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Before 1859 most embryologists explained the development of
individual organisms in terms of conformity to a species type. After
1859, the appearance of evolution theory meant that this type-explana-
tion could no longer adequately account for individual development
because the types no longer existed. According to the evolutionary
viewpoint, since an individual had a complex evolutionary past, it might
well have inherited “information™ from distant ancestors as well as
from its parents. Evolutionists accepted that ancestral factors from the
cvolutionary past might condition an organisms's development, an idea
which led to the corresponding notion that the study of individual
development could delineate ancestral evolutionary relationships,

This relation of the individual developing organism to its ancestral
evolutionary past found expression in the “biogenetic law,” which
states that “ontogeny is 4 rapid and shorlened recapitulation ol phy-
logeny.” Having lirst gained popularity through its statement by Emst
Hueckel in 1866, the recapitulation idea still appears in modern texts
and is familiar to today’s high school biclogy student.! Today, biology
still deals with biogeny, or the history of the evolution of living things,
and hence considers similarities and differences between individuals
and their ancestors, However, biologists no longer regard ontogeny as
repeating phylogeny in a uniform way which can be captured by a law.
The meaning of the relation has changed significantly since 1866.

I propose to discuss one of the many factors responsible for this
shift in understanding. Six Americans, C. O. Whitman, E. B. Wilson,
E. G. Conklin, A. L. Treadwell, A. D. Mead, and F. R Lillie, studied in
detail the earliest cellular stages of ontogeny, and their contributions
played a transitional role in contributing to the understanding of
the ontogeny-phylogeny relation. Their cell-lineage studies replaced

1. The idea appears in several places in Emsi Haeckel's Generelle Morphologie
der Organismen (Berlin: G, Reimer, 1866). Il is alsv expressed in such modern
works as B, 1. Balinsky's An Introduction to Embryology (Philadelphiag: W, B.
Saunders, 1970), pp. 9, 590.
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Haeckel's understanding as slated in his biogenelic law with a modemn
interprelation of the relation. In this paper I will sort out the relative
contributions of each man in order to understand better the transitional
role which they played together. I do not claim that these men were
responsible for a general acceptance of our modern understanding of
the recapitulation idea. Rather their work reflects their own emerging
understanding of the relation of individual development to that of the
individual’s ancestors.

HISTORICAL CONTEXT

The recapitulation idea brings together the two separate problems of
individual development and of species development, the concerns of
embryology and evelution, respectively, Embryology must account for
the process of embryonic differentiation into organs and parts; Karl
Ernst von Baer raised the problem of embryology in its modern form
in the General Scholia of his major work.” E. S. Russell and Jane
Oppenheimer have both discussed von Baer's embryological contribu-
tions in some detail and have made it clear that von Baer subscribed Lo
a type-concept of species and to an epigenetic view of development.?
Von Baer saw individuals as developing according to their species type,
with the typical characters emerging gradually and successively. This
gradual unfolding of the species form which is development occurs first
in the germ layers, then continues in the transformation of those germ
layers into organs and parts. Von Daer concerned himself with describ-
ing ontogeny and with using ontogeny to classify forms; he did not
consider ontogeny’s relation to phylogeny because for him there was no
phylogeny. The idea of phylogeny, which requires historical generation
of phyla and species, something that was impossible within von Baer’s
ayatem of static types, appearcd only later with Darwin, and the word
itself did not appear until Hacckel used it.*

With the Origin of Species in 1859, Charles Darwin introduced the
idea of specics development according to which any given individual has

2. Karl Ernstvon Baer, [Uber Entwickelungsgeschichte der Thiere (Konigsharg:
Borntrager, 1828), part 1.

3. E. 5. Russell, Form and Funcrion (London: John Murray, 1916), chap. 9;
Jane Oppenheimer, Essays in the Hstory of Embryology and Biology (Cambridge,
Mauss.: MIT Press, 1967), esp. pp. 141-147, 295-307,

4. The Compact Edition of the Oxford English Dictionary (1971). Though
Darwin did not use the word phylogeny in the first edition of the Origin his mean-
ing was the same.
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ancestors from a number of historically related species. With the advent
of the theory of evolution, therefore, the problem of individual develop-
ment became linked to the historical problem of species development.
Darwin elaborated upon this relationship. One of his goals was lo estab-
lish a natural classification system for species by tracing genetic lines of
descent through embryology,

Descent being on my view the hidden bond of connexion which
naturalists have been seeking under the term of natural system. On
this view we can understand how it is that, in the eyes of most
naturalists, the structure of the embryo is even more important for
classification that that of the adult, For the embryo is the animal in
its least modified state; and in so far it reveals the structure of its
progenitor, ... Thus the community of embryonic structure reveals
the community of descent. It will reveal this community of descent,
however much the structure of the adult may have been modified
and obscured.’

Hoping that ancestral connections could be traced with the help of
embryology, Darwin nevertheless urged that “it should also be bourne
in mind, that the supposed law of resemblance of ancient forms of life
to the embryonic stages of recent forms may be true, but yet, owing to
the geological record not extending far enough hack in time, may re-
main for a long time, or for ever, incapable of demonstration.”®

Disregarding this caution, Ernst Haeckel enthusiastically took up
Darwin’s suggestion that present embryonic forms hold the key to
phylogenetic relationships, In lact, Haeckel assigned to embryology a
far greater role in evaluating those relationships than Darwin had. In-
corporaling an idea from Fritz Miiller’s Fur Darwin of 1864, Haeckel
stated that “ontogeny is a brief and rapid recapitulation of phylogeny,”
or in other words:

The History of the Evclution of Organisms consists of two kin-
dred and closely connected parts: Ontogeny, which is the history of
the evolution of individual organisms, and Phylogeny, which is the
history of the evolution of organic tribes. Ontogeny is a brief and
rapid recapitulation of Phylogeny, dependent on the physiological
functions of Heredity (reproduction) and Adaptation (nutrition).

5. Darwin, (rigin of Spectes, 1859 ed., p. 449.
6. Ibid., p. 450.
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The individual organism reproduces in the rapid and shurl course of
its own evolution the most important of the changes in form through
which is ancestors, according to the laws of Ileredity and Adaptation,
have passed in the slow and long course of their paleontological
evolution.”

According to Haeckel embryos pass in the course of development
through forms which correspond to the adult stages of their evolution-
ary ancestors. Yet only with the gastrula is the form morphologically
significant respecting the formation of future organs — which Haeckel
considered critical. Only when the germ layers are formed in the gastrula
is there morphological differentiation in Ilaeckel’s view, and thus the
recapitulation idea relies on the germ-layer theory. Before gastrulation
all cells are homogeneous. Actually, Haeckel pointed out that this last
statement must be modified: there may be visible minor differences
between cells before germ-layer formation. These premature differences
occur, however, only in “cocnogenctic™ organisms which have diverged
through adaptation from the ancestral pattern of development. His
“palingenetic,” or truly ancestral, ontogeny involves sirictly vegelalive
divisions of the egg protoplasm into numerous cells up to the gastrula
stage.

For Hueckel unlogeny is caused by Phylogeny. The fact that a phy-
logeny contains particular adult forms actually makes it causally neces-
sary that the embryo will assume those forms progressively during its
ontogeny. For Haeckel phylogenetic history provides a sufficient cause
and a sufficient explanation of the particular course of development
through which an individual passes.

Haeckel found embryology primarily interesting not in itself but as
a tool for understanding evolution, useful in drawing up phylogenetic
trees for each organism. Haeckel's materialism and his phylogenetic
causality v.remlextreme, going beyond what is contemporaries were
willing to accept.® The most significant opposition to Haeckel's pro-
gram came {rom several outspoken zoologists who aceepted evolution

7. Miller, Facts and Arguments for Barwin (London: John Murray, 1969), p.
100. Miiller is regarded as a forerunner of Haeckel, but his views are much more
cautiously expressed than Haeckel's, Haeckel's “law™ is stated throughoul his own
works, especially in Generelle Morphologie, and Evolution of Man (Mew York:
Appleton, 1879; first German ed., 1874), esp. pp. 1-2. Haeckel's views are also
summarized in Russcll, Form and Function, pp. 247-260.

