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Determination of the Vertebrate pedigree was a

particularly enigmatic problem for evolutionary morpholo-

gists of the early post-Darwinian period. At that time,

practically no characteristics were known by which the

Vertebrates could be linked to any of the other animal

groups. Up to the 1850's, most research in embryology

and anatomy had reinforced the idea that wide differences

existed in the basic structural and developmental patterns

of Vertebrates and animals belonging to other branches of

the animal kingdom. As a result, morphological practice

was affected by a strong tradition against comparison of

Vertebrates and Invertebrates. With the acceptance of the

evolutionary viewpoint, it became theoretically valid to

compare animals of different types, based on the possi-

bility of their remote common ancestry. However, the

practical matter of demonstrating that relationship with

concrete evidence proved to be one of the most difficult



challenges confronting early evolutionary morphology.

Three different theories were proposed between 1864

and 1870, each attempting to link the Vertebrates and one

of the Invertebrate groups to a hypothetical common

ancestor. In 1864, Franz Leydig proposed an evolutionary

relationship between Arthropods and Vertebrates; in 1866,

Ernst Haeckel attempted to connect Vertebrates with

Roundworms; and in 1868, on the basis of new research by

Aleksandr Kovalevskii, Haeckel proposed another theory

which linked Vertebrates with Tunicates. The proposals

which formed the basis of the Tunicate theory became the

center of a heated debate in the late 1860's and early

1870's. As a result of new research and criticism

related to this debate, Haeckel made significant modifica-

tions in a revised version of the Tunicate theory which

was published in 1874.

In this dissertation, the problem of Vertebrate

ancestry is presented as a testing ground for the newly-

emerging principles of evolutionary morphology. The

content and reception of the first three theories of

Vertebrate ancestry are examined and compared and the

development of the Tunicate theory is traced from its

original form as a provisional hypothesis to its later

form as a definitive theory. Particular emphasis has

been placed on describing and analyzing the scientific

work on which support and criticism of the various



theories of Vertebrate ancestry was based, and in deter-

mining the working principles that various morphologists

applied in approaching the problem of Vertebrate ancestry.

Such an emphasis demonstrates that a wide variety

of philosophical, methodological and empirical concerns

existed within the world community of evolutionary

morphologists during the early post-Darwinian period.

By testing the applicability of their various viewpoints

to the solution of the problem of Vertebrate ancestry,

these morphologists made significant contributions to

the conceptual progress of evolutionary morphology,

particularly to the development of a new, genetic concept

of homology.
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BRIDGING THE GAP: THE PROBLEM OF
VERTEBRATE ANCESTRY, 1859-1875

I. INTRODUCTION

When Charles Darwin (1809-1882) published the

Origin of Species in 1859, the group of animals called

the Vertebrata was a well-known and distinctive sub-

division of the animal kingdom which included the five

most familiar classes of animals--fish, amphibians,

reptiles, birds and mammals. The members of these five

classes were recognized as Vertebrates and distinguished

from the rest of the animal kingdom by the possession of

a number of exclusive features pertaining to their

general body organization. In addition to the Vertebrata,

zoologists recognized from three to six Invertebrate

groups, each marked off from the others by its own

particular constellation of, characteristics. Animals

within each of these large branches were further classi-

fied according to a hierarchical system of subdivision,

including classes, orders, families, genera and species.

Successively lower taxonomic levels in the system

represented increasingly greater degrees of morphological

similarity, or homology, among the animals within that

rank.*

*See Chapter 4 for a discussion of the use of the
term homology in pre- and post-Darwinian morphology.



According to Darwin's theory of descent with modi-

fication, the homologies, or common features, shared by

the animals within a particular taxonomic category

represented their inheritance from a common ancestral

form. He proposed that by a careful study of the homo-

logies of a group, the probable features of its ancestral

form ("the ancient progenitor, the archetype") could be

reconstructed.
1

Consequently, classifications could be

made into genealogies, reflecting the history of the

group of animals they encompassed, as well as their

morphological relationships.

This aspect of the Darwinian hypothesis captured

the thinking and imagination of many leading figures in

evolutionary morphology. From about 1865 to 1885,

evolutionary reconstruction, or phylogeny, as this type

of study was termed by Ernst Haeckel (1834-1919) in 1866,

would be their primary concern. From the beginning, the

study of phylogeny was greatly influenced by Haeckel's

version of the theory of recapitulation.
2

Briefly

stated, this theory proposed that in its individual de-

velopment, or ontogeny, an organism repeated the ancestral

stages of the group to which it belonged. For many

evolutionists who accepted the assumption that ontogeny

recapitulates phylogeny, evidence from embryology took

precedence over anatomical evidence in the study of

phylogeny. Ideally, however, phylogenetic studies were
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to be made by comparing the structure, embryonic develop-

ment and any fossil evidence available for the animals

within a particular class or other taxonomic subdivision.

From these comparisons it was possible to infer what the

form of the common ancestor of the group might have been

like, and then to construct a branching diagram, like a

pedigree, which reflected the degree of conformity or

divergence of animals within the group from the hypothe-

tical ancestral form.

Making up a pedigree was a fairly straightforward

process for groups of animals whose structure and devel-

opment were already well-known. Their ordinary systematic

relationship was based on the idea of conformity or

divergence of animals within the group with respect to an

abstract, idealized plan of structure known as the type.
3

By substituting the idea of a real, but unknown ancestor

for the abstract type, the systematic relationship of

organisms could be represented graphically and reinter-

preted as evolutionary relationship with few changes,

except for the interposition of some hypothetical

ancestral forms. This is the procedure that Ernst Haeckel

followed in 1866 in making up the first provisional

pedigrees that accompanied his text on evolutionary

morphology, Generelle Morphologie.

The first pedigrees for the lesser-known groups of

animals, particularly certain classes of Invertebrates,
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were necessarily more speculative. More information on

anatomy and embryology was needed before reasonably

accurate pedigrees could be produced for these groups.

The great increase which occurred in the number of

detailed studies in descriptive and comparative anatomy

and embryology during the early post-Darwinian period

was largely a result of the search for homologies which

would demonstrate evolutionary relationships.

In addition to establishing the pedigrees of the

organisms in various classes, orders and families within

the large branches of the animal kingdom, early evolu-

tionary morphologists attempted to determine what

relationships, if any, existed among the branches,

assuming them to represent separate lines of descent

which had been joined together in some way in the far

distant past.

Since the Vertebrata was the best-known group, as

well as the branch which included humans, interest in

attempting to establish the ancestry and possible connec-

tions of the Vertebrata to other groups was naturally

high. Questions were raised concerning the character of

the ancestral form of extant Vertebrates, whether any

surviving form resembled the ancestral form, and whether

any animals still in existence retained the general

characters of the primeval forms which were the common

ancestors of two or more of the well-marked groups, such
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as Vertebrates and Molluscs, or Vertebrates and

Articulates. In this case, however, the scheme of classi-

fication was no help in answering questions about evolu-

tionary relationships because the study of several

decades of anatomy and embryology had reinforced the idea

that the types, or plans of structure represented in the

large branches of the animal kingdom were separate and

distinct, and bore no morphological relationship to each

other. Furthermore, the demonstration of wide differences

in their basic structural and developmental patterns had

resulted in a strong tradition against comparison of

organisms belonging to different branches. Thus, in the

early post-Darwinian period there were no rules or

criteria for establishing homologies between Vertebrates

and other branches of the animal kingdom like there were

for establishing homologies within one of the large

branches, because animals in these branches had long been

perceived as lacking the common features which served as

a basis for comparison.

With the acceptance of the evolutionary viewpoint,

it became theoretically valid to compare animals of

different types, based on the possibility of their remote

common ancestry. However, the practical matter of demon-

strating that relationship with concrete evidence proved

to be one of the most difficult challenges confronting

early evolutionary morphology. The first investigators
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who sought to establish the Vertebrate pedigree were

faced not only with the problem of determining what

homologies might exist between Vertebrates and one or

another of the Invertebrate groups, they also had to

decide how to look for such cross-type homologies. Was

anatomy the surest guide for revealing homologies, or

should embryological criteria be given more weight? Did

histological similarity have the same morphological

significance as similarity of organs? Did the mode of

origin of their embryonic germ layers reveal the evolu-

tionary relationships among different animals, or was the

eventual fate of the germ layers a more important

criterion?

Three different theories of Vertebrate ancestry

were proposed between 1864 and 1870. Each attempted to

link the Vertebrates and one of the Invertebrate groups

to a hypothetical common ancestor, and each proposed a

different solution to these questions. The following

chapters present a detailed examination of these theories

in terms of their content, development and reception, on

the view that such an analysis should yield valuable in-

sights into the process by which evolutionary thought was

first incorporated into morphology. Particular emphasis

has been placed on describing and analyzing the scientific

work on which the theories were based in order to deter-

mine the effect of various methodological and
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philosophical biases on the activity of the investigators,

both the biases which carried over from pre-evolutionary

morphology and those inherent in the new view. In short,

this study attempts to analyze the relationship between

theory and practice within the context of early evolu-

tionary morphology.

Modern historians of biology have shown little

interest in the problems of evolutionary reconstruction,

and their characterizations and evaluations of the phylo-

genetic period fail to convey the complexity of the

issues involved in such problems as the search for Verte-

brate origins. Although most scholars acknowledge that

phylogenetic research played a major role in the growth

of anatomical and embryological knowledge between the

1860's and 1880's, their descriptions of the period leave

the impression that extravagant speculation was the major

activity of the early evolutionists, and that practi-

tioners of evolutionary reconstruction made no significant

contributions to the conceptual development of biology.*

*This is the impression conveyed by William Coleman
in Biology in the Nineteenth Century: Problems of Form,
Function, and Transformation, Wiley History of Science
Series (New York: John Wiley & Sons, Inc., 1971); Erik
Nordenskiold, The History of Biology: A Survey (New York:
Tudor Publishing Co., 1935; and Jane Oppenheimer, Essays
in the History of Embryology and Biology (Cambridge,
Mass.: M. I. T. Press, 1967). Stephen Jay Gould is a
notable exception to this trend.
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The most informative study of the relationship of

phylogeny and morphology and the only study that treats

the problem of Vertebrate ancestry in any depth, is that

of E. S. Russell. In his classic work on the history of

morphology, Form and Function, Russell devoted several

chapters to a review of the ideas of the leading

proponents of phylogeny and an analysis of the origin and

influence of their views.
4

In ascribing an historical

role to the post-Darwinian period of phylogeny, Russell

compared the period to the earlier transcendental period

of morphology when speculation was also a predominant

activity. He also emphasized that the actual methods and

principles on which phylogenetic studies were based

differed very little from those which guided pre-evolu-

tionary studies of animal form. In Russell's account the

phylogenetic period thus appears as almost regressive in

its principles and practices, in contrast to the more

remarkable progress that occurred toward the end of the

nineteenth century when questions of function supplanted

those of form, and the experimental method took precedence

over the descriptive and comparative methods of the

earlier periods. Russell also devoted a chapter to a

description of the content and reception of the major

theories of Vertebrate ancestry that were proposed between

the 1860's and 1890's.
5

His main point in describing

these theories, however, was to illustrate the difference
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between the anatomical and embryological methods that

characterized morphology in the late nineteenth century.

His discussion failed to acknowledge the unique status of

the Vertebrate ancestry problem among the various kinds

of phylogenetic problems that were studied during the

period. Furthermore, he made no distinction between the

level of conceptual difficulties faced by proponents of

the Tunicate theory, who first bridged the gap between

Vertebrates and Invertebrates, and the lesser problems of

later theorists who were able to build on the foundations

of this first theory.

It seems likely that the interpretation of the

period of evolutionary reconstruction found in Russell's

work and in most recent accounts of the period stems

from the view of morphological history held by its pro-

ponents. In this view, progressive developments are seen

as those which led to the rise of experimental methods

and casual explanation. From this viewpoint, those de-

velopments which led to a refinement of descriptive

techniques or historical explanation, such as those which

characterize the phylogenetic period, had only a minor

role, if any, in the progress of morphological thought.

It was probably the application of this viewpoint to the

interpretation of the history of embryology which led one

historian of biology to observe that during the period of

phylogenetic interests in embroyology, "progress in terms
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of new concepts was necessarily impeded," and to perceive

Haeckel's influence and the major impediment:

It was considerable [Haeckel's influence], and acted
as a delaying rather than an activating force; and
it was stifling to immediate progress, since embry-
ologists were for many years after to examine embryos
primarily to establish evidence of phylogenetic
relationship.6

I have taken a different view of morphological

history in this study, which I will explain shortly.

This viewpoint accounts for the historiographic approach

I used in studying the problem of Vertebrate ancestry.

It also leads to the conclusion that the significance of

the period of evolutionary reconstruction for progress in

morphology may be considerably greater than is usually

recognized.

Historians of biology who are mainly interested in

modern disciplines like genetics or experimental embry-

ology sometimes seem to have forgotten that the classic

disciplines such as descriptive and comparative embryology

and anatomy did not simply diasppear in the 1880's, even

though the major concerns of biology became predominantly

experimental, causal, and physiological. On the contrary,

these disciplines showed a definite progress of their own

between 1860 and 1900 as investigators attempted to bring

their descriptions in line with the cell theory and their

classifications in line with evolutionary theory. In the

pursuit of these goals, successive generations of
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morphologists focused their attention on successively

lower levels of animal organization. In the 1890's, for

example, embryologists were able to trace the origin of

each cellin the various primary cell-layers of certain

embryos back to the first cell-divisions of the fertilized

ovum. In contrast, in the 1860's embryos were mainly

described in terms of their organs and tissues.

Just such a shift occurred during the 1860's and

1870's, which was also the period when morphologists were

first turning their attention to problems of evolutionary

reconstruction. Many of the studies in anatomy and embry-

ology that were made during this period approached animal

organization at the level of cells and tissues in contrast

to the emphasis on organs and organ-systems that

characterized earlier studies. In shifting from one level

of observation to another, morphologists of this period

were required not only to refocus their microscopes, but

they also had to redefine some of the major concepts by

which they interpreted animal form, especially the concept

of homology. As the following chapters will demonstrate,

research on the problem of Vertebrate ancestry between

1859 and 1875 played a major role in this redefinition of

the concept of homology. Thus, when the progress of

morphology is viewed in terms of its change from an

organological to a cellular science, "progress in terms

of new concepts," appears to have been stimulated, rather
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than impeded, by phylogenetic research such as that

related to the problem of Vertebrate ancestry.

Chapter 2 deals with the first two theories of

Vertebrate ancestry, proposed by Franz Leydig (1821-1905)

in 1864 and by Ernst Haeckel in 1866. Both of these

theories failed to gain wide acceptance in the biological

community, mainly because they were based on weak

empirical and logical foundations. Even Haeckel, who

became noted for his talents in imaginative speculation,

recognized that these speculations shed very little light

on the problem of Vertebrate ancestry. He concluded

after his first efforts to interpret Vertebrate ancestry

that the origin of the Vertebrates was "still wrapped in

deep obscurity."
7

Then, later in 1866, a young Russian embryologist,

Aleksandr Kovalevskii (1840-1901), published the results

of his embryological investigations on a species of

tunicate or sea squirt, a marine organism that was

considered to belong to the Invertebrate group, Mollusca.

Kovalevskii described and illustrated in great detail

features of the early development of this animal which

were very similar to features of the development of the

Vertebrate animal, Amphioxus, a fish-like creature which

was considered by most zoologists to be the most

primitive living Vertebrate. Chapter 3 describes

Kovalevskii's background and training, the methods,
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techniques and earlier research which led to his

surprising discovery, and the details of his observations

on Amphioxus and Tunicates.

With the publication of Kovalevskii's concrete

observations, and their strong suggestion of a real,

genetic connection between Vertebrates and Invertebrates,

the status of the question of Vertebrate ancestry changed

dramatically. What had been an interesting, but seemingly

insoluble problem for morphology, soon became a critical

testing ground for the newly emerging principles of

evolutionary morphology and taxonomy. In 1868, Ernst

Haeckel published a set of proposals concerning Vertebrate

ancestry which incorporated Kovalevskii's findings and a

number of his own theoretical assumptions. These

proposals formed the outline of a provisional theory of

Vertebrate ancestry, the Tunicate theory, which postulated

the common descent of tunicates and Vertebrates from an

original ancestral form which resembled the Tunicate

larva.

The proposals which formed the basis of the

Tunicate theory immediately became the center of a heated

debate which involved leading investigators representing

virtually every significant national, methodological and

philosophical viewpoint of nineteenth-century morphology.

Chapters 4 and 5 will trace the course of this debate and

analyze its effects on the development of the Tunicate
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theory from its original form as a provisional hypothesis

up to its reformulation as a definitive theory in 1874.

Finally, the definitive version of the Tunicate theory

will be examined in terms of its success in bridging the

gap between Vertebrates and Invertebrates, and in terms

of its effectiveness in providing principles for further

research into the problems of Vertebrate ancestry during

the last decades of the century.

In considering why the Tunicate theory should

arouse so much interest and attention during this partic-

ular period, the most obvious reason that comes to mind

is that any theory of Vertebrate ancestry holds strong

implications for human evolution. In view of the

difficulties that evolutionists and non-evolutionists

alike experienced during the 1860's in accepting the idea

of a genetic relationship between humans and other

primates, rejection of a theory which implied a hereditary

link between humans and the lowly sea squirts would not be

surprising. However, as Chapters 4 and 5 will show, the

relationship of humans and lower animals was not the main

issue in the debate over the Tunicate theory. Rather,

the debate was more concerned with questions such as the

legitimacy of making comparisons between Vertebrates and

other groups, the legitimacy of using embryological

similarity as evidence of common descent, and the question

of whether a proposed homology was indicative of a
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hereditary link or whether it was the result of similar

adaptation to a common environment. All these issues

were vitally important to the progress of evolutionary

morphology, both in its beginning stages in the 1860's

and 1870's and in its further development up to the turn

of the century and throughout the 1900's. Therefore,

the nature of the treatment of these questions by various

proponents and opponents of the Tunicate theory, as

analyzed in this study, should contribute to a deeper

understanding of the significance of the period of

evolutionary reconstruction for the history of morphology.
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II. EARLY SPECULATIONS ON VERTEBRATE ANCESTRY

The problem of Vertebrate origins first became the

subject of serious debate in post-Darwinian morphology in

the late 1860's, following the publication of Aleksandr

Kovalevskii's new embryological observations on Ascidians

and Amphioxus in 1866 and 1867, and Ernst Haeckel's

incorporation of these data into a provisional theory of

Vertebrate ancestry in 1868. Before Haeckel's Tunicate

theory appeared, two other attempts were made to broach

the subject of Vertebrate ancestry, but neither

succeeded in gaining support from the biological

community. The speculations of Franz Leydig in 1864 and

Ernst Haeckel in 1866 were based on the reinterpretation

of existing data and methods of morphology for the

solution of this new problem posed by Darwin's evolution

theory. In this chapter, examination of the content,

form and origins of these early hypotheses will serve as

a means of introducing the main conceptual and factual

suppositions at issue in the Vertebrate ancestry problem.

Analysis of their content will provide valuable back-

ground information on the nature and extent of knowledge

about Vertebrate and Invertebrate characteristics, as

well as accounts of several little-known controversies

which will help to explain much of the later debate over

Kovalevskii's work. As they are examples of the
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anatomical method in morphology, in contrast to the

embryological approach taken by Kovalevskii and others,

analysis of their form will be useful in suggesting some

reasons for the ascendancy of embryology as the main

methodological tool of evolutionary morphology in the

1870's and 1880's. Finally, an examination of the rela-

tionship of the main ideas of these theories to similar

ideas in pre-Darwinian morphological thought will demon-

strate the wide range of opinion and growing disagreement

on the interpretation of the Vertebrate-Invertebrate

relationship, which already existed in morphology before

Darwin, and which radically influenced the course of

debate on Vertebrate ancestry.

In addition to the works of Leydig and Haeckel, a

basic source for this analysis will be Carl Gegenbaur's

(1826-1903) text on comparative anatomy, Grundzuge der

Vergleichenden Anatomie. In the 1859 edition of this

work, Gegenbaur's ideas on animal form reflected the non-

evolutionary outlook of the previous decade. A second

edition of the text, radically revised after Gegenbaur's

acceptance of Darwinism, supplanted the earlier work in

1870, and soon became the classical textbook of evolu-

tionary morphology.
1

The comprehensive and synthetic

nature of Gegenbaur's discussion of leading morphological

data and principles makes these texts valuable standards

of the mainstream of morphological thought and practice
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from the 1850's to the 1870's, with which to compare and

contrast the views of Leydig and Haeckel.*

The Arthropod Theory of Franz Leydig

Franz Leydig was a specialist in "microscopic

anatomy," that branch of morphology which is now called

histology.
2

Trained in medicine at the Universities of

Wiirzburg and Munich, Leydig began his career of research

and teaching with a position in embryology and histology

under Albert von Kolliker (1817-1905) at Wurzburg in 1847,

then moved to Tfibingen in 1857 and Bonn in 1875. His

reputation as an expert comparative histologist was firmly

established by the mid-1850's, with the publication of

more than thirty papers on various anatomical observations

that encompassed a wide range of vertebrate and inverte-

brate animals. He pioneered the field of insect histol-

ogy, creating a new kind of insect anatomy based upon the

microscopic, cellular structure of tissues. His descrip-

tions and illustrations, unparalleled in their meticulous

attention to detail, were highly valued by students of

comparative anatomy.

*For discussions of Gegenbaur's views on the theory
and practice of morphology and his leading role in the
establishment of evolutionary morphology see E. S.

Russell, Form and Function, a Contribution to the History
of Animal Morphology (London: J. Murray, 1916), pp.
246-67; and William Coleman, "Morphology between Type
Concept and Descent Theory," Journal of the History of
Medicine 31 (1976): 149-75.
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As a teacher, Leydig was instrumental in imparting

the techniques of cytology, histology and microscopy to

several young biologists who were to become leaders in

evolutionary morphology. He trained Ernst Haeckel, Carl

Gegenbaur and Carl Semper (1832-1893) at WUrzburg, and

Aleksandr Kovalevskii at TUbingen.

In 1857, Leydig published a treatise on human and

animal histology, Lehrbuch der Histologie des Menschen

and der Thiere, which was valued by his colleagues for

its comprehensive treatment of the subject, and especially

for the inclusion of invertebrate histology.
3

His 1864

work, Vom Bau der Thierischen KOrpers: Handbuch der

Vergleichenden Anatomie, was an expansion and revision of

the 1857 text, necessitated by rapid progress in histol-

ogy and by the impact of Darwin's theory on the inter-

pretation of morphological concepts such as homology and

analogy.
4 The main purpose of the Handbuch was to

provide the reader with an updated record of known

structural details of the nervous system, and a review of

progress in the field, including references to all known

studies on nervous system histology. Leydig intended

this new work to be the first of a multi-volume series,

in which each volume would treat the histology of a single

organ-system from the comparative standpoint, but he never

finished the task.
5 Only Volume 1 was published, and it

is incomplete, dealing only with the nervous system in
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certain Invertebrates. Volume 1 was intended to serve as

an introduction to the entire series. Thus, it included

an Introduction containing Leydig's ideas on the history

and philosophy of morphology and comparative anatomy as

well as a section on cells, tissues, organs and organ-

systems in general.

Each section of the book also provided Leydig with

a slightly different forum for expressing his views on

the merits of the new "Darwinian hypothesis." For

example, in the introduction, he presented Darwin's ideas

as a possible solution of one of the most persistent

theoretical problems of morphology, which he perceived as

the need for a scientific explanation for the unity of

form which seemed to underly animal diversity. 6
In the

second section of the book, following a description of

organ diversity in specific animals, Leydig reintroduced

Darwin's theory, this time emphasizing the more specific

aspects of its utility in explaining peculiarities in

organ structure such as asymmetrical and rudimentary

organs, as well as its value for understanding animal

taxonomy.
7

Finally, in a very specialized section of the

book dealing with the nervous system of Arthropods, Leydig"

used Darwin's theory to justify his comparison of the

brains, nerve cords and sympathetic nervous systems of

Arthropods and Vertebrates, by proposing a possible

common ancestry for the two groups.
8
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This comparison, which put Leydig one step ahead

of his colleagues in tackling the Vertebrate ancestry

problem, provides a useful focal point for the analysis

of his approach to the problem. In the exposition which

follows, illustrations from his more general discussions

of Darwinism and morphology, demonstrating the philosoph-

ical and methodological assumptions underlying his

approach to problems of animal form, will be used to

explain the logic of the particular Vertebrate-Arthropod

comparisons Leydig made and the conclusions he drew from

them.

