. Life o f  Lyell, I, 356. 
176. Ibid., p. 322. 
177. Ibid., p. 264. 
178. Ibid., p. 44. 
179. Ibid., p. 356. In this connection see also M. Rudwick, "Poulett Scrope 

on the Volcanoes of Auvergne: Lyellian Time and Political Economy," Brit. J. 
Hist. Sci., 7 (1974), 205-242. 
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contact with the leading British zoologists and botanists, as well as with 
the scientific institutions associated with these disciplines. 

During the 1840s, although often incapacitated, Darwin frequently 
attended scientific meetings in London, and stayed either with his 
brother Erasmus or at the Athenaeum. He also went to several o f  the 
BAAS meetings and was a vice president of  the BAAS in 1849.18° At 
these meetings he associated with the scientific aristocracy: Herschel, 
Lyell, Whewell, Sykes, Babbage, Fitton, Sabine, Strickland, Porter - 
men who were influential in making scientific policy, and certainly 
intimately involved with the political and economic issues o f  the day. 181 
It is no accident that when Sedgwick, the dean of  British geologists, 
was unable to accept the job o f  writing the geological section o f  the 
Admiralty's Manual o f  ScientTfic Inquiry, 182 John Herschel, its editor, 
turned, at Sedgwick's suggestion, to Darwin for the task. 183 The manual 
is a fascinating document,  and one of  its most striking features is the 
list o f  its contributors: Herschel, Airy, Sabine, Whewell, Darwin, Owen, 
Hooker, Prichard, Porter, de la Beche - the most active, respected, and 
influential English scientists o f  the day. 

Darwin's liberal-Whig views are well known. Indeed, his differences 
with Captain Fitz Roy's  Tory views of  slavery nearly cost him his place 
on the Beagle. Darwin's views on slavery were constant )  a4 After he had 
read Lyell's Travel in North  America in 1845, Darwin wrote Lyell, 
"Your slave discussion disturbed me much; but as you would care no 
more for my opinion on this head I will say nothing except that it gave 
me some sleepless, most uncomfortable hours." 1as In 1845, when the 

180. See Gavin de Beer, ed., "Darwin's Journal," Bull. Brit. Mus. (Nat. Hist.), 
Hist. Set., 2, no. 1 (1959), for a record of Darwin's attendance at the various 
BAAS meetings. 

181. See, e.g., the letter Darwin wrote from the 1849 Birmingham meeting 
of the BAAS, LLD, I, 346-347. 

182. John Herschel, A Manual o f  ScientTfic Inquiry (London: John Murray, 
1849). 

183. J. W. Clark and T. M. Hughes, Life and Letters of  the Reverend Adam 
Sedgwick (Cambridge: Cambridge University Press, 1890), vol. I. 

184. R. E. Colp, "Charles Darwin: Slavery and the American Civil War," 
Harvard Lib. Bull., 26, no. 4 (1978), 471-489. 

185. LLD, I, 309-310. See also Darwin's impassioned statement in the 2nd 
edition of his Journal o f  Researches, II, 302-304. Darwin's view of the American 
Civil War is recorded in Dupree, Asa Gray. By the end of the conflict, Darwin was 
the only British scientist to whom Gray could write about his antislavery views. 
See also Colp, "Charles Darwin: Slavery and the American Civil War," pp. 471- 
489. 
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potato disease was coupled with a dismal corn harvest, Darwin followed 
Henslow's suggestion that gentlefolk not buy potatoes. In the letter to 
Henslow in which he approved of the latter's stand on this issue, Darwin 
also noted that "those infamous corn laws [would] be swept away" if 
"one of u s . . .  had to pay an additional 50 or 100£ for our bread." 186 

Given Darwin's standing in the scientific community and his social 
class, it is almost certain that he was familiar with the writings of 
the major political economists of  the day. Here I will consider at 
length only Darwin's acquaintance with Benthamite-like statements of 
Utilitarianism and his familiarity with the principle of  division of labor, 
discussing much more briefly individualism, competition, and related 
matters. I will furthermore limit myself to those sources for which 
conclusive proof exists that Darwin read them, even though I believe 
that sound, but more sweeping, inferences can be drawn from Darwin's 
social standing and scientific status. 

Mackintosh and Darwin's Uncle Jos had probably influenced Darwin 
to be favorably disposed toward Utilitarianism as a philosophical 
system and toward its deductive mode of reasoning in addressing moral 
and political issues. His father was Utilitarian in outlook and in practice. 
These tendencies were certainly reinforced while Darwin an under- 
graduate at Cambridge. For example, a knowledge of  Paley's Evidences 
and Moral and Political Economy was required for passing the B.A. 
examination, is7 Darwin said that his study of  Paley "was done in a 
thorough manner" and that the logic of these books and o f  his Natural 
Theology gave him as much delight as did Euclid. He added 

The careful study of these works . . .  was the only part of the 
academical course which, as I then felt, and as I still believe, was the 
least use to me in the education of my mind. I did not at that time 
trouble myself about Paley's premises; and taking these on trust, 
I was charmed and convinced by the long line of argumentation, lss 

186. Barlow, ed., Darwin andHenslow, pp. 156-157. 
187. Not until the early 1830s did Paley and his Utilitarianism fall into 

disrepute among the clerics at Cambridge. See, e.g., the sharp attack on Paley in 
Adam Sedgwick, A Discourse on the Studies o f  the University (Cambridge: 
Cambridge University Press, 1833). J. S. Mill's rebuttal is reprinted is Dissertations 
and Discussions (Boston: W. V. Spencer, 1864), pp. 121-185. 

188. Darwin, Autobiography, LLD, pp. 40-41. In 1859, writing to John 
Lubbock, Darwin noted: "I do not think I hardly ever admired a book more than 
Paley's Natural Theology. I could almost formally have said it by heart" (LLD, II, 
219). 
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In Chapter XI of his Moral and Political Economy ,  Paley is succinct and 
to the point: 

The final view of all rational politics is, to promote the greatest 
quantity of happiness in a given tract of coun t ry . . .  

Secondly: Although we speak of communities as of sentient 
beings; although we ascribe to them happiness and misery, desires, 
interests and passions; nothing really exists or feels but individuals 
[Paley's italics]. The happiness of a people is made up of the happi- 
ness of single persons; and the quantity of happiness can only be 
au~nented by increasing the number of percipients, or the pleasure 
of their perceptions. 

Thirdly: Notwithstanding that diversity of condition, especially 
different degrees of plenty, freedom, and security, greatly vary the 
quantity of happiness enjoyed by the same number of individuals 
• . .  yet it may be affhaned, I think, with certainty that the quantity 
of happiness produced in any given district so far  depends upon 
the number of inhabitants that, in comparing adjoining periods in 
the same country, the collective happiness will be nearly in exact 
proportion of the numbers . . .  

From these principles it follows, that the quantity of happiness 
in a given dis t r ic t . . ,  is chiefly and most naturally affected by the 
alteration of the numbers: that, consequently the decay of popula- 
tion is the greatest evil that a state can suffer; and the improvement 
of i t . . .  to be aimed at in preference to every other political purpose 
whatsoever. 189 

Since maximum happiness in a given country follows from maximum 
population per unit area, and since "in the fecundity of the human, as 
of every other species of animal, nature has provided for an indef'mite 
multiplication.. ,  in countries, and under circumstances very favourable 
to subsistence, the population has been doubled every twenty-five 
years," ~9o Paley inquires into the checks preventing maximum popula- 
tion and proceeds to give the Malthusian analysis. From his premises 
regarding happiness and population, Paley proceeds to deduce his 
positions on the production and distribution of wealth, employment, 
trade - the areas of concern to political economy. Those policies which 

189. The Works o f  William Paley, Moral and Political Philosophy, pp. 149- 
150. 

190. Ibid., p. 150. 
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increase population are viewed favorably, and conversely; for example, 
colonization tends to augment the population of  the parent state and is 
thus to be encouraged, particularly where the parent country "works 
up goods" while the colonies cultivate new tracts of lands. ~91 In all, 
Paley's Moral and Political Philosophy is a paradigm for the deductive 
Utilitarian approach to the problems of morals, theology, and law. 
Happiness is def'med as the excess of  a sum of pleasures over a sum of 
pains. 