& Oppenheimer, Essqyvs, pp. 209-213; Russcll, Form and Function, p. 259.
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but rejected what they regarded as Haeckel’s perversion of embryology
for evolutionary purposes. Wilhelm His was one of these men.®

In 1874 His publishad a series of lelters Lo his nephew under the
title Unsere Korperform und das physiclogische Problem inhrer Entste-
hung *® In that work His opposed Haeckel's program, arguing that
construction of phylogenetic trees is not a proper goal [or embryology.
Embryology ought to seek explanations of development, and in Hig's
view phylogeny does not explain ontogeny. His’s embryology would
explain individual development in physiological lenmns, as a function of
direct and indirect factors which may operate on the embryo either
internally or externally. In his account, form begins with the germ, then
develops epigenetically according to the complex laws of growth and
differentiation. Though His did not specify precisely what these laws
are and therefore left his program for a physiology of development on
rather indefinite ground, he did outline factors of development which
he felt provided the foundation of ontogeny and a key to understanding
development. '’

His rejected Haeckel's program of tracing phylogenies. His views
differed from Hacckel's in emphasizing the problem of individual devel-
opment in its own right. Thus His regarded the differences, however
subtle, in emhbryos as more significant than the superficial similarities
which Haeckel emphasized. Basically, His retumed to von Baer's con-
cern with accounting for the emergence of differentiated form, but he
phrased his prohlem and proposed his solutions in mechanical terms, as
von Baer had not, asking how material factors and forces resull in (he
ohserved developmental processes. In seeking an explanation of
ontogeny His turned away from Haeckel's preoccupation with evolu-
tion and placed emphasis on the developing individual organism, which
happens also to be a product of evolution.

Wilhelin Roux was the most highly visible ol the proponents of
His’s program during the 1880’s and 1890’s, as he extended, elaborated,
and progagandized the call for a mechanical understanding of develop-
ment. Guing beyond His, he called for the use of controlled exper-
mentation in embryology, but like His, his primary goal was to under-
stand the mechanical laws of development itself. Roux, like His, rejected

9. His is important both because he was an excellent and highly reparded
zoologist and because he had a well-publicized feud with Haeckel.

10. Wilhelm His, [/nsere Kdrperform . . . (Leipzig: Vogel, 1874).

11. Sce ibid., pp. 174175, for an outling of the factors His considercd
relevant

133



JANFE. MAIENSCHEIN

Haeckel's biogenetic law."?

Besides these well-known individuals, there were several American
embryologists whose important role in bringing together purely embry-
ological and evolutionary problems has been largely overlooked by
historians. Each of these Americans, Whitman, Wilson, Conklin, Tread-
well, Mead, and Lillie,'* accepted that ontogeny and phylogeny are in
some way related, although they did not accept the causal necessity
which Hacckel’s biogenetic law required, and they moved away from
the germ-layer emphasis in development to a concem with cells. Out of
their combined efforts came a new understanding of the relation of
individual to species development. From their studics also came the
view that the differences hetween two closely related ontopenies are
as important for embryology and as worthy of investigation as are the
similarities which Hacckel had emphasized. From the work of these
men emerged an understanding of the emhryo as a complex product of
inherited developmental information which tended to be conservative
ol the parental form and at the same time responsive to constant adap-
tations o changing environmental conditions. These men saw phy-
logenies as series of adult forms which might imperfectly reflect ancest-
tral ontogenies but which, in contrast to Haeckel's view, could in no
way cause ontogeny, While rejecting the causal relation of phylogeny to
ontogeny that is part of Haeckel's law, each member of the group
partook of the shared effort to discover and articulate what that rela-
tion was, Frank Lillie arliculated in 1908 the understanding toward
which these men seem to have been moving. Lillie’s was perhaps the
first clear statement of the modem view of ontogeny-phylogeny rela-
tions, and I shall retum to a discussion of his work later.

THE CELL-LINCAGE RESCARCHERS

Before dealing with each individual in turn, it is important to explain
why T consider them here as a group. Charles Otis Whitman (b. 1842)
was the inspirational leader and influenced each of the other five men,
Wilson (h. 1856), Conklin (b. 1863), Treadwell (b. 1866), Mead (b.
1869), and Lillie (h. 1870). Fach of these men worked in contact with
Whitman at the Marine Biological Tahoratory (MBL) at Woads Hole,

12. Whilhelm Roux, “"Kritische Referal™ (1886), in Gesammelte A bhandlun-
gen (Leipzig: W. Engelmann, 1895), 1, 443447,

13. These six are the major figures; there were also several others, such as
F. M. Surface and 8. J. Holmes, who contributed factual information.
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Massachusetts. All performed cell-lineage studies, which were exact
studies of what happens to each hlastomere of a developing egg in the
course of early cell divisions. All published major cell-lineage papers in
the Journal of Morphology, which Whitman had established in 1888,
During the summer Friday night lecture sessions at Woods Hole they all
presented lectures, and these papers subsequently appeared in the
Biological Lectures of the MBL. Each man mentioned the nthers in his
published works and each built on the preceding studies of his fellow
investigators, These men knew of each other and of each other's work,
and many remained for years in close personal contact, though the
extent of thal conlacl is nol clear in each case. Given the fact that all
were undertaking comparative studies, it is unlikely that any one man
would have been successlul without the valuable interaction which
helped considerably (v clarify issues. On these grounds it seems quite
legitimate to consider Whitman, Wilson, Conklin, Treadwell, Mead, and
Lillie together.

Each of these men was concerned both with explaining the develop-
ment of individuals and with elucidating evolutionary relationships
between organisms.’ Fach considered Haeckel’s goal of establishing
phylogenetic relationships important, but came to regard His's search
for a physiology of development as more critical. It seems that these
men were not fundamentally motivated by Roux in their cell-lineage
studies and that they were not strict followers of Roux’s program of
experimental Entwickelungsmechanik, as Garland Allen has suggested.®
They were motivated by their own interests in both development and
evolution, stimulated by His and, except for Whitman himself, inspired
by Whitman. They were trying to estahlish the twofold nature of
development. For this they considered, first, the extent to which each
individual embryuo is a historical being and is therefore primarily remini-
scent of its ancestors because it is the result of past evolutionary change
and, second, the extent {o which an individual embryo is actually sub-
ject to external pressures and adaptive al every stage of its development.
In both cases the individual organism is a product of natural selection.
The difference lies in whether the selective pressures on embryns have
operated in the past or are still operaling in the present.

Of the six men each contributed to the new understanding of the

14. At lcast this was true in the 1890°s and early 1900%s, though these men
changed their interests and their views as time and the state of biclogy progressed.

15. Garland Allen, Life Science in the Twentieth Century (New York: Wiley,
1975), esp. pp. 34-35.
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ontogeny-phylogeny relation which Lillie articulated. Though cach
was unique in his interpretations and though each went his own way in
the early 1900’s. moving beyond the cell-lineage studies of the 1890%,
all were and continued to he concerned with the issues outlined above.
Tt will be worthwhile to consider each of these men in lum in order tu
appreciate the emergence of Lillie's statement of the biogenetic rela-
tionship, for Lillie built upon the foundation created by the work of
the others as well.