The actual comparisons that Leydig made are best

described by reference to diagrams illustrating the

general features and arrangement of the Vertebrate and

Arthropod nervous systems (Fig. 1) and to Leydig's own

figures from the volume of plates which accompanied his

text (Figs. 2 and 3).
9

The generalized Arthropod

nervous system (Fig. 1, A) consists of a central nerve

cord and brain which give rise to peripheral nerves

passing to the various organs and body parts. The nerve

cord lies ventral to the gut, and is comprised of two

solid, longitudinal cords bearing a series of enlarge-

ments, or ganglia, from which lateral nerves arise.

Anteriorly, at the level of the first, or sub-esophageal

ganglion, the ventral cord attaches to a pair of

connecting cords, or commissures, which travel dorsally
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Figure 1. Comparison of (A) Arthropod and (B)
Vertebrate structure: (a) antennal nerve; (c) circum-
esophageal commissure; (ce) cerebrum; (c1) cerebellum;
(d) digestive tract; (e) esophagus; (g) thoracic
ganglion; (h) heart; (1) lung; (m) medulla; (n) ventral
nerve cord; (o) optic lobe; (oc) ocellar nerve; (op)
optic nerve; (s) dorsal spinal cord; (sub g) subesopha-
geal ganglion; (supra g) supraesophageal ganglion;
(v) vertebral column. Diagrammatic. [Adapted from
Tracy I. Storer and Robert L. Usinger, General Zoology,
3rd ed. (New York: McGraw-Hill Book Company, Inc.,
1957).]
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around the esophagus, connecting with the larger supra-

esophageal ganglion. In Insects, the supra-esophageal

ganglion actually consists of three pairs of closely

fused ganglia whose nerves supply the eyes, antennae,

and labrum. Among the other nerves leaving the various

segmental ganglia of the head and body, those which

innervate the digestive tract, blood vessels, reproduc-

tive organs, and respiratory organs constitute a separate

sympathetic system. 10
The generalized Vertebrate nervous

system (Fig. 1, B) consists of a single, dorsal, hollow

nerve cord which terminates anteriorly in an enlarged

brain of several lobes. Spinal and cranial nerves from

the central system innervate the sense organs and limb

and body musculature, while the internal organs are under

the control of an autonomic system which includes a

sympathetic division consisting of two chains of ganglia

situated laterally or ventrally to the spinal cord.
11

What Leydig proposed was that parts of the central,

peripheral and sympathetic divisions of the Arthropod and

Vertebrate nervous systems,whichwere already known in

some cases to be functionally similar, or analogous, were

also morphologically equivalent, or homologous.*

*Although Leydig designated the morphological re-
lationship of similar organs as "morphological equiva-
lence," or "correspondence," instead of using the more
familiar term, "homology," his terms conveyed the same
meaning as that commonly associated with the concept of
homology.
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In his view, the ventral ganglion chain of the Arthropod

corresponded to the Vertebrate spinal cord, the supra-

and sub-esophageal ganglia together corresponded to the

Vertebrate brain, the lateral nerves from the ventral

cord in Arthropods were equivalent to the spinal nerves

of Vertebrates, and the respiratory nerves and ganglia

of the Arthropod represented the true sympathetic,

corresponding to the sympathetic chain of Vertebrates. 12

Leydig's first and most detailed comparison

concerned the brain. He proposed the interpretation of

both upper and lower esophageal ganglia in the Arthropod

as the brain, comparable to certain anterior and posterior

lobes of the Vertebrate brain. The circumesophageal

commissures thus represented the large fiber tracts, or

cerebral peduncles (crura cerebrii) in Vertebrates which

connect the cerebrum with the medulla and spinal cord. 13

Leydig stated his general position in these words:

Anticipating further discussion, I would allow myself
to say directly, that morphological and physiological
considerations justify us interpreting both above-
mentioned nerve masses [supra- and sub-esophageal
ganglia] together as brain, and indeed, as a brain
perforated by the esophagus, as if perchance in a
Vertebrate the brain was penetrated by the esophagus
between the cerebral peduncles (crura cerebrii) .14

In making this comparison, Leydig knew that he was

challenging several of the prevailing assumptions in

morphology, and that his interpretation required justifi-

cation on the theoretical level as well as the empirical
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level. The justification that he provided had some

logical inconsistencies, which will be explained shortly.

However, his observations on the philosophical trends

that had influenced current morphological thought and

practice were basically objective and accurate.* Thus,

in the analysis that follows, Leydig's views on the

history and philosophy of morphology will be presented

in some detail, both as background for understanding his

position on Vertebrate-Arthropod comparisons, and as a

valuable review of the historical and philosophical

climate in which the debate over Vertebrate ancestry

occurred.

Leydig began his discussion by explaining the

theoretical and philosophical assumptions on which he

based his comparisons of Vertebrate and Arthropod

structure:

I arrived at such comparisons by the position which
I assume facing such general questions and already
have touched on above. I have not been able in this
case to reassure myself that the Arthropods may be
built according to a different plan from that of
the Vertebrates; on the contrary, I can scarcely
deprive myself of the feeling that the general types,
according to which Arthropods and Vertebrates are
built, ultimately come out of one root. One might
say that they lead back to one basic idea, as whose
modifications they appear, or one may in a more
concrete manner think about a common origin.15

*See Russell, Form and Function, for a more
detailed analysis of the history of nineteenth century
morphological thought that demonstrates the general
validity of Leydig's viewpoint. See especially pp. 31-44;
52-101 and 302-13.
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In order to understand the meaning Leydig intended

to convey in these most ambiguous remarks, it is neces-

sary to look into the position on "general questions" to

which he referred, which he discussed earlier in the book.

Leydig believed that certain general questions in

morphology and comparative anatomy could never be

answered entirely on the basis of empirical observations,

but also depended on the observer's a priori philosophi-

cal assumptions about the nature of animal organization.

In his introductory review of the historical and

philosophical roots of comparative anatomy and morphol-

ogy, Leydig had emphasized the perennial debate among

morphologists on one such question, the extent of unity

of form among animals. He believed that two viewpoints

had always existed on this question, and would continue

to exist, due to intrinsic differences in the human

perception of nature, whereby some observers tended to

focus on similarities among animals, while others were

more impressed with differences.
16

In the nineteenth

century, Leydig reported, Etienne Geoffroy St. Hilaire

(1772-1844), perceiving a wide-ranging similarity of

form in the animal kingdom, was the main proponent of the

view that all animals conformed to a single, common

structural plan, or type. In contrast, Georges Cuvier

(1769-1832) was led by his perception of basic

differences in structure to propose that there were at
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least four separate and distinct ground plans or types of

animal organization. At the height of the ensuing debate,

Cuvier's viewpoint had been more strongly supported by

empirical evidence, and the idea of types as separate and

independent plans of structure had come to dominate

morphology, persisting for the next three decades.*

Leydig believed that the Cuvierian type concept continued

to dominate in the 1850's only because of the philosophi-

cal bias of his contemporaries against the unity concept.

He pointed out that more recent scientific investigations

were turning up evidence that weakened, rather than

strengthened the validity of this position, and yet it

retained widespread popularity. New organisms had been

discovered which did not fit into the Cuvierian types,

and comparative anatomy and embryology had revealed many

more similarities and transitional forms among animals

*In this account, Leydig gave an accurate summary
of the main issues and outcome of a series of debates
between Cuvier and St. Hilaire at the Academie des
Sciences in January to May, 1830. See Russell, Form and
Function, pp. 64-5; E. Geoffroy St. Hilaire, Principes
de philosophie zoologique (Paris: Pichon et Didier,
1830); and J. Piveteau, "Les discussions entre Cuvier et
Geoffroy Saint-Hilaire sur l'unite de composition du
refine animal," Review d'histoire des sciences 3 (1950):
343-63.
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than had been expected.* Furthermore, he viewed the

hypothesis of special acts of creation, which had become

the main theoretical explanation for the origin of separ-

ate and independent types, as completely non-scientific

and unacceptable.
17

The main theoretical explanation for

the origin of a single type had been the hypothesis of

evolution, whose many earlier versions Leydig considered

just as conjectural and scientifically unsound as special

creation. With the coming of Darwin's theory of evolu-

tion, Leydig perceived that the debate on unity of form

would take on an entirely new perspective, and the idea

of a single basic plan would once again gain favor. 18

Now there was not only new empirical evidence in favor

of the idea of a common type, but Darwin's theory of

natural selection finally provided a concrete mechanism

for evolution and a truly scientific explanation for the

origin of unity. Leydig concluded this discussion by

expressing his approval of Darwin in no uncertain terms:

Through Darwin "s conceptioh, the origin of organisms
was moved out of the sphere of wonders into that of
common natural processes . . . . For everyone who
is interested in the questions treated in it,
Darwin's work must leave a deep impression; I myself
cannot restrain the view that the ingenious English
investigator is correct in the main points.19

*This ambivalence toward the type theory is dra-
matically illustrated in some of the writings of Carl
Gegenbaur that will be discussed later in this study.
See also Coleman, "Morphology between Type Concept and
Descent Theory," and Farber, "The Type Concept in
Zoology."
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Leydig expanded his views on evolution and unity

in a later discussion, in which he reaffirmed his approval

of Darwin's theory and his rejection of both the specu-

lations of abstract, transcendental evolutionism, and

creationism:

If one does not wish to begin with to give up the
possibility of an explanation of animal organization,
then only Darwin's hypothesis gives valuable elements
for the understanding. All that was formerly ex-
pressed about the so-called final causes of animal
formation has remained as hopeless speculation.2°

From these remarks, it is clear that Leydig

assumed a position of advocacy for both the theory of

evolution and the philosophical idea of unity, a position

which he had first presented in terms of its logical and

historical significance. By assuming this same position

in his interpretation of the Arthropod nervous system,

the resulting comparisons of Arthropod and Vertebrate

structure thus became a test to determine whether the

position was also supported by empirical evidence.

Leydig made two important inferences from his original

philosophical and theoretical position in justifying the

practice of comparing Vertebrates and Arthropods. First,

he suggested that on the strength of the Darwinian

hypothesis, a concrete, genetic relationship could be

inferred to exist between Arthropods and Vertebrates

("one may . . in a more concrete manner think of a

common origin.").
21

This was a legitimate application of
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Darwin's theory, for Darwin himself had explicitly stated

the even broader inference of his theory, that

. . . probably all the organic beings which have ever
lived on this earth have descended from some one
primordial form . . .

22

Leydig made a second inference in using Darwin's hypothe-

sis to justify his comparison of extant, adult members of

the two groups, which he apparently thought was also

implicit in Darwin's theory, but which actually derived

more from Leydig's philosophical predispositions toward

the idea of unity. This was the inference that even such

distantly related descendants of a common ancestor should

be expected to possess morphologically equivalent

structures indicative of a common structural plan. In

making this inference, Leydig assumed that the persis-

tence of an observable structural unity among all types

of animals was a necessary consequence of the evolution-

ary process. Darwin had actually emphasized that the

opposite outcome was just as likely with natural

selection, since descendants of a common ancestor

frequently became so highly modified as to have com-

pletely lost all traces of their original parentage. 23

While Darwin's theory did not rule out the possibility

of unity of structure in related organisms, neither did

it rule in the necessity of such unity. Leydig's

perception of a necessary relationship between evolution

and unity evidently resulted from a biased interpretation
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of Darwin, due to the priority of the idea of a single

plan of structure in his thought.*

Despite the probability that his confidence was

misplaced, Leydig's belief that Arthropod-Vertebrate

comparisons had a strong theoretical basis allowed him

to adopt the new approach in analysing Arthropod struc-

ture which is exemplified in his interpretation of the

brain and other parts of the nervous system. This new

approach was based on the reinterpretation, in evolu-

tionary terms, of several fundamental morphological

concepts relating to the interpretation of similarities

among animals, especially the concepts of homology,

analogy and animal types. However, Leydig's application

of these revised concepts, in his interpretation of

similarities between the Vertebrate and Arthropod

nervous systems, reflects not only an evolutionary

perspective, but also the influence of his philosophical

views on unity of type, and the influence of certain

methodological biases. The interaction of theory,

*Although he did not specifically discuss Leydig's
views, E. S. Russell noted a widespread bias among early
evolutionary morphologists in favor of the idea of the
monophyletic descent of all animals from a single primeval
form, which he attributed to their unconscious retention
of the transcendental notion of the absolute unity of
type. See Form and Function, pp. 302-13.
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philosophy and methodology is particularly evident in

Leydig's use of the homology concept. His theoretical

views on homology appeared in the second section of his

book, where he described how a number of morphological

concepts could be reinterpreted in evolutionary terms,

including homology, analogy, transitional forms, higher

and lower organization, law of compensation and animal

types.
24

His treatment of homology was so brief that

it may be quoted in full:

Homology. Analogy. Since Cuvier's time, in regard
to the so-called ground-plans which are said to be
the basis of animal organization, attention has been
called to the great distinction between homologous
and analogous organs, or as is usually said, to the
distinction between morphological and physiological
relationship. The wing of the bird and the hand of
the ape are homologous to one another, in spite of
the fact that they serve different purposes; but the
wing of the bird and the wing of the butterfly are
merely analogous to one another, inasmuch as both
are flight organs. The swim-bladder of the fish and
the lungs of reptiles are morphologically similar to
each other, standing, however, physiologically far
apart. Homology thus is based on the unity of type
or conformity to the ground-plan; analogy on the
similarity of function of the organs, or on the
adaptation to the essential conditions of life. In
Darwin's concrete language the homologies of organs
rest on the unity of origin and inheritance;
analogies on the use and disuse of organs under
direct influence of the external environment.25

In this statement, Leydig gave a fair description

of the changed theoretical basis which homologies would

acquire when viewed from an evolutionary perspective, in

terms which were common to many evolutionary texts of the

period. However, his later application of the homology
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concept suggests that he viewed the practical implications

of the theory in very different terms from those of his

colleagues. For many evolutionary morphologists, such as

Gegenbaur, who retained the idea that animal types were

really different from each other, though ultimately

related, the acceptance of an evolutionary basis for

homology made very little practical difference in the way

homologies were determined. Although Gegenbaur changed

his definition of homology somewhat in his text of 1870,

in his specific applications of an evolutionary version

of the homology concept, he retained most of the same

criteria and limitations which had governed the estab-

lishment of homologies in pre-evolutionary morphology.*

For example, in 1859 he warned his readers that, although

several examples of physiological similarity, or analogy,

could be demonstrated between parts of the nervous

systems of Arthropods and Vertebrates, it was impossible

to demonstrate morphological similarity, or the homology

of parts, since the nervous system of the Arthropod

occupied a completely opposition position in the body

*The general summary given here of Gegenbaur's
position on homologies is aimed at distinguishing his
approach to Vertebrate-Arthropod comparisons from that of
Leydig. However, it should be noted that Gegenbaur's
position on homologies in his text of 1870 was compli-
cated by certain inconsistencies between his general
statements about the concept and his application of the
concept in evaluating specific comparisons. A more
detailed analysis of this aspect of Gegenbaur's view of
homology will be given in Chapter 4.
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from that of the Vertebrate.
26

In 1870, he continued to

warn that attempts at comparing parts of the Vertebrate

and Arthropod nervous systems were "completely opposed

to the true task of comparative anatomy," since they

ignored "the complete difference of type which is

expressed in the structure of Arthropods and Vertebrates,

and in the different origins of their organs. "27
In

other words, homologies of organs were still to be

determined in 1870 primarily by studying their anatomical

relations within the adult organism, and also their

development in the embryo, just as they were in 1859.

The origin of organs in the embryo, and their arrangement

in the adult were the most important criteria of homology,

whether homology reflected unity of type or unity of

descent. Furthermore, homologies were only to be

observed in organs which belonged to animals of the same

type, whether types were interpreted as phyla, or leading

branches of the genealogical tree, or whether they were

regarded as independent plans of structure. Thus, when

Gegenbaur applied his evolutionary concept of homology to

the interpretation of Arthropod structure, he came out

with essentially the same conclusions about the relation-

ship of Arthropods and Vertebrates as he had proposed

before he accepted evolution.

With Leydig, on the other hand, for whom the idea

of the common descent, or ultimate blood-relationship of
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all organisms implied that animal types were really

similar, the acceptance of evolution opened the door for

a very different application of the homology concept.

For example, if all types were really basically similar

in structure, then it was logical to conclude that

homologies should be observable not only between animals

within a single type, but also between animals of

different types. Leydig applied this idea when he

proposed that morphological, as well as physiological

considerations justified the interpretation of ganglia

in the head of Arthropods as comparable to the Vertebrate

brain.

Not only did Leydig extend the limits of homology

in his proposal of Vertebrate-Arthropod homologies, he

also used a different kind of criterion for judging

similarities as homologies. Instead of the usual method

of comparing the relations and connections of whole

organs within the adult organisms and their original

condition in embryos, the morphological considerations

to which Leydig referred, related mainly to the histol-

ogical characteristics of the organs. For example, in

his analysis of the brain, he emphasized its cellular

composition and the connection and relation of its

various tissues much more than its general form or

position and connections in relation to other organs of

the body. It was through the application of this new,



37

histological approach to the analysis of the brain of

several Insect groups, that Leydig discovered the

previously unknown similarities with the Vertebrate

brain which he interpreted as homologies.

Leydig's extension of the limits of homology has

already been explained in terms of the interaction of

his theoretical views on evolution with his philosophical

views on unity. His use of an histological criterion of

homology reveals how yet another of his biases affected

his interpretation of evolution, namely, his role as a

specialist in histology. The main goal of Leydig's

earlier histological research had been to apply the ideas

of the cell theory to the study of insect anatomy. 28
In

the pursuit of this goal, Leydig had become accustomed

to describing the concrete, individual and particular

details of animal structure which were revealed by

dissection and microscopic analysis. In his earlier

published works he had avoided discussing the more

synthetic views of animal form characteristic of compara-

tive anatomy, which were based on abstract, corporate and

general features. Even though he seemed to depart some-

what from his usual style in presenting the features of

Darwin's theory in the Handbuch, he actually included

only a few discussions which were directly concerned with

the implications of Darwin's theory for the study of

taxonomy and anatomy, and these discussions were mainly
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academic in nature. When Leydig applied Darwin's ideas

in his own work, he tended to employ the same methods

which characterized his earlier work.

For example, Darwin's demonstration of the evolu-

tionary significance of embryological development

influenced many morphologists who accepted evolution to

modify their former positions on the determination of

holologies by elevating the embryological criterion to a

position of equal, if not greater importance than anatom-

ical criteria. Ernst Haeckel and his followers even went

so far as to make the search for embryological homologies

the basis of a major effort to reconstruct the history of

the entire animal kingdom. In the second section of his

book, Leydig discussed the new value which embryological

criteria acquired in light of Darwin's theory. However,

in this discussion, the same information from Darwin's

work, which influenced other morphologists to adopt new

methods and in some cases to embark on bold, speculative

ventures, was described by Leydig only in terms of its

empirical value in illuminating the structural complexity

of the individual animal.
29

Thus, at one point in his

discussion, ostensibly following Darwin, Leydig described

the progression from a more simple organization to a more

complex organization which characterized both the

embryonic development of individual animals and the

geological succession of forms in the fossil record.
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However, at the point where Darwin had gone on to explain

how the parallel between these two kinds of natural

phenomena could be interpreted in terms of natural

selection, Leydig abruptly digressed from Darwin's

interpretation of this information, and gave his own view,

which completely ignored the parallelism between

embryonic development and geological succession, treating

them rather as separate and unrelated phenomena, each

having an independent bearing on the understanding of

individual structure. 30

Thus prevented by his narrow methodological orien-

tation from perceiving the importance of embryology as a

new source of information on homologies, it was quite

logical for Leydig to reconsider the possible applica-

bility to evolutionary problems of the method of study

he already knew so well; at the cellular level of analy-

sis where his attention had been focused for many years,

many of the distinctions between animals which seemed

obvious when observing the total organization of the

whole animal, were blurred, and much more similarity must

have seemed evident, even between animals of different

types. With his singular interpretation of Darwin's

theory freeing him from the usual constraints of the

prevailing standards of comparison, the new histological

similarities which he discovered between Vertebrates and

Arthropods thus appeared to Leydig as important new



40

evidence of the homology of parts between the two groups.

Following his statement of the philosophical and

theoretical considerations which justified his position

on Vertebrate-Arthropod comparison, Leydig turned to the

empirical basis of his views on the brain. He began by

characterizing the study of the Arthropod brain as a very

difficult task technically, and one which had met with

only partial success in the past. He viewed his own work

as related to, but advanced over, earlier attempts made

by "Treviranus, Newport and others . . to reveal close

similarities between the brain of Arthropods and that of

Vertebrates."
31

In contrast to these earlier studies,

which had allowed for "scarcely more than general

comparisons," microscopic and histological techniques

were now available for a more detailed analysis of the

Arthropod brain. Leydig mentioned the work of Felix

Dujardin (1801-1860) on the anatomy of the brain of

Hymenoptera as an exceptionally good study based on newer

techniques.* But, even the quality of Dujardin's work

had not been enough to convince many comparative anato-

mists of the complexity of the Arthropod brain, and they

*Ibid. This work is cited in Leydig's biblio-
graphical appendix (Handbuch, p. 269) as [Felix]
Dujardin, "Memoire sur le systeme nerveux des insects,"
Ann. d. sc. natur. 14, 1850.
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continued to assert, on the basis of a few isolated and

inadequate studies, that the "so-called brain of the

Arthropods has not the least similarity with the hemi-

spheres of the Vertebrate.
"32

Leydig attributed this

close-minded attitude especially to the comparative

anatomists Carl Bergmann (1814-1865) and Rudolph

Leuckart (1823-1898), in whose opinion, Leydig reported:

. . . the view that the anterior esophageal region
might be interpreted as brain, is so reprehensible,
that wider refutation of it is hardly necessary.33

Carl Gegenbaur, whom Leydig did not cite, reflected the

same attitude in his assertion, in 1859, that anatomy

offered "absolutely no evidence" for the hypothesis that

the most anterior ganglion of the abdominal chain was

comparable to a part of the Vertebrate brain.
34 It was

in the hope of changing this attitude that Leydig

offered the results of his new investigations, in which

he pursued the path suggested by Dujardin's earlier work,

and made detailed studies of the brains of insects in the

order Hymenoptera (bees, ants and wasps). In this group,

Leydig reported:

The brain actually consists of several series of
swellings which on ordinary examination are not very
conspicuous, since they do not lie in a straight
line one after another, but in strongly geniculate
curves. Nevertheless, these swellings are unmistake-
able as soon as one deems the brain worthy of a
closer inspection.35

He then continued to describe these various lobes and

their counterparts in the Vertebrate brain, giving their
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general histological features in the brain of the honey-

bee and the ant.
36

The illustrations which accompanied

Leydig's descriptions are reproduced in Figures 2 and 3

to give some idea of the detailed quality of his work.

Leydig interpreted the lobes from which the antennal

nerves originated in the bee and ant as the first pair of

cranial nerves. He reported that his earlier investiga-

tions had suggested that the antennal nerves were par-

tially olfactory in function, making them analogous to

the first pair of cranial nerves in Vertebrates. When

Leydig looked into their fine structure, he found

evidence of histological similarities as well, from which

he concluded that the lobes of the antennal nerves were

morphologically equivalent to the olfactory lobes (lobi

olfactorii) of the Vertebrate brain. The next pair of

swellings in the ant and bee brain was to be compared

with the cerebrum of Vertebrates, and the lobes connected

to them represented the optic lobes. The lateral

commissures, which connected the dorsal and ventral parts

of the insect nervous system, circling the esophagus,

Leydig compared with the cerebral peduncles (crura

cerebrii) of the Vertebrate brain. Finally, the sub-

esophageal ganglion of the Insect was compared with the

cerebellum and medulla oblongata of the Vertebrate brain.