The pleasure principle could not be taken by Darwin as a funda- 
mental biological principle to explain the moral order, because though 
it is possibly a necessary condition, it is not a sufficient one. But since 
the quantity of  human happiness is proportional to the size of  the 
population, ~ e  principle of  maximum population per square area 
could be taken (and in fact would do much better) as the fundamental 
principle underlying a biological basis for the order found in the living 
world, including the social and moral order. 

Darwin's extensive reading during the 1838-1840 period brought him 
in contact with Utilitarian tracts on moral and political philosophy. 192 
It should be remembered that at that time moral and political economy 
were one and the same subject. Although his concern during that period 
was primarily with the evolution of the moral sense, these readings did 
acquaint him more intimately with the Benthamite attempts to 

found a social science on the model of  the exact sciences, the science 
of measurement, geometry and mechanics; but . . .  the egoistical 
pleasures and pains which concern the well being of our individuality, 
are the only ones which admit of objective equivalents, are the only 
ones which can be measured. Moreover, the Benthamites, more or 
less consciously, conceived of every science as an explanation by 
reduction, by decomposition into simple elements. Where then, 
except in individuals, who are the subject of  the egoistic motive, 
were the jurist and economist to fred the simple elements which 
were necessary for the organization of their knowledge.~93 

Paley in his Moral and Political Philosophy had reflected Adam 
Smith's view of the best use to be made of the natural wealth and of 

191. Ibid., p. 156. 
192. See for examples the N and the M notebooks, transcribed in Gruber and 

Barrett, Darwin on Man. See also E. Manier, The Young Darwin and His Cultural 
Orcle (Dordrecht: D. Reidel, 1978). 

193. Hal~vy, The Growth of  Philosophical Radicalism, p. 467. 
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the means necessary to produce "the maximum of  happiness, in so 
far as this more general end is promoted by the production o f  the 
maximum of  wealth and t h e m a x i m u m  of  population."194 We can 
legitimately infer that Darwin read Smith's Wealth o f  Nations at some 
stage of  his studies at Edinburgh, although there is no record o f  it. That 
he studied Dugald Stewart's "Life o f  Adam Smith" is noted in the 
M and N notebooks. These notebooks also record Darwin's reading 
of  Smith's Essays on Philosophical Subjects  and his Theory o f  Moral 
Sentiments.  19s Darwin's Reading Notebooks  indicate that on January 
15, 1842, he once again skimmed parts o f  Smith's Moral Sentiments.  

There is however, one piece o f  circumstantial evidence. Only Adam 
Smith speaks o f  divergence o f  character. In The Wealth o f  Nations he 
says that "the difference between the most  dissimilar characters, 
between a philosopher and a common street porter for example," is not  
"so much the cause as the effect o f  the division o f  labour." 196 Smith, 
together with Hume - whom Darwin had read in 1839 - considered 
each human being as being at birth almost exactly the same in capacity 
as every other human being: it is division of  labor that alters character, 
not  character that determines a man's selection o f  his particular task 
in the division. 

There are two sources from which Darwin had definitely become 
familiar with Smith's doctrine o f  the division o f  labor, McCulioch's 
Political Economy  and the writings o f  his wife's Uncle Sismondi - Jean 
Charles Leonard Simon Sismondi, the eminent Swiss political econ- 
omist. Darwin's reading notebooks indicate that he read McCulloch's 
Principles o f  Political Economy  in May 1840.197 

Darwin must have found McCulloch's book congenial, for it treated 
the subject from a historical and evolutionary point o f  view. Political 
economy,  McCulloch said, "really admits o f  as much certainty in its 

194. The Works o f  William Paley, pp. 149 f. 
195. For Stewart's "Life of Adam Smith," see Stewart's edition of Smith's 

Essays on Philosophic Subjects (London: T. CadeU and W. Davis, 1795); Smith's 
Theory o f  Moral Sentiments was published in 1759 (Edinburgh, A. Millar). 

196. Adam Smith, The Wealth o f  Nations (New York: Modern Library, 
1937), chap. 2. 

197. J. R. McCulloch, The Principles o f  Political Economy with a Sketch o f  
the Rise and Progress o f  the Science, 2nd edition (London: Longman's, 1830). 
The reading notebook indicates that Darwin also read Mandeville's Fable o f  the 
Bees in May 1840 and abstracted it. For a recent assessment of McCulloch, 
see D. P. O'Brien, J. R. McCulloch: A Study in Classical Economics (London: 
George Allen & Unwin, 1970). See also Louis Dumont, From Mandeville to Marx 
(Chicago: University of Chicago Press, 1977 ). 
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conclusion as any science founded on fact and experiment can possibly 
do." 198 But he stressed that "there is however a material distinction 
between the physical and moral and political sciences. The conclusions 
of  the former apply in every case, while those of  the latter apply only 
in the majority of cases." 199 In other words, political economy has 
only statistical certainty, because the principles of  political economy 
exert a "powerful, but not always the same, degree of influence, over 
the conduct of  every individual." McCulloch defines the object of  
political economy in what was by then the canonical fashion: 

to point out the means by which the industry of  man may be 
rendered most productive . . .  of  wealth; to ascertain the circum- 
stances most favourable for its accumulation; the proportions in 
which it is divided among the different classes of the community; 
and the mode in which it may be most advantageously consumed. 

The Benthamite "optimal principle" formulation of economic doctrine 
is characteristic of  the book: a capitalist employs his stock so as to 
yield the highest rate of  profit; a worker specializes his skills to maxi- 
mize "the efficacy of his powers and thus his profits," and so on. 

McCuUoch's Principle o f  PoliticalEconomy contained a long exposi- 
tion of the "division of employment among individuals." McCulloch 
introduced the principle first from a historical and evolutionary point 
of view, and then from the point of  view of the operation of the free 
market. Each individual serves his own interest best by devoting himself 
to an occupation that maximizes "the efficacy of his powers," and thus 
his gains. Adam Smith's classic thesis with respect to the advantages of  
the division of labor - (1) that it increases the skill and dexterity of  the 
workmen; (2) that it saves time; and (3) that it facilitates the invention 
of machines and processes for abridging and saving labor - is expounded 
at length. McCulloch then proceeds, again following Adam Smith, to 
observe that the advantages derived from the division of  labor "can 
only be carried to theft full extent where there is a great power of  
exchanging, of  an extensive market"; and in fact these advantages are 
"dependent upon and regulated by, the extent of  the market." 

Of particular interest is McCulloch's discussion of the territorial 
division of labor: 

Besides enabling each individual in a limited society to confine 

198. McCulloch, Principles of Political Economy, p. 15. 
199. Ibid., p. 16. 
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himself to some one employment,  there is another and most  im- 
portant branch of  the division of  labour, which not only enables 
particular individuals, but  the inhabitant o f  entire districts, and even 
nations, to addict themselves, in preference, to certain branches o f  
industry. It  is on this territorial division o f  labour, as it has been 
appropriately termed by Colonel Torrens, that the commerce carried 
on between different districts o f  the same country and between 
different countries, is founded. The various soils, climates and 
capacities of  production, possessed by different provinces o f  an 
extensive country,  fit them for being appropriated, in preference to 
certain species o f  industry. ' '2°° 

McCulloch, after discussing the advantages o f  this territorial division o f  
labor, and the commerce that can result therefrom, stressed the impor- 
tance o f  the formation of  a separte mercantile class that is responsible 
for the promotion o f  commerce. (" I t  is they in fact who give an un- 
interrupted motion to the plough and the loom.")  Furthermore, any 
easy means o f  communication between different parts o f  a country 
"contributes powerfully to facilitate commercial operations and is 
in the highest degree beneficial." For a decrease in the expense of  
conveyance has the same effect on prices as a decrease in the expense 
of  production. In fact, it has a great effect, because increasing commu- 
nication will serve many different enterprises and help cement the 
country together by "exciting a spirit o f  emulation and competition 
amongst the citizens o f  the remotest districts" and thus will "impart 
new life and vigour to society." 