C. 0. Whitman

As mentioned, Charles Otis Whitman may be considered the *inspir-
ational head”” of the American embryologists who studied cell lineage.
Whitman had taken advantage of the best opportunities for an aspiring
zoologist of his time. He had attended lectures at Louis Agassiz’s
Anderson Schoal on Penikese Island, had worked at the Naples Zoulo-
gical Station, and had studied under Rudolph Leuckart in Leipzig.
Shortly after returning to the United States he became a professor at
Clarke Universily and then at the University of Chicage. Perhaps most
important for my study was his assumption in 1888 of the first director-
ship ol the newly-formed MBL. Until his death in 1910 he remained
an active [orce in establishing the strength and reputation of that inde-
pendent institution. It was there that the others came into contact with
Whitman. He has been called by Edward Morse in the National Academy
of Science Biographical Memoirs **a genius, honorable and truth-loving”
and the tributes paid him by his students attest to his impressive and
motivating presence.

In 1878 Whitman’s “The Embryology of Clepsing” appeared.'® This
was the first cell-lineage study, and in initiating emphasis on following
early cells and cell divisions through development, Whitman turned
away from Haeckel's concern with the later perm-layer stages. Whit-
man’s paper traced the development of each individual blastomere from
the one-ccll unsegmented egg stage to the gastrular, germ-layer stage.
Working with the leech Clepsine, an annelid, Whitman concluded that
these earliest stages were significant morphalogically, that the early cell
divisions were not simply quantitative vegetative divisions as Haeckel
thought but that they were qualitative differentiations as well. This
conclusion opposed Haeckel’s view that only the germ layer and later

16. C. O, Whitman, “The Embryology of Clepsine”, Quarr. J. Micro, Sei,, 13
(1878), 215-315.
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stages held qualitative importance for differentiation in individual
development. With this paper Whitman expressed doubts about aspects
of Haeckel’s embryological study, but he did nol reject Haeckel’s entire
approach. Whitman seems to have accepled in 1878 at least the search
for phylogenetic relationships as a legitimate embryological concern.

Whitman’s paper of ten years later, A Contribution to the History
of the Germ-Layers in Clepsine,”'” set the pattem for studies of cell
lineage. Appearing in the first issue of the Journd of Morphelogy, this
study begins with a detailed description of the earliest stages of develop-
ment to the formation of the germ lavers in Clepsine, It then proceeds
to a discussion of *“*Special and General Questions,” in which Whitman
asks whether the trochophore stage (a freeswimming larval stage
through which some marine annclids pass) is primary and ancestral or
whether it is secondary and adaptive, in which case a more direct fatal
development would be primary. At issue was the phylogenetic signifi-
cance of the annelid larva. If the larval form of annelids was secondary,
then the larva would not conform to a phylogenetic ancestor and could
be explained as an adaptation to environmental conditions which had
changed since the ancestors had lived. But if the larval form was pri-
mary, then there would be two possibilities. Either Haeckel was right
and there must be an evolulionary ancestor of the annelids correspond-
ing to the larval stage or Haeckel's recapitulation theory must be incor-
rect. Drawing on his studies of early cell lineage in Clepsine, Whitman
concluded that in fact the trochophore, or separate larval stage, was
primary. He felt that it was derived from a primitive gastrula and was
not a secondary adaptation. Clepsinie, which has no trochophore stage,
actually follows an adaptive, or fetal-type, development in which the
appearance and location of the blastopore are altered from the primary
or ancestral pattern, as exemplified in the related species, Polygordius,
with its larval development.™

Albert Davis Mead contributed to this discussion primarily on the
factual level, compilling more and varied cell-lineage studies on which
Whitman and the others could draw for comparisons. Mead began work
at the MBL somewhat later, in 1891, by comparing a vanety of forms,
mostly gastropods and annelids, to study homologies and to postulate
genealogical relationships. Mead placed particular emphasis on the
adaptive value of the trochophore larval stage of annelid development,

17. C. 0. Whitman, “A Contribution to the History of the Germ-Layers of
Clepsine,” J. Morph,, 1 (1888), 105-182.
18, Ibid., pp. 172-177.
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but seems to have constructed no fully articulated theory of develop-
ment based on that work. He did maintain that trochophore develop-
ment, with homologies in the origin and fate of prototrochal cells,
strengthened the supposed relation of annmelids and mollusks that
related to Whitman's work of 1878."

Although Whitman did not address Haeckel’s biogenetic law directly,
in his discussion he was concerned with phylogenetic relations. But
moving beyond Haeckel's phylogenetic concern, Whitman was also, and
primarily, raising the questions of precisely how an individual develops
and what processes are involved in annelid formation. He was concemned
more with His's question than with Ilaeckel’s, but considered both.
This dual concern was not in itself unique, but Whitman's particular
theories did move his work in a direction beyond both Haeckel and His.

Though Whitman carefully avoided articulating an explanation of
development, which he felt would necessarily he incomplete, he did
raise important issues. For example, he did not believe that the heredi-
tary “information™ which transmitted ancestral adaptations resided
exclusively in the nuclear chromosomes, as had been argued by Haeckel
and Roux. Rather he felt that “the cpg is from the beginning of its
existence as an individual cell definitely oriented.”?” This view raised
the possibility that organs and parts were generated directly from pre-
determined areas of the egg by internal factors of development only.
There need be no external factors to stimulate differentiation if the egg
was already to a degree differentiated. Whitman realized that the dis-
tiction between the roles of internal and external factors was far from
clear as yet, and he felt that one new goal for embryology was precisely
to define those relative roles. If the developing organism was guided
only by internal differentiation, then development would be strictly
according to the ancestral pallern, which was inhesited; if external
factors prevailed, then adaptations to present conditions would be most
important. In Whitman’s view natural selection held explanatory power
and could explain development. 1le believed that adaptations to past
conditions, which were inherited and operated internally, were impor-
tant, but that ongoing changes due to present conditions, which
operated by acting on the embryo with external pressures, also played
a role in development.

19. A. D. Mead, “The Early Development of Marine Annelids,” J. Morph., 13
(1897), 227-326; and Mead, *The Cell Origin of the Prototroch,” Biol Leci.,
1898, pp. 113-138.

20. C. 0. Whitman, “Evolution and Eoigenesis,” Biol. Lect., 1894, pp. 205-224,
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Whitman was never very explicit about his own theories, and it is
difficult to ascertain exactly what he understood the relations of onto-
geny to evolutionary ancestors to be. It 1s clear that he saw ontogeny
as a complex process which involved internal and perhaps external
influences and which was guided by the regulatory power of the organ-
ism as a whole, but he seems not to have sorted out the precise roles
which inherited and adaptive factors play — a critical distinction for a
modern understanding of ontogeny. Nonetheless, besides initiating the
fruitful study of cell lineage, he also moved away from Haeckel's postu-
lated causal necessity and raised the problem of ontogeny as a product
of evolution in a way which his followers could develop further. This
was his conceptual contribution to the eventual rewriting of the bio-
genetic relation of ontogeny to phylogeny.

E. B. Wilson

Edmund Beecher Wilson began his emhryological career before he
worked with Whitman; he studied under Willlam Keith Brooks, a pro-
ponent of Haeckel's views, at the Johns Hopkins University from 1878
to 1881. Wilson's first papers of 1878-1882 were primarily systematic
descriptions ol varivus inverlebrale species and their comresponding
ontogenies.?! His first significant paper, “The Development of Renilla,”
appeared in 1883 and traced the embryology of these sea pansies, from
a penus of marine colonial polyps.?* Though this study dealt with early
cleavage, it focused on the germ layers and the formation of later
emerging organs. Throughout his paper Wilson did not explicitly endorse
or reject Haeekel’s biogenetic law and the emphasis on germ layers and
later development which accompanied that law. Although he may very
well have considered the issue, Wilson gives no cvidence that he had
yet seriously questioned or rejected either the law or the germ-layer
emphasis.