Leydig concluded his discussion of brain homologies by

emphasizing how these histological discoveries confirmed
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Figure 2. Anatomy and histology of the insect
brain. Left figure: Brain and eye of the forest ant,
Formica rufa L. (A) primary brain swelling or matrix
of the brain; (B) pedunculate body; (C) olfactory lobe;
(D) optic lobe; (E) origin of the lateral commissures
of the brain from the primary swellings; (F) median
commissure system lying internally in the brain;
(G) lower brain portion; (H) ocelli; (J) compound eye.
Right figure: Brain and eye of the honeybee, Apis
mellifica L. (a) lobe for the antennal nerves (lobi
olfactorii); (b) primary brain swelling (lobi
hemisphaerici); (c) pedunculate body; (d) optic lobe
(lobi optici); (e) lower brain portion; (f) ocelli;
(g) compound eye. [From Leydig, Tafeln, Plate VIII.]
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Figure 3. Histological structure of the insect
nerve cord. Left figures: Two sections of the ventral
nerve cord of the bumblebee, Bombus terrestris Fabr.
(A) longitudinal strands of the ventral cord; (B) inter-
mediate or sympathetic nerve; (C) ventral ganglion;
(D) lateral nerve; (E) sympathetic lateral ganglion.
[From Leydig, Tafeln, Plate VII.] Upper right: A
piece of the ventral cord of the locust, Locusta
viridissima L. in the larval stage. (a) longitudinal
strand; (b) ganglion; (c) lateral nerves; (d) sympathetic
nerve. [From Leydig, Tafeln, Plate VI.]
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Figure 3. Histological structure of the insect
nerve cord. [From Leydig, Tafeln, Plates VI and VII.]
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the validity of his position. He pointed out that the

similarity of the Arthropod and Vertebrate brains was not

limited to similarities of external form, or to similar

origins and connections of major nerves, but extended

even to the level of the tissues. He reported that in

the Arthropod nervous system, "just as in the Verte-

brates," complications of fine structure occurred at

precisely the same points, namely, at the point where

the nerve cord passed into the brain, and at the point

where the cerebrum was connected to the lower brain

centers. He referred the reader to a later discussion

fora technical description of the cellular composition

of these junctions.*

Resuming his description of other parts of the

Arthropod nervous system, Leydig made a few other, less

*Leydig, Handbuch, p. 187. The more detailed,
technical information on each specific brain part ap-
peared in a later section of "topographical-histological"
descriptions on pp. 227-44 of the Handbuch. The detail
in Leydig's work on the nervous system was made possible

partly by his use of fixing and hardening agents such as
alcohol and acetic acid which allowed extended observa-
tions on delicate tissues which generally tended to
deteriorate rapidly when removed from the organism. He

also made thin sections of preserved material for micro-
scopic examination; however, these were hand-cut and
unstained since his work preceded the introduction of the

microtome and staining into insect histology. Most of

his illustrations were composites, based on the examina-
tion of both fresh and preserved material, in various

stages of dissection. See A. Glenn Richards, "Anatomy
and Morphology," in History of Entomology, ed. by Ray F.
Smith, Thomas E. Mittler, and Carroll N. Smith (Palo

Alto, Calif.: Annual Reviews, 1973), pp. 193-95.
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detailed references to parallels with Vertebrate

structures in his discussions of the ventral ganglion

chain and peripheral nerves of the ventral cord. His

view of these parts is summarized in this statement:

I have taken no hesitation in expressing myself
above that morphological parallels may be drawn
between the nerve centers of the Arthropods and the
central part of the Vertebrate nervous system.
However, I do not limit this way of thinking to the
nerve centers, for I believe it extends no less to
the peripheral nerves coming from the ventral
cord.37

He concluded the special section on the main parts

of the Arthropod nervous system with a long discussion of

the question, "whether nerve portions exist in lower

animals which can be compared to the sympathetic of

higher creatures."
38 In this discussion, Leydig

disclosed his belief that at least some Arthropods did

have a true sympathetic system which corresponded to the

Vertebrate sympathetic system, and that it was repre-

sented in Insects by a nerve which an earlier British

entomologist, George Newport (1803-1854), had designated

as the "respiratory," or "transverse" nerve. Since

Newport's first description of this nerve in the Sphinx

moth larva, its presence had been confirmed in at least

five insect groups, and also in several crustaceans.

Leydig described how the nerve could be easily seen in a

freshly dissected locust larva, where it ran along the

dorsal surface of the ventral ganglion chain
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(see Fig. 3).
39 Its main parts were a median cord,

interrupted by segmental ganglia from which lateral

nerves arose. The fibers of the lateral sympathetic

nerves mixed to some extent with those of the lateral

nerves of the ventral chain, but Leydig was able to

demonstrate that the two different kinds of fibers were

distinguishable from each other histologically.
40

After a more detailed description of the sympa-

thetic nerve in the beetle, Carabus, Leydig turned to

his favorite group, the Hymenoptera, in which the

sympathetic nerve reached its highest development.

the-bumblebee, Bombus terrestris, Leydig discovered a

more complex structure of the sympathetic nerve, which

is shown in Figure 3. In each segment of the body, a

median sympathetic nerve (B) arose from the upper,

anterior part of the ventral ganglion, then swelled

into a roundish ganglion (d). Oval-shaped, lateral

sympathetic ganglia also arose from the spinal ganglia

and sent out peripheral branches (n) whose fibers formed

a ramifying network with the fibers from the lateral

spinal nerves. The sympathetic fibers, which remained

distinguishable from the spinal nerve fibers through

their brighter appearance, finally separated as a

distinct peripheral sympathetic nerve (n
1
).
41

Leydig believed that the evidence he gave from

fine structure was sufficient to establish the
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morphological distinction of this system of ganglia and

nerves without opposing the established view of its

physiology. But, several other problems remained in

establishing its morphological equivalence to the

Vertebrate sympathetic. First, Leydig considered the

apparent problem of the Vertebrate sympathetic system

having a paired character throughout, while the proposed

homologue in the Arthropod, the median nerve of the

ventral cord, was unpaired. Leydig effectively disposed

bf this problem by reference to a transitional form of

the sympathetic which occurred in the larval stage of

the dragon fly, Aeschna grandis, in which the median

nerve of the sympathetic exhibited both the paired and

unpaired condition in different body regions.
42

The

second and greater problem in comparing the Vertebrate

and Arthropod sympathetic systems related to their

differences in position relative to the main nerve cord,

and more generally, to the differences in the location

of the nervous system within the body of the animal. In

Vertebrates, the sympathetic is generally located beneath

the dorsal spinal cord, but the nerve proposed as

sympathetic in Arthropods lay in an apparently opposite

position on top of the upper surface of the ventral nerve

cord. Leydig recognized that any comparison between the

nervous systems of the two groups must include some

explanation for the extremely different positions of
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their organs. The explanation that he chose was one

which had first been proposed by Etienne Geoffroy St.

Hilaire earlier in the century, when St. Hilaire was

attempting to establish that all animals were formed on

a single structural plan.
43 St. Hilaire had pointed out

that despite the opposite locations of the major organ

systems in Arthropods and Vertebrates, their order was

the same in both groups. Thus, if an Arthropod was

turned on its back, it could be compared to a Vertebrate,

because the relative positions of their organ-systems

would then be the same, and homologies could be

demonstrated.
44 Leydig believed that the validity of

St. Hilaire's idea could not be judged entirely on

empirical grounds, but it did agree with his view that

the Arthropod median nerve was homologous to the

Vertebrate sympathetic chain. He wrote:

It can scarcely be dismissed, that the location of
the sympathetic above the ventral cord, as we
perceive it in the Arthropods, is in surprising
harmony with the train of thought of the French
investigator. If Articulates turned on their

backs were compared to Vertebrates, and the organs
maintained to be in the same relation to one another,

then, (one could say to begin with), the sympathetic
must assume the orientation in the Arthropods, which
it in actuality has.*

In adopting this view, Leydig seemed to be advo-

cating a position which most morphologists had rejected

*Leydig, Handbuch, p. 208. Leydig used the term
"Articulates" as an inclusive designation for Annelid

worms and Arthropods.
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following Cuvier's demonstration of its invalidity in

the debate with St. Hilaire in the 1830's. Furthermore,

as a later discussion will show, it was mainly this

mention of St. Hilaire that formed the basis of

Gegenbaur's rejection of Leydig's views on Vertebrate

ancestry. In order to determine whether Gegenbaur's

criticism was justified it will be necessary to examine

the relationship between the views of Leydig and St.

Hilaire more closely. Leydig himself was primarily an

empiricist, not a theorist, and he did not elaborate

further on the relationship of his views on Arthropod-

Vertebrate similarity to those of earlier investigators

such as St. Hilaire and Newport, in whose comparisons he

found some precedent for his own approach. However, the

following analysis will show that, when his comparisons

are evaluated in the context of his evolutionary perspec-

tive, and when his morphological methodology and

philosophy are taken into consideration, certain

innovations in Leydig's interpretation of the Vertebrate-

Invertebrate relationship are evident which clearly

distinguish his comparisons from those of his

predecessors.

In 1830, when Geoffroy St. Hilaire had attempted

to show the "unity of organic composition" of the animal

kingdom by comparing Vertebrates and reversed Arthropods,

Cuvier had been able to demolish the validity of the
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comparison by demonstrating that it was impossible to

make the brain hold a corresponding position in relation

to the alimentary canal in the two groups. Cuvier showed

that even though the ganglionic cord of the Arthropod

might be brought to the same relative position of the

spinal cord by overturning the Arthropod, the portion of

the nervous system recognized as brain in both groups

would hold opposite relations to the intestinal canal,

since the brain in Vertebrates would be located above

the mouth, whereas the brain (supra-esophageal ganglion)

in an upturned Arthropod would be located below the

mouth. St. Hilaire was unable to answer this objection

on either empirical or theoretical grounds in the 1830's.

At that time he did not perceive unity of type as the

consequence of an evolutionary process, and thus did not

explain homologies as due to community of descent, but

rather as the expression of an abstract morphological

ideal.
45

While Cuvier's demonstration of important struc-

tural differences between Arthropods and Vertebrates

discouraged the idea of the morphological equivalence or

homology of their parts, many workers were still

convinced that considerable functional similarity, or

analogy, existed, particularly between parts of the

nervous system of Insects and Vertebrates. The views of

George Newport, the British entomologist whose work
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Leydig admired, are a good example of this trend. In a

discussion of the nervous systems of larval and adult

insects published in 1839, Newport described the supra-

esophageal ganglia as the "analogues of the corpora

quadrigemina" of the Vertebrates, and the first sub-

esophageal ganglion as the analogue of the medulla

oblongata, in both cases referring only to the functional

similarity of the corresponding parts as centers of

sensation and innervation of the head region. Newport

also compared the lateral commissures in Insects to the

Vertebrate crura, and he found analogues in Insects to

several Vertebrate cranial nerves, including the glos-

sopharyngeal, portions of the trigeminal and the

vagus.
46 He drew another analogy between the Vertebrate

sympathetic system and a minute pair of nerves and

ganglia from the posterior part of the brain in Insects,

which he termed the "anterior lateral ganglia.
n47

When Leydig reopened the issue of the nature of

the Vertebrate-Arthropod relationship in 1864, his new

theoretical views on evolution and his new empirical

evidence of anatomical similarities, gave him a different

perspective on the problem than that of either St.

Hilaire or Newport. In contrast to St. Hilaire, Leydig

had firm theoretical and empirical evidence to justify

the comparison of Vertebrates to reversed Arthropods.

His histological studies suggested that not only the
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supra-esophageal ganglion, but also the sub-esophageal

ganglion and lateral commissures could be interpreted as

parts of the Arthropod brain. With this interpretation,

the main problem of the comparison was no longer that the

brain position was opposite in the two groups, but that

the brain in Arthropods was perforated by the esophagus,

while the Vertebrate brain was imperforate. With

Darwin's theory of natural selection providing an

explanation for the means by which modern Vertebrates and

Arthropods could have evolved from a common Arthropod-

like ancestor, Leydig proposed a solution to the brain

problem by comparing the reversed Arthropod with a hypo-

thetical intermediate form, which was mainly like a

Vertebrate, but in which "the brain was penetrated by the

esophagus between the cerebral peduncles. "48 The demon-

stration of a true sympathetic nervous system in Insects,

located in just the position which the reversal theory

predicted, was further evidence of the validity of the

comparison.

The same evolutionary and histological considera-

tions which distinguished Leydig's rationale from that

of St. Hilaire, also distinguished his interpretation of

specific parts of the Insect nervous system from Newport's

earlier functional interpretation. Leydig used his new

histological evidence in several ways to reevaluate the

structure and function of the Insect nervous system. In
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most of his comparisons of their brains, he used evidence

from fine structure to establish the homology of Insect

and Vertebrate parts which Newport had previously

proposed as analogous. At the same time, the new

evidence of cellular and tissue composition confirmed

the validity of the previous functional comparison,

making such parts as the supra- and sub-esophageal

ganglis and the lateral commissures in Insects both

homologous and analogous to their counterparts in the

Vertebrate brain (cerebrum, medulla and crura). In

other cases, in his attempt to establish the homology of

a part, Leydig found histological evidence which refuted

Newport's view of its function. For example, Newport

had found that the Insect ganglion chain could be

separated into an upper and lower tract, which he

proposed were analogous to the sensory and motor columns

of the Vertebrate spinal cord.
49 When Leydig investi-

gated the arrangement of cells and tissues in the Insect

ganglion chain, he found that only the lower tract had a

structure which was homologous to the Vertebrate spinal

cord, while the upper tract was an exclusive Insect

structure, with no homologue in the Vertebrate. He also

determined that the nerve fibers composing part of the

lower tract in the Insect were of the same two types as

those which had been experimentally differentiated as

sensory and motor fibers in Vertebrates.
50 Thus,
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Leydig's histological evidence demonstrated both the

homology and analogy of the lower portion of the Insect

ganglion chain with the Vertebrate spinal cord. Further-

more, this evidence demonstrated that Newport's view of

the analogy of the upper tract of the Insect ventral

chain with the motor columns of the Vertebrate spinal

cord could not be valid, because the upper tract did not

contain the nerve fibers necessary to perform such a

function. Rather, it consisted of cellular components

similar to the cell bodies in the central part of the

Vertebrate spinal cord. The upper tract thus had no

homologue in the Vertebrate, and its function was

unknown.

Leydig's interpretation of the respiratory, or

median nerve of the Insect as homologous to the

sympathetic chain of the Vertebrate was also supported

by histological evidence demonstrating the presence of

myelinated nerve fibers and ganglia in the Insect nerve

similar to those in Vertebrates.
51 However, these

structures, were also present in the anterior lateral

ganglia which Newport had proposed as analogous to the

Vertebrate sympathetic system. Leydig's histological

observations thus showed that both of these nerves

possessed histological features which suggested an

autonomic function. However, only in the median nerve

did the histological features also carry morphological
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significance for Leydig, because its position in the body,

and its state of development in several Insect groups,

could be related to his views of the common evolutionary

descent of Vertebrates and Arthropods.

Despite the demonstrable differences which existed

between Leydig's comparison of Vertebrates and Arthropods

and the earlier approach of St. Hilaire and Newport, the

potential value of such comparisons as an aid in deter-

mining the evolutionary history of animal groups, seems

to have made little or no impression on his early

readers. The first significant theories of Vertebrate

ancestry that were based on methods and assumptions

similar to those of Leydig were the Annelid theories of

Anton Dohrn (1840-1909) and Carl Semper, published

independently between 1875 and 1877.
52 Before the

publication of a generally sympathetic analysis of

Leydig's theoretical ideas by Semper in 1876, the only

other published response to Leydig's theoretical views

was an intensely critical repudiation of his comparisons

by Gegenbaur in his 1870 comparative anatomy text. A

closer look at the response of Gegenbaur and Semper to

Leydig's views on Vertebrate ancestry will reveal several

factors that were responsible for the apparent ineffec-

tiveness of Leydig's theory.

The main issue in Gegenbaur's rejection of Leydig's

comparisons was the difference in their interpretation of
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the criteria of homology. While both accepted an evolu-

tionary definition of homology and agreed that morpholog-

ical relationshipwas genealogical in origin, they

disagreed over the methods by which homology could be

determined in animals. Gegenbaur, retaining the pre-

evolutionary rules, insisted that acceptable evidence

of homology was similarity in anatomical organization at

the level of the whole organism, and similarity of the

embryonic condition of organs. Leydig, attempting a new

approach, extended the criteria of homology to include

histological similarity at the level of cells and

tissues. Gegenbaur had no quarrel with Leydig's histo-

logical discoveries. Finding them to be "most exact

investigations over the fine structure of the nervous

system of Arthropods," which gave, at the same time,

"important indications about functional relations," he

incorporated them extensively into his chapter on the

Arthropod nervous system.
53 However, he disagreed

emphatically with Leydig's interpretation that similar-

ities in the histological complexity of structures in

the Arthropod and Vertebrate nervous systems might be

evidence of morphological relationship between the two

groups. Gegenbaur pointed to differences in the origin

and embryonic condition of the Vertebrate brain and

spinal cord when compared to that of the Arthropod

ganglion chain, as strong evidence against the homology
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of the nervous system in the two groups. He proposed

that further studies would most likely reveal that histo-

logical similarities were analogical, and related only to

the similar functions of the organs. The "complete

difference in type which is expressed in Arthropods and

Vertebrates," was another argument against the homology

of their organs.
54 Gegenbaur backed these arguments

against Leydig's interpretation by citing specific

examples where a functional explanation gave a perfectly

adequate account for the histological complexity which

Leydig had attributed to homology.
55

While Gegenbaur offered important evidence against

specific points in Leydig's interpretation of the Arthro-

pod nervous system, his primary objection related to

Leydig's basic assumption that the dorsal and ventral

surfaces of animals were morphologically interchangeable.

There were a number of formidable arguments against this

assumption, both from an empirical viewpoint, and from

the viewpoint of Darwinian evolutionary principles, which

Gegenbaur elaborated very logically and objectively in a

later work. However, in his discussion of Leydig's views,

none of these arguments were used.* Instead, Gegenbaur

*It is interesting to note that Gegenbaur per-
sisted in his opposition to Vertebrate-Invertebrate
comparisons even after they had become more common in
evolutionary studies. In his article, "Die Stellung and
Bedeutung der Morphologie," Morphologische Jarbuch 1
(1876): 1-19, he continued to be especially critical of
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attempted to discredit Leydig's use of the assumption by

pointing out its association with the earlier views of

St. Hilaire, which he presented as ridiculous.

Gegenbaur began this argument by stating that all pre-

vious attempts by anatomists at connecting Vertebrates

and Arthropods had failed, including that of St. Hilaire,

who had gone so far as to assume, incredulously, that

. . . the abdominal surface of the Arthropods
corresponded to the dorsal surface of the Verte-
brate so that the Articulates consequently
travelled on their backs!56

Just as St. Hilaire's general comparison had been proven

impossible, Gegenbaur wrote, "a comparison of individual

animals of the latter must also be labelled as

inadmissable."
57

For this reason, Gegehbaur dismissed

Leydig's brain comparisons as "astonishing" attempts to

equate parts of the Arthropod brain with the Vertebrate

brain, which was "morphologically completely foreign to

it."
58 Such attempts, he wrote, "are completely opposed

to the true task of comparative anatomy.
"59

In both his description and evaluation of Leydig's

theory, Gegenbaur failed to mention the considerable

the comparison of the Invertebrate ventral nerve cord
with the Vertebrate spinal cord, which he denounced as a
striking example of unscientific procedure. However, in
contrast to the subjective and biased nature of his
earlier opposition, in this case he treated the compar-
ison as a serious evolutionary problem and provided a
detailed explanation of the theoretical and empirical
basis of his objection. See below, Chapter 5, for
further details.
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differences in logic and evidence which distinguished

Leydig's comparisons from those of St. Hilaire. His low

opinion of the role of Vertebrate-Arthropod comparisons

in pre-evolutionary morphology apparently biased him

against any consideration of the possible value of such

cross-type comparisons in evolutionary studies, and thus

he responded to Leydig's theory as to a curious

anachronism, rather than treating it as a serious

approach to a new evolutionary problem.

Carl Semper's evaluation of Leydig's theory

appeared in the introduction to a paper of 1876 on the

relationships of Articulate animals, which included a

brief analysis of Leydig's views and their reception,

noting their relation to the earlier non-evolutionary

views of Geoffroy St. Hilaire.
60 Semper stated that

Leydig's attempt at relating Arthropods and Vertebrates

"was not acknowledged" by his colleagues, and proposed

two reasons for its failure:

First, the known facts of morphology at that time

were still not sufficient; then, also, Leydig sought
for points of contact between the highest insects

and Vertebrates.61

In Semper's view, the comparison of Vertebrate and

Invertebrate structure which St. Hilaire and Leydig had

undertaken was basically a "good idea," and the failure

of both their theories was mainly due to insufficient

evidence.b2 Thus, while Semper readily agreed that
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Leydig had been mistaken in attempting to compare the

brains of bees and Vertebrates directly with one another,

he took Leydig's failure as a lesson in strategy, and

focused his own attention on the Annelids as possible

Vertebrate relatives.
63

There is no question that a number of intrinsic

weaknesses plagued Leydig's theory and probably contrib-

uted to its ineffectiveness. In addition to its lack of

a broad empirical base, and the illogical evolutionary

connections which Semper and Gegenbaur both noted, the

logical basis of certain other major assumptions could

also be disputed, such as the assumption of a necessary

relation between evolution and unity and the assumption

that histological similarity was morphologically

significant. But, these internal factors were only

partly responsible for the responses of Gegenbaur and

Semper to Leydig's theory. Their overall judgment of

the theory also reflected a particular methodological

position on the practice of comparing Vertebrates and

Invertebrates, which, in Gegenbaur's case, precluded an

impartial and objective analysis of Leydig's theory.

Semper, who approved of such comparisons, was willing to

put Leydig's theory to the test, but found it lacking in

empirical support. In contrast, Gegenbaur was opposed

to cross-type comparisons, and instead of testing

Leydig's theory and offering objective arguments against
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its validity, he accepted its falsity as a foregone

conclusion.

Since Gegenbaur's attitude was probably typical of

the outlook of many morphologists of the 1860's, it

offers a partial explanation for the initial lack of

response to Leydig's ideas. It suggests that early

evolutionary morphology may have retained the strong bias

against Vertebrate-Arthropod comparisons inherent in the

tradition of Cuvier by retaining certain methodological

assumptions and practices associated with this earlier

tradition.

In the final analysis, Leydig's approach to

Vertebrate ancestry was doomed from the outset because it

failed to meet the expectations of its readers. Because

the most general expression of his theory, that "the

Vertebrates . . . are to be considered as arising out of

the Arthropods or as transformed Arthropods," was remi-

niscent of an historically unpopular position, many

readers were probably biased against it before they even

examined his arguments.
64 If they did read on, they

found comparisons between Insects, a highly differenti-

ated Arthropod group, and a non-specified, but highly

organized Vertebrate group whose characteristics were

generally mammalian, instead of the more logical

evolutionary approach of comparing the lowest members of

the groups whose common ancestry was being proposed.
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Leydig used an unorthodox methodology in comparing the

histological structure of certain parts of the nervous

system in the two groups. By using this specialized

method, he discovered a new order of similarity, which he

interpreted as homology, but since his methodology was

untried, and no embryological evidence was yet available

to corroborate his views, these similarities could just

as well be interpreted as mer functional analogies,

without morphological significance. Finally, Leydig's

theory failed to account for the origin of important

Vertebrate features, such as the internal skeleton, the

presence of gill slits in the embryo, and the segmenta-

tion of the body, since it was cased exclusively on a

consideration of the condition of the nervous system in

adult organisms of the two groups.