Darwin was dearly convinced of  this argument, for he invested 
heavily (and successfully) in railroads and canals. TM There is one 

200. Ibid., p. 137. 
201. A. Keith, Darwin Revalued (London: Watts, 1955), particularly chap. 18. 

Of course other Englishmen did likewise without having read McCulloch. The point 
is that McCulloch reflected a viewpoint that the elder and the younger Wedgwood 
had acted upon earlier in the century. See, e.g., the Correspondence of  Josiah 
Wedgwood, 1781-1794 with an appendix containing some letters on canals and 
Bentley's pamphlet on island navigation, (Manchester: E. J. Molten, 1906). See 
also G. R. Porter, The Progress o f  the Nation, in Its Various Social and Economical 
Relations (London: Charles Knight, 1838), sections III and VI in particular, from 
which the following is taken: "There is not any circumstance connected with the 
internal condition of England which more strongly excites the admiration and the 
envy of foreigners than the degree of perfection to which we have brought our 
means of internal communication. The skill and labour that have been applied to 
this object are among the chief causes of that high degree of activity which 
characterizes and pervades the productive classes in every part of the country." 

267 



SILVAN S. SCHWEBER 

further point to be stressed with respect to McCuUoch's book. The 
work was imbued with the spirit of  individualism 2°2 that was charac- 
teristic of  British political economic thought from Adam Smith up to 
the 1830s: 

every individual is constantly exerting himself to find out the most 
advantageous methods of  employing his capital and labor. It is true, 
that it is his own advantage, and not that of  the society, which he 
has in view; but a society being nothing more than a collection 
of individuals, it is plain that each, in steadily pursuing his own 
aggrandisement, is following that precise line of conduct which is 
most for the public advantage. 2°3 

It is this "inextinguishable passion for gain" which led capitalists to 
employ their capital in those industries that would yield, "all things 
considered," the highest rate of  profit, and "those [industries] which 
yield this highest rate are those in which it is most for the public interest 
that the capital should be invested." The book ends with the following 
recapitulation 'q 'he true line of  policy is to leave individuals to pursue 
their own interest in their own way, and never to lose sight of  the 
maxim pas trop gouverner. It is by the spontaneous and unconstrained 
• . .  efforts of  individuals to improve their cond i t ions . . ,  and by them 
only, that nations become rich and powerful." 2o4 

The other means by which Darwin almost certainly had become 
familiar with Adam Smith's doctrine of  the division of labor is his 
reading of Sismondi. Darwin's wife's favorite aunt was Jessie Allen 
Wedgwood. In 1816, Sismondi had proposed to Jessie, but she refused. 
Sismondi persevered and they were married in April 1819. In 1826-27, 
Emma, with her sister Fanny, spent eight months in Geneva with the 
Sismondis. Sismondi became very fond of Emma and the Sismondis 
spent several weeks during 1841 at the Darwin residence in Gower 
Street in London, although Darwin himself was not there. 

After Sismondi's death in 1842, the Quarterly Review in 1843 
carried a lengthy article by Palgrave on the Life and Works o f  Sisrnondi, 
which Darwin undoubtedly read. This article included an extensive 
discussion of  Sismondi's works on political economy, and in particular 
his differences with Adam Smith and the British school of  classical 

202. Hal6vy, The Rise of Philosophical Radicalism. 
203• McCuUoch, Principles of Political Economy, p. 149. 
204• Ibid., pp. 536-537. 
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economics. The opposing views of Sismondi and Adam Smith over 
division of  labor are spelled out: 

Division of labour, according to Adam Smith, is the great source of  
national, of  "general plenty, diffusing itself through all the different 
ranks of society." Sismondi says, "No" - Division of labour is a 
source of national poverty: if you make man a machine, a machine 
will replace him. He who is employed all day in making pins' heads, 
will not have a head with a pin at the close of  his career. By this 
division man loses mental and bodily vigour, health, cheerfulness, all 
that renders life desi rable . . .  

Unlimited competition, according to the popular theory, is the 
great source of ~aational fiches. Sismondi says "No" - Unlimited 
competition renders the whole system of commerce a vast game 
of "beggar-my-neighbor". . .  

"Permit each person" - quoth the political economist call him 
Adam Smith, call him McCulloch, call him Chalmers, it is all the 
same - "to seek his own interest in the way which suits him best, 
and you must be, since society consists only of  individuals, promoting 
the general interest of  society." Sismondi contradicts this doctrine 
by the remark, that a thief seeks his own interest when he r o b s . . .  
Merchants overreach, masters tyrannize - the positive intervention 
of the law is need for the purpose of preventing injustice. This was 
[Sismondi's] doctrine in the Nouveaux Principes. 20s 

In September 1847 Darwin read Sismondi's Political Economy,  a 
collection of Sismondi's essays that had been translated into English. 
The notes by MAgnet that review Sismondi's work stress Sismondi's 
differences with British political economy: 

Was it not Sismondi who was first indignant at the laissez faire, 
laissez passer of political economy? . . .  It was Sismondi who was 
indignant at the system by which some labor, that others may enjoy 
• . .  he, who cried that the advantage of all ought to limit the fights 
of  all; that property is the right to use, not to abuse . . .  There is 
spoliation, when [the] rich man draws from a fertile and easily 

205. Francis Palgrave, "Life and Works of Sismondi," Quart. Rev., 72 (1843), 
299-356. See also E. Hal6vy, Sismondi (Paris: Librairie Felix Alcan, 1935). 
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cultivated soft his idle opulence, while he who has raised this income 
• . .  dies of hunger without being able to touch it. 2°6 

One of the essays included in the collection was Sismondi's preface 
to his N e w  Pn'nciples o f  Political Economy.  The preface was written in 
1826, when the crisis England was then experiencing was in Sismondi's 
mind, and in Sismondi: " invoked . . .  the interference of social power to 
regulate the progress of wealth, instead of reducing Political Economy, 
to that most simple and apparently most liberal maxim, to let  alone (de 
laissez faire et  laizzez passer). ''2°7 Commenting on the content of the 
book to which the essay is the preface, Sismondi wrote: 

I have shown that territorial wealth is more productive in proportion 
to the greater share which the cultivator has in the property of the 
soil . . .  that, although the invention of machines, which increases 
the power of man, may be a benefit to humanity, yet the unjust 
distribution which we make of profits obtained by their means, 
changes them into scourges to the p o o r . . ,  that the natural limits 
of population are always respected by men who have something, and 
always passed over by men who have nothing. 2°s 

Darwin labeled Sismondi's book "Poor" in his reading notebook. 
His liberalism did not go that far. He was clearly committed to the 
British philosophy of individualism, with a minimum of government 
interference; laissez-faire and laissez-passer were political ideals he 
believed in. Also he had recently purchased as an investment a farm in 
Lincolnshire.2 o9 

One other likely source that introduced Darwin to the concepts of 
the division of labor was Charles Babbage's influential book On the 
Economy  o f  Machinery and Manufactures. 21° Published in 1832, it 

206. J. C. L. de Sismondi, Political Economy and the Philosophy o f  Govern- 
ment with a historical notice of his life and writings by M. Mignet (London: John 
Chapman, 1847). 

207. Sismondi, preface to New Principles o f  Political Economy and the light 
Which They May Cast on the Crisis Which England Is at This Time Experiencing, 
reprinted in Sismondi, Political Economy. 

208. Sismondi, Political Economy, p. 72. 
209• In Darwin Revalued Keith says that Darwin purchased the farm of 

Beesby in Lincolnshire as an investment in 1845. His father advanced him £ 3,529 
for the purchase. See also LLD, I, 311-312. 