To some extent Wilson had begun to recognize the inadequacies and
confusions of tracing evolutionary relationships by 1890, when he gave

21, For a list of Wilson's early works see NAS. Biog Mem., 2/ (1941}, 336-
342, and Alice BRaxter's Ph.I). diss. “Edmund Beecher Wilson and the Problem of
Development: From the Germ Layer Theory to the Chromuosumme Theory of
Inheritance,” Yale University, 1974, The latter includes extended discussion of
many of the early worke An extract appears in *“Edmund B. Wilson as a Prefor-
mationis,” J, Hist, Biol,, 9§ (1976}, 29-57, of which pp. 3948 are most relevant.

22, E. B, Wilson, “The Development of Renilla,” Phil Trans. Roy. Soc
London, 174 (1883), 723-815.
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a lecture entitled “Some Problems of Annelid Morphology.”?* After
pointing out that annelid development is important for understanding
vertebrate development because of critical similarities, he cautioned
that much of the theorizing to date proved far from convicing. In par-
ticular, he cited the trochophore and especially the origin of its meso-
blast (the middle germ layer) as problematic. The trochophore of
Polygordius, for example, could be interpreted as being primary and
ancestral or as being secondary and adaptive, as Whitman had discussed.
In opposition to Whitman, Wilson expressed a somewhat hesitant pre-
ference lor the latter view and thereby denied the value of the trocho-
phore for evaluating ancestral phylogenetic relationships. Resclution of
such debates requires facts, Wilson urged, not further theorizing. While
not yet denying the value of pursuing evolutionary relationships
through gross comparisons of the germ layers, Wilson clearly recognized
problems with that search because of the ambiguities in interpretations
of empirical data. This paper shows that Wilson was still operating
within an essentially Haeckelian context, considering phylogenetic
questions through germ-layer studies. Yet it also demonstrates that at
this point he felt frustrated by the confusions of the search and sought
the more stable ground of empirical detailed description of embryonic
development.

By 1892 Wilson had rejected much of Haeckel's idea of recapitula-
tion and the priority given to evolution which it involved. By the time
his classic work on the annelid worm Nereis appeared in 1892, Wilson
had studied at Cambridge, in Germany, and at the Naples Zoological
Station. Also, significantly, in the summer of 1891 he had worked at
the MBL, where he had come into contact with Whitman while he was
studying the night-crawling Nereis, which was quite abundant in the
Wood Hole area. In the 1892 paper which resulted from that study
Wilson took an implicit stand against Haeckel's statement of the bio-
genetic relation.?* Concentrating on eady cell lineage up to the trocho-
phore stage, Wilson stated that ontogeny is more like a series of organo-
genies in which each organ begins from a single blastomere, and is
better viewed from an individual and ontogenetic rather than a phylo-

23. E. B. Wilson, “Some Problems of Annelid Morphology,” Biol Lecr.,
1890, pp. 53-78.

24, E. B. Wilson, “The Cell-Lineage of Nereis. A Contribution to the Cyto-
geny of the Annclid Body,” J Morph., 6 (1892), 361-480. His opposition was
directed against a statement by Kleinenberg in particular but was also oppased to
Haeckel's inaccuracies.
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gentic point of view. Generalizing from the case of Nereis by comparing
his own with other cell-lineage studies of annelids and maollusks, Wilson
concluded that the developing organism resembles a cleavage mosaic in
which Lhe material ol the egg is divided early according Lo its laler role.
He saw the early blastomeres as already having morphological signifi-
cance for adult parts which were to emerge later, but recognized that
the pattern may also be regulated later by the needs of the whole organ-
ism as it responds to its particular environmental conditions.

Wilson maintained that development is not strictly an unfolding of
form according to mechanical principles and present conditions, for
there is an evolutionary factor, an ancestral component, which must be
considered as well. Comparing polyclade development with annelid and
mollusk development shows how these factors lead to different results
in different organisms. The divergence of these organisms

is a fact of capital importance, for its proves that cells having precise-
ly the same origin in the cleavage, occupying the same position in
the embryo, and placed under the same mechanical conditions, may
nevertheless differ fundamentally in morphological significance. We
cannol escape the conclusion that the cell possesses a definite heredi-
tary tendency upon which primarily its nature depends, however
much its outward form or mode of division may be affected by the
mechanical conditions of its environment in the body; and full
weight must be given to this heredity in every attempt to interpret
the origin and meaning of cleavage-forms.”

Wilson thus emphasized that the developing organism is partially a
product of an evolutionary past. Yet he showed that while each cell has
its “hereditary tendency,” the development of the whole organism is
regulated by the present needs of that whole, because no cell is isolated
from its organismal surroundings. It is not simply the sum of individual
cells, acting like pieces of a mosaic, which results in successful develop-
ment and characteristic differentiation. There are two factors control-
ling development in Wilson’s view: the hereditary of ancestral tendency
and the regulatory or present adaptive tendency. Wilson hoped that an
eslimation of the relative roles of each would be attained through cell-
lineage studies.

After several papers concentrating on the issue of mosaic develop-
ment, Wilson presented a lecture at the MBL entitled “The Embryolo-

25. Ibid., p. 441,
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goical Criterion of Homology.”® That paper again reflected Wilson’s
concern with development as a combination of hereditary ancestral
factors and adaptive factors. In the paper Wilson drew upon empirical
research results, especially from cell-lineage studies, to reach his genera-
lizations. Because homologies were so widely used in establishing phylo-
genetic and taxonomic relationships, the proper criterion of homology
was an important issue. Two primary views of homology prevailed: the
embrvological view, which designated homologies not only in structure
but also in origin of that structure from the germ layers or cells, and the
anatomical view, which maintained a strietly structural criterion of
homology.?” As Wilson pointed out in his paper, by the 1890's the
embryological criterion of homology had replaced the anatomical. This
was unfortunate, he felt, because the embryological criterion was too
closely associated with germ-layer and recapitulation theory, and

For twenty vears embryological research has been largely dominated
by the recapitulation theory; and unquestionably this theory has
illuminated many dark places and has solved many a perplexing
problem that without its aid might have remained a standing riddle
to the pure anatomist. But while fully recognizing the real and sub-
stantial fruits of that theory, we should not close our eyes to the
undeniable fact that it, like many another fruitful theory, has been
pushed beyond its legitimate limits.*®

Also, Wilson maintained, because of lack of information for interpret-
ing embryological data unambiguously, comparative morphology rather
than comparative embryology should provide the key to homology. At
present the adult form must be the guide by which homologies and thus
biological relations are assessed, Wilson believed. He called for careful
comparative studies of morphology, from the one-celled ovum upward,
to provide a trustworthy basis for a new criterion of homology which
would bring together anatomical and embryological information. This
new criterion would not be simple or obvious, Wilson pointed out, for
adult structural homologies may not have identical origins in the germ
layers or cells.

26. E. B. Wilson, “The Embryalogical Criterion of Homology,” Bial Lect.,
189S, pp. 101-124.

27. Russel, Form and Function, discusses these criteria of homology in chap.
10 especially.

28. Wilson, “Embryological Criterion,” p. 103.
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[t is true, Wilson held, that homologies, which are manifest only later
in development, must be potentially represented in the egg cytoplasm
in the sense that the cytoplasm holds all material which will pive rise to
homologous parts. Yet in the egg those homologies which will later
become complete or definite need not be complete or definite. A
complete or definite homology would have the same embryonic pattern
giving rise to lhe same adult structures in different organisms; an in-
complele homology would have variations in embryonic pattern but
the same adult structures. Homologies, which appear in the adult, may
nol exist in the egg al all, but may emerge only later during the onto-
genetic process, because environmental conditions may have altered
early development. Thus for Wilson, aone task of emhryology was to
understand how critical external factors may stimulate internal pro-
cesses to yield adult homologies. This concem reflected his general
concein [or embryology, to understand how extemal factors influence
inherited internal factors to yield a successful organism.