The Sagitta Theory of Ernst Haeckel

Leydig's ideas on Vertebrate ancestry were offered

as an interesting sidelight of his studies on nervous

system histology, and were incidental to the main goal

of his morphological research, which was the description

of the fine structure of animal tissues. Ernst Haeckel,

in contrast, attacked the problem head on in a work which

was specifically concerned with establishing the



64

evolutionary relationships of the main animal groups.*

Haeckel's first ideas on Vertebrate ancestry appeared in

the second volume of his main work, Generelle Morphologie

der Organismen, a work which was directly inspired by

Darwin's descent theory and which aimed at reorganizing

the entire range of morphological studies along evolu-

tionary lines.
65 Haeckel was especially impressed with

Darwin's idea that the natural system of classification

was genealogical, and he devoted a large part of his work

to reviewing the known characteristics of all major

systematic groups of organisms in an attempt to determine

howthey might be related to each other. In this effort,

Haeckel placed special emphasis on the importance of the

history of the individual development of organisms,

which he called "ontogeny," as a source of information

concerning the "phylogeny," or ancestral history of the

organism. He is generally credited with the introduction

and popularization of the idea of recapitulation into

*Ernst Haeckel was a controversial figure in nine-
teenth century biology, mainly because of the political
and polemical nature of his writings. Russell gives a
useful and balanced account of the scientific aspects of

Haeckel's contributions to evolutionary thought in Form
and Function, pp. 246- 60. Emmanuel Rddl's chapter,
"Ernst Heinrich Haeckel," in The History of Biological
Theories, trans. by E. J. Hatfield (London: Oxford
University Press, 1930), pp. 122- 46, was written from
an anti-Darwinian viewpoint, and thus retains the flavor
of the earlier criticism of Haeckel. See also. Georg
Uschmann, "Haeckel, Ernst Heinrich Philipp August," in

Dictionary of Scientific Biography, 14 vols., ed. by
Charles C. Gillispie (New York: Charles Scribner's Sons,
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Darwinian evolution with the enunciation of the

"biogenetic law," in which he theorized a direct

relationship between phylogeny and ontogeny:

Ontogeny, or the development of the organic indivi-
dual, being the series of form-changes which each
individual organism passes through during the whole
term of its individual existence, is immediately
conditioned by phylogeny, or the development of the
organic stock (phylon) to which it belongs. Ontogeny
is the short and rapid recapitulation of phylogeny,
dependent on the physiological functions of
inheritance (reproduction) and adaptation (nutrition).
The organic individual repeats during the rapid and
short course of its individual development the most
important of the form-changes which its ancestors
have passed through during the long and slow course
of their paleontological evolution, according to the

laws of heredity and adaptation.66

Haeckel's ideas on ontogeny and recapitulation

exerted an important influence on studies of Vertebrate

ancestry, as they were the basis of his Tunicate theory

(1868) and the later Gastraea theory (1872). However,

when it came to the construction of the first provisional

phylogenies in the Generelle Morphologie, Haeckel was

forced, by the lack of definitive embryological histories

of the lowest members of the Vertebrate group, to base

his inferences from Vertebrate ancestry on comparative

anatomical information which served to define the

systematic position of the Vertebrates within the animal

kingdom. According to the current classification of

1970-76), 6: 6-11; and Piet Smit, "Ernst Haeckel and his
Genprelle Morphologie: an Evaluation," Janus 54 (1967):
236-52.
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Vertebrates, the class Pisces, or fish, were the lowest

in terms of organization, and among the fish, the most

primitive representative was the lancelet, Amphioxus (or

Branchiostoma), the single member of the order

Leptocardii.*

Amphioxus is a small, fish-like marine animal

which inhabits the shallow waters and shores of nearly

all oceans. It is a particularly good subject for

anatomical and embryological study because the

transparency of its skin allows for close observation of

structure and function in the living animal.
67

Amphioxus

has-been studied by numerous investigators throughout the

1840's and 1850's, and its Vertebrate nature had been

established with the description of several basic

anatomical features which are illustrated in Figure 4.

These features included a notochord, or chorda dorsalis;

*This was the classification used by Gegenbaur in
his Grundzuge, 1859, p. 389, and by Thomas Henry Huxley
(1825-1895) in Lectures on the Elements of Comparative
Anatomy. On the Classification of Animals and on the
Vertebrate Skull (London: John Churchill and Sons, 1864),
pp. 59-63. Hermann Stannius, in Handbuch der Anatomie
der Wirbelthiere, 2d ed. (Berlin: Veit & Comp., 1854),
pp. 1-7, used a similar classification, but designated
the Leptocardii as a subclass of Pisces. Henri Milne-
Edwards (1800-1885) held a completely different view of

the sy§tematic position of Amphioxus. In his text,
Cours Elementaire d'Histoire Naturelle: Zoologie, 7th
ed. (Paris: Victor Masson, Langlois et Leclercq), pp.
463- 67, Milne-Edwards classified the order Cyclo-
stomates (lampreys) as the lowest fish group, suggesting
that Amphioxus was too "degraded" to be considered a
true fish and should be put into a separate division
(p. 467).



67

\,N,w
reX-79)w77-

illeassa

Figure 4. Anatomy of Amphioxus and Sagitta.
(A) side view of Amphioxus; (B) ventral view of Sagitta.

Diagrammatic. (a) anus; (d) digestive tract; (e) eye;

(f) fin; (ga) ventral ganglion; (g) gonad; (gs) gill
slits; (m) mouth; (mu) segmental muscles; (n) nerve
cord; (no) notochord. [Adapted from Storer and Usinger,
General Zoology, 3rd ed.]



68

a dorsal, hollow neural tube or spinal cord; and a series

of gill-clefts opening from the pharynx into a peri-

branchial cavity which was connected to the exterior by

a special pore. In the living Amphioxus, water is

continually taken in through the mouth and passed out of

the pharynx through these slits, which act as filters,

trapping small particles of food.* While the gill-slits

were recognized as homologous to the gill-slits of other

Vertebrates on the basis of their anatomy, they were

functionally more similar to the perforated pharyngeal

region, or branchial basket of the Tunicates, which also

serves as a food-filtering mechanism.
68

Most zoologists classified Vertebrates above

Molluscs and Arthropods, since their total organization

was more complex than either of these groups, although

they did share certain anatomical features. For example,

the segmentation of the muscular and nervous systems

were characteristics shared with Arthropods, while

*Arthur Willey, Amphioxus and the Ancestry of the
Vertebrates (New York: Macmillan and Co., 1894), pp. 7-
17 passim. Willey mentions William Yarrell (1836) as the
first to describe the notochord of Amphioxus as a carti-
laginous vertebral column; and names three independent
memoirs, produced in 1841 by John Goodsir, Heinrich
Rathke and Johannes Muller, as classic works on its

anatomy (pp. 8-9). Other important monographs on
Amphioxus anatomy and larval development were published
by Albert K011iker in 1843, by Armand de Quatrefages in

1845, by Johannes Muller in 1851, by Max Schultze in

1851-52 and by Rudolph Leuckart and Alexander
Pagenstecher in 1858.
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certain Molluscs shared with Vertebrates the possession

of an internal skeletal framework. The high development

of the skeleton in Vertebrates, however, was considered

the main distinguishing feature of the type, representing

a distinct advance over the much less extensive and more

simply constructed cartilaginous cranial support and pen

found in Cephalopod Molluscs. In all higher Vertebrates

(bony fish and quadrupeds), an internal, segmented, bony

skeleton is present in the adult stage, which replaces a

dorsal, cartilaginous supporting rod, the notochord, or

chorda dorsalis, present in the embryo. In lower Verte-

brates, such as lampreys and Amphioxus, the cartilaginous

notochord persists in the adult stage as the main axial

supporting structure.
69

The taxonomic relationship between Molluscs,

Arthropods and Vertebrates suggested to Haeckel that

certain anatomical similarities between the three groups

which were formerly interpreted as simple analogies,

might actually be homologies. He suggested that such an

interpretation might apply to the similarity between the

branchial filtering apparatus of the Tunicates (which

were than classified as Molluscs) and that of the

Amphioxus; and to the analogies of the Vertebrate and

Arthropod nervous systems.
70 However, the line of

argument which he finally chose in seeking to establish

the ancestry of Vertebrates referred any homologies
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which might exist between Vertebrates, Molluscs and

Arthropods, to the descent of these three groups (as well

as Coelenterates and Echinoderms) from closely-related,

worm-like ancestral forms, represented by several extant

groups of the Worm (Vermes) phylum. He proposed that

Molluscs were most closely related to the Flatworms,

Arthropods to the Annelid worms, and Vertebrates to a

small group of marine Roundworms known as Chaetognaths,

or arrowworms.*

Haeckel admitted that the origin of Vertebrates

was a difficult subject for speculation, since even the

most primitive Vertebrates, the Leptocardia, manifested

the results of a very long phyletic development process.

*Haeckel, Generelle Morphologie, 2:412-14. The
genealogical trees with which Haeckel illustrated the
relationships of the major groups, or phyla, of animals,
did not always correspond to descriptions in the text;
an example of the inconsistency for which he was harshly
criticized. For example, in Plate 1, Haeckel gave the
reader a choice of three different genealogies for
Vertebrates--one depicting monophyletic descent along
with plants and protists, another depicting the indepen-
dent, monophyletic descent of animals, and the third
showing the polyphyletic descent of animals, in which the
Vertebrates, Coelenterates, Echinoderms, Articulates and
Molluscs would each have originated from an independent
primitive stock (autogenous Moneran-form). At first
glance, the second scheme seems to hold some interest
for the Vertebrate ancestry problem, for here Haeckel
seems to be suggesting that Vertebrates diverged from the
common stock before any of the Invertebrate phyla except
Coelenterata, and thus would be only remotely related to
Invertebrates, with Molluscs appearing to be the nearest

relatives. In the text, however, he proposed a very
different picture of Vertebrate ancestry.
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For this reason, he expected that most people would be

inclined to assume the independent evolution of the

Vertebrate phylum from a "special autogenous Moneran-

form." Haeckel, however, had reason to believe

otherwise.

According to our consideration of this, it is more
likely that the oldest Vertebrates (still standing
low under Amphioxus) have evolved from Worms, and
indeed, from Nemathelminthes. In this case Sagitta
(Chaetognatha), and soon after, the Nematodes . . .

would be our nearest relatives among the Invertebrate
animals . . . . One would thus be able to realize in
a genealogical sense the anatomical relationship
which exists between the Vertebrates on the one hand
and the Molluscs and Arthropods on the other.
Especially the similarity of the branchial basket of

the Leptocardia and the Tunicates, the similarity of
the spinal cord of the Vertebrate and the ventral
cord of the Arthropods, and other such (namely,
histological) similarities would come into question.
In the meantime, we still hold these as analogies,
not true homologies.

The arrow-worms of the genus Sagitta, which

Haeckel proposed as the nearest Vertebrate relative, are

small, bilaterally-symmetrical marine animals with a

slender, transparent, torpedo-shaped body, provided with

lateral fins and a tail fin, and a head armed with

grasping spines (see Figure 4).* Numerous articles

dealing with the anatomy, embryology and systematic

*Libbie Hyman provides an excellent historical
review of Sagitta studies and a comprehensive account of
the characteristics of Sagitta in her chapter, "The

Enterocoelous Coelomates--Phylum Chaetognatha," in The
Invertebrates, vol. 5: Smaller Coelomate Groups (New
York: McGraw-Hill Book Company, Inc., 1959),
pp. 1-71.



72

position of Sagitta appeared throughout the nineteenth

century, including a publication by Charles Darwin in

1844, which called the species of Sagitta, "remarkable

for the obscurity of their affinities."
72

Haeckel

adopted the systematic position for Sagitta which had

just been proposed by Anton Schneider (1831-1890) in

1866, in which they were placed in a separate order,

Chaetognathi, and united with the order Nematoda in the

class Nemathelminthes (Roundworms), on the basis of

certain features of their body musculature. Schneider

had shown that the cylindrical body of all roundworms,

including Sagitta, consisted of four longitudinal

muscle bands; two were located dorsolaterally, and two

ventrolaterally.
73 Haeckel placed great importance on

this form-relationship, since it seemed to him to offer

a starting point for the difficult problem of Vertebrate

ancestry.

Before elaborating on his reasons for considering

the muscle bands of Sagitta so important for Vertebrate

ancestry, Haeckel noted that the discussion which was

about to follow could serve to vindicate the views of

an earlier observer of Sagitta, Georg Meissner (1829-

1905):

Meissner's idea of a kinship-like connection of
Sagitta and Vertebrates, which was ridiculed so
much, possibly has somewhat of a foundation.74
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There was,, then, some precedent for comparing

Sagitta and Vertebrates, and although Haeckel based his

current proposal on a very individualistic interpretation

of the morphology of the two groups, he was evidently

influenced by the earlier views of Meissner in choosing

Sagitta as the closest Vertebrate relative among the

Worms.

Georg Meissner, according to one biographer, was

a "not very sociable" anatomist whose career involved

more than the usual number of priority disputes and

controversies, beginning with a battle with his major

professor over jointly-produced results which Meissner

published under his own name alone as his doctoral thesis

in 1853.
75 On several occasions between 1856 and 1859,

Meissner claimed priority for discoveries involving both

Sagitta and Amphioxus, although he consistently failed

to publish any results to substantiate his claims.*

*For example, in 1857, Meissner claimed priority
for certain discoveries on Amphioxus which were reported
by Alexander Pagenstecher (1825-1889) at the 34th Annual
Conference of German Naturalists in Karlsruhe, and forced
Pagenstecher to publicly acknowledge his claim, although
he had not previously published any results reporting
such discoveries, nor did he offer any evidence to back
his claim except his word. This incident, and accounts
of other controversies between Meissner, Leuckart and
Pagenstecher over Amphioxus and Sagitta are reported in:
Rudolph Leuckart and Alexander Pagenstecher, "Unter-
suchungen @per niedere Seethiere," Archiv fur Anatomie
and Physiologie (1858): 558-600; Rudolph Leuckart,
"Bericht fiber die.Leistungen in der Naturgeschichte der
niederen Thiere wa.hrend des Jahres 1856," Archiv far
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Meissner's views on Sagitta first appeared in a review

article he wrote in 1857, which dealt in part with the

newly-published monograph by Gegenbaur on the embryonic

development of Sagitta.
76 In this paper, Gegenbaur had

traced the early development of Sagitta by observing the

changes in freshly-deposited eggs, and had determined

that significant differences existed between the early

cleavage patterns in Sagitta and in other animal types,

including Molluscs, with which Sagitta was sometimes

classified, and Vertebrates. On the basis of its

embryology, Gegenbaur suggested that Sagitta be placed

in its own systematic group among the Worms. Meissner,

however, felt constrained, after reviewing Gegenbaur's

results, to give a synopsis of some previously unpub-

lished results of his own investigations on Sagitta, in

which he offered a very different interpretation of its

structure and development from any of the numerous

previous studies, including that of Gegenbaur. Meissner

reported that he had investigated hundreds of Sagitta

from the North Sea, and had never observed the presence

of a ventral ganglion, which all other observers reported

seeing; however, he had found "a brain lying in the head

consisting of vesicular compartments," optic nerves, and

*Naturgeschichte (1857): 181-83; and Rudolph
Leuckart, "Bericht fiber die Leistungen in der
Naturgeschichte der niederen Thiere wahrend des Jahres
1858," Archiv far Naturgeschichte (1859): 131-33.
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a dorsally located nerve cord, none of which had ever

been observed before. Furthermore, he found an organ in

immature Sagitta which he described as a long cellular

cord running along the back of the animal from just

behind the head up to the tail. Meissner interpreted

this organ, which disappeared in the adult animal, as a

chorda dorsalis. The presence of both a spinal cord and

chorda dorsalis, the two most distinguishing Vertebrate

features, Meissner considered as "decisive" evidence for

interpreting Sagitta as a Vertebrate.*

Most invertebrate zoologists who were familiar

with Sagitta received Meissner's proposal with great

skepticism. Rudolph Leuckart wrote that he believed

Meissner's data were probably false, since he had been

unable to confirm them from his own observations or from

those reported by all earlier investigators of Sagitta.

Other skeptical reports of Meissner's observations were

offered by Gegenbaur and Leydig, who also preferred to

rely on the observations of earlier investigators.
77

When Leuckart and Pagenstecher did a new study of

Sagitta the year after Meissner's proposal, they made a

special point of checking for the presence of a chorda

and spinal cord in specimens of the exact size and

*Meissner, "Bericht," pp. 638-40. Meissner said
that he had first reported these discoveries at a meeting
of Swiss Naturalists in 1856, and that they were noted
briefly in a published report of that meeting.
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species in which Meissner had reportedly found the

structures. As a result they reported that "in all we

found not the least trace of a chorda dorsalis," nor of

the brain or spinal cord. "What Meissner saw," they

wrote, "we do not know; we could not even guess."
78

Besides the lack of any positive Vertebrate

characters, Leuckart and Pagenstecher pointed out other

significant differences between the organization of

Sagitta and Vertebrates which argued again at the rela-

tionship of the two forms, including the lack of segmen-

tation of the musculature of Sagitta, and its unique

developmental history as described by Gegenbaur. Ernst

Haeckel completely disregarded these problems in his

proposal, and relied entirely on Schneider's recent

rescription of the muscle arrangement as evidence of a

Vertebrate-Sagitta relationship:

The cylindrical body of all Nematodes is always
distinctly composed of four antimeres, which become
marked off into two dorsal and two ventral by the
four longitudinal muscle fields. These are separa-
ted in the median plane by the dorsal and ventral
median lines; in the later plane by the right and
left lateral lines . . . . Just as the cross-section
of any fish tail clearly shows, the Vertebrate body
is also originally composed of four (not two!) anti-

meres . . . , and indeed, the lower Vertebrates show
exactly the same pattern of the inter-radial
eutetrapleuran primary form, as the Nematodes. Also,

in fish we find clearly the four longitudinal muscle
groups of the Nematodes (lateral trunk musculature)
which become separated right and left (in the lateral

plane) by the two lateral lines; above and below (in

the median plane) by the two median lines. Probably
our supposition is therefore correct, that the
ancient original parents of the Vertebrates have
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evolved on the one hand by progressive metamorphosis
from the ancestors of the only a little changed
Chaetognaths, just as on the other hand, Nematodes
have been formed through regressive metamorphosis. Th

What Haeckel was proposing, behind this morass of

obscure and confusing new terminology (which was charac-

teristic of the language of much of his speculation in

the Generelle Morphologie) was that the composition of

the body musculature out of four "antimeres," or similar

halves, in both Vertebrates and Sagitta, was evidence of

their common ancestry. Or, to be more specific, he was

proposing that the musculature of lower Vertebrates

(fish) was homologous to that of Nematode Worms (Sagitta)

on the basis of similarity in the geometrical arrangement

of these organs in the two groups.

This interpretation was completely opposed to all

the accepted evidence on the anatomy and embryology of

Sagitta, as described above. Furthermore, the muscles of

Sagitta had been described by Schneider as consisting of

long, undivided strands of muscle fibers running the

entire length of the body, whereas the longitudinal

muscles in Amphioxus and other fish were known to be

broken up into numerous segments. This basic anatomical

difference resulted in an entirely different type of

motion in Sagitta and fish, although the position and

arrangement of their muscle bands was superficially

somewhat similar.
80
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Haeckel's designation of these muscle bands as

"antimeres" suggests a probable explanation for his

apparent disregard of significant morphological and

physiological differences in proposing a Vertebrate-

Sagitta relationship. In focusing on the similarity of

the "antimeres," or sections, composing the musculature,

as morphologically significant units of structure,

Haeckel was attempting to apply a new approach to organic

form, expressed in a newly-invented science which he

called "Tectology," and which he discussed in the first

volume of the Generelle Morphologie.* Haeckel's ideas

on Tectology were essentially idealistic, and directly

related to similar notions of the earlier German tran-

scendental morphologists such as Johann Goethe (1749-

1832), Lorenz Oken (1779-1851), Johann Friedrich Meckel

(1781-1833) and Karl Gustav Carus (1789-1869). They

exemplify the highly speculative nature of many of the

ideas in the Generelle Morphologie which earned Haeckel

much criticism from his German colleagues in particular,

who were disturbed by the lack of empirical support for

many of his assertions, and likened the book to the

*Tectology was the science of the composition of

organisms from individuals of different orders. Haeckel
proposed six orders of individuals, including the order
"Antimeres," which included individuals composed of

similar halves or rays. See Russell, Form and Function,
pp. 249-50.
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earlier sterile speculations of the Naturphilosophen.*

In England, the Generelle Morphologie was

enthusiastically received by Thomas Huxley (1825-1895),

who was one of the few English biologists able to read

and comprehend German. Huxley found the Generelle

Morphologie "profoundly interesting," but also "an

uncommonly hard book" and he doubted whether his English

colleagues would be able to comprehend Haeckel's logic

and philosophy, even if the book were to be translated

into English.
81 Charles Darwin found Haeckel's style

extremely difficult; nevertheless he managed to decipher

the Generelle Morphologie, and always referred to it as

Haeckel's "great work."**

*This attitude is exemplified in Rudolph Leuckart's
review of the Generelle Morphologie in Archiv fur Natur-
geschichte (1867): 163-167. (See also R6d1, Biological
Theories, pp. 123-24; and Russell, Form and Function, p.
248). Haeckel himself admitted that the Generelle Mor-
phologie was too voluminous and extravagant in its use
of Greek terminology. He quickly responsed to its poor
reception by publishing a briefer, more readable version
of his ideas under the title Naturliche SchOpfungs-
geschichte (Berlin: Georg Reimer, 1868). This second
work was very widely read and tremendously successful,
passing through many editions and translations.

**Darwin "heartily wished" that the Generelle Mor-
phologie could be translated into English, and at one
time was negotiating with Huxley to that end, but the
project was never carried out. See Darwin's letters to
Haeckel of May 21, 1867 and November 19, 1868 in Francis
Darwin, The Life and Letters,of Charles Darwin, 3 vols.

(London: John Murray, 1888), 3: 68-70; 105- 7; and
Darwin's comments on Haeckel's books in The Descent of
Man, and Selection in Relation to Sex, 2 vols. (New York:
D. Appleton and Company, 1872), 1: 4 -5. Francis Darwin
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Haeckel expected his proposal of a Vertebrate-

Sagitta relationship in the Generelle Morphologie to

generate some opposition:

Concerning the blood-relationship of the Worms and
the Vertebrates, this is likely above all to excite
probably even more shock than that of Worms and
Echinoderms.82

However, there was no specific mention of Haeckel's

Vertebrate ancestry theory in either the German or

English reviews of the Generelle Morphologie, although

it seems reasonable to conclude, in view of the highly

questionable nature of the evidence on which Haeckel

based his speculations, that it was unacceptable to

most morphologists. Furthermore, Haeckel himself was

not satisifed with his first phylogenetic speculations,

which he qualified several times as "very general,"

"sketchy," and "provisional," and the popularized version

of his views on evolution, published in 1868, contained a

completely revised theory of Vertebrate ancestry based on

Kovalevskii's new embryological discoveries.
83

Certain aspects of Haeckel's first ideas on Verte-

brate ancestry, as those of Leydig, may be attributed to

their uniquely personal and eclectic combinations of

philosophical, methodological and theoretical ideas which

gives an account of his father's difficulty reading
German in Life and Letters, 1: 126.
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set these two individuals somewhat apart from the main

stream of morphological thought. Both Haeckel and Leydig

were willing to engage in more speculation than suited

many of their empirically-minded colleagues, making their

theories susceptible to criticism for questionable logic

and methodology. They also both accepted, as a basic

implication of evolutionary theory, the unpopular notion

that homologous structures should be expected to occur in

animals of different types. And, in searching for

similarities between different types of animals which

might be interpreted as evidence of evolutionary rela-

tionship, both Haeckel and Leydig applied a new criterion

of homology in their comparisons of Vertebrate and

Invertebrate form. Leydig believed he had found homol-

ogies in certain histological similarities between

Vertebrates and Arthropods; Haeckel interpreted a kind

of geometrical-anatomical similarity as evidence of

homology of Vertebrates and Nematode worms. The criti-

cism they received for assuming these positions was

sometimes justified, but it also illustrates the deep

reluctance on the part of many morphologists of the

1860's to become involved in speculations which they

perceived as a repetition of the earlier unscientific,

unproductive and divisive theorizing of Naturphilosophie.

Other aspects of these early speculations of

Leydig and Haeckel, which were more directly related to
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the prevalent theory and practice of early evolutionary

morphology, illustrate that limitations inherent in

morphology were also partly responsible for the inacces-

sibility of an acceptable theory of Vertebrate ancestry.