210. C. Babbage, On the Economy of  Machinery and Manufactures (London: 
J. Murray, 1832). 
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went through several editions in the early 1830s, a fourth enlarged 
edition appearing in 1846. It was the result of  Babbage's involvement 
with his calculating engine, whose construction he had been supervising 
since 1822. He visited a considerable number of workshops in England 
and Continental Europe in order to become acquainted with the state 
of the art of the application of  machinery to manufacture. A con- 
siderable portion of the book was devoted to discussion of the division 
of labor, since Babbage considered it "perhaps the most important 
principle on which the economy of manufacture depends." In discussing 
how the principle evolved, Babbage noted that "society must have 
made considerable advances before this principle could have been 
carried into the workshop;for it is only in countries which have attained 
a high degree of civilization, and in articles in which there is a great 
competition amongst the producers, that the most perfect system of 
the division of labour is to be observed." Commenting on Adam Smith's 
statement of the principle of division of labor, Babbage wrote that 
any explanation of the cheapness of manufactured articles, based upon 
the division of labor, is incomplete unless the following principle is 
added: 

That the master manufacturer, by dividing the work to be executed 
into different processes, each requiring different degrees of skill or 
of force, can purchase exactly that precise quantity of  both which is 
necessary for each process; whereas if the work were executed by 
one workman, that person must possess sufficient skill to perform 
the most difficult, and sufficient strength to execute the most 
laborious, of the operations into which the art is divided. 211 

My discussion up to this point has been primarily concerned with 
Darwin's readings in the field of political economy. There is another 
point which must be stressed. The transformation of the economic 
bases of Britain that was taking place in early Victorian times before 
Darwin's eyes - the result of the rampant industrialization and the 
intensive modernization of agriculture - must have deeply impressed 
Darwin. Organized science was not a neutral observer in this process. 
The BAAS, for example, was active in enlisting the support of its mem- 
bership in projects to help accelerate the transformation of industry 
and agriculture. Thus in 1840 the BAAS commissioned Liebig to write 

211. C. Babbage, On the Economy of  Machinery, 4th ed. enlarged (London: 
J. Murray, 1846), pp. 175-176. 
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a report  on the state o f  organic chemistry. He responded with Organic 
Chemistry in Its Application to Agriculture and Physiology. 212 Darwin 
bought  a copy o f  the book  in 1841. z13 To judge from his markings in 
the book,  Darwin's interest in the subject probably  s temmed from his 
growing interest in botanical  matters  a t  the time. 214 Another  reason 
for his interest was that  agriculture was the largest enterprise in which 
artificial selection was practiced. 

In his preface, Liebig indicated that  he had endeavored to present 
the fundamental  principles of  chemistry in order to elucidate the 
chemical processes involved in agriculture and physiology. "Perfect 
agriculture," Liebig stressed, "is the true foundat ion o f  all  trade and 
industry - i t  is the foundat ion o f  the riches o f  states. ''2~s His approach 
was utili tarian: 

The general object o f  agriculture is to produce in the most  advan- 
tageous manner certain qualities, or a maximum size, in certain 
parts or organs of  particular plants. Now, this object  can be attained 
only by  the application o f  those substances which we know to be 
indispensible to the development of  these parts or organs, or by 
supplying the condit ions necessary to the product ion of  the qualities 
desired. 216 

Darwin drew a line next  to this passage. 
On two occasions, once in 1844 and again in 1851, Darwin read 

Liebig's Familiar Letters on Chemistry. 2~7 This little book was writ ten 

212. Liebig's Organic Chemistry was published in 1840. 
213. Darwin's copy is in the Cambridge University Library. Most of the 

annotations were made in 1841. Upon rereading the book in 1856, the only fact 
which warranted a note pinned in the back of the book relates to the fact that the 
blood of the different races of man have different odour. 

214. Darwin's growing interest in botany is attested by box 49 of Darwin's 
papers at Cambridge University Library. For a delightful overview of Darwin's 
botanical works, see M. Allen, Darwin and His Flowers: The Key to Natural 
Selection (New York: Taplinger, 1977). 

215. Liebig, Organic Chemistry, preface. 
216. Ibid., pp. 129-130. 
217. J. Liebig, Familiar Letters on Chemistry and lts Relation to Commerce, 

Physiology, and Agriculture (New York: Appelton, 1843). Darwin read this book 
on Nov. 20, 1844, and Oct. 14, 1851, according to his reading notebooks; see 
Vorzimmer, "The Darwin Reading Notebooks." On Oct. 3,1851, while in London 
visiting the Great Exhibition, Darwin wrote to his son William, "I am reading a 
Book on Chemistry called Familiar Letters on Chemistry and this makes me often 
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"for the special purpose of  exciting the attention of governments, and 
of the enlightened public, to the necessity of establishing Schools of 
Chemistry and of promoting, by every means, the study of a science 
so intimately connected with the arts, pursuits, and social well being 
of modem civilized nations." 21s The letters presented in more popular 
fashion many of the topics found in Liebig's volume Organic Chemistry. 

Letter X dealt with the connection "between agriculture and the 
multiplication of the human species"; and in it Liebig indicates that 

The cultivation of our crops has ultimately no other object than the 
production of a maximum of those substances which are adapted for 
assimilation and respiration, in the smallest possible s p a c e . . .  Man 
• . .  is compelled to consume force merely in order to supply matter 
for respiration. 

Cultivation is the economy of force. Science teaches us the 
simplest means of obtaining the greatest effect with the smallest 

expenditure of  power, and with given means to produce a maximum 
of force .219 

As noted above, Darwin had annotated a similar passage in Liebig's 
Organic Chemistry. Darwin found "'optimalization" approaches attrac- 
tive. These passages also indicate the wide diffusion of such formulations 
by the early 1840s. Darwin's entries on pages 95-97 of the E notebook 
date from 1839, and constitute independent evidence of  the pervasive 
influence of such optimalization principles. Clearly, their roots lie in 
the social and moral sciences. 

Even if the impact of industralization had not been apparent to 
Darwin in the transformation of his physical and intellectual environ- 
ment - a dubious assumption - the event of  1851, the Great Ex- 
hibition of the Works of Industry at the Crystal Palace, would have 
done so. Its purpose was "to present a true test and living picture 
of the point of  development at which the whole mankind has arrived 
. . .  and a new starting point, from which all nations will be able to 

think of you in the evenings." Liebig's Familiar Letters was very popular and 
went through several editions. The fourth edition had as its title Familiar Letters 
on Chemistry in Its Relation to Physiology, Dietetics, Agric~dture, Commerce, 
and Political Economy (London: Walton and Maberly, 1859). It is very likely that 
Darwin read two different editions in 1843 and 1851. 

218. Liebig, Familiar Letters, p. 1. 
219. Ibid., p. 8. 
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direct their further exertions. ' '22° Its success was huge. As David 
Brewster noted,  

The Exposit ion o f  1851 - the great experiment  o f  m o d e m  times 
. . .  now stands before  us, gigantic and sublime, commanding the 
admiration . . .  o f  the civilized w o r l d . . .  In its moral and political 
. . .  aspect, i t  is . . .  pregnant with matchless results. Within the 
precincts o f  the lof ty  bazaar are displayed . . .  the noblest  efforts 
o f  human genius . . .  the wondrous mechanisms which science and 
art have combined their powers to create. 221 

No one art iculated the meaning o f  the Great Exhibi t ion as a moument  
to the growing power o f  man over his physical environment and as a 
record o f  the material progress o f  the age more succinctly than the 
Prince Consort.  Prince Albert ,  who had originated the idea o f  the 
exhibit ion,  and who oversaw its coming into being, declared: 

Nobody  who has paid any at tent ion to the peculiar features of  our 
present era will doubt  for a moment  that  we are living at a period o f  
most  wonderful  transition, which tends rapidly to accomplish that  
great end to  which indeed all history points - the realization o f  the 

unity o f  mankind . . .  The distances which separated the different 
nations and parts of  the globe are rapidly vanishing before the 
achievements o f  modern invention, and we can traverse them with 
incredible ease; the languages o f  all nations are known, and their 
acquirements placed within the reach o f  everybody; though t  is com- 
municated with the rapidity,  and even by  the power o f  lightning. On 
the other hand,  the great principle o f  the division o f  labour, which 
may be called the moving power of  civilization, is being extended 
to all branches o f  science, industry and art . . .  Gentlemen, the 
Exhibit ion o f  1851 is to give us a t ree test o f  a living picture o f  the 
point  of  development at which the whole ofanankind has arrived in 

220. Quoted in Asa Briggs, Victorian People: A Reassessment of  Persons and 
Themes, 1851-67, rev. ed. (Chicago: University of Chicago Press, 1972), p. 16. 
The first essay in this book is "Crystal Palace and the Men of 1851." 