The study of embryology should involve, according to Wilson, a
study of the two factors as set forth by His: the so-called law of growth,
which is present in the germ plasm and which represents the essential
element of inheritance; and the conditions under which that “law™
operates, such as shape and size of the egg, nature of the surrounding
medium, and so on. Every development, in other words, is a product of
the information for development, which is inherited and intemal, and
of the environmental conditions, which are extemal (o the germ mate-
rial, though they may be internal to the organism itself, While His held
that development is relatively fixed by heredity, Wilson maintained on
the basis of his own cell-lineage studies that environment plays a critical
role, hence that ontogenetic processes are far more “plastic™ that His
had supposcd. There are cases in which altered environmental condi-
tions affect development withour also altering the end result. These
cases demonstrate the plasticity of the developmental process and also
show that developmental processes are adaptive rather than strictly
ancesiral and recapitulatory. Therefore, for Wilson, when heredity
appears lo have a greater effect on development, this persistence of
ancestral conditions, or ancestral “reminiscence,” is never simply con-
servative, continuing even when a characteristic is adaptively useless.
Rather “the pemistence of ancestral reminiscences in development of
homologous parts is in some way connected with the persistence of
ancestral conditions of development.”* Ontogeny is not primarily

29. Ibid., p. 121.
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the result of inheritance, with little modification by external factors.
Rather, Wilson emphasized the embryo’s ongoing response to changes
in present cxternal conditions, because every ontogenetic stage must
have physiological value for the developing individual as it is now, not
as it was at some past evolutionary time. Moving away from Haeckel's
idea ol recapitulation, Wilson delineated the relative roles played hy
inherited and adaptive [aclors, by His’s “law of growth™ and environ-
mental conditions.

The work of Aaron Louis Treadwell is relevant in this regard. Tread-
well began work at the MBL in 1891, studying the annelid Podurke ®
His primary interpretive statement held that the resemblances of the
early stages in similar organisms had been overestimated by others and
that there really are great differences already at the earliest stages. Thus
there is less ancestral reminiscence and more adaptation to present
conditions. Essentially agreeing with Wilson, Treadwell maintained that
homologies have also been overrated for tracing phylogenies as a resul
of the emphasis on early-stage similarities, for although the cell homolo-
gy in particular might be useful, it is important to recognize that more
homologics are incomplete than are complete. Lven where homologies
are complete, the origins and subsequent developments of homologous
parts in different organisms are only similar and not identical, for
according to Treadwell development proceeds as Whitman maintained,
regulated at every step by the needs of the organism as a whole. Incom-
plete homologies may arisc when one organism has become adapted in
its embryonic development to its particular environment, a situation
which causes it to diverge in its embryonic developmental pattern from
its closely related specics but still to give rise to the homologous part or
organ. Treadwell's views did not differ substantially from Wilson's, and
his descriptive work lent evidence to Wilson's conclusions.

An 1898 paper by Wilson carried further the issue of inheritance and
adaplation in development. Wilson pointed out that a living heing main-
tains an equilibrium between its own parts and its environment and that
“the particular character of this adaptation cannot be explained by
reference to existing conditions alone, since the organism is a product
of the past as well as of the present, and ils exisling characters give in
some manner a record of its past history.”®" It is necessary to sort out

30. A, L. Treadwell, “Equal and Unequal Cleavage in Annelids’* Rinl Leer
1898, pp. 93-111; and Treadwell, “The Cytogeny of Podarke Obsenra Verrill,”
J Morph., 17 (1900), 399-486.

31. E. B. Wilson, “Cell-Lincage and Ancestral Reminiscence,” Biol Lecr.,
1898, pp. 21-42, quotation fram p. 21.
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present adaplive conditions from ancestral reminiscences, or *adapta-
tions which can only be comprehended by reference to former condi-
tions,” in order to understand ontogeny and trace phylogenies. Al-
though cell-lineage studies cannot provide definitive proof of ancestral
relations, they can serve as a suggestive guide to such relations after the
embryologist has sorted out which aspects of development are adaptive
and which are ancestral. So far the relations of ontogeny to phylogeny
are still not known, said Wilson.

Sometimes, as in the case of the road, development so completely
consists of ancestral reminiscences that it may be regarded as recapitu-
lating the organism’s ancestral development or phylogeny, but, as
Wilson pointed out, this is quite rare. More often, development is only
occasionally and sporadically reminiscent of ancestral embryonic or
adult conditions. Reminiscences occur maost often in the later develop-
mental stages, but cell-lineage studies show that reminiscences of vary-
ing completeness may also occur even at the very earliest stages of cell
cleavape (a fact Haeckel had denied). In many animals, such as Nereis,
cell lineage is well ordered and highly deterministic; thus comparison
of related species shows the degree to which species have the same or
divergent development. When the species has a high correlation of early
to late developmental stages, comparing similarities of early and less
complex stages with parallel stages in similar species may provide
information about possible phylogenetic relations. One of Wilson's
favorite examples concerns the controversial formation of the meso-
blast, because comparative study shows that in several species the man-
ner of its formation is closely parallel. Citing work by Treadwell, Conk-
lin, and others, Wilson concluded that careful study allows tentative
conclusions as to the ancestral relations of various similar annelids and
mollusks and also suggests that possible past adaptive conditions caused
them ta diverge. In gencral then, Wilson showed that cell lineage can he
useful hut that the embryologist must always be aware of hoth ancestral
and adaptive influences on development.

To take the step beyond comparative embryology and delineate
phylogenies would require far more research, according to Wilson. And
Wilson himself was no longer interested in this work. He had by this
time rejected Haeckel's recapitulation idea. In addition, his early interest
in germ layers and their homologies had been replaced by an emphasis
on cells, particularly on the mechanism and significance of cell division
in inheritance and development. Though by 1900 Wilson’s interests had
shifted loward a more inlense concentralion en problems of heredity
and nuclear changes in early development, his contribution to the

145



JANE MATENSCHEIN

emerging understanding of ontogeny-phylogeny relations was a crucial
one. According to Wilson, hereditary material is adapted to past condi-
tivns and reflects the phylogenetic past. This material of inheritance
passes on ancestral reminiscences in a way that may be of use to the
present organism. If so, the developing characteristic is retained, while
simullaneously external factors act on development from ourside the
organism o modify development if adaptation is advantageous. Wilson's
statement thal ancestral reminiscences, hereditary material, and external
factors are all components of development which must be considered
contained a clarification of previously confused issues that was neces-
sary for a lull understanding of the relation of ontogeny to phylogeny
that Lillie articulated.

E. G, Conklin

Like Wilson, Edwin Grant Conklin worked toward his Ph.D. degree
under Brooks at the Johns Hopkins University. In the sununers of 1890
and 1891 he oceupied the Hopkins table at the U.S. Fish Commission in
Woods Hole, and he returned to Woods Hole in 1892 to study at the
MBL. After some exploration of several marine materials, he had chosen
for his dissertation problem the development of the gastropod Crepidula,
a mollusk, which is closely related to the annelids.