For example, Haeckel actually would have preferred to use

the more acceptable and logical embryological criterion

of homology in his evolutionary studies, but he was

prevented from doing so in his first speculations on

Vertebrate ancestry by a complete lack of empirical

evidence on the important early embryonic developmental

stages of Amphioxus and most Invertebrates. Further-

more, in attempting to effect some sort of compromise

between the demands of current morphological practice,

which placed a high premium on empirical evidence and

hard data, and the currently incomplete and sparse

morphological knowledge of Vertebrate-Invertebrate

similarities, Leydig and Haeckel were both forced to

focus on a single, narrow aspect of adult organization,

about which at least some information was available.

Leydig discovered empirical evidence of homology between

Vertebrates and Arthropods through his own personal

observations on the histology of the Arthropod nervous

system; Haeckel ostensibly based his speculations on

Schneider's observations on the anatomy of the muscular

system of Nematode Worms.
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In view of the ineffectiveness of the speculations

of Leydig and Haeckel on Vertebrate ancestry, convincing

evidence of the evolutionary relationship of Vertebrates

and Invertebrates certainly must have seemed far from

forthcoming to most morphologists at the end of 1866.

Probably no one was more delighted than Ernst Haeckel to

read, early in 1867, of the new embryological discoveries

of a young Russian investigator, Aleksandr Kovalevskii;

discoveries which in Haeckel's view shed "an exceedingly

surprising and unmistakeable light" on the problem of

Vertebrate ancestry.
84
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III. AMPHIOXUS AND ASCIDIANS:
AN UNSUSPECTED ALLIANCE

In December, 1866, the Imperial Academy of Science

of St. Petersburg published a memoir by Aleksandr

Kovalevskii on his investigations into the embryology of

the Simple Ascidians, a well-known group of marine

organisms in the class Tunicata, which at that time was

generally regarded as a subdivision of Mollusca.
1

In

this account, Kovalevskii described certain developmental

features in the Ascidian embryo which had never before

been reported in a Molluscan embryo, but which were very

similar to developmental features he had observed in

previous studies of Amphioxus, a Vertebrate. His

research on Amphioxus development had been the subject

of his magister's dissertation, presented to the faculty

at the University of St. Petersburg in November, 1865,

and published in June, 1867.*

*Alexander Kowalevsky, "Entwickelungsgeschichte
des Amphioxus lanceolatus," Memoires de l'Academie
Imperiale des Sciences de St.-Petersbourg, 7th ser., 11,

no. 4 (1867). The published version of Kovalevskii's
results on Amphioxus was a modified version of his
unpublished magister's dissertation, Istoria razvitia
Amphioxus lanceolatus ili Branchiostoma lubricum [The
Developmental History of Amphioxus lanceolatus or
Branchiostoma lubricum] (University of St. Petersburg,

1865). I have not seen the dissertation; references
made specifically to its contents in this chapter are
based on information in a review, "A. Kovalevsky. Le

developpement de l'Amphioxus lanceolatus," Archives des
Sciences Physique et Naturelles 27 (1866): 193-95; and
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In comparing the development of Ascidians and

Amphioxus, Kovalevskii used a basically different set of

data, methods and assumptions from that which Haeckel and

Leydig had used in their cross-type structural compari-

sons. Although Kovalevskii himself was not primarily

concerned with the Vertebrate ancestry problem when he

published his papers on Amphioxus and Ascidians in 1866

and 1867, the methods and viewpoint they represented

became widely adopted as a standard approach during the

first decade of research on the Vertebrate ancestry

question, especially following the publicity given to

Kovalevskii's findings by Ernst Haeckel.

In this chapter, Kovalevskii's scientific work on

Amphioxus and Ascidians will be examined in detail, with

the goal of establishing the distinctive character of his

data, methods and assumptions, and their relevance to the

problem of Vertebrate ancestry.

on quotations from the dissertation published in Iu.I.
Polianskii, I. I. Sokolov, and L. K. Kuvanova, eds.
Pis'ma A. 0. Kovalevskogo k I. I. Mechnikovu (1866-1900)
[A. 0. Kovalevskii's Letters to I. I. Mechnikov (1866-
1900)] (Moscow-Leningrad: Akademia Nauk SSSR, 1955).

In referring to the names of nineteenth century
Russian investigators, I will use a modern spelling of
their name in my discussions, but preserve the original
spellings (which varied considerably, even in the same
journal) in bibliographic citations and quotations.
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Aleksandr Onufrievich Kovalevskii is generally

recognized as the leading Russian embryologist of the

late nineteenth century. He was a pioneer and leader in

the application of cellular methods of analysis to the

study of development, particularly in Invertebrates.

His classic studies on the early embryology of a wide

variety of invertebrate species played a significant role

in the establishment of comparative embryology as a

separate and distinct subdivision of morphology during

the 1870's and 1880's.

Kovalevskii's first study of Amphioxus and

Ascidian development occurred while he was still a

student, during an eighteen-month stay in Naples, Italy,

which began in December, 1863. Kovalevskii had received

his bachelor's degree from the University of St.

Petersburg in 1862, after completing three years of

study in microscopy, zoology and histology under several

of the foremost Russian and German zoologists of the

period, including Lev Tsenovskii (1822-1887) and Stepan

Kutorga (1805-1861) at St. Petersburg, and Heinrich G.

Bronn (1800-1862) and Alexander Pagenstecher at

Heidelberg. He returned to Germany in 1863, before

travelling to Naples, for further studies in microscopy

and histology under Franz Leydig at Tubingen.
2

In

addition to his magister's dissertation on Amphioxus and

the monograph on Ascidians, the research he undertook
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at Naples during this first trip and a follow-up visit in

early 1866, provided the material for his doctoral disser-

tation on Phoronis, and for five other monographs on the

embryology and anatomy of various marine invertebrates,

all of which were presented to the St. Petersburg Academy

of Science during 1865 and 1866 and published in its

Memoires in 1866 and 1867.
3

In his embryological studies, Kovalevskii was

particularly interested in the very early stages of

development which had not previously been described in

detail. In order to follow development "step-by-step"

beginning with fertilization, he relied mainly on

artificial fertilization and in vitro culture methods

for raising embryos in his laboratory. He could thus

observe the entire process of development continuously

from its beginning in single individuals, and was able

to describe many details which escaped the attention of

earlier observers whose studies were generally limited

to the later stages of development of embryos large

enough to be collected in plankton nets.*

The larvae of many of the marine organisms

Kovalevskii studied were highly perishable and their

*Kovalevskii outlined this procedure in the intro-
duction to his paper on Ctenophora ("Rippenquallen"),
along with an interesting commentary on its advantages
over the more common method of collecting specimens with
the fine-meshed Willer's nets. See Kowalewsky, "Entwick-
elungsgeschichte der Rippenquallen," pp. iii-iv.
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successful culture required a great deal of trial-and-

error experimentation, since each species had different

requirements in terms of aeration, water turbulence and

salinity.* Furthermore, for many species, the adults

from which Kovalevskii obtained ripe ova and sperm for

artificial fertilization spawned only during certain

periods of the year and specific times of day.

Kovalevskii had unusually demanding personal work habits,

and qualities of patience and persistence which were a

distinct advantage in such work. Also, his lengthy stay

in Naples probably contributed to the completeness of

his embryological studies; most other researchers, and

Kovalevskii himself, after he began an academic career,

were limited to field trips of only two to three months

during holidays and school vacations.

*For example, in his first attempt to study the

development of Phallusia mammillata, Kovalevskii had no

difficulty in getting the artificially-fertilized ova to
develop normally and rapidly when he obtained the ova
from adult specimens which were taken directly from the
ocean, but when he performed a second fertilization
eight hours later, many of the ova would not develop.
He finally determined, after a series of experiments,
that the adult specimens were quite healthy, but that
their ova were somehow adversely affected by minute
changes in the aquarium water so that viability decreased
as the length of time of confinement increased, until by

24 hours, not a single egg would develop. Kowalevsky,
"Entwickelungsgeschichte der Ascidien," p. 3.



94

A good example of Kovalevskii's research style is

recorded in his Amphioxus paper of 1867:

When I visited Naples in 1864 it was my first
concern to study the developmental history of
Amphioxus. The winter months were unfortunately
unfavorable for these studies since Amphioxus, as
I later discovered, only spawns in summer .

However, in January and December the gametes already
already appeared to be fully developed; the
spermatozoa possessed their characteristic form,
which has already been described by Kolliker.
The fertilization experiments which were now
undertaken did not lead to any results, and
nothing further remained than to wait for the time
whem Amphioxus itself shed ova. Not until May 18
did I succeed . . . in observing particles which
proved to be ova.4

Kovalevskii went on to explain that the ova, which "were

never discharged earlier than seven or eight o'clock in

the evening," were immediately fertilized by a discharge

of sperm from the male Amphioxus. 5
He then began his

microscopic observations of the fertilized ova, which he

followed continuously for the next four to six hours,

recording exact descriptions and illustrations of

changes in the form of the embryo during its first

critical hours of development. For example, Kovalevskii

reported that the ova attained the form that he depicted

in Figure 8 "in four or five hours, that is, approxi-

mately at midnight . ." Then the process of

invagination began, which "generally happens very

rapidly, and in less than one hour the egg is converted
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from the stage which Fig. 8 shows into that of Fig. 13."*

Continuous observation of live embryos was also

Kovalevskii's main approach to Ascidian development,

although in both Amphioxus and Ascidians, he also used

preserved material to study the detailed structure of

particular stages. He generally used a camera lucida

for his drawings, resulting in near-exact images of what

he saw through the microscope. The illustrations

accompanying both papers were either of the entire

embryo or "optical" cross-sections obtained by examining

different focal planes in the relatively transparent

whole-mounted embryo. Kovalevskii was later acclaimed

for his skill at the technique of cross-sectioning

embryonic material with the newly-developed microtome,

but he did not begin to use this technique for "real"

cross-sections until the summer of 1868.**

*Kowalevsky, "Entwickelungsgeschichte des
Amphioxus," p. 2. The two plates of illustrations from
Kovalevskii's Amphioxus paper that contain the figures
he referred to here and later are reproduced as Figures
5 and 6.

**Kovalevskii reported that he first used the
technique of "real" cross-sections for his "newer obser-
vations" of Amphioxus made in Naples in the summer of
1868. (See A. 0. Kowalevsky, "Weitere Studien fiber die
Entwickelungsgeschichte des Amphioxus lanceolatus, nebst
einem Beitrage zur Homologie des Nervensystems der Wurmer
and Wirbelthiere," Archiv filr Mikroskopische Anatomie 13
(1877): 183). In general, the techniques that
Kovalevskii used in his studies of the Naples fauna were
standard methods of Vertebrate embryology which he
adapted for the study of the smaller and more fragile



5.

9

6

96

8.

1.;

18

Figure 5. Early stages of development inAmphioxus.
[From Kowalevsky, "Entwickelungsgeschichte des Amphioxus
lanceolatus," Plate I.]
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Figure 6. Later stages of development in

Amphioxus. [From Kowalevsky, "Entwickelungsgeschichte
des Amphioxus lanceolatus, Plate II.]
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Except for a brief review of his dissertation

which appeared in 1866, Kovalevskii's paper on Amphioxus

contained the first published descriptions of the early

development of this organism which was generally consid-

ered to be the most primitive Vertebrate. Kovalevskii

was apparently the first embryologist to successfully use

the method of artificial fertilization in studying

Amphioxus development. Earlier studies, such as those

of Max Schultze (1825-1874) and Leuckart and Pagenstecher,

were based on specimens captured by net, in which most of

the major organ-systems were already partially developed.

These studies mainly emphasized the structure of the

embryonic organs, in contrast to Kovalevskii's emphasis

on cellular and histological differentiation.
6

Among the definite discoveries Kovalevskii

communicated were the general features of cleavage;

formation of the intestinal canal by invagination; the

presence of cilia on the early embryo; formation of the

neural canal from dorsal ridges; and formation of the

notochord, gill slits and mouth. He also discussed the

relationship of the development of Amphioxus to the

Invertebrate embryos. His emphasis on "step-by-step,"
continuous observation of living whole-mounts was very
similar to Alexander Agassiz's study of starfish develop-
ment, which Kovalevskii frequently cited. (See Alexander
Agassiz, Embryology of the Starfish (Cambridge, Mass.,

1864).
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known pattern of Vertebrate development by comparing the

embryos of Amphioxus and other Vertebrate species. For

example, after describing the cleavage and invagination

processes which produced the Amphioxus embryo depicted

Figure 14, he noted that the embryo

. consists of two layers or germinal layers--the
outer and inner--we may thus compare it with the germ
of the bird, mammal and turtle when they possess two
layers.

When Kovalevskii compared the Amphioxus embryo at this

early stage to the guinea pig embryo described and

illustrated by Karl Reichert (1811-1883) in an 1862

treatise, he found the similarities "striking," and "so

completely and fully in accordance with our illustra-

tions . . . that one has no choice but to compare them."*

At the stage illustrated in Figure 23, he noted:

We already see the distinctive features of the
Vertebrate indicated; that is, one finds the intes-
tinal canal and the nervous system as tubes, and

*Kowalevsky, "Entwickelungsgeschichte des
Amphioxus," p. 3. While there is a certain resemblance
between Reichert's and Kovalevskii's illustrations, the
main emphasis of Reichert's analysis during the stages
of development that these illustrations depicted, was
the formation of the extra-embryonic membranes surround-
ing the embryo, and not the development of the embryo
itself. In view of the superficiality of Reichert's
descriptions of the cleavage and invagination processes
by which the germ layers were formed, Kovalevskii's
comparison of Amphioxus and guinea pig development seems
rather overdrawn. See Karl B. Reichert, "Beitrage zur
Entwickelungsgeschichte des Meerschweinchens,"
Abhandlungen der Akademie der Wissenschaften zu Berlin
(1862): 95-216.
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the chorda dorsalis between them; the muscles lie
here in the form of two rows of bundles.8

Kovalevskii described an opening of the neural canal as

another Vertebrate feature:

We may consider this opening as the remnant of the
dorsal cleft which also exists in the embryos of

all other Vertebrates.9

He also confirmed the presence of certain glands which

had previously been described by Lecukart and

Pagenstecher, stating his belief that they corresponded

to similar structures in lamprey and frog embryos.
10

Finally, after describing the formation of the gill

cavity, he concluded that this process

. . .
proceeds completely in the same way as the

formation of the gill cavity in other fishes;
therein we find an argument for the case that the
space into which the gill slits of Amphioxus open
corresponds to n9 other than a true gill cavity of

the other fish.11

In general, the developmental processes and

embryonic structures which Kovalevskii described in

Amphioxus corresponded to the typical Vertebrate pattern

which had been first proposed by Karl Ernst von Baer

(1792-1876) in 1828, and confirmed by subsequent embryo-

logical research into all the Vertebrate classes. This

pattern of development, which von Baer termed "double-

symmetrical (evolutio bigemina)," was found exclusively

among the Vertebrates, and provided important evidence

in support of the idea of Vertebrates as a separate and

distinct type in the animal kingdom.
12 A good summary
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of the distinctive embryological features of the Verte-

brate type, as understood in the 1850's and 1860's

appeared in Thomas Henry Huxley's 1864 work, Lectures on

the Elements of Comparative Anatomy.* Summarizing the

embryonic characteristics common to the five Vertebrate

classes, Huxley wrote,

. . . in the five vertebrate classes, the parietal
portion of the blastoderm of the embryo always
becomes raised up upon each side of the middle line,
into a ridge, so that a long groove is formed between
the parallel ridges thus developed; and the margins
of these, eventually uniting with one another,
constitute a second tube parallel with the first,
by a modification of the inner walls of which the
vertebrate cerebro-spinal nervous centres are
developed. Hence it follows that, after any verte-
brated animal has passed through the very earliest
stages of its development, it is not a single, but a
double tube, and the tubes are separated by a
partition which was, primitively, a part of the
external parietes of the body, but which now lies, in
a central position, between the cerebro-spinal
nervous centres and the alimentary canal. . . .

Another structure sharply distinctive of the
vertebrate classes is the "chorda dorsalis" or
"notochord," an organ of which no trace has yet been
discovered in any of the invertebrates, though it
invariably exists, in early embryonic life at least,
in every vertebrate.13

In addition to these "great differences between verte-

brates and invertebrates in their early condition,"

Huxley listed a number of others, concluding that all

these characters served to distinguish the vertebrate

*Huxley was a proponent of the embryological
method of morphology, and although these remarks appeared
in an anatomy textbook, they defined the Vertebrate type
in terms of its embryological characteristics. In
contrast, Carl Gegenbaur's characterization of the Verte-
brate type was based only on anatomical considerations.
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classes, as a whole, from other classes of the animal

kingdom.
14

Huxley's definition of the Vertebrate type

reflected a concept of embryological type which was based

mainly on the condition of the organs and organ-systems

within the developing organism, and focused on the

position and connections of the embryonic organ-systems

at the stage ". . after . . . [the] animal has passed

through the very earliest stages of its development."

Furthermore, the "very earliest stages" and the "early

condition" of the embryo to which Huxley referred, began

with the period of organogenesis, when the already-formed

germ layers were beginning to differentiate into separate

tissues and organs.

Kovalevskii, in contrast, perceived the earliest

stages of development as beginning with the fertilized

ovum, and including the processes leading to the

formation of the primitive germ layers from which the

tissues and organs later developed. When he looked at

these processes in Amphioxus, he discovered a pattern of

cleavage, germ-layer formation and invagination which

was much more simple and direct than that which

generally characterized Vertebrate development, but

which was similar to the early development of many

Invertebrates. Furthermore, Kovalevskii discovered that

the outer surface of the Amphioxus embryo was covered
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with cilia, a feature which had never before been

reported in a Vertebrate embryo, but which was common

among Invertebrates.
15

Thus, while Kovalevskii's report on the develop-

ment of Amphioxus included a consideration of organ

formation and confirmation of the basic Vertebrate

nature of Amphioxus in terms of the prevailing embryo-

logical features outlined by Huxley, the data resulting

from his attention to the very early stages of develop-

ment failed to support the current view of the distinc-

tive and exclusive nature of Vertebrate development.

Instead, the developmental characteristics which

Kovalevskii described in Amphioxus consisted of a

combination of features which were formerly believed to

pertain exclusively to either Vertebrates or Inverte-

brates, and which represented a unique, intermediate

mode of development.

Kovalevskii's demonstration of the intermediate

nature of Amphioxus development had important implica-

tions for evolutionary theory, for one of the major

objections to evolution had always been the absence of

embryological or anatomical intermediates between the

major types. Kovalevskii was probably an evolutionist

from the beginning of his career, and later a strong
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supporter of Darwin.* In his magister's dissertation on

Amphioxus he discussed the relative merits of Darwin's

theory of natural selection versus Kolliker's theory of

heterogenesis in explaining his data on Amphioxus

development, with the conclusion that Darwin's theory

provided a far superior explanation:

Changes in species, according to Darwin, are based
on hereditary transmission of features, a fact which
we constantly meet, while the theory of Kolliker
cannot bring even one fact in its favor . . . .16

Kovalevskii's main interest in Amphioxus, however,

was not to demonstrate its position as an evolutionary

intermediate, but rather to establish the basic embryo-

logical features of Amphioxus as the simplest Vertebrate,

representing the simplest and most basic Vertebrate

ontogeny, with which he could compare the development of

other animal types. Thus, there was no mention of

*The formation of Kovalevskii's evolutionary views
has been the subject of a heated debate among his Russian
biographers, which was reviewed in 1962 by E. N.
Mirzoaian. Mirzoaian supported the position that
Kovalevskii was a convinced Darwinist before he went to
Naples in late 1863, but this position is somewhat under-
mined by Kovalevskii's apparent change of mind in 1866,
in favor of the views of Kolliker, who was anti-Darwinian.
It seems more likely that Kovalevskii was receptive to
the general idea of evolution as a student; found his
Amphioxus research favorable to the Darwinian theory and
tentatively accepted its validity; but changed his mind
at least once before commiting himself deeply to the
Darwinian view. E. N. Mirzoaian, "Kvoprosu o formirovanii
evoliutsionnykh vzgliadov A. 0. Kovalevskogo," [On the
Problem of the Formation of A. O. Kovalevskii's Views on
Evolution] Trudy Instituta Istorii Estestvoznaniia i
Techniki 40 (1962): 283-91.
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evolutionary theory in the published version of his

research on Amphioxus development, although this paper

did include a list of "representatives of the different

types," which specifically named Amphioxus as represen-

tative of Vertebrates.
17

After establishing the basic features of Amphioxus

development, Kovalevskii turned his attention to the

details of early development in representatives of the

various Invertebrate groups present in the Naples fauna,

including species of Coelenterates, Echinoderms, Worms

and Molluscs. As representatives of the group Mollusca,

he chose to study two species of Ascidians, Ascidia

intestinalis and Phallusia mamillata.

The Ascidians (also called Tunicates or sea

squirts) constitute a heterogeneous group of marine

animals which includes both sessile and pelagic forms,

existing either as simple, single individuals or as

colonies. The Simple Ascidians which Kovalevskii studied

are sessile in their adult stage, and are covered by a

thick test or tunic. Their external appearance has been

compared to a "double-necked jar," referring to their

elongate shape and to the presence of two openings near

the unattached end of the body.
18

Internally, the

Ascidians possess a relatively complex set of organ

systems, which are contained within a muscular sac,

which mid-nineteenth century anatomists compared to the
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mantle of other Molluscs. The digestive, reproductive

and circulatory organs are located near the base of the

sac, while a large, basket-like pharynx fills the upper

portion. This branchial basket is connected at its

lower end to the esophagus and by its upper end to the

branchial siphon which opens to the exterior. The

nervous system is very simple, consisting of a single

elongated ganglion located between the branchial and

atrial siphons, which branches into nerves at both ends

(see Figure 7). On the basis of these anatomical

features, Tunicates were generally believed to be closely

related to the Invertebrate classes Brachiopoda and

Bryozoa, which most taxonomists classified as Mollusca.*

The general features of Ascidian development were

first described in 1828 by Jean Victor Audouin (1797-

1841) and Henry Milne-Edwards (1800-1885). They

*This summary was compiled mainly from three
review articles which together present a comprehensive
view of the status of Tunicate studies in the nineteenth
century: Rupert Jones, "Tunicata," in The Cyclopaedia of
Anatomy and Physiology, ed. by Robert Todd, 4 (part 2):
1185-1243; H. G. Bronn, Die Klassen and Ordnungen der
Weichthiere (Malacazoa). Vol. 3, Part 1: Kopflose
Weichthiere (Malacazoa Acephala) (Leipzig: C. F.
Winter'sche Verlagshandlung, 1862), pp. 103-223; and
William A. Herdman, Report on the Tunicata Collected
during the Years 1873-1876. Part 1. Ascidiae Simplices.
Great Britain Challenger Office, Report on the Scientific
Results of the Voyage of H. M. S. Challenger during the
Years 1873-76, vol. 6 (Edinburgh: Great Britain
Challenger Office, 1882). A good modern account of the
general features of Tunicates appears in Meglitsch,
Invertebrate Zoology, 2d ed., pp. 770-86.
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Figure 7. Anatomy of Simple Ascidians. (A) free-
swimming larval stage; (B) adult stage. Diagrammatic.
(a) anus; (at) atrial siphon; (b) brain; (br) branchial
siphon; (e) eye; (en) endostyle; (g) ganglion; (gs) gill
slits in branchial basket; (h) heart; (i) intestine;
(m) muscle; (n) nerve cord; (no) notochord; (s) stomach;
(t) test or tunic. [Adapted from Storer and Usinger,
General Zoology, 3rd ed.]
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discovered that the sessile adult Ascidian developed by

the metamorphosis of an original free-swimming tailed

larva bearing little resemblance to the adult.
19

Studies

by Pierre Joseph Van Beneden (1809-1894) in 1846 and

August Krohn (1804-1891) in 1852, described further

details of the embryonic development and internal struc-

ture of the tailed larva, and Krohn's work included some

histological details on the structure of the axial

supporting rod in the tail of the larva. 20

In comparison to these earlier studies,

Kovalevskii's study of Ascidian development was much

broader in scope and also more particular in detail.