221. David Brewster's review of Charles Babbage, The Exposition of  1851 or, 
Views of the Industry, the Science, and the Government of  England, London 
1851, 2nd ed., appeared in the North Brit. Rev., 15 (1851) 529. C. Babbage's 
The Exposition of  1851 (London: J. Murray, 1851) was also reviewed in the June 
14, 1851, issue of the Atheneaum and in many other Victorian periodicals. 
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this great task, a new starting poin t  from which all nations will be 
able to direct their further exertions. 222 

Darwin a t tended the exhibi t ion on July 30, 1851, and "enjoyed it 
immensely".  223 I f  the exhibit  did not  drive home the virtues o f  com- 
pet i t ion and the efficacy of  the division o f  labor in satisfying man's  
need by producing its "matchless results," the opening ceremonies - 
widely repor ted in the press - certainly did so. 

T h e  Industrial revolution affected every aspect of  Victorian society. 
Understanding the dynamics o f  its development,  in order to guarantee 
the cont inued progress o f  the nation, was a vital and impor tant  task. 
The articles in the Victorian periodicals reverberate with the intensi ty 
o f  the ensuing discussions. Darwin as a member  o f  the upper  class 
and o f  the scientific elite had both  an economic stake and a moral 
responsibili ty in keeping informed o f  these issues. A knowledge o f  
political economy was a prerequisite for informed part icipat ion in the 
debate. 

POLITICAL ECONOMY, STATISTICS, AND EVOLUTIONARY 
THEORIES 

My investigation into the various strands that  Darwin had to in- 
tertwine to arrive at the principle o f  divergence has yielded a complex 
web. But that  is not  surprising. The path leading to a major scientific 
discovery is rarely linear or predetermined.  I t  would be too facile to 
ascribe a one-to-one causal influence o f  Darwin's study of  polit ical 
economy and his theorizing about  speciation. Perhaps his views before 

222. Prince Albert's speech was delivered at a banquet at the Mansion House 
on March 21, 1850. It is quoted in J. B. Bury, The Idea of  Progress (London: 
Macmillan, 1932), p. 330. See also T. Martin, The Life of  the Prince Consort, 5 
vols. (London: Smith, Elder, 1975-1980), III, 247. For an account of Prince Al- 
bert's involvement in the Great Exhibition and its relation to his artistic interests, 
see R. Fulford, The Prince Consort (London: Macmillan, 1966), particularly pp. 
203-225; and W. Ames, Prince Albert and Victorian Taste (New York: Viking 
Press, 1968). 

223. Darwin's daughter recalled that "on July 30th [1851], my father and 
mother spent a week with Erasmus Darwin at his house in Park Street in order to 
see the Exhibition. George and I were also taken, but I at any rate did not make 
much of it, and remember staying at home to scrub the back stairs, as better fun 
• . .  My father enjoyed it immensely"; Emma Darwin, ed., A Century of  Family 
Letters, 2 vols. (privately printed, 1904), II, 153. The public edition was published 
by J. Murray (London, 1915). 
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1844, with their geographic emphasis, were influenced by his reading of  
McCuUoch. Similarly, perhaps the Great Crystal Exhibition influenced 
his theorizing in the 1851-1852 period. What does strike me as charac- 
teristic of  Darwin's research style is his willingness to appropriate 
explanatory principles and models from whatever sources he came 
across. Thus the Malthusian population statements, the Benthamite 
optimalization calculus, Adam Smith's division of labor all became 
incorporated or transformed into biological principles that were to 
be the basis for the explanation of the dynamics of  the growth of 
diversity of life over time. Such heuristical transfers are, of  course, not 
unusual. 224 But in Darwin's case these transfers were between fields 
that he saw as having a special relationship to one another. The evolu- 
tion of political, social, and moral systems were biological problems to 
Darwin. The Malthusian laws of population growth and Adam Smith's 
division of labor were phenomenological laws that eventually should be 
explained by biological principles. 

By the 1830s the problem of explaining the evolution of sociability, 
and man's economic and social institutions, had, of  course, a long 
history. Darwin had immersed himself in that literature, and more 
particularly in the Scottish attempts to account for the evolution and 
stability of the moral and economic order. 

But it seems to me that Marx's famous observation that "it is re- 
markable how Darwin recognized among beasts and plants his English 
society with its division of labour, competition opening up of new 
markets, invention, and the Malthusian 'struggle for existence ' ' '22s is 
certainly not the whole story. 

I believe it is correct to assert that Darwin formulated his theory in a 
metaphoric language that was characteristically British. Gillispie has 
suggested that "none but a Victorian Englishman" could have expressed 
himself as Darwin did in the Origin o/Species:  

So ordinary is the language [that it almost seems as if we could be in 
the midst] of reading a lay sermon on self-help in nature. All the 
proverbs on profit and loss are there, from pulpit and from counting- 
house - . . .  On the race being to the s w i f t . . .  On progress [being] 

224. See G. Holton, Thematic Origins o f  Scientific Thought: Kepler to 
Einstein (Cambridge, Mass.: Harvard University Press, 1973); and Holton, The 
Scientific Imagination: Case Studies (Cambridge: Cambridge University Press, 
1978). 

225. Karl Marx and Friedrich Engels, Selected Correspondence, 1846-1895 
(New York: International Publishers, 1936), p. 000. 
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through compet i t ion  . . .  I t  is, as a German critic said in a remark 
meant  to  be scathing, classical polit ical economy applied to biology. 
Or as Darwin said himself,  "This is the doctrine o f  Malthus applied 
to the whole animal and vegetable kingdom."  226 

One can add to GiUispie's list. For  example,  Darwin characterizes the 
l a r g e s t  favorable areas in which the most  dominant  animals evolve 
as the "mos t  efficient workshops ' '227 for new species, because they 
have the largest populat ions,  the most  kinds o f  animals, and the most  
intense compet i t ion.  "Places",  that  is, ecological niches, are compared 
to colonizing enterprises. I t  is also certainly correct to say that  Darwin 
recognized the advantage that  would accrue to the individual in the 

competit ive division o f  labor in laissez-faire economics and the natural  
economy.  Organisms that  move into unoccupied niches will enjoy 
reduced compet i t ion,  and will have a differential advantage in the 
struggle for survival and reproduction.  

But Darwin clearly did more than transcribe British political econ- 
omy.  I believe that  he also reflects the sharp conceptual break that  
occurred at the end o f  the eighteenth century.  22s Although it  is o f  
considerable interest o f  ascertain whether this break is epistemological,  
as Foucaul t  would have us believe, 229 or not ,  there seems to be a 
consensus that  a primary factor in the fracture is the acceptance o f  the 
historical e lement  in accounting for the observed changes. The views 
and commitments  as to the role o f  his tory in effecting change could be 
radically different - compare Condorcet  and Herder 23° - but  there 
is li t t le question about  the central i ty o f  the historical process. I also 
contend that,  in broad terms, i t  was Condorcet 's  philosophic out look 

226. C. Gillispie, The Edge of  Objectivity (Princeton: Princeton University 
Press, 1960), pp. 303-304. 

227. Darwin, Origin, p. 27. The notion of a workshop may well have had 
its origin in Darwin's translation of Milne-Edwards' "Ateliers," in the latter's 
discussion of the division of labor. 

228. Of the many books on the subject, see, e.g., J. B. Bury, The Idea of  
Progress (London: Macmillan, 1932); F. E. Manuel, Shapes of  Philosophical 
History (Stanford: Stanford University Press, 1968); and M. Mandelbaum, History, 
Man, and Reason (Baltimore: Johns Hopkins Press, 1971). I thank Ernst Mayr 
for calling Mandelbanm's book to my attention. 

229. M. Foucault, Les mots et les choses (Paris: GaUimard, 1966). 
230. See, e.g., the chapter on Condorcet in F. Manuel, The Prophets of  

Paris (Cambridge: Harvard University Press, 1962), and the introduction by F. 
Manuel to J. C. Herder, Reflections on the Philosophy of  the History of  Mankind 
(Chicago: University of Chicago Press, 1968). 
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-- with its underlying commitment to the mathematization o f  nature, 
its equating o f  mathematics with certainty, its progressive view of  
history - that animates the dominant sector of  British science in the 
first half  o f  the nineteenth century. Darwin was certainly sympathetic 
to this outlook. 