In a paper of 1896 Conklin recognized that “embryology is but little
fitted for the service into which it was so long forced, viz., the deter-
mining of phylogenies.” Yet, in a view which he modified later, he
maintained that embryology *“holds the key to the method of evolu-
tion. ... If ontogeny 1s not a true recapitulation it is, at least, a true
type of evolution, and the study of the causes of development will go
far to determine the factors of phylogeny.”* In Conklin’s view evolu-
tion is closely bound to processes of growth, assimilation, differentia-
tion, inheritance, repetition, variation, and metabolism, and all are
characteristics of individual development. He listed a series of proposi-
tions regarding development: “l. Development, and consequently
evolution, is the result of the interaction of intrinsic and extrinsic
factors. 2. Intrinsic causes are dependent upon protoplasmic structure.
3. Inherited characters must be predetermined in the structure of
the germinal protoplasm. 4. Germinal, as compared with somatic,

32. E. G. Conklin, “Discussion of the Factors of Organic Evolution from the
Embryological Standpoint.” Proe. Amer. Phil. Soc.. 35 (1896), 78-88, quotation
from p. 78.
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protoplasm is relatively stable and continuous . . . [but] extrinsic causes
may modify both germinal and somatic protoplasm. 5. It is extremely
difficult to determine whether or not extrinsic factors have modified
the structure of the germinal protoplasm. This is illustrated by some of
the evidences advanced for the inherited effects of (1) diminished
nutrition, (2) changes in environment, (3) use and disuse.”*® These
factors should be explored through experiment, Conklin said.

In this early paper Conklin also emphasized the creative force of
natural sclection and supported the Darwinian idea that variations may
he caused hy extrinsic influences acting directly on the organism. These
variations become intrinsic factors which cause differentiation in
individual development, and they are then passed on through inheri-
tance. The individual organism, as the product of extrinsically induced
adaplive variations, is the product of evolution and is in itsell a type of
evolution. Ontogeny, as the product of evolution and the reflection of
ancestral conditions, is a historical and evolutionary process, although it
is not really a recapitulation of phylogeny.

This view diverged from Whitman's and Wilson's. Wilson had stressed
the interplay of internal hereditary and adaptive physioclogical factors in
development. In contrast Conklin saw development as due to intrinsic
changes in the protoplasm, changes which may result from external
influences acting directly on that protoplasm. This position also stands
in contrast to the modern view of ontogeny, which regards antogeny
as the product of direct internal factors that are only indirectly affected
and not caused hy extarnal pressures, in contradistinetion to Conklin’s
views. Yet Conklin’s views were not Haeckelian either. Tike Wilson, he
was concerned with the twofold hasis of development, and his emphasis
on the idea that all cleavage forms are not accidently and not mechani-
cally caused but are inherited because the germinal protoplasm is highly
structured underlined the fact that inherited material is often the
critical factor. Although he altered his ideas later to admit that these
cleavage forms may be modified by exlemal [actors, his early emphasis
was important.

In an 1896 paper entitled ““Cleavage and Dilferentiation,” Conklin
made a lurther important contribution when he introduced the distine-
tion between determinate and indeterminate cleavage,*® In these two
cases cleavage is, respectively, either constant and differentiating or

33. Thid., p. 78.
M. F. G. Conklin, “Cleavage and Nifferantiation™, Rind Lect, (1896-97),
pp. 1743,
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inconstant and without apparent morphological significance. Some
organisms are determinate and others are not, Conklin showed. Mollusks
and annelids, the phyla most studied by the men considered here and
those whose cell lineages were most well known, are largely determinate.
The cause of determinate cleavage must be intrinsic, argued Conklin.
Differentiation could not arise from external or mechanical factors;
rather protoplasmic differences which were inherited in the germinal
material must be the cause. Conklin demonstrated that deterministically
cleaving organisms are valuahle for comparative studies of cell lineage
hecause each developmental stage is significant, and that those studies
could further be used to study phylogenetic relationships.

Conklin showed that different types of intrinsic protoplasmic differ-
entiation lead to different cleavage patterns; for example, early cleavage
may be unequal or equal, spiral ar bilateral, regular or irregular. Because
closely related organisms often have parallel cleavage patterns, there
are cell homologies, which for Conklin are homologies in the arrange-
ment of blastomeres and cells in the early stages. While Wilson had
denied the value of using homologies to establish phylogenetic relation-
ships, Conklin maintained in 1896 that such blastomere or early-cell
homologies are useful for this purpose because:

(1) Cleavage has a certain phylogenetic significance, and althongh
possibly more liable to modifications than larval or adulr stages
and hence less trustworthy as a test of homology and of genetic
relationships, it may in certain cases at least preserve ancestral
conditions even after they have disappeared in end stages (annelids
and molluses). . . .

(2) The early cleavages are morphologically more important than
later ones. This follows [rom the notion of determinate cleavage,
some of the earlier blastomeres being destined to f'orm entire regions
or vrgans of the animal, but principally [vom the [act that the earlies
cleavages are more constant than the later ones. In all gastropods,
lamellibranchs, and annelids, so far as known, the early cleavages are
almost identically the same; but in later stages there are certain
differences in the cleavage of various species and genera, many addi-
tional cells, for example, being found in large eggs which are not
found in small ones,*

35. Ibid., pp. 41-42.
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His own empircal studies on the early cell lineage ol the gastropod
Crepidulg showed that snail to be quite similar in cleavage pattern to
other gastropods and annelids during its early developmental stages. In
Conklin’s view the value of designating this early similarity as homolo-
gous remained despite adaptations in later stages because early cleavages
preserve ancestral conditions more closely than do the later develop-
mental stages. The early stages are “more constant, more frequently
diffzrential, and therefore morphologiczlly more important.” Elaborat-
ing, he continued:

At first thought it may seem strange and improbable that the
earlier cleavages should be more important than the later ones. It is
generally, and I think truly, believed that processes of differentiation
increase in extent as we approach the end stage. However, the greater
differentiations of later stages are dependent upon the lesser differ-
entiations of earlier ones, which are thercfore causally the more
important. Moreover, the later differentiations in general are not
phenomena of individual cells, but of cell aggregates, whereas the
differentiations of cleavage are primarily differentiations of indivi-
dual cells. The mosaic character of cleavage is, therefore, most
pronounced in early stages, whereas the cellular phenomena of
differentiation become less prominent as development advances.®

Since Conklin saw development as caused by inherited and hence in-
trinsic factors, which had become modified by natural selection, he
emphasized early ontogeny as a key to understanding evolutionary
relationships.

A classic paper of 1897 elaborated and to some extent modified
Conklin’s view.”” This paper was a valuable contribution to gastropod
embryology. It was also, though secondarily, Conklin’s most influential
contribution to the restatement of the relation of ontogeny to phylo-
geny. It was widely read, having been published in Whitman's Journal
of Morphology, and was based on carelul and accurale detailed observa-
tions. In this paper Conklin carried further the distinctions between
different types of cleavage which he had begun earlier. He distinguished
total and partial cleavages, which result in equal or unequal products

36. Ibid., p. 43.

37. E. G. Conklin, “The Embryology of Crepidula, a Cantribution ta the Cell
Lincage and Early Development of some Marine Gasteropods” J Morph., 13
(1897), 1-226.

149



JANE MAIENSCHEIN

and in equal or unequal yolk distribution. Cleavage might be regular or
irregular in timing; symmetry might be radial or bilateral. And the
cleavage products might have determinate or indeterminate cleavapes.
As a result, Conklin pointed out that Whitman's and Wilson’s studies
and the conclusions hased on them did not hold for all organisms and
could lead to confusion in the study of comparative embryology and
phylogenetic relationships.®® Only through careful comparative study
of various types of organisms was Conklin able to sort out his critical
distinctions of cleavage types, and only thus was he able to point out
that the nondeterminately cleaving organisms would not be useful
for evolutionary studies in the same way as determinately cleaving
organisms would. He concentrated on a detailed cell-lineage study of
Crepidula and compared the sarly cell lineage of closely and less closely
related organisms,

From his comparalive siudy Conklin concluded that there are three
classes of factors which result in an organism’s cleavage form. These
are: (1) mechanical conditions of the ovum; (2) inherited, phylogeneltic
factors: and (3) prospective usefulness of a particular pattern.®® All
three classes of factors can at present be referred only to intrinsic
causes, Conklin argued, and cannot be explained in terms ol known
mechanical conditions, such as gravity, surface tension, cohesion, and
s0 on, as some embryologists would like to believe. True, a mechanical
explanation of development should be sought, but he cautivned that
biological knowledge is not yet (1897) advanced enough to succeed.
Therefore, to investigate developments, the embryologist must concen-
trate on understanding the intrinsic factors determining cleavage
patterns and the external factors influencing later development. Only
then can the relative roles of mechanical, phylogenetic, and adaptive
factors in development he separated, according ta Conklin.