His monograph was mainly descriptive, and included

discussions and illustrations of the development of the

major organ-systems of the Ascidian from their origin in

the primitive germ layers to their condition at the

beginning of metamorphosis.* It also included the first

detailed description of the early developmental processes

of cleavage and invagination in Ascidians, subjects which

were Kovalevskii's special interest:

At first I was most interested in the behavior of the
cleavage or division spheres of the embryo and the
formation of the body cavity and the intestinal
canal. The earlier details on these subjects were so
uncertain that no comparison could be made with the
method of formation in the case of other animals I
was investigating. 21

*The plates of illustrations from Kovalevskii's
Ascidian paper that show his figures of Ascidian
development are reproduced here as Figures 8 and 9.
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Figure 8. Early stages of development in Simple
Ascidians. [From Kowalevsky, "Entwickelungsgeschichte
der einfachen Ascidian," Plate I.]
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Figure 9. Later stages of development in Simple
Ascidians. [From Kowalevsky, "Entwickelungsgeschichte
der einfachen Ascidian," Plate II.]
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Kovalevskii began his analysis of the development

of Ascidians with the fertilized ovum, using the same

step-by-step procedure which characterized his Amphioxus

study. He found that in their earliest developmental

stages, Ascidians developed a two-layered, sac-like

embryo by processes of segmentation and invagination

which were very similar to those which he had observed

in Amphioxus, and also in the Worms, Phoronis and Sagitta,

the Echinoderms, Echinus esculentus and Ophiura, and in

several Coelenterates.
22

Kovalevskii's discovery of the

widespread occurrence in the animal kingdom of this

embryonic form, which Haeckel later termed the "gastrula,"

had important theoretical implications for embryology and

evolution. Both Kovalevskii and Haeckel discussed these

implications at some length in later works, after

Kovalevskii had accumulated even more evidence of the

universality of this form. 23

In his report of 1866, however, Kovalevskii was

more concerned with the theoretical interpretation of

certain features of Ascidian development which occurred

shortly after invagination, when the embryo first began

to take on a more distinctive character. He described

this stage as very difficult to follow, and one which

"long captivated my complete attention."
24

The results

he finally obtained "exceeded my own expectations," and

"finally forced a view upon me which would have seemed
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completely paradoxical to me at the outset."
25

The unexpected turn of events in Ascidian develop-

ment began with the formation of two longitudinal ridges

of cells on one side of the embryo, which appeared as

swellings when the embryo was viewed in cross-section.

Kovalevskii observed that these ridges grew in size and

eventually met one another and fused, forming a second

canal in the embryo, dorsal to the original intestinal

canal. He illustrated these developmental processes in

Figures 15, 16, 17 and 21. Between the two canals,

Kovalevskii noted a cord-like structure whose derivation

was unclear. 26 At first, he had a difficult time inter-

preting these structures, because they formed very

rapidly and were impossible to follow step-by-step:

The first time I observed this stage, I was of the
opinion that this new canal belonged to the intestine
and represented the rectum. However, when I followed
the development of the larva further, I soon found
that this second upper tube became the embryonic
nervous system. This discovery motivated me to carry
out an exact pursuit of all preceding developmental
stages, and I now succeeded in following out the
formation of the canal up to the swellings.27

*In order to make Kovalevskii's illustrations of
these stages correspond with his descriptions it is
necessary to invert Figures 16 and 17. The incorrect
placement of these drawings caused some confusion in the
interpretation of his results, which required clarifica-
tion in a second article on Ascidians that Kovalevskii
published in 1871: Alexander Kowalevsky, "Weitere
Studien fiber die Entwicklung der einfachen Ascidien,"
Archiv fUr Mikroskopische Anatomie 6 (1871): 101-130.
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On the basis of his repeated observations, Kovalevskii

concluded that the dorsal ridges eventually formed a

neural canal in the larval Ascidians, and furthermore,

that this development proceeded in a manner very similar

to the formation of the nervous system in Amphioxus.
28

On following out the further development of the

cellular cord which eventually formed the axis of the

tail of the larval Tunicate, Kovalevskii found more

evidence of similarity to Amphioxus development:

When one compares the development of the vesicular
cord, such as the axis cylinder of the tail of the
Ascidian larva, with the development of the chorda
dorsalis of Amphioxus, we get even more evidence of
exact comparison.

The chorda dorsalis of Amphioxus appears entirely
as in the case of all other Vertebrates as a
vesicular cord, which at first consists of only one
row of cells which lie beside one another, Fig. 22
ch [referring to the Amphioxus paper] . . . This
stage is thus entirely in correspondence with the
one which we see, for example in Fig. 20 [referring
to the Ascidian paper]. The further development,
both in the case of Amphioxus and also in Ascidians,
consists only in the increase and diminution of

cells.29

The discovery of a dorsal, tubular nerve cord, an

axial supporting rod comparable to the. Vertebrate noto-

chord, and a double-tubular body form in the Ascidian

larva, an organism which he assumed was a Mollusc, was a

surprise to Kovalevskii, because, as he explained later

in his paper, these features had always been associated

exclusively with Vertebrate development:

The formation of dorsal swellings and their closure
into the nerve canal [is] . . . the first
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distinction in the development of all Vertebrates.
This formation of the nervous system is considered
characteristic of Vertebrates; not a single Mollusc
has anything similar to show. Huxley, in his
Handbook of Comparative Anatomy, p. 70, conceded
this distinction in the development of the nervous
system, as the most important point. We have
discovered a similar formation in the case of the
Ascidian and described it on page 6. Further, it is
known as a chief distinguishing trait of the Verte-
brate that its body consists of two parallel tubes,

of which the underneath represents the intestinal
canal, and the upper, the nerve canal. We see the
same thing also in the Ascidian larva of Figs. 20,
22, and 23. . . .

The presence of a rigid cord--the "chorda
dorsalis"--appertains . . . to the chief character-
istics of the Vertebrates. It is assumed that in
Molluscs nothing similar is found.*

Before drawing any general conclusions from these

observations, Kovalevskii elaborated on his interpreta-

tion of the axial cord (also called axial cylinder or

dorsal cylinder) in Ascidians, and contrasted his view

to those of Johannes Milner (1801-1858), Leuckart,

Gegenbaur and Krohn, who had all observed this structure

in the larvae of other Ascidian species. His main point

in discussing the various views of these earlier workers

was to emphasize their inability either to perceive the

similarity between the Ascidian dorsal cylinder and the

Vertebrate chorda dorsalis, or to interpret this

*Kowalevsky, "Entwickelungsgeschichte der
Ascidien," p. 12. Huxley's work, Lectures on the
Elements of Comparative Anatomy, had been translated
into German and Russian by 1865, and it is likely that
Kovalevskii read one of these versions, since the
discussion he referred to occurs on p. 60 in the English

edition.
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similarity as any more than functional or analogical

correspondence, due to inadequate knowledge of the

processes of development by which the dorsal cylinder

was formed. For example, Kovalevskii pointed out that

while Muller had gone so far as to compare the Ascidian

axial cylinder to the chorda of cyclostomates (a primi-

tive Vertebrate group) he nevertheless limited his

comparison to functional considerations, since he

believed that the cellular composition of the Ascidian

axial cylinder was significantly different from the

30
Vertebrate chorda.

In contrast to these earlier workers, Kovalevskii

was able to point to numerous similarities between the

development of the axial cord and the chorda dorsalis,

which he reviewed by repeating the details of his obser-

vations on chorda formation in Amphioxus and describing

the nearly-identical processes which were responsible

for axial cord formation in Ascidians. He believed that

this new data justified a new interpretation of the axial

cylinder:

On all these grounds I believe that for good reasons
the axis cylinder (Fig. 27 h) of the tail of the
Ascidian can be compared not only functionally but
also genetically with the chorda dorsalis of
Amphioxus.31

In other words, Kovalevskii was arguing that the histo-

genetic similarities he had observed between the

Amphioxus chorda and the axis cylinder of Ascidians



116

demonstrated the similarity of origin of the two

structures, which was the main embryological criterion

for determining the morphological relationship or homol-

ogy of similar parts in different organisms. Although

Kovalevskii did not use the term "homologous" to

describe the relationship between the chorda and the

axis cylinder in his 1866 paper, it is clear from his

emphasis on the genetic similarity of the two structures,

that he was proposing their morphological equivalence.

Furthermore, in a follow-up paper on Ascidian development

published in 1861, Kovalevskii plainly asserted that:

. . . scarcely anyone now doubts that the chorda
of Ascidians is homologous as well as analogous to
the chorda of Vertebrates. . . .32

Kovalevskii's interpretation of the axis cylinder

and the chorda dorsalis as homologous structures reveals

a similar attitude to cross-type comparisons as that

which characterized the thinking of Leydig and Haeckel.

Furthermore, his view represented a departure from

generally accepted embryological principles of the

period, in which cross-type comparisons were prohibited

just as they were in anatomy. In a later work,

Kovalevskii firmly stated his position on the prohibition

of such comparisons:

. . . [to prohibit cross-type comparison] would
take away any scientific basis from us and it would
be impossible to speak of any kind of Comparative
Anatomy or Embryology, and even less of the
relationships of the types, for which we find
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evidence in the Invertebrates in every step. On all
these grounds, I consider the view that the organs
of animals of different types can not be homologous,
to be untenable.33

The traditional embryological position against

cross-type comparison, to which Kovalevskii was object-

ing, was based on von Baer's original demonstration in

1828, that each of the four major animal groups exhibited

a distinctly different pattern of development or

"schemata" in terms of the derivation of its main organ-

systems from the primary germ layers. Von Baer also

noted certain similarities among the different types

during their earliest stages of development, but these

were attributed to the similar physiological condition

of all eggs, Vertebrate or Invertebrate, which contained

a high percentage of yolk material. 34 Because of the

basic differences in the mode of development of different

animal types, von Baer argued that organs could only be

homologous within the limits of the type. For example,

in his view, the central nervous system of Arthropods,

although similar in function to that of Vertebrates,

developed in a completely different fashion, and there-

fore could not be homologous to the Vertebrate nervous

system.
35

Just as Cuvier's demonstration of anatomical

differences between the types served to refute the

anatomically-based doctrine of unity represented by the



118

views of Geoffroy St. Hilaire, von Baer's work in embry-

ology was considered a refutation of the embryological

version of the Unity theory, represented by the doctrine

of parallelism, and promoted mainly by Johann Meckel in

Germany and Etienne Serres (1786-1868) in France.

According to Meckel's "law," early stages in the develop-

ment of higher animals repeated the adult organization

of lower animals. Von Baer showed that empirical obser-

vation did not support the idea of parallelism. His

view of the distinctive character of the development of

each type became widely accepted during the 1830's to

1850's.
36

As microscopes and staining methods improved

during the 1840's and 1850's, and as theoretical

interests expanded to the cellular level of organization,

embryological research became more involved in the

earlier stages of development. Robert Remak's (1815-

1865) studies of Vertebrate development were especially

influential in establishing the cellular continuity from

egg-cell to tissue and in demonstrating the distinctive

histological properties of the different germ layers.*

*Remak's approach to embryology was both concep-
tually and technically different from that of von Baer.
In terms of technique, von Baer's studies were based
mainly on the examination of fresh material, using a
simple microscope with relatively low magnification and
dissecting needles; Remak, in contrast, also used
preserved material, fixed and hardened so that he could
make thin sections for examination with a compound
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As this type of analysis was extended to Invertebrates,

primitive layers similar to those of Vertebrates were

discovered in several Invertebrate groups, and the

question of the validity of cross-type comparisons once

again became an issue in embryology. Two important

studies which addressed this issue were published in the

early 1860's; August Weismann's (1834-1914) studies on

the embryology of Diptera, published in Germany in 1864;

and Auguste Lereboullet's (1804-1865) comparative study

of the development of the trout, lizard and pond-snail,

which was published as a series of monographs from

1961-1863 in France.
37

Analysis of these studies will

demonstrate that while certain concepts and techniques

in the 1860's may have changed from those of earlier

decades of embryology, the idea of separate types

persisted among embryologists just as it persisted among

anatomists.

Weismann's study was very similar to Kovalevskii's

in terms of its emphasis on continuous, step-by-step

microscope. Furthermore, Remak worked in a period
devoted to testing the merits of the cell-theory, and he
studied the developing organism as a composite of cells
and tissues, whereas von Baer's studies focused on the
arrangement of embryonic organs. These changes are
clearly reflected in the illustrations in Remak's
treatise on Vertebrate development, which show the
individual cells composing the embryo at various stages
of development. Robert Remak, Untersuchungen fiber die
Entwickelung der Wirbelthiere (Berlin: G. Reimer,
1850-55).
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analysis of development in the living embryo, and in its

attention to detail. The main theoretical question which

Weismann discussed was the problem of the interpretation

of germ layers in Insects.* In 1854, shortly after the

publication of Remak's new views on Vertebrate germ

layers, the German embryologist, E. Gustav Zaddach

(1817-1881), attempted to extend Remak's ideas to

Invertebrates. Zaddach proposed that the embryonic

membranes found in certain Insects during their early

development were homologous to the germ layers which

Remak had described in the chick embryo.
38 Weismann's

new observations, in a more detailed study, did not

support this interpretation, and he demonstrated in his

1864 publication on Diptera that what Zaddach had

assumed was the outer germ layer in the insect larva,

was actually a provisional protective membrane which

disappeared in development and did not contribute to the

formation of the embryonic nervous system, as Zaddach

had proposed. Weismann considered the attempt to draw

homologies between Vertebrates and Arthropods a reversion

*Weismann later reported that he had not under-
taken his studies on Diptera from an evolutionary
perspective, and therefore

". . . at the time of writing I drew no conclu-

sion from these facts with reference to the phyletic
development of these larval forMs . . ." August

Weismann, Studies in the Theory of Descent, trans. by

Raphael Meldola (London: Sampson,,Low, Marston, Searle
& Rivington, 1882), p. 493.
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to the speculations of "Naturphilosophie," and insisted

that in terms of histological differentiation, the germ

layers of the two types were essentially different. In

another publication based on his research on Diptera, he

wrote:

. . .
the conclusion should not be drawn that the

germ band of the Vertebrate and that of the Arthropod
are homologous structures. Both have nothing more in
common with one another than that they both represent
the first primordium of the animal and indeed the
parts from which later the central nervous system
develops; on the other hand, the ways and means by
which the different body parts of each type arise
from the germ band, are just as different as the
mode of origin of the germ bands themselves.39

Lereboullet's study was undertaken to settle a

dispute in the Acad6mie des Sciences between Etienne

Serres and Henri Milne-Edwards. Serres had been an

early supporter of the theory of parallelism in the

1830's and 1840's and he continued to uphold that

doctrine and the doctrine of unity of type in the 1860's.

Milne-Edwards, on the other hand, completely rejected

both these doctrines, and insisted that embryological

and anatomical evidence supported the idea of separate

and distince types.
40 In 1853, the Academy offered a

prize on the subject of "the positive determination of

the resemblances and differences in the comparative

development of Vertebrates and Invertebrates," in an

attempt to settle the long-standing debate.
41

Lereboullet submitted a preliminary memoir on the
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subject in 1854, and his final series of monographs was

published in 1861-63. Lereboullet's studies included

representatives of the major animal types, but focused

on Vertebrate development, especially in fish. His final

memoir included a lengthy discussion of the views of

Milne-Edwards and Serres and their relationship to the

embryological evidence he had obtained, which he

summarized as follows:

The results which I have obtained are diametrically
opposed to the theory of the zoological series by
successive improvements, a theory which claims to
show, in the embryonic stages of higher animals, the
repetition of forms which characterize the lower
animals, and which has claimed that the latter are
the permanent embryos of the former.

The embryo of a Vertebrate shows the type of the
Vertebrate from its origin, and retains this type
during all the duration of its development; it is
never and it can never be, either a Mollusc or an
Articulate, since the characteristics of those two
groups ought to appear before those which
distinguish the Vertebrates, which is impossible, as
we have just stated.42

He concluded that his evidence strongly supported the

idea of separate and distinct types:

We are therefore led, by all that preceding, to
establish as a general result of our researches, the
existence of several types, and, consequently, of
varied plans of development among them. These
different types are manifested from the beginning of
embryonic life; the characters which establish them
are thus primordial and we can say with M. Milne
Edwards that 'everything tends to prove that the
distinction belonging to different embranchements is
a primordial distinction.'43

It is interesting to note that both Weismann and

Lereboullet were reacting to the speculative ideas of an
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earlier period in their insistence on the separateness

of types. In embryology, as in anatomy, most ideas

concerning the relatedness of different animal types,

such as evolution and the unity of type, were still

strongly associated in the 1850's and 1860's with the

philosophical speculations of the earlier transcendental

period in morphology, which had mainly given way to an

emphasis on empirical investigation. Weismann later

described the prevailing attitude among his teachers in

the 1850's with regard to the idea of evolution, which

was the same attitude he reflected in his early studies

on Diptera:

It seemed as if all the teachers in our universities
. . . were ashamed of these philosophical flights on
the part of natural science and wished to guard
their students from similar deviations. The over-
speculation of the 'Naturphilosophie' had left in

their minds a deep antipathy to all far-reaching
deductions, and . . . [they stirred] after purely
inductive investigation . . . .44

Since Kovalevskii received part of his education

in German universities, and since he was engaged in the

same kind of embryological investigation as Weismann and

Lereboullet, and also probably aware of their conclusions,

it is interesting to speculate on why he was willing to

go against popular opinion in proposing homology between

structures of a Vertebrate and Invertebrate animal.* As

was the case with Leydig and Haeckel, it is likely that

*Kovalevskii cited Lereboullet's work in both his
Amphioxus and Ascidian papers.
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the unique combination of theoretical and philosophical

assumptions, methodology, and experience characteristic

of Kovalevskii's early research period was responsible

for his views on the relatedness of different animal

types, rather than any one of these factors alone.

In terms of his basic intellectual heritage,

Kovalevskii's Russian background cannot be overlooked.

In Russia, for example, the anti-evolutionary or anti-

transformist tradition was not nearly as strong as in

France or Germany, where reaction against Naturphiloso-

phie still exerted an influence in the 1850's and

1860's.* Both Tsenovskii and Kutorga, who were

Kovalevskii's professors at St. Petersburg, were favor-

able to the concept of evolution; Kutorga was an early

advocate of Darwinism and praised Darwin's book to his

class in 1860.
45

Also, conditions had changed somewhat

in the German universities when Kovalevskii studied in

Germany in the early 1860's, since Darwin's theory of

evolution was being openly debated. 46 Heinrich G. Bronn,

with whom Kovalevskii studied zoology at Heidelberg,

*James Allen Rogers attributes the positive recep-
tion of Darwinism in Russia partly to this strong posi-
tive interest in biological evolution in the decades
preceding the publication of the Origin of Species. See
Rogers' article, "The Reception of Darwin's Origin of
Species by Russian Scientists," Isis 64 (1973): 484-503;
and Vucinich, Science in Russian Culture, pp. 104-108,
for discussions of the status of evolution in Russian
thought before and after Darwin's publication.
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represented the position of many older professors who

continued to oppose both the general idea of evolution

and Darwin's theory.* However, another of Kovalevskii's

professors, Franz Leydig of Tiibingen, favored Darwin's

theory and believed that it provided a sound empirical

foundation for evolution. Kovalevskii was also familiar

with the writings of Albert von K011iker, who, although

he was an evolutionist, opposed Darwin's theory of

natural selection. K011iker proposed an alternate theory

of "heterogenesis" whose basic ideas he outlined in his

review of Darwin's Origin of Species, published in

1864."

Kovalevskii's early writings reveal an openness

to evolutionary ideas and problems as well as objectiv-

ity in assessing the claims of different theories of

evolution, attitudes which were typical of many Russian

*Montgomery, "Germany," pp. 86, 91. Bronn was
author of the first German translation of Darwin's
Origin of Species, to which he appended an unfavorable
review which was published along with Darwin's text.

**Albert von K011iker, "Uber die Darwin'sche Sch6p-
fungstheorie," Zeitschrift fur Wissenschaftliche Zoologie
14 (1864): 74-86. Kolliker proposed that one animal form
could give rise to another different form through some
type of modification involving the developmental process:

"The basic idea of this hypothesis is that under
the influence of a general evolutionary law,
organisms produce from their embryos others which
diverge from them." (p. 84).

He outlined two ways that this might happen: (1) by the
egg or embryo giving rise to a higher form of life, and
(2) through the larval form adopting an independent
course of development.
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scientists of the 1860's, and which reflect the influence

of his varied educational background.* For example, as

mentioned above, in his dissertation of 1865, Kovalevskii

concluded that his data on Amphioxus supported Darwin's

theory rather than K011iker's, but after his discoveries

in Tunicate embryology he was willing to reconsider one

of Kolliker's hypotheses as a possible mechanism of

Vertebrate evolution.

In terms of methodology, a main feature of

Kovalevskii's early work was his strong interest in "the

development as well as the structure of the larvae of

different animal types," that is, an emphasis on the

dynamic aspects of embryogenesis as well as the static

aspects of embryonic structure which were more charac-

teristic of the earlier period of embryology. 47 This

emphasis is illustrated by the type of data which

Kovalevskii presented in support of the homology of the

axial cord of Ascidians and the chorda dorsalis of

Amphioxus. Here, he discussed not only the similarity

in the position, location and composition of the two

structures, but also the similarity in the processes

such as "growth," "coalescence," "deposition," "division,"

and "fusion," which contributed to their final form. 48

*Rogers characterized the typical Russian attitude
to Darwinism as enthusiastic, but by no means uncritical.
See "Reception of Darwin," p. 503.
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As a result of this approach, Kovalevskii tended to apply

a different criterion of homology than that which is

generally associated with this period of history. In the

embryology of the 1850's, similarity of development or

origin was mainly interpreted to mean "similarity of

connections throughout the course of development," and

homologies were determined solely by the relative

positions and connections of parts. 49 For Kovalevskii,

however, similarity of origin meant also similarity of

histological differentiation, and in applying this

criterion to the particular organisms he first studied

in the Naples fauna, he discovered a previously unknown

degree of similarity which suggested a closer relation-

ship between the types than was usually perceived.

The fact that Weismann applied the same criterion

to the analysis of Insect development and came to the

opposite conclusion from Kovalevskii regarding the

homology of Vertebrate and Invertebrate structures,

illustrates the importance of another feature of

Kovalevskii's work, namely, his experience of studying

Amphioxus development prior to his Invertebrate studies.

In a previous discussion it was shown that Kovalevskii

based his view of the developmental characteristics of

the Vertebrate type on his observations on Amphioxus.

Thus, his view was both simpler and also less exclusive

than the views of other workers, such as Weismann and
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Lereboullet, for whom the development of the fish

represented the simplest and most typical Vertebrate

pattern.

Kovalevskii's unique combination of skills and

assumptions enabled him to build an impressive case for

the morphological relationship of Amphioxus and

Ascidians, based on a broad range of empirical evidence

showing developmental similarities, and capped by a

strong argument for homology. Nevertheless, he

refrained from drawing any general conclusions from his

data, except to relate them very cautiously to the

problem of Vertebrate ancestry:

I would make mention of all these observations,
because they can perhaps give us a hint as to how
the occurrence and formation of the Vertebrate type
is to be interpreted, especially if we could agree
with K011iker's point of view that larvae themselves
may yield independently propagating new forms.5°

In other words, Kovalevskii was suggesting that

it was possible to perceive a direct, evolutionary rela-

tionship between Vertebrates and Ascidians, by assuming

that the main line of evolution involved the larval,

rather than adult form of the Ascidian.

This interpretation took into account a basic

problem inherent in any attempt to explain the origin

of Vertebrates on the basis of similarities between

Amphioxus and Ascidians. The problem is that while the

free-swimming larval Ascidian possesses features in
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common with both the larval and adult Amphioxus, these

features are absent in the sessile adult Ascidian.

Kovalevskii solved the problem of accounting for the

basic difference in the adult forms of Amphioxus and

Ascidians by assuming a hypothetical mechanism, orginally

proposed by Kolliker, whereby larval characteristics

alone could be transmitted from one generation to the

next. In this way, it was theoretically possible to

derive a free-swimming Vertebrate, like Amphioxus,

from a sessile, Ascidian-like ancestor.