A characteristic feature o f  political economy, geology, and natural 
history after 1815 is the recognition by many o f  the foremost theo- 
reticians that because the entities their science dealt with are complex, 
the history o f  these entities must be taken in account: their history 
had sharped their development and their present complex structure. 
It was the recognition that their science had to be based on elements 
that had a history, hence were changing in time, that formed a common 
denominator. That within the natural history communfty valiant 
attempts were bring made to adhere to unchanging Fixed elements, 
such as the fixed'species, ohly transferred the problems of  how to 
account for the observed, historical, changes of  animal populations to a 
different level, and made the eventual confrontation more cataclysmic. 

But the historical commitment cuts deeper. Statistics and probability 
played a special role in the development o f  these sciences, particularly 
the "social" sciences. By the 1820s, probability was widely accepted as 
the correct calculus for the description o f  complex phenomena, and 
statistics were considered the raw data upon which the sciences dealing 
with complex phenomena were to be based. 231 

Recent researches have made it abundantly clear that the influence 
of  the statistical movement in England was pervasive. 232 During the 
1830s the most  influential political economists saw "statistics" not  
only as the raw, inductive data upon which their science was to be 
based, but also as the foundations upon which to build political econ- 
omy into a quantitative, rigorous, objective science. 233 They hoped 

231. "Statistics" had many different senses, ranging from the mere compila- 
tion of data to the handling of experimental data, but I shall not elaborate here 
on these differences. See Merz, History of  European Thought, vol. II, the chapter 
"The Statistical View of Nature." 

232. See Philip Abrams, The Origins of  British Sociology, 1834-1914: An 
Essay with Selected Papers (Chicago: University of Chicago Press, 1968); M. J. 
Cullen, The Statistical Movement in Early Victorian Britain (Hassocks: Harvester 
Press, 1975); Victor L. Hilts, "Aliis Extererendum, or, the Origins of the Statistical 
Society of London," Isis, 69 (1978), 21-43. 

233. The tradition, of course, goes back to Adam Smith and to the Phy- 
sioerats. One of the aspects in which Adam Smith differs from Senior, Jones, 
and McCulloch is in his view of the "objectivity" of political economy. The 
later political economists were at greater pains to separate political actions from 
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that such a science would transform the process by which Parliament 
legislated. The problem was to separate the science of political economy 
from the politics of the legislative procedure. 

The people of the circle in which Darwin moved were, however, in 
a quandary. They had strong and often-expressed reasons for wishing to 
separate the science of political economy, with its topical and useful 
stress on statistics, from the intrigues and compromises of politics. And 
yet their mouthpieces - the periodicals that appeared on the tables of 
the Athenaeum - advocated a combined discipline in which there was 
no clear dividing line between the two disciplines. WheweU, as president 
of the BAAS in 1833, defended the formation of the Statistical Section 
of the BAAS T M  against the possibility of political philosophy intruding 
into the Society: 

By science, then I understand the consideration of all subjects, 
whether of a pure or mixed nature, capable of being reduced to 
measurement and calculation. All things comprehended under the 
category of space, time, and number properly belong to our investi- 
gation, and all phenomena capable of being brought under the 
semblance of law are legitimate objects of our inquiry. 

Can then statistical inquiries be made compatible with our sub- 
jects, and taken into the bosom of our society? I think they unques- 
tionably may, so far as they have to do with matter of fact, with 
mere abstractions, and with numerical results. Considered in this 
light they give what may be called the raw material for political 
economy and political philosophy; and by their help the lasting 
foundations of  these sciences may be perhaps ultimately laid. T M  

The use of statistics was not confmed to the social sciences. In the 
1820s geology was emerging from its descriptive phase and greater 

political economy, and to clarify the relation of political economy to legislative 
political acts. Adam Smith also thought of each human being as at birth almost 
exactly the same in character and capacities as every other being: for him, it was 
the division of labor that alters characters. The later economists accepted greater 
variability and differences in people. 

234. For an account of the formation of the Statistical Section of the BAAS, 
see Hilts, "Aliis Extererendum"; Cullen, The Statistical Movement; and C. Bab- 
bage, Exposition of  1851, 2nd ed. (London: J. Murray, 1851). 

235. W. Whewell, Report of  the Ninth Meeting of  the British Association for 
the Advancement of  Science, 3 (1833), xe-xci. 
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emphasis was being placed once again on the dynamical foundations of  
the science. Rudwick has convincingly presented LyeU's vision o f  a 
statistical paleontology, T M  and the influence of  political economy in 
arriving at his chronometer for the tertiary strata. And by the 1820s 
phytogeography had a well-developed statistical aspect. 237 

Whether or not one accepts the thesis that the communality of  
the natural historian, geologist, and political scientist derives from a 
common commitment to apprehend the role o f  history as a causative 
agent in affecting change, the fact remains that heuristic transfers were 
taking place between political economy and geology and natural history. 
This transfer was accelerated owing to the fact that these communities 
had overlapping membership.2 a 8 For example, Babbage, Poulett Scrope, 
and Whewell were influential and active in both communities. Lyell was 
a good friend of  Nassau Senior. John Herschel often visited the East 
India College at Haileybury and was a close friend of  Richard Jones. 
It should be added that these were highly gifted individuals - most 
o f  them had gone through Cambridge University and were either 
Wranglers or had obtained honor  degrees based on very stiff mathe- 
matical examinations - and that it was easier to be a polymath in the 
first half o f  the nineteenth century than at the present time. 

The introductory lecture that Richard Jones gave on February 27, 
1833, on becoming the professor of  political economy at King's College, 
London, 239 gives a particularly revealing glimpse o f  the interaction 
between these disciplines. For Jones the subject matter of  political 
economy is the wealth of  nations. To understand the dynamics o f  the 
production and distribution o f  wealth, 

236. Rudwick, "Charles Lyell's Dream of a Statistical Palaeontology," pp. 
225-244. 

237. Janet Browne in an Imperial College Ph.D. dissertation (1978) has 
investigated phytogeography in the early nineteenth century. 

238. I have not compared the membership of the Political Economy Club 
and that of the Geological Society. See the centennial publication of the Political 
Economy Club: Political Economy Club Founded in London 1821, Minutes o f  
Proceedings, 1899-1920: Roll o f  Members and Questions Discussed, 1821-1920, 
with Documents Bearing on the History o f  the Club, 6 vols. (London: Macmillan, 
1900); M. J. Rudwick, "The Foundation of the Geological Society of London: 
Its Scheme for Co-operative Research and Its Struggle for Independence," Brit. J. 
Hist. 8ci., 1 (1963), 325-355; and J. B. Morrell, "London Institutions and Lyell's 
Career, 1820-1841,"Brit. J. Hist. Sci., 9 (1976), 132-146. 

239. Literary Remains Consisting o f  Lectures and Tracts on Political Econ- 
omy o f  the Late Rev. Richard Jones, ed. William Whewell (London: John Murray, 
1859), pp. 537-539; reprinted in 1964 by Augustus M. Kelley, New York. 
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we must s t u d y . . ,  the economy of  nations in the past and present 
story of the world at large; and to conduct that study efficiently, 
we must make ourselves thoroughly acquainted with . . .  "the 
economical structure of  nations" . . .  [by which] I mean those 
relations between the different classes which are established in the 
first instance by the institution of  property in the soil, and by the 
distribution of  its surplus produce; afterwards modified and changed 
(to a greater or less extent) by the introduction of capitalists, as 
agents in producing and exchanging wealth, and in feeding and 
employing the laboring population 

Jones is at pains to stress that only an accurate knowledge of the 
"economical structure of  a nations" can 

give us the key to the past fortunes of  the different people of the 
earth, by displaying their economical anatomy, and showing thus, the 
most deeply-seated sources of  their strength, the elements of  their 
institutions, and causes of  their habits and character. It is true we 
must learn the circumstances which divide them into classes, establish 
or change the ties which connect those classes, and the value and 
influence of each, as component parts of  a state or agents in pro- 
ducing its wealth. 