Conklin left the issue of the relation hetween ontogeny and phylo-
geny or adaptation and inheritance unanswered, though he did reject
Haeckel's recapitulation. With his careful empirical study he made vital
clarilications which [lavilitated articulation of the way in which onto-
geny and phylogeny are related. His emphasis on the intrinsic structure
of the protoplasm as a major factor in development was accepted,
though his early ideas (which he rejected himsell) aboul intrinsically
induced internal factors were not. Perhaps his mosl important contri-
bution was his clear distinction of different cleavage types and the value

38. Ibid., esp. pp. 185-192.
39. Ibid., pp. 202.203.
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he placed on detailed and exacl comparative observations of the earliest
cleavage stages as keys to evolutionary relationships.

This point was critical because the debate about phylogenetic rela-
tionships and about whether embryos recapitulate their evolutionary
past had begun to center um comparalive study of the early stages.
Confusion over proper interpretation of the trochophore stage, for
example, reflected the inconsistencies generated by lack of understand-
ing of those early stages. If all organisms were taken as having deter-
minate cleavage, that is if the early stages held morphological signifi-
cance for later stages, then a comparison of any one stage should be
consistent with comparison of any other with regard to evolutionary
relationship. But if some organisms were not determinate, as Conklin
showed to be the case, then such conclusions about later and adult
stages based on comparisons of early stages would not hold., What
Conklin did was to separate the issue of what relation the early stages
held to later stages within the same embryo from the issue of how
ontogeny depends on the evolutionary past. This distinction was im-
portant, and made way for the further consideration of the latter
question, with its components of ancestral reminiscence and present
adaptation. In addition, the distinction facilitated a more clear-cut
consideration of the first issue.

F. R. Lillie

On the advice of his teacher at the University of Toronto, Frank
Rattray Lillie attended the 1892 session of the MBL. There he reported-
ly came into contact with Whitman very shortly after his arrival, and
began accompanying Whitman on collecting trips to nearby freshwater
ponds. Under Whitman’s encouragement Lillie began his own study of
the freshwater mussel Unio, which is a mollusk. He undertook a study
of the cell lineage of Univ because of the prevailing interest in eady
development at the MBL. Lillie continued his study under Whitman at
both Clarke University and the University of Chicago, and he received
his Ph.D. in 1894 from Chicago.

Lillie's monumental study of Unio, which appeared in the Journal of
Morphology in 1895, received immediate acclaim as a thorough and
impressive study.‘“ In that work Lillie traced the fales of each blasto-
mere to the germ-layer stage in order to delineate Unio development.

40. F. R. Lillie, “The Embryology of Unionadae,” J Morph., 10 (18935),
1-100.
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He then compared this mussel with annelids and mollusks studied by
Whitman, Conklin, and Wilson. The comparison led to a consideration
of homologies as a criterion of ancestral similarity. Adopting a view
close to Wilson’s, Lillie held that cell homologies are useful bul that the
final test of whether cclls arc homologous is in their fate rather than in
their origin. A complete homology will correspond with its counterpart
in fate, but can also be traced back to the same germ-layer origin and o
the same blastomere. Complete homologies may provide some key to
phylogenetic relationships. Tillie’s analysis of useful homologies demon-
strates his dual concern with establishing adequate criteria of phylo-
genetic relationships and with making a careful and detailed study of
ontogeny.

Then, temporarily separating the two issues, Lillie demunsirated a
clear understanding of ontogeny in the modem sense in an 1898 paper,
“Adaptation in Cleavage.”*" Though his view is similar to Wilson's in
some respects, Lillie objected to Wilson's schematization in discussing
ancesiral reminiscence and argued that this prevented a full understand-
ing ol ancestral factors. For in overemphasizing similaritics, Wilson
overlooked the very differences in cleavage which are critical to develop-
ment. It is “the special features of the cleavage in each species which
are, I believe, as definitely adapied to the needs of the furure larva as
is the latter to the actual condirions of its environment." Lillie saw
the development of Unio as a process gnided by internal factors. After
his detailed study of that organism, he concluded that for organisms
with determinate cleavage the details of cleavage are “definitely adapted
to the needs of the future larva” The same cannot be shown for indeter-
minate cleavage in which the carly cleavage stages are not determinately
linked with later developing differentiations. Rejecting Haeckel, Lillie
held that the early cleavage stages are not primarily reminiscences
carried over from ancestors; rather they are adapted to the later, larval
stages.

Further, the special features of the cleavage ol an organism are inti-
mately related to the form of the ensuing larva, Thus as natural selection
aperates on the larval stages, il indirectly inlluences the early cleavage
stages as well, and these latter musl be adapted to the larval stages to
which they give rise. For Lillie, the cleavage possibilities ol the egg are
limited by the cytoplasmic localizations and predelerminations inherited
from the parents. So adaptations in the cleavage stages are internally

41. F.R, Lillie, “Adaptation and Cleavage,"” Biod. Lect., 1898, pp. 43-67.
42, Tbid, p. 43,
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determined, not subject to direct external pressures, but external pres-
sures can act on the organism as a whaole, creating indirect pressures for
adaptation in the early stages of development as well as in the later
stages. Ontogeny is therefore due to internal factors which are trans-
mitted from the parents, but which also may be influenced by extemnal
pressures. It follows that the individual organism is a historical entity
because of its heredity and that it has a historically directed course of
development, though this course is modified by current adaptive de-
demands at all stages of development. This is Lillie’s view of ontogeny,
it seems also to be essentially the modern understanding of individual
development.

Having stated the nature of ontogeny, Lillie returned to the question
of ontogeny-phylogeny relations in 1908 in the Introduction to his
Development of the Chick.®® Lillie pointed out that Haeckel’s formula
of recapitulation was widely accepted in 1908, but that it is not correct,
that ontogeny is not the strict recapitulation of phylogeny. In fact,
Lillie said, an embryo rarely resembles exactly the adult of a lower
organism. Nor does an embryo exactly resemble even the embryo of a
lower organism. Yet ontogenies of closely related species often appear
ta be quite similar because

il we conceive thal the whole life listory is necessary [or the delini-
tion of a species, we obtain a different basis for the recapitulation
theory. The comparable units are then entire ontogenies, and these
resemble one another in proportion to the nearness [or relationship
just as the definite structures do. The ontogeny is inherited no less
than the adult characteristics, and is subject to precisely the same
laws of modification and variation. Thus in nearly related species
the ontogenies are very similar; in more distantly relaled species
there is less resemblance, and in species from different classes the
ontogenies are widely divergent in many respects.

The situation may be illustrated graphically, Lillie showed. Briefly, his
representation is: let D be a species with ontogenetic stages A, B,C, D
and let D evolve into E, F, G, H, and so on. With each step in evolution
the ontogeny of the new species is closely related to that of the preced-
ing specics becanse in each case the adult results from modifications of
a similar ovum. But the series is not:

43. F. R. Lillie, The Development of the Chick (New York: Henry Holt,
1908), Introduction, pp. 1-15.
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1. ABCD

2. ABCDE

3. ABCDEF
4. ABCDEFG

Rather at cach cvolutionary step the carly ontogenctic stages are also
maodified, hence the series is actually:

1. ARCD

2. ABCDE

3. A"B°C"DE'F

4. A"B CTDVEFG

Lillie's claim is not simply speculation but is based on the cell-lineage
studies considered above. He had empirically observed thal the earliest
stapes of cell division followed the second pattern rather than the first.