Although Kovalevskii did not elaborate on this

view of vertebrate ancestry, his position is notable

for its general similarity to a theory proposed by

Walter Garstang in 1928, which has been influential in

modern debate on the Vertebrate ancestry problem.
51

Garstang, like Kovalevskii, hypothesized that Vertebrates

evolved from Ascidian-like ancestors; and, like

Kovalevskii, he assumed that a pelagic, Ascidian-like

larval form played a special role in the evolutionary

process. But, unlike Kovalevskii, who offered no

explanation for the mechanism whereby "larvae themselves

yield independently propagating new forms," Garstang

explained how natural selection could modify the life

cycle of an organism so that sexual maturity became

associated with larval organization, a phenomenon which

he called "neoteny." By then demonstrating how natural
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selection could also suppress metamorphosis, and

gradually modify the neotenous larva, Garstang was able

to explain how Vertebrates could have evolved from

sessile, Ascidian-like ancestors.

Garstang was the first person to seriously promote

the idea of Ascidians as similar to the ancestral parents

of Vertebrates, the view which Kovalevskii hinted at in

1866. Kovalevskii's theoretical views on Vertebrate

ancestry had no apparent impact on the interpretation of

Ascidian-Vertebrate similarities, and speculation on

Vertebrate ancestry throughout the nineteenth and early

twentieth centuries came to be dominated instead by a

view of Ascidians as degenerate siblings of Vertebrates.

This view was promoted by Haeckel and Darwin, who were

mainly responsible for publicizing Kovalevskii's

discoveries. They both chose an alternate solution of

the problematic aspects of the data, by assuming an

indirect rather than a direct relationship between

Ascidians and Vertebrates, thus avoiding the problem of

deriving a motile Vertebrate from a sessile Ascidian

ancestor. According to this view, basic Vertebrate

organization was already present in the common ancestral

group from which Ascidians and Vertebrates both arose.

This ancestral group, according to Darwin:

. . diverged into two great branches--the one
retrograding in development.and producing the
present class of Ascidians, the other rising to the
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crown and summit of the animal kingdom by giving
birth to the Vertebrata.52

Although these first theoretical views of

Kovalevskii were ignored by later advocates of the

Tunicate theory, his data and his new method of deter-

mining homologies had a direct and immediate influence

on the history of the Vertebrate ancestry problem, as

the next chapters will show. His studies on Amphioxus

provided evolutionists with a new model of Vertebrate

development, and his comparison of the development of

Ascidians and Amphioxus demonstrated the value of

embryological information in determining the

morphological relationships among different animal

groups. Finally, Kovalevskii's studies were important

as the first truly comprehensive analysis of similarities

between a Vertebrate and Invertebrate organism to be

published in the period when interest in the problem of

Vertebrate ancestry was beginning to rise. For many

evolutionists, as for Carl Kupffer (1829-1902),

Kovalevskii's work

. . . brought the facts to light, which as no
others before, were suited to bridge over the gap
between Vertebrates and Invertebrates and to grant
a positive foundation to the theory of the phylo-
genetic connection of apparently widely-separated
groups.53
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IV. THE TUNICATE THEORY OF VERTEBRATE
ANCESTRY: 1868-1871

In the decade following Aleksandr Kovalevskii's

discovery of developmental similarities between Amphioxus

and Ascidians, the idea of an evolutionary relationship

between Tunicates and Vertebrates expanded from

Kovalevskii's original "hint" into a comprehensive theory

with an impressive corps of adherents as well as a formi-

dable opposition. This chapter and Chapter 5 will trace

the history of the development of the Tunicate thebry

from its first formation, through various stages of

confirmation and extension, including major criticisms

of the theory, and finally its incorporation into the

major textbooks and evolutionary treatises of the 1870's.

The most intensive development of and response to

the Tunicate theory occurred between 1868 and 1875, a

period when competition from other theories of Vertebrate

ancestry was lacking. The Tunicate theory underwent two

rather distinct phases of development during this period,

which were characterized by different logical and empir-

ical concerns on the part of its proponents, as well as

differences in the nature of the criticism offered by

opponents of the theory. Thus, Chapter 4 will focus on

the development of the theory from 1868 to 1871, and

Chapter 5 will deal with the period, 1872 to 1875.
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Ernst Haeckel's Proposal of
The Tunicate Theory

The essential features of the Tunicate theory were

first proposed by Ernst Haeckel in 1868, in his book,

Naturliche SchOpfungsgeschichte, which was a popular

account of the evolution theory based on a series of

lectures Haeckel had given in 1867-68.
1 Haeckel had read

Kovalevskii's papers on Amphioxus and Ascidian develop-

ment and immediately recognized the potential in

Kovalevskii's embryological discoveries for an applica-

tion of his biogenetic principle. No longer was it

necessary to regard the origin of Vertebrates as wrapped

in deep darkness, as it had been for him in 1866 when no

information was available on the embryology of Amphioxus.

Instead, Haeckel found the evolutionary history of the

Vertebrates clearly illuminated in the early embryonic

stages of Amphioxus and Ascidians. His discussions of

the various implications of Kovalevskii's discoveries

for Vertebrate evolution were spread among three

different chapters of the book, forming a complex, but

rather unsystematic, provisional version of the Tunicate

theory.

In his chapter on the genealogy of Vertebrates,

Haeckel explained the relationship between Amphioxus and

Tunicates and its significance for the evolution of
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higher Vertebrates. He argued that the presence of a

primitive spinal cord and notochord in the embryonic

Ascidian, and the similarity of the development of these

organs in Ascidians and Amphioxus, supported the

inference that Vertebrates and Tunicates shared a common

ancestry and were thus genetically related. Haeckel

expressed this argument in the exaggerated prose style

that was characteristic of his popular writings, as this

passage illustrates:

Obviously, animals with skulls and central hearts
developed gradually in the later primordial period
out of those without skulls and with tubular hearts.
Of this the ontogeny of skulled animals leaves no
doubt. But whence are these same skull-less animals
derived? It is only very lately that an exceedingly
surprising answer has been given to this important
question. From Kowalewsky's investigations,
published in 1867, on the individual development of
the Amphioxus and the sessile Sea-squirts (Ascidia),
it has been proved that the ontogenies of these two
entirely different looking animal-forms agree in the
first stages most remarkably. The free-swimming
larvae of the Ascidians develop the undeniable
beginning of a spinal cord and of a notochord, and
this moreover in entirely the same way as does the
Amphioxus. It is true that in the Ascidians these
most important organs of the Vertebrate animal do
not afterwards develop further. The Ascidians take
on a retrograde transformation, become attached to
the bottom of the sea, and develop into shapeless
lumps, which when looked upon externally would
scarcely be supposed to be animals. But the spinal
cord, as the beginning of the central nervous
system, and the notochord, as the first basis of the
vertebral column, are such important organs, so
exclusively characteristic of Vertebrate animals,
that we may from them with certitude infer the true
blood relationship of the Vertebrate with Tunicate
animals. Of course we do not mean to say by this,
that Vertebrate animals are derived from Tunicate
animals, but merely that both groups have arisen out
of a common root, and that Tunicates, of all the
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Invertebrates, are the nearest blood relations of the
Vertebrates. It is quite evident that genuine
Vertebrate animals developed progressively during the
primordial period (and the skull-less animals first)
out of a group of worms, from which the degenerate
Tunicate animals arose in another and a retrograde
direction.2

A slightly different version of this same argument

appeared in Haeckel's discussion of the various Worm

classes in his chapter on the genealogy of Invertebrates:

. . . the second class of Sack-worms [is] the
Mantle animals (Tunicata). This most remarkable
animal class lives in the sea, where some (the sea-
squirts or Chthonascidians) are attached to the
bottom, while others (the sea-barrels or
Nectascidians) swim around freely . . . . No one
would recognize in them a trace of relationship to
the highly differentiated Vertebrate animals. And
yet this can no longer be doubted, since Kowalewsky's
investigations, which two years ago suddenly threw an
exceedingly surprising and unmistakeable light upon
them. From these investigations it has become clear
that the individual development of the adherent
Simple sea-squirts (Ascidia, Phallusia) agrees in
most points with that of the lowest Vertebrate
animal, the Lancelet (Amphioxus lanceolatus). In

particular, the early stages of the Ascidia possess
the beginnings of the spinal cord and the notocord
(chorda dorsalis) lying beneath it, which are the
two most essential and most characteristic organs
of the Vertebrate body. Accordingly, of all
Invertebrate animals known to us, the Tunicates are
without doubt the nearest blood relations of the
Vertebrates, and are to be considered as the
nearest relatives of those Worms out of which the
Vertebrate tribe has developed.3

Beginning with the second edition of Naturliche

Schopfungsgeschichte, published in 1870, the two passages

quoted above also included references to two plates in

which Haeckel depicted the main features of the anatomy

and ontogeny of Ascidians and Amphioxus. His
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representation of their embryological stages consisted

of highly simplified and schematic renderings of the

drawings from Kovalevskii's papers of 1866 and 1867.

Haeckel's figures tended to magnify the developmental

similarities between the two animals, as shown in

Figures 10 and 11.

A third reference to the Tunicate-Vertebrate

relationship occurred in Haeckel's chapter on "Human

Genealogy," which consisted of a review of the twenty-two

ancestral stages in human evolution. In this context,

Tunicates were considered as extant relatives of the

ancient group of Sack-worms which comprised the eighth

stage in the Invertebrate ancestry of humans; Amphioxus

bore a similar relation to the ancient Leptocardians of

the ninth stage, and began the series of Vertebrate

ancestors; and Worms of various types fit into the sixth

and seventh stages of human ancestry. The brief

synopses of the significant features in the evolution of

each stage that Haeckel discussed here were an important

aspect of the Tunicate theory, since they explained in

more detail the proposed relationship between Tunicates,

Vertebrates and Worms.

For example, here Haeckel elaborated on his view

of the group of Worms from which the Tunicates (Sack-

worms) arose:
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Seventh Stager Worms (Vermes) of unknown form;
transitional between the sixth and eighth stages,
between the Flatworms and Sackworms; arose from the
flatworms through modification of the most anterior
part of their intestine into a respiratory apparatus
(branchial basket), through the formation of an anus,

. . .
and through the loss of cilia on the outer

surface of the body.4

In this case, Haeckel was unable to find any close rela-

tives of this form among the extant Worm classes, and

its former existence as an intermediate form between

Tunicates and Flatworms was purely conjectural.

Haeckel had a much more definite idea of the form

of the hypothetical Sackworms of the eighth stage of

human ancestry, because of their close relationship to

the extant Tunicates:

Eighth Stage: Sackworms (Himatega), to which, of
all worms known to us today, the Tunicata stand
nearest, and especially the free-swimming young
forms or larvae of the-Simple sea-squirts (Ascidia,

Phallusia). They arose from the Worms of the
seventh stage through development of the simple
nerve ganglion into the beginning of a spinal cord
(medullary canal) and a dorsal cord lying under it

(chorda dorsalis). The form value of this stage
corresponds approximately to that which the larvae
of the Simple sea-squirts possess at the time when
they show the beginning of the spinal cord and
dorsal cord.5

From these hypothetical, ancestral Sackworms which

were motile and tailed like the larvae of extant

Tunicates, evolved the ancestors of the present-day

Amphioxus:

Ninth Stage: Skull-less or Tubular-hearted
(Acrania or Leptocardia), from very distant similar-
ity with the extant Lancet fish (Amphioxus lanceola-
tus). Body still without head, without skull and
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brain, uniformly tapered anteriorly and posteriorly.
Arose during the primordial period from the Sackworms
of the eighth stage by further differentiation of all
organs, especially more complete development of the
spinal cord and the notochord lying under it.6

As these discussions show, in addition to reveal-

ing the true genealogical connection between Vertebrates

and Tunicates, Haeckel believed that Kovalevskii's

discoveries justified a reclassification of the Tuni-

cates. As part of his discussion of Worm phylogeny, he

explained the necessity of removing the Tunicate class

from the Mollusca or Molluscoida and placing it into the

heterogeneous Worm phylum, in order to reflect the true

affinities of Tunicates among the Invertebrates. He

proposed that Tunicates be interpreted as "connecting

intermediate forms between the lower Worms on the one

hand and . . . Vertebrates on the other. u7 With

Tunicates reclassified as Worms, Haeckel could thus

extend his phylogenetic speculations to include the

ultimate as well as the proximate ancestry of Vertebrates.

Haeckel did not discuss the taxonomic and phylo-

genetic relations within the class Tunicata in the

Naturliche Schopfungsgeschichte. However, he did indi-

cate that the class consisted of two main subdivisions,

"Chthonascidiae," and "Nectascidiae," and referred the

reader to appropriate sections of the Generelle

Morphologie for further details.
8

Although Haeckel's

views on Tunicate phylogeny were first proposed in
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another context, they will be considered as part of the

Tunicate theory, since they carried important implica-

tions about the form of the proximate Vertebrate

ancestor.

Haeckel's discussion of Tunicate classification

in the Generelle Morphologie consisted of a review of

the various taxonomic subdivisions of the class and an

interpretation of their possible genealogical relation-

ships.* Haeckel used the same main subdivisions for his

classification as that proposed in H. G. Bronn's treatise

of 1862, namely, Chthonascidiae (Sessile Ascidians) and

Nectascidiae (Pelagic Ascidians).
9

Heackel also retained

the same classification of groups within the Nectascidiae.

However, he changed the ranks of the classification for

the four groups within the Chthonascidiae. For example,

Haeckel designated the Chthonascidiae and Nectascidiae

as subclasses of the class Tunicata, whereas Bronn had

called them orders; and within the Chthonascidiae,

Haeckel separated the four families into two orders.

also established separate orders for each of the four

families of Nectascidia. Since Haeckel believed that the

*At this time, Haeckel classified the Tunicates,
along with the Bryozoans and Brachiopods, as three
classes in the subphylum "Himatega," of the phylum
Mollusca. Although he later removed the Tunicates and
Bryozoans to the Worm phylum, he retained the same
classification of groups within the Tunicate class that
he first proposed in the Generelle Morphologie.
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various taxonomic categories such as order and family

signified differing degrees of blood relationship, he

apparently made these changes to bring the classification

into closer conformity with his views of the genealogical

relationships of the groups involved.*

Haeckel's genealogical interpretation of Tunicate

taxonomy is an excellent example of his use of the bio-

genetic law. According to the assumption that ontogeny

recapitulates phylogeny, the group of Tunicates whose

adult form was most similar to the early embryonic form

should be most closely related to the ancestral form.

Although very little detailed information was then avail-

able on Tunicate embryology, the tailed, tadpole-like

larva had been observed in most branches of the class.

Furthermore, among the Pelagic Tunicates or sea-barrels

(Nectascidians), a group known as the Appendicularians

retained this tadpole-like form as adults. From these

general observations and the assumption of recapitula-

tion, Haeckel deduced the main outline of Tunicate

evolution:

Among all the known Tunicates the Appendicularian
group seems to stand nearest to the original common
ancestral form of Tunicates. It especially shows
great similarity to the very early larvae of the
Chthonascidians. It is thus probably to be regarded

*Haeckel discussed the subject of taxonomy at
length in vol. 2 of the Generelle Morphologie, including
a section on the significance of categories of classifi-
cation, pp. 391-94.
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as a little-changed direct descendant of the ancient
Tunicate root, from which, on the one hand, the
Chthonascidians, and on the other hand, the rest of
the Nectascidians, come off as two diverging
branches.10

From the observation that, among the Sessile

Ascidians (Chthonascidians) the tailed larva of the

subgroup of Simple Ascidians (Monascidiae) was more

similar to the Appendicularian form than that of the

subgroup of Compound Ascidians (Synascidiae), Haeckel

proposed a close evolutionary connection between Simple

Ascidians and Appendicularians:

. the Simple Ascidians (Monascidiae) have
arisen from the Appendicularians, with which the
early larvae of the Phallusidae show very great
similarity. . . . The Colonial Ascidians probably
arose later from the Monascidians, and the Clavel-
inidans and Botryllidans seem to consist of several
lateral branches which are rather unconnected to
one another.11

He also speculated on the genealogical relation-

ships among the various subgroups of Pelagic Ascidians

(Nectascidians), although he admitted a lack of precise

data bearing on these relationships, except for that

which suggested the Appendicularians as the most primi-

tive of the four subgroups. 12

There are certain ambiguities in Haeckel's account

of Tunicate phylogeny which make it difficult to deter-

mine exactly what kind of evolutionary relationship he

perceived among the Appendicularians, Sessile Ascidians,

and Pelagic Ascidians. For example, while the passages
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cited here seem to suggest the Appendicularians as

parental stock for both the other groups, they could also

be interpreted as suggesting the independent derivation

of all three groups. Also, in another place, Haeckel

referred specifically to the independent derivation of

Sessile Ascidians. In any case, the two features of

these phylogenetic speculations which have the greatest

bearing on the Tunicate theory remain clear: (1)

Haeckel's proposal of a close relationship between the

Simple Ascidians in the family Phallusidae and the

Appendicularians; and (2) his proposal of a direct

relationship between Appendicularians and the original

ancestral form of Tunicates.

According to the Tunicate theory, the original

ancestral form of Tunicates was probably very similar

to that of Vertebrates, since they both arose from the

same primitive Worm group. Thus, Haeckel's proposal

that the form of the ancestral Tunicate was probably

like that of the extant Appendicularians strongly

implied that the proximate Vertebrate ancestor was also

a motile, tailed organism.

Furthermore, the proposal linking Simple

Ascidians and Appendicularians became significant for

Vertebrate phylogeny as well as for Tunicate phylogeny

when Kovalevskii's discoveries suggested a further link

in the other direction, between Simple Ascidians and
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Vertebrates. Indeed, this proposal seems almost tailor-

made for the Tunicate theory, even though it appeared

before Kovalevskii's discoveries were known.

To a modern reader, probably the most notable

feature of Haeckel's Tunicate theory, as outlined in

these various proposals, is his exaggeration of its

empirical support. Many of his assertions which were

ostensibly based on Kovalevskii's research, went far

beyond the data that Kovalevskii had actually reported.

The data supporting Haeckel's speculations on phylogeny

thus had only token value. Furthermore, many of the

basic assumptions of the theory, which Haeckel repre-

sented as firmly established, such as recapitulation,

were actually highly debatable as valid evolutionary or

morphological principles. On the other hand, if

Haeckel's hyperbole is interpreted as a matter of style

(remembering that Naturliche SchOpfungsgeschichte was

written for a non-scientific audience), his theory can

be condensed into a series of propositions with

predictable consequences that could be tested. As the

rest of this chapter will show, this is how most of

Haeckel's contemporaries received his ideas. They were

apparently able to distinguish those parts of the theory

which could actually provide a useful working hypothesis

of Vertebrate ancestry from those parts which were

merely rhetoric.
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Eight major propositions may be distinguished

which were either explicit or implicit in Haeckel's

first discussion of the Tunicate theory. The -se ideas

served as the framework for subsequent research and

discussion into the relationship between Tunicates and

Vertebrates. They may be summarized as follows:

1. Ontogeny recapitulates phylogeny

2. Organ homologies between different animals are indi-
cative of common descent (form relationship indicates
blood relationship)

3. The primitive neural canal and axial cord in the
Ascidians are homologous to the spinal cord and
notochord in Amphioxus

4. The spinal cord and notochord are the most charac-
teristic Vertebrate organs

5. Amphioxus, the lowest Vertebrate animal, is directly
related to the higher Vertebrates

6. The form of the proximate Vertebrate ancestor was
like that of the Tunicate larva

7. Tunicates are Worms, not Molluscs

8. The form of the ultimate Vertebrate ancestor was
worm-like.

Haeckel himself acknowledged the imperfect and

provisional nature of his genealogical speculations. He

explained that his reason for publishing them was to

stimulate further research into phylogeny by better

qualified specialists:

. . . like all other scientific hypotheses which
serve to explain facts, my genealogical hypotheses
may clain to be taken into consideration until they
are replaced by better ones. I hope that this
replacement will very soon take place; and I wish
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for nothing more than that my first attempt may
induce very many naturalists to establish more
accurate pedigrees for the individual groups, at
least in the special domain of the animal and
vegetable kingdom which happens to be well known to
one or another of them.13

Later in this chapter and in Chapter 5 it will be

demonstrated that, at least in terms of the Tunicate

theory, these words were more than just rhetoric on

Haeckel's part, because he did make substantial improve-

ments in the second major statement of the theory which

was published in 1874. Furthermore, many of these

improvements were directly related to new empirical

research and criticism which his original Tunicate

theory of 1868 had generated.

Early Response to the Tunicate Theory

One of the first persons to respond to the Tuni-

cate theory was Thomas Henry Huxley. Huxley offered

both criticism and support of the theory in a review of

the Naturliche Schopfungsgeschichte which he wrote in

1869.
14 His estimation of Haeckel's book was generally

positive in tone, although Huxley disagreed with many of

Haeckel's ideas, especially on geology. However, he was

very sympathetic to Haeckel's position on genealogical

speculation:

In Professor Haeckel's speculations on Phylogeny,
or the genealogy of animal forms, there is much that
is profoundly interesting, and his suggestions are
always supported by sound knowledge and great
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ingenuity. Whether one agrees or disagrees with
him, one feels that he has forced the mind into
lines of thought in which it is more profitable to
go wrong than to stand sti11.15

After reviewing some of Haeckel's major phylo-

genetic ideas, Huxley commented on the Tunicate theory:

Perhaps the most startling proposition of all
those which Professor Haeckel puts before us is that

which he bases upon Kowalewsky's researches into the
development of Amphioxus and of the Ascidiodia, that

the origin of the Vertebrata is to be sought in an
Ascidioid form. Goodsir long ago insisted upon the
resemblance between Amphioxus and the Ascidians; but
the notion of a genetic connection between the two,
and especially the identification of the notochord
of the Vertebrate with the axis of the caudal
appendage of the larva of the Ascidian, is a novelty
which, at first, takes one's breath away. I must
confess, however, that the more I have pondered over
it, the more grounds appear in its favor, although I
am not convinced that there is any real parallelism
between the mode of development of the ganglion of
the Ascidian and that of the Vertebrate cerebro-
spinal axis.*

Huxley was generally favorable to the idea of a

Vertebrate-Tunicate relationship. However, he disagreed

with Haeckel's proposal of the homology of the nervous

system of Ascidians and Vertebrates. This objection was

most reasonable; Kovalevskii himself had proposed homol-

ogy only for the axial cord and the chorda dorsalis.

Although Kovalevskii was quite positive about the

*Huxley, "Genealogy of Animals," p. 282. Huxley's
term, "Ascidioida," is synonymous with Tunicata. The
Goodsir he referred to was John Goodsir (1814-1867). The
reference to the analogous respiratory structures of
Tunicates and Amphioxus appeared in Goodsir's work: "On
the AnatoMy of Amphioxus Lanceolatus," Transactions of
the Royal, Society of Edinburgh 15 (1841): 254.



154

similarity of the development of the neural canal in

Ascidians and Vertebrates, his data on the formation of

the neural canal in Ascidians was actually a weak point

in his study. In his paper of 1866, Kovalevskii wrote

that he had not been able to follow the progressive

closure of the dorsal swellings step by step, and that

the closure of these swellings into a canal "could only

be inferred as the final result."
16 Furthermore, he was

unable to determine the posterior limit of the canal,

since it disappeared "into the cells filling the

posterior portion of the embryo body."17 The homology

of the Tunicate and Vertebrate nervous systems was not

as clearly indicated from Kovalevskii's data as Haeckel

asserted; this was probably the weakest point of the

Tunicate theory in 1868.

While Huxley "pondered" over the proposed homol-

ogies of Vertebrates and Tunicates, several other

scientists decided to find out by first-hand observation

whether or not Kovalevskii's data were trustworthy.

Carl von Kupffer and Il'ia Mechnikov (1845-1916)

published their first results in 1869; in 1870, studies

by Mitrofan Ganin (1834-1894), Wilhelm Donitz (1838-

1912), Henry Lacaze-Duthiers (1821-1901), and a second

study by Kupffer appeared. A close examination of these

studies will reveal great variation in their quality and

in their affects on the Tunicate theory, as well as the
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considerable lack of unity among morphologists of the

early post-Darwinian period regarding the basic working

principles of their discipline.