That the methodological foundations upon which Jones wanted to 
establish the science of  political economy have much in common with 
those that the young Charles Darwin would commit himself to while 
struggling with similar aims for evolutionary biology in the 1837-1839 
period should not be surprising. Both were products of  Cambridge, 
both were deeply influenced by Herschel's Preliminary Discourse, z4° 

both tried to understand their universe in terms of  its constituent parts, 
and both saw these constituent parts as changing structures with a 
history. Both recognized that any complex system has a history and 
that history will shape its development. Both were trying to fred general 
laws, but based their investigations upon empirical observations. For as 
Jones indicated, "if  we will not take this trouble; if we will be closet 
philosophers, take a peep out of  our little window, and fashion a world 
of  our own after the pattern of  what we see thence, however ingenious 
and clever we may be, we run a great risk of  being sadly mistaken, and 
are sure to remain extremely ignorant." And Jonescontinued: 

240. J. Herschel, Preliminary Discourse on Natural Philosophy (London: 
Lardner's Cabinet, 1831). 
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Supposing, however, that we determine to know as much as we can 
of the world as it has been, and of the world as it is, before we lay 
down general laws as to the economical habits and fortunes of 
mankind or of  classes of  man: there are open to us two sources of 
knowledge, - history and statistics, the story of the past, and a 
detail of  the present condition of the nations of  the earth. From 
these alone the teacher of  political economy can draw the informa- 
tion and the knowledge which is his duty to arrange, that he may 
present them to the student. Each source has its defects, and each its 
peculiar powers of  diffusing light, which would be sought in vain 
from the other. In observing the long trains of  events recorded 
by history, we detect the immediate and remote effects of the 
economical structures we are analysing. But history has suffered to 
drop from her pages, perhaps has never recorded, much of the 
information which now be most precious to us. For many whole 
classes of  facts, necessary to illustrate principles of which the im- 
portance has only lately become known, we should toil through her 
pages in vain. Yet this defect does not always exist when we think 
it does . . .  The labors of Niebuhr, Savigny, Herder, Muller have 
proved that there is much knowledge, most important to our sub- 
ject, in historical records, which has faded from the minds of men, 
and must be laboriously recovered from the recesses of neglected 
l i te ra ture . . .  

Statistics, unlike history, presents all the facts essential to our 
reasonings in inexhaustible detail and abundance; but leaves us to 
speculate upon causes, and to guess at effects as we can. It is not 
pleasant to reflect how little has been done in England to systematise 
statistical inquiries, or to preserve and spread the information which 
statistics can give us. In this respect, as in many others, the cultivators 
of  physical science have set a brillant and useful example. There is 
hardly a department in their province which has not the advantage 
of being pursued by societies of  men animated by a common object, 
and collecting and recording facts under the guidance of philos- 
ophical views. We may hope surely, that mankind and their concerns 
will soon attract interest enough to receive similar attention; and 
that a statistical society will be added to the number of those which 
are advancing the scientific knowledge of England. 

Note the metaphors and the language Jones used. He urged the study of 
the comparative anatomy of the "economical structures" to be found 
in different societies at different stages of  their development, that is, 
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the study of  evolution of these structural elements - even though 
"history has perhaps never recorded much of the information which 
would now be most precious to us." The gaps in the paleontological 
record came immediately to mind. Jones stressed constantly that he 
was primarily concerned with the dynamics of the economic changes, 
how these changes alter the management and productiveness of labor 
and how these in turn produce "a change in the ties which connect the 
different classes of  society": 

The ties which formerly bound the community together are worn 
out and fall to pieces; other bonds, other principles of cohesion 
connect its different classes; new economical relations spring into 
being, fresh and potent political elements mingle in the national 
system, and the tracing of  the gradual introduction and the effects 
of these is one of  ~ e  most important task of political economy, 
when unfolding the causes which regulate the production or the 
distribution of the revenues of the different people of the earth. 

But, he warns, "The approach to a state of society like our own, 
where it can be perceived, is, in many instances, extremely s l o w . . .  
While some [societies] are thus stationary, and others changing their 
economical elements by gradations so minute, that it must take ages 
before any distinct change become prominent." One can look at 
Jones's political economy as a transcription of  the Lyellian geological 
research program, inclusive of  its undedyirtg political philosophy and 
metaphysics: 

Our inquiries and reasonings about the future progress and condi- 
tons of  communities of men must, if they are to have any practical 
character, be confined to the advance and fortunes of nations, 
during periods somewhat like those which the history of the past 
and our knowledge of  men's natures teach us are likely to bound the 
duration of  empires, and people, and states of civilization. During 
such period I see no great chance of  the world collectively being 
anything different from what it has been and is. 

Jones' methodological suggestions for the establishment of the founda- 
tions of political economy apply equally well to any evolutionary 
science, and to geology and natural history in particular. 

Interestingly, Jones must have made essentially the same speech at 
the thirtieth anniversary of  the Geological Society in 1838, making the 
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communality between the various evolutionary sciences even more 
explicit. In a letter to his father-in-law, Leonard Homer, Lyell gave a 
short account of that meeting, which he characterized as 

not so full as usual, and most of the M.P.'s absent on the Irish Poor 
law question; nevertheless a grand display of  talent. Whewell in the 
chair, Sedgwick, Buckland, Sir P. Egerton, Darwin, Owen (who is 
wonderfully pleased at receiving the Wollaston medal), Fitton, 
Greenough, Hallam, Milman, Murchison, Lord Burlington, Prof, 
Jones, Lubbock, Bailey, Clift, Hami l ton . . .  

LyeU commented that Jones "made a truly eloquent speech . . ,  on the 
similarity of the prospects of the two new sciences, different as they are 
in their subjects, geology and political economy." 24~ 

The presence of  Darwin in the audience is of interest. But it is even 
more noteworthy that Richard Jones should be called upon to deliver 
a speech on that occasion. That the holder of Malthus' chair at the 
East India College, and thus probably the most respected political 
economist in England, formally addressed the Geological Society on its 
thirtieth anniversary on the "similarities of the prospects of the two 
sciences" is striking. 

In his inaugural address in 1833 in London, Jones had been sensitive 
to the political dimension of his views, and had indicated that "some 
persons may perhaps be startled and offended by the connection I 
have pointed out between'political economy and the political elements 
out of which governments are formed, and by which they must be 
maintained." Having argued that "the mutual relations and influences 
of different orders of men [are] determined by different modes of 
producing and distributing public wealth," and that political economy 
is the study "which teaches the laws that regulate the distribution and 
production of wealth," Jones went on to say that "our subject [political 
economy] is thus brought into immediate contact with the philosophy 
of legislation." But Jones believed that "the line which distinguishes 
them is sufficiently obvious." No matter what political convictions 
political economists held as individuals, as political economists they did 
not decide, did "not even discuss the merits of particular constitutions 
or forms of government considered abstractly." As political economists, 

It is not our province to praise or blame this or that form of govern- 

241. Life Lyell, I1, 37-39. 
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m e n t . . ,  but  to show in what  cases the establishment o f  each is or 
is no t  possible; why insti tutions and laws which endure and flourish 
under one state o f  economic conformation,  wither and die away 
when transplanted where society does not  present the materials to 
give them life and support .  Our subject then is, to a great extent ,  the 
mother  science on which the phi losophy o f  consti tut ional  legislation 
rests. 

But though the line separating politics and political science was clear to 
Jones, - i t  was not  so readily apparent  to  the readers o f  the Edinburgh 
Review, the Quarterly Review, and the Westminster Review, in which 
the great issues o f  economic theory and economic policy were being 
debated during the first half  o f  the nineteenth century.  242 Articles on 
political economy in the Edinburgh Review carded with them a strong 
Whig bias, those in the Quarterly Review an overt Tory bias, and the 
Westminster Review had been founded in 1824 by Jeremy Bentham 
and James Mill for the express purpose o f  advancing Utilitarianism. 
Economic,  political,  and social phi losophy were freely intermingled 
in these articles, and in the influential Victorian magazines political 
economy had certainly become politicized. 