What this scheme does not show is the nature of the modifications
of the ancestral ontogenetic stages, for “Not only is each stage of the
ancestral ontogenies modified with each phylogenetic advance, but the
elements of organization of the ancestral stages are also dispersed so
that no ancestral stage hangs together as a unit.” Thus not only the
pieces but also the whole of ontogeny is modified by natural selection.

Ontogenies, according to the evidence, are not caused by phylo-
genies, nor do they reiterate stages identical to their phylogenetic
ancestors. Ontogenies of closely related species will nonetheless be
similar because ontogeny is due to the similar internal factors which are
inherited by several species. Given that evolution has occurred, some
relation of ontogeny and phylogeny must hold as a corollary. According
to Lillie:

But as the basis of any theory of descent is heredity, and it must be
recognized that ontogenies are inherited, the resemblance between
the individual history and the phylogenetic history necessadly
follows. If one holds, as does the present writer, that phylogenetic
variations are germinal in their character, then one must admit that
every phase of development of every part has two aspects, viz.: the
madern, specific, or coenogenetic, and the ancestral or palingenetic
aspect. The latter aspect may he more or less completely ohscured in
the course of evolution, but it can never entirely vanish because it is
theoriginal germ of the specific form acquired.“

44, [hid.,, p. 5.
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Ontogeny can, Lillie maintained, hold a clue to phylageny, but phylo-
geny has no causal power over ontogeny. The former is a series of forms
which are related by past inheritance but which have been modified
continuously by natural selection operating on each species and each
stage of species development with different selective pressures. Ances-
tral and adaptive factors in development play relatively well-defined
roles in Lillie's account.

Lillie did not return to a view of development like von Baer's. He
recognized that because the organism is a product of evolution, a his-
torical entity, von Baer's analysis of development was inadequate.
Ontogeny is not a progressive differentiation according to type; it is an
unfolding of internal, hereditary factors — which are reminiscent of
ancestral adaptations -- in response to external pressures. Species
descent must he considered in explaining individual development. Thus
Lillie’s view:

Some embryologists profess to prefer the laws of v. Baer to the
recapitulation theory as a formulation of the actual facts. But it is
obvious that the only possible explanation of the facts is found in
the theory of descent, and that therefore they must be formulated
in terms of this theory. The method of formulation will depend on
the conception of the nature of the factors of organic evolution.*

It seems clear that Lillie’s understanding of ontogeny regarded the
organism as a product of evolulion, as von Baer's had not. Lillie's new
understanding ol Haeckel's biogenetic relation regarded ontogeny as a
modified reflection of a phylogenetic past. Ontogeny reflects aspects of
its past which are adapted to present conditions; it does not recapitulate
the adult stages of that past.

In his “blogenetic law” Haeckel had claimed that ontogeny recapitu-
lates phylogeny. Lillic showed that ontogeny does not recapitulate
phylogeny, but that it does reflect those aspects of phylogeny which
are adapted to the present needs of the organism. It is, I believe, Lillie’s
view which Balinsky adopts when he says in his embryology textbook
that the modem “hingenctic law™ is a synthesis of von Baer’s and
Haeckel's views. As Balinsky states the modern law:

Brielly, the features of ancient origin develop early in ontogeny;
lealures of newer origin develop late. Hence the ontogenetic develop-

45. Tbid,
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ment presents the various features of the animal’s organization in
the same sequence as they evolved during the phylogenetic develop-
ment. Ontogeny is a recapitulation of phylogeny. The repetition is
obviously not a complete one, and the biogenetic law states that
“Ontogeny is a shortened and madified recapitulation of phylogeny.”
The shortening of the process is evident not only from the fact that
what had once taken thousands of millions of years (phylogeny) is
now performed in a matter of days and weeks (ontogeny), but also
from the fact that many stages passed through in the original phylo-
genetic development may be omitted in ontogeny. The modifica-
tions arise mainly because the embryo at any given time is a living
system which has to be in harmony with its surroundings if it is to
stay alive. The embryo must be adapted to its surroundings, and
these adaplations often necessitale the modification of inherited
features of urganizatiun.“

It is important Lo separate what Lillie’s work did [rom what it did
not do. It did clarify on the general level the sense in which ontogeny
is related to phylogeny. It did emphasize that adaptation is critical but
that ancestral contributions to embryological development also play an
important role. It did not delineate exactly the nature of development
in terms of ancestral, inherited and adaptive factors; it did not explain
the details of development, and in fact no one has yet fully done so.
Lillie's work, in conjunction with that of the others, did separate a
number of previously confused issues into relatively well-defined ques-
tions on which it was possible to carry out productive research.

CONCLUSION

The understanding of ontogeny as a product of heredity and adap-
tation to present conditions which reflects but does not recapitulate
phylogeny was achieved by six American embryologists who worked
on comparative studies at Woods Hole. Whitman provided the example
for carrying oul careful and detailed cell-lineage studies, which followed
the pattern of cell division in the earliest developmental stages. Thus
Whitman shifted from Haeckel’s emphasis on the germ layers back to
the cellular origins of those germ layers. He illustrated the value which
these early cell-lineage studies may have for tracing phylogenetic
relationships. Wilson carried Whitman's work further and added the

46. Balinsky, Introduction to Embryology, p. 9.
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critical clarification of the relative roles played by hereditary factors,
or ancestral reminiscences, and environmental adaptive factors in
ontogeny. Conklin distinguished ditlerent patterms of cell lineage
and showed that early subtle differences in delenminalely or inde-
terminately cleaving organisms give different information that is
important for understanding ontogeny and for tracing phylogeny.
Mead and Treadwell provided further cell-lineage dala. This empir-
ical and theoretical work culminated in Lillie’s expression of the
modern ontogeny-phylogeny relation, which was based on the strong
edifice of comparative embryology made possible by the individuals
discussed.

This cell-lincage work provided a transition away from Haeckel's
naive causal biogenetic law and his preoccupation with tracing phylo-
genetic trees. Lillie, building on the work of Whitman, Wilson, Conklin,
Treadwell, and Mead, recognized that Hacckel's biogenetic law and
recapitulation idea were inadequate, and articulated a modem under-
standing of the relation. Incorporating the concern of von Baer and His
for the problem of individual development in itself, these American
embryologists moved beyond both to a new understanding of the gene-
tic relation of ontogenies. Though nol a central focus of the cell-lineage
work and therefore easily overlooked, the intellectual contribution
made by the six men discussed above was important. By clarifying the
relations of ontogeny and phylogeny they also cleared the ground for
independent investigations of development and of systematics.

Whether their views on the biogenetic relation influenced many
others directlv I have not vet discovered. Certainly, their own work
profited by the clarification of the ontogeny-phylogeny relation and
from the close analysis of ontogeny as the product of ancestral and
adaptive factors. Probably their excellent cell-lineage and later studies
also served as guides for similar studies or for different approaches to
similar questions. I do not want to claim that the work of Lillie and the
others also resolved the debate over whether or how recapitulation
accurred. That it did not do so is suggested by the existence of Gavin
De Beer’s book on recapitulation and the germ-layer theory published
in 1930 and revised in 1951 and 1958.%7 Yet the work of the six
Americans is significant as a short chapter in a longer story about the
history of the recapitulation idea because whether it was widely in-
fluential or not, it is clear that hy 1908 Lillie had achieved a modern

47, Gavin De Beer, Embryor and Ancestors (Oxford: Oxford University
Press, Clurendon Press, 1958), revised from Embryology and Evolution,
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understanding of the general relation of ontogeny to the evolutionary
past.
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