To Carl von Kupffer, Kovalevskii's data seemed to

offer so many answers to complex problems "whose inacces-

sibility had obstructed the progress of science," that

they were simply unbelievable.
18

To believe that the

lowly Tunicates, whose taxonomic status had been

perpetually unclear, possessed a larval stage which

represented a model for the highest taxonomic division,

seemed to Kupffer "an expectation of gullibility."
19

He explained that while he was not opposed on principle

to the idea of an evolutionary relationship between

Invertebrates and Vertebrates, he needed to see for

himself the phenomena which Kovalevskii had found so

compelling, before committing himself to such a radical

view as the Tunicate theory. Thus, in the summer of

1869, he collected some Tunicates from Kiel Bay, and

studied their development, following the same procedures

that Kovalevskii had described. Kupffer studied a

different species of Ascidian from Kovalevskii, and

their results varied somewhat, but the basic features he

observed were the same as Kovalevskii had described.

Kupffer's skepticism quickly vanished, and he rushed off

a letter to Max Schultze (1825-1874), the editor of the

Archiv fur Mikroskopische Anatomie, summarizing his main
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results and announcing the forthcoming publication of a

detailed monograph on Ascidian development.*

Kupffer was concerned that Kovalevskii's report

had not received proper attention from many naturalists,

who, like himself, had been skeptical of the validity of

Kovalevskii's data, and he decided to set the record

straight:

The works of Kowalevsky on the development of
Simple Ascidians brought the facts to light which as
no others before, were suited to bridge over the gap
between Vertebrates and Invertebrates and to grant
positive foundation to the theory of phylogenetic
relationship of apparently widely-separated groups.
Since, with the exception of Haeckel, so far as I
know, no one has expressed himself on the matter, it
seems that the work has not generally been received
with confidence. So much the more am I urged to
speak out by the fact that I have become completely
converted through continuous observations during
this summer on Phallusia canina (Asc. canina Zool.
Danic.), which is endemic to Keil Bay. 20

In the brief summary that followed, Kupffer not

only corroborated many of Kovalevskii's findings, he also

announced an important new discovery which expanded

Kovalevskii's conception of the similarity between the

Tunicate and Vertebrate nervous systems, and strengthened

the comparison of Tunicate and Vertebrate form. Since

*Carl Kupffer, "Die Stammverwandtschaft zwischen
Ascidien and Wirbelthieren," Archiv fUr Mikroskopische
Anatomie 5 (1869): 459-63. Max Schultze commented in a
footnote to Kupffer's brief article, that during a
recent vacation stay at Kiel, Professor Kupffer had
taught him the embryological techniques for observing
Tunicate development, and thus he could attest to the
validity of Kupffer's data from his own personal
observations (p. 459).
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Kovalevskii had been unable to trace the neural canal

into the body region of the Tunicate embryo, and since

the axial cord of the Tunicate did not extend as far as

the anterior region of the body where the neural canal

was distinct, it had not been possible for Kovalevskii

to depict a single cross-section of the Tunicate which

contained the axial cord surrounded by the nerve cord

above and the intestinal canal below, as was the case

in the Vertebrate body. Only by imagining an idealistic

projection, either of the notochord forward, or the

nerve cord backward, could such an arrangement be

obtained. However, in his studies on the species,

Ascidia canina, Kupffer found a different arrangement:

In our Tunicate, the fusiform nervous cavity does
not develop only into the cranial vesicle, which he
[Kovalevskii] described and illustrated, . . . but,
it extends away from the vesicle into the tail as
a solid nerve cord which contains a thin central
canal which opens into the cavity of the vesicle
. . . The anterior end of the chorda is thus found
actually, not just in ideal extension, beneath the
central nervous system.21

It was this arrangement of organs that convinced

Kupffer of the true relationship between Vertebrates and

Tunicates, so that he wrote most emphatically of the

similarity of the larval Tunicate to the Vertebrate form:

One could not imagine a more beautiful model of a
Vertebrate embryo:. On the convex side, above the
axis, the nerve canal, toward the concave side,
beneath the axis, the visceral canal; the contrast
of dorsal and ventral being present so schematically
clearly that I must not be charged with exaggeration
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when I say that the sight has to overpower anyone
who approached doubting !22

In contrast to Kupffer's experience with first-

hand observation of Tunicate embryology, which had the

effect of "converting" him from his original skepticism

about the Tunicate theory, the research of Mechnikov had

exactly the opposite result. Mechnikov and Kovalevskii

had become good friends when they lived and worked

together on embryological research at Naples in 1865 as

students, and they remained close friends and associates

in later years, despite frequent disagreements over

details of their research. 23
Mechnikov was rather

competetive in his scientific work, especially in the

early stages of his career. Since both young men were

working on very similar problems in a new area of

embryology, it is not surprising that Mechnikov was eager

to insure his own recognition. Thus, in the summer of

1868, during a stay in Naples, when Mechnikov investi-

gated the early development of several invertebrate

species, he included Simple and Compound Ascidians in

his studies. He reported his findings to the St.

Petersburg Academy in the autumn of 1868, and they were

published in 1869.
24

With regard to the Simple Ascidians,

Mechnikov reported that Kovalevskii had been mistaken in

his description of the origin of the nervous system of

Ascidians from the outer cell layer of the embryo.
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Mechnikov believed that instead, the nervous system and

also the chorda, were derived from the inner, invaginated

layer of the embryo. Furthermore, their development

occurred on the ventral surface of the embryo and not on

the dorsal surface as Kovalevskii had described:

We see thus, that the main part of the inner
organs in Ascidians are formed at the expense of the
invaginated layer, and furthermore, that here, just
as in other Molluscs, the nervous system owes its
origin to the same germ layer as the muscular
system.

Only after the formation of all the organs can a
superficial groove-shaped deepening furrow be seen
which is found on the same surface on which the
mouth . . . is situated. This surface can thus in
no way be considered as the dorsal surface, nor the
groove shaped furrow as a dorsal furrow.25

Mechnikov wasted no words in expressing his

opinion of the idea of a Tunicate-Vertebrate relation-

ship:

. . . the very first formation of the organs in
Ascidians in no way shows a typical similarity with
Vertebrate development, as that which Kowalevsky
assumed.26

Mechnikov's paper was poorly received by embryol-

ogists studying Tunicate development. Even those who

shared his opposition to the Tunicate theory, such as

Alfred Giard (1846-1908) and von Baer, were dismayed by

the superficiality of Mechnikov's descriptions, and

especially by his failure to identify the species he

observed. Kupffer expressed the general feeling about

the quality of Mechnikov's observations when he wrote in

1870:
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. the publication by Mechnikow, over the
embryonic development of the Simple Ascidians . .

is just as fragmentary in description as it is
categorical in interpretation. Everything in it
which approaches on Kovalevsky's work, appears as
simply off-hand.27

Mechnikov's descriptions do indeed appear

incomplete when they are compared with Kupffer's obser-

vations on Ascidia canina which were published in 1870.

Kupffer provided very complete support for all the claims

he had made in his note of 1869, including detailed

descriptions and illustrations of all developmental

stages, beginning with the fertilized ovum. He had

developed a new technique for studying the critically

important period of the beginning of the formation of

the nervous system, and was able to describe the process

more thoroughly than Kovalevskii. Despite his extensive

efforts, Kupffer, too, had some difficulty in seeing the

actual closure of the dorsal furrow into a canal.

Nevertheless, as he stated in a summary of his results,

Kupffer felt that his observations on A. canina fully

justified the idea of the morphological relationship of

Vertebrates and Ascidians:

As I collect the results of my investigation
together, . . . it seems almost idle to justify
further the remark that all the conditions on which
Kowalevsky bases the connection of the Vertebrates
to the Ascidians are shown not merely as completely
sound by the developmental processes of A. canina,
but that the deviations which I pointed out in the
details, actually widen the points of comparison
significantly. 28
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He then summarized the "cardinal facts" in favor of the

comparison, emphasizing the following points: (1) the

axis skeleton of A. canina, according to its origin,

mode of formation, and relations to the other organ

primordia, can be considered homologous to the chorda

dorsalis of the Vertebrates; (2) the two main organ

systems in the larval Ascidian, digestive tract and

central nervous system, occupy the same positions rela-

tive to the skeletal axis as they do in the Vertebrate

body; (3) the manner of origin, form, and position of

the central nervous system demonstrates an extensive

parallel with the Vertebrate type, which, in Ascidia

canina, includes the division of the nervous system into

a posterior spinal cord and an anterior brain region;

(4) the connection of the branchial basket with the

intestinal canal and its formation from the anterior

part of the intestine, is found in only two other

groups--Balanoglossus, and Vertebrates; and (5) the

relation of the musculature to the skeletal axis, and

the insertion of the muscles on the sheath of the axial

cord in Ascidians are similar to conditions found in

Vertebrates.*

Unlike Kovalevskii, Kupffer was quite emphatic

*Kupffer, "Die Stammverwandtschaft," 1870, pp.
157-59. Although Kupffer mentioned the similarity of
Balanoglossus and Tunicates, he failed to discuss any
evolutionary implications of this observation.



162

about the significance of these results:

On the basis of these facts, a connection of the
Vertebrates to the Simple Ascidians, and for A.
canina to a higher degree than for A. mamillata,
can be considered proven, according to the formation
as well as according to the relative positions of
the chief organ systems.29

Kupffer's main contribution to the Tunicate theory

was to strengthen the empirical basis of its suppositions

regarding the extent of homologies between Ascidians and

Vertebrates. In his general approach to the problem of

Vertebrate-Ascidian relationship, Kupffer accepted

several theoretical assumptions which were similar to

those of Haeckel. For example, he apparently accepted

the idea of recapitulation and the genetic interpreta-

tion of homologies. He also used the assumption that

Amphioxus development was paradigmatic for the Verte-

brate type in his argument for Vertebrate-Ascidian

relationship. On the other hand, while Kupffer empha-

sized the importance of the notochord and spinal cord

in Vertebrate organization, he differed somewhat from

Haeckel in also recognizing other significant features,

such as the gill slits and musculature, and also in his

emphasis on the arrangement of organs.

Kupffer's confirmation and extension of

Kovalevskii's data on Tunicate development was a very

important factor in the reception of the Tunicate theory.

Kupffer was a well-known and highly respected professor,
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with a background of research and publications in compar-

ative embryology and histology, in contrast to

Kovalevskii's status as a relatively unknown beginner in

the field.* Kupffer's reputation as an expert on the

embryology of Vertebrates, particularly of fish, greatly

increased the credibility of those aspects of the Tuni-

cate theory he supported. Following the publication of

Kupffer's study of Tunicate development in 1869, his

name was frequently linked with Kovalevskii's in

discussions of the data of the Tunicate theory.

The publication of Kupffer's works on Tunicates

also resulted in increased public recognition of

Kovalevskii's research, a goal which Kupffer had

expressed in his letter of 1869. For example, an

English translation of the complete text of Kupffer's

report of 1869 was published in the Quarterly Journal of

Microscopical Science in 1870, as part of a review

article on "The Kinship of Ascidians and Vertebrates."30

The bulk of the article consisted of a detailed account

of Kovalevskii's paper of 1866 (which was incorrectly

dated 1867), including several illustrations. The

*Kupffer was very highly esteemed among American
scientists for his generosity to Americans studying at
the Anatomical Institute in Munich, as well as for his
scholarly attributes. See Bashford Dean, "The
Seventieth Birthday of Carl von Kupffer--His Life and
Works," Science 11 (March, 1900).: 364-69,
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reviewer's introduction to this article clearly shows the

influence of Kupffer:

In 1867 Kowalevsky published . . . some observations
which are more profoundly interesting than anything
of the kind which has appeared of late years, since,
if correct, they indicate distinctly a bridge over
the chasm, supposed to separate Vertebrates from all
other animals. They prove the existence of a
bicavitary structure, of a neural tube and a visceral
tube, separated by an axial cartilaginous rod, in the
early stages of development of Ascidians, an arrange-
ment previously believed to be essentially charac-
teristic of Vertebrates.31

Later in the year, this same journal carried a

review of Kupffer's paper of 1870, emphasizing how it

served to confirm and extend Kovalevskii's data.
32

These very positive accounts of Kovalevskii's

work were not the first reviews of his research to

appear in the British press. As indicated earlier,

Huxley alluded briefly to Kovalevskii's work in 1869 in

his review of Haeckel's book. Kovalevskii's paper of

1866 had also been noted in 1869 in The Record of

Zoological Literature.
33 This review, however,

consisted only of a summary of Kovalevskii's general

remarks in the introduction to his paper. There was no

mention of his specific results, nor of the reported

similarities between Amphioxus and Ascidians and their

evolutionary implications. These omissions suggest that

the reviewer may not have actually read Kovalevskii's

paper except for the introduction. In any case, the

review gave a very poor idea of the actual contents of
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the paper. Thus, the article of 1870 in the Quarterly

Journal, which showed the influence of Kupffer, represented

the first account in the British press to acknowledge the

full range and implications of Kovalevskii's data.

In Germany, a very complete and positive review of

Kovalevskii's work had been published in 1869. The author,

Wilhelm Keferstein (1833-1870) singled out Kovalevskii's

observations of the similarity between AmphioxusandAscid-

ian development as "highly noteworthy."
34 However, he did

not discuss the implications of these observations.

Kovalevskii's work received added attention following pub-

lication of Kupffer's monograph of 1870. An article pub-

lished in the weekly review journal, Der Naturforscher,

emphasized the role of Kupffer's new study in extending and

confirming the original observations of Kovalevskii. The

article included a summary of the main results of

Kovalevskii's research, and in this case a major point was

made of their significance for the Darwinian theory.
35

While Kuppfer and Mechnikov tested the validity of.

Kovalevskii's observations by studying a closely related

species in the same genus that Kovalevskii observed, other

researchers were attempting to find out whether or not the

similarities Kovalevskii had discovered between Simple

Ascidians and Vertebrate also extended to other families

of Sessile Ascidians.

At that time, taxonomists subdivided the Sessile
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Ascidians into four main families: (1) Pelonaeidae, which

consisted of two obscure species which were solitary, but

unattached forms, living buried in sand or mud; (2) Simple

Ascidians, which were fixed, solitary and rarely repro-

duced by budding; (3) Social Ascidians, which were fixed,

colonial forms which reproduced both by budding and sexual-

ly, and whose outer covering was subdivided so that each

individual of the colony had a distinct test, or tunic; and

(4) Composite Ascidians, which were similar in form to the

Social Ascidians, except that all individuals inthe colony

shared a single, common tunic. In addition to the Sessile

Ascidians, the Tunicate class also included pelagic forms

which were classified into four main families.

Mechnikov had included some observations on the

Composite Ascidian, Botryllus, in his paper of 1869, but he

reported nothing that would suggest arelationship to Verte-

brate development. However, another countryman of

Kovalevskii and Mechnikov, Mitrofan Ganin, found great

similarity between the development of four species of

Botryllus, another Composite Ascidian, Didemnum, the Simple

Ascidians and Vertebrates. Summarizing the results of his

comparative studies, Ganin concluded that Kovalevskii's

supposition of morphological relationship between Verte-

brates and Ascidians was valid for Composite as well as

Simple Ascidians, and furthermore, that it extended to the

nervous system as well as the chorda:
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According to its development, its form, its struc-
ture and its topographical arrangement, to the other
organ primordia, the embryonic nervous system of the
Ascidians is more similar to the embryonic nervous
system of the Vertebrates, than to the embryonic and
definitive nervous system of any other organism. The
development of the sense organs, the muscle plates,
the chorda dorsalis, the gill sack--all these condi-
tions also speak in favor of exact comparison.36

Ganin also accepted the development of Amphioxus as

paradigmatic of Vertebrate development, and extended the

range of possible Vertebrate-Ascidian homologies by describ-

ing developmental similarities between an organ on the

surface of the Ascidian body known as the "ciliated pit"

and the olfactory organ of Amphioxus.
37 Debate over the

exact nature and homologies of these organs played an

important role in the later debates over Vertebrate

ancestry, especially in the late 1870's and 1880's.

Although Ganin argued strongly for the validity of

the idea of Vertebrate-Ascidian relationship, he was quite

critical of Kovalevskii's research, calling many of

Kovalevskii's observations "incorrect," and most of the

embryonic processes he described "nonexistent." However,

this criticism was completely unsupported by any specific

examples, and the net effect of his report was to strengthen,

rather than weaken, the main points of the Tunicatetheory.

Wilhelm DOnitz was very much opposed to the idea

of Vertebrate-Ascidian relationship, and used his obser-

vations on the Social Ascidian, Clavellina lepadiformis,

in an attempt to refute the Tunicate theory. Donitz
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proposed that his research on Clavellina proved that the

results of Kovalevskii and Kupffer pertaining to the

embryonic processes of Ascidians were untenable, and thus

Haeckel's idea of the evolutionary relationship of

Tunicates and Vertebrates was a great mistake.

Donitz first presented these views in a lecture

given in July, 1870 at a meeting of the Gesellschaft

Naturforschender Freunde (a Berlin naturalist's society).

His comments were published later in the same year.
38

Donitz believed that the validity of the Tunicate theory

was mainly dependent on the validity of the proposed

homology between the axial supporting rod of the Ascidian

and the chorda dorsalis of the Vertebrate, and he concen-

trated his attack on discrediting this homology. He first

gave a definition of the Vertebrate chorda in terms of

idealistic or abstract morphology, claiming that the

chorda of Vertebrates could only be interpreted in terms

of its relationship to the bilaterally-symmetrical verte-

bral system. According to Donitz, his research proved

that the Ascidian lacked a vertebral system and bilateral

symmetry, therefore, it was incorrect to interpret the

axial rod as homologous to the chorda:

Above all else is the fact to be considered, that
the chorda of the Vertebrate represents an unpaired
connecting piece between the two symmetrical halves
of the vertebral system and is itself a part of the
latter. The essence of the chorda, the vertebral
cord, therefore does not depend on its histological
structure, but on its embryological development. If

a structure did occur in the Ascidian larva which
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showed a certain similarity with the chorda of Verte-
brates according to its external appearance . . . one
is still not permitted to give it this name, before
proving that a vertebral system is present, and that
it is built according to the bilaterally-symmetrical
type. However, neither the one nor the other is the
case.39

Donitz then described the features of Clavellina

development which he believed supported this position.

The descriptive portion of his paper consisted mainly of

statements of processes he did not see. For example,

concerning the process of cleavage, Donitz wrote:

A cleavage cavity, which also appears to me not to
occur anywhere in Vertebrates, never appeared in the
case of this process, although Kowalewsky saw it in
the eggs of the Ascidians he investigated.40

Concerning the invagination process, which Kovalevskii

had observed, DOnitz stated:

In Clavellina such an invagination does not occur.
The intestinal canal is formed on the contrary
without invagination (which furthermore is contrary
to Vertebrate development) .41

Donitz found that the organ primordium which Kovalevskii

interpreted as the central nervous system was not found

in Clavellina." He did not deny the presence of an

axial cord in Clavellina, which was somewhat similar in

appearance to the chorda of the fish. Nor did he deny

that this cord was surrounded by a layer of muscular

tissue which inserted on its sheath. Instead, he argued

that the muscular layer could not be interpreted as a

primitive vertebral system, as Kupffer regarded it,

because the cell-layers in Ascidians were arranged
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concentrically, whereas the vertebral system was built

bilaterally symmetrically. Therefore, he concluded,

"the cord cannot be considered as chorda, since the

vertebral system, which it must be related to, is

lacking."
42

Donitz believed that his findings on Clavellina

development effectively destroyed the main assumptions of

the Tunicate theory, and furthermore, that they were

positive evidence for the separateness of the Vertebrate

and Invertebrate groups:

Thus we see, that none of the propositions repre-
sented by Kowalewsky are proved. The formation of
the intestinal canal, the body cavity, the nerve
canal, the axial cord in the tail of the Ascidian
larva, are so different from the development of the
primitive organs of the Vertebrate embryo, and their
significance, the fact that they actually speak more
distinctly against the relationship of the
Invertebrate with the Vertebrate, has been
completely misunderstood.43

DOnitz was clearly using the Tunicate theory

debate as a platform from which to promote a certain

methodological and philosophical position which was only

distantly related to the problem of Vertebrate ancestry.

The empirical evidence he used to support his opposition

to the Tunicate theory was incomplete, and he exagger-

ated its significance. The ontogeny of Clavellina was

later shown to differ somewhat from that of the Simple

Ascidians, but not nearly to the extent that Donitz
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claimed.* Furthermore, according to evolutionary

principles, it should be expected that certain organisms

would display a somewhat abbreviated ontogeny in

comparison to others in the same group, as a result of

special adaptations. Even if Mnitz's observations had

been accurate, they could have easily been accommodated

by the Tunicate theory.

In fairness to DOnitz, it should be remembered

that Haeckel's first formulation of the Tunicate theory

used a very similar type of argumentation to promote the

law of biogenesis and evolutionary theory. However,

Haeckel was championing a cause whose popularity was

rapidly increasing, while the cause of idealistic or

transcendental morphology, which DOnitz was promoting,

had been abandoned by the 1860's by all but a few

morphologists. DOnitz was a disciple of Karl Reichert

and he apparently saw, in the Tunicate theory debate,

an opportunity to demonstrate the validity of some of

Reichert's views on the goals and methods of embryology.

Reichert himself became involved as a critic of the

Tunicate theory debate in 1874, and a more complete

discussion of his views will be found in Chapter 5. For

the sake of this discussion, it is enough to note that

*See Alfred Giard, "Etude critique des travaux
d'embryogenie relatifs a la parente des Vertebras et des
Tuniciers," Archives des Zoologie Experimentale et
Generale 1 (1872): 282-85 for an effective and thorough
refutation of DOnitz's views.



172

Reichert had first developed the views which Donitz was

promoting during the 1830's and 1840's, when embryology

had been much more idealistic or abstract in its approach

to animal form. While many of Reichert's views had a

positive influence on embryology during this early

period, by the 1860's, the idealistic approach had

generally been discredited, and Reichert had become

somewhat of a polemicist in attempting to justify the

correctness of his earlier positions.
44

Thus, despite

his many contributions to embryology, Reichert's reputa-

tion and respect had declined among many naturalists,

especially Haeckel and his followers.

Partly because of his association with Reichert,

and partly because of the poor quality of his logic and

empirical evidence, Donitz's criticisms were not taken

as a serious indictment against the Tunicate theory,

although they were widely noted in discussions of the

debate over Tunicate ancestry.
45

The general lack of

respect for the viewpoint Donitz represented is

especially well-illustrated in a review of his paper of

1870 by an anonymous English writer.
46

This review was

extremely sarcastic in tone, and sought to refute

Donitz's argument by ridicule and by reductio ad

absurdum. For example, in criticizing Donitz's defini-

tion of the chorda, the author of the review wrote:
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According to the first part of this definition, the
chorda cannot be an integral part of the vertebral
system . . . according to the second part, however,
it is an integral part of the same . . . . Which
half of this definition are we to believe? Does the
truth, perhaps, lie there also in the middle, and
connect the two symmetrical halves of the definition
in the same way as the chorda connects those of the
vertebral system?47

In the concluding remarks of the review, the

author was especially derisive:

There is only one more remark to make. Amphioxus
develops notoriously in almost identically the same
way as do the Ascidiae. Should then Amphioxus also
be excluded from the "Verwandtschaft" [relationship]
with vertebrata and the Petronyzontes? [Petromy-
zontes--lampreys]. Yet they, too, have no proper
vertebrae. Perhaps Dr. Donitz may succeed in a new
essay in throwing some light on this matter. The
gratitude of science will certainly not be withheld
from him.48

Partisans of the Tunicate theory might have

benefitted from a more impartial analysis of Donitz's

criticism, because Deinitz perceived a significant weak-

ness in the theory which was the basis of a great deal

of misunderstanding in the early stages of the debate.

Behind all the rhetoric of Deinitz's idealistic views,

was the legitimate complaint that the Tunicate theory,

as first expressed by Haeckel, failed to adequately

define and justify the criteria by which cross-type

homologies were to be judged and distinguished from

analogies. Kovalevskii, for example, on whose data the

theory was ostensibly based, relied mainly on a histo-

genetic criterion in demonstrating the homology of the
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Vertebrate chorda and the axial cord. This approach to

homology represented a new departure in morphological

methodology, and it would seem logical to