I suggest that  i t  was Darwin's recognition o f  this fact that  made him 
at tr ibute the concept  o f  the physiological division o f  labor  to Milne- 
Edwards, the zoologist,  rather than to Adam Smith, the political 
economist .  243 I f  one asks, "Why then was Darwin nonetheless willing 

242. See Frank W. Fetter, "Economic Controversy in the British Review, 
1802-1850," Economica, 0 (1965), 424.437; John Leonard Clive, Scotch Re- 
viewers: The Edinburgh Rev&w, 1802-1815 (London: Faber and Faber, 1957); 
W. Graham, English Literary Periodicals (New York: Thomas Nelson, 1930); and 
Michael Wolff, "Victorian Reviewers and Cultural Responsibility," in P. Appleton, 
W. A. Madden, and M. Wolff, ed., Eighteen Fifty-Nine: Entering and Age of Crisis 
(Bloomington: Indiana University Press, 1959), pp. 269-289. 

243. Incidentally, G. H. Lewes and Herbert Spencer were also struck in 
1852 by Milne-Edwards' concept of the physiological division of labor. In his 
Autobiography, Spencer writes: "Lewes . . .  had brought with him a volume by 
Milne-Edwards, and in it for the first time I met with the expression - 'the 
physiological division of labour.' Though the conception was not new to me, as is 
shown towards the end of Social Statics, yet the mode of formulating it was; and 
the phrase thereafter played a part in my course of thought"; Herbert Spencer, 
An Autobiography, 2 vols. (New York: Appelton, 1904), I, 436-437. See also J. 
A. Thomson, Herbert Spencer (New York: E. P. Dutton, 1906), p. 30. In hisSea 
Side Studies (Edinburgh: Blackwood, 1890), p. 408, G. H. Lewes pointed out 
that the conception is to be found in Goethe, Zur Morphology (1807): "the 
French naturalist [Milne-Edwards] having the merit of application and abundant 
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to refer explici t ly to Malthus in the Origin?" a partial answer is that  
Darwin saw the Malthusian laws as resting on biological  foundations. 
By contrast ,  division o f  labor  and more particularly optirnalization prin- 
ciples were concepts associated with Utilitarianism, and Utilitarianism 
had a decided political flavor. 

In France, Milne-Edwards felt perfectly free to give credit  for his 
insight to the political economists,  to Jean-Baptiste Say, in particular. 244 
Say's declaration that political science and politics are separate sciences 
is as vigorous as that  o f  his English counterparts .  The opening sentences 
o f  his famous Traitb read as follows: "One has long confused Poli t ics ,  

the science o f  the organization o f  societies, with Pol i t ical  E c o n o m y  

which expounds how the wealth that  satisfies the needs o f  societies 
is produced,  distr ibuted and consumed. Nonetheless, wealth is essen- 
tially independent  o f  the political organization. Under all forms o f  
government a state can prosper,  i f  proper ly  administered. ' '24s An 
essential difference between France and England is the pauci ty  o f  maga- 
zines in which economic issues could be publicly debated in France, 
and the fact that  Utilitarianism there was not  associated with a political 
outlook.  246 England, because o f  its less specialized scientific centers, 
its more open scientific societies, its polymaths,  its sizable literate 

illustration of the law." For an informative and insightful discussion of the back- 
ground of Spencer's evolutionary theory, see J. D. Y. Peel, Herbert Spencer: The 
Evolution o f  a Sociologist (New York: Basic Books, 1971 ). 

244. J. B. Say, in turn, was influenced by A. P. de Candolle; see Candolle's 
Mdmoires et  souvenirs de A. P. de Candolle, (Geneva, Paris: J. Cherbuliez, 1862). 
See also J. E. E. D. A. Acton, Historical Essays and Studies, ed. J. N. Figgis and 
R. V. Laurence (Freeport, N. Y.: Books for Library Presses, 1967). 

245. J. B. Say, Traitd d'dcomomie politique ou simple exposition de la 
manikre dent  se ferment, se distribuent et se consomment les richesses, 5th ed., 
(Paris: RapiUy, 1826). The 4th edition was translated by C. R. Prinsep and 
appeared as J. B. Say, A Treatise on Political Economy (Philadelphia: Claxton, 
Remsen, and Haffelf'mger, 1880); it has been reprinted by Augustus M. Kelley 
(New York, 1964). The preface is of particular interest because in it Say discusses 
his views of history and statistics. The contrast between his French view and 
the views of the British is noteworthy. For another indication of how widely 
history and statistics were conflated in the "Cambridge circle" see A. Sedgwick, A 
Discourse on the Studies o f  the University (Cambridge, 1830), p. 74. 

246. Except for articles by Sismondi and Say, primarily in the Revue En- 
cyclopedique, only the Revue Universelle in Geneva carried articles in French 
comparable to those found in the Victorian periodicals. Thomas Sowell, Say's 
Law: A Historical Analysis (Princeton: Princeton University Press, 1972), which 
chronicles the debate over Say's law in the English and French periodicals. 
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public, which supported both a network of  Victorian magazines and a 
popular scientific-book-publishing enterprise, witnessed a different 
flowering of its scientific activities than did France during the first half 
of the nineteenth century. The great success of  England's industrial and 
general economic development during that same period, which its 
leading political economists attributed to its adherence to a political 
philosophy of individualism, reinforced the British commitment to an 
individualistic and "atomic" outlook in other fields. 247 

I have now returned to the question I started with: To what extent is 
Darwin's evolutionary biology British in its conception and execution? 
My investigation of of  Darwin's development of  the principle of diver- 
gence of character has touched upon some aspects of  the problem. But 
before an answer can fully be given, other studies of evolutionary 
biology in France, Britain, and Germany will have to be undertaken. 
Such future works will have to take into account the institutional 
aspects of the development of science in these countries, the impact of 
philosophical views, and especially, the effect of their different views 
concerning historicism. 24s 

CONCLUSION 

Several stages can be identified in Darwin's effort to formulate 
natural selection. The first stage corresponded, roughly speaking, to the 
period up to 1844. It was characterized by Darwin's attempt to base his 
model of geographic speciation on an individualistic dynamics, with 
species understood as reproductively isolated populations. Toward the 
end of this period, Darwin's ignorance of the laws of variations and 
heredity led him to adopt varieties and species as the units of variations. 
This had the extremely important effect of stimulating him to consider 
the process of speciation as involving populations. At the end of this 
period, Darwin also began to regard adaptation as being exclusively 
toward places in the economy of nature. Thus he faced the problem 
of integrating the process of  natural selection with the process of  
speciation. Individual variants were the units that fueled the first 
process, whereas varieties produced new species. There was no link 
between adaptation and speciation, except whatever could be supplied 

247. J. B. Morrell, "Individualism and the Structure of British Science," Hist. 
Stud. Phys. Sci., 3 (1971), 183-204. 

248. M. J. Rudwick, "Historical Analogies in the Geological Work of Charles 
Lyell," Janus, 66 (1977), 89-107. 
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by a quasi-historical, developmental idea of optimizing the amount 
of life. 

In the second stage, I contend, Darwin's reading of Milne-Edwards 
crystzllized his previous insights into a coherent whole. Milne-Edwards' 
comments on the advantage of functional specialization could readily 
be understood in terms of the advantage accruing to the individual, 
relative to other members of  its species, from occupying a different 
niche. Milne-Edwards' discussion of the division of labor suggested that 
organisms which moved into unoccupied niches would enjoy reduced 
competition, and hence a differential advantage in survival and re- 
production; thus they would induce the species to do likewise. Rather 
than base his explanation on an analogy with the artificial economy, 
Darwin chose the principle of.the optimalization of the amount of life 
per unit area as the overall explanatory principle. The difficulties 
connected with integrating different levels of description were therefore 
circumvented, insofar as the problem of diversity and speciation was 
concerned. Although natural selection considered individuals as the 
units of  selection, and the units of variations were varieties and species, 
the dynamics of  the process understood in terms of natural selection, 
competition, division of labor and niches could give a plausible account 
of how individual advantage could be transferred to the species, and 
how diversity resulted from this mechanism. The problem of  the dif- 
ferent levels of descriptions was confined to how the properties of 
variations in individuals (in particular, the frequency of variations 
and their transmission) were responsible for the assumed variability 
characteristic of varieties and species. This problem Darwin never 
solved. 

A third stage occurred in 1858 with the amalgamation of the tree- 
of-life vizualization of the process of speciation. Speciation, geographic 
distribution, and systematics were all then embedded in a conceptual 
matrix with vast explanatory powers. 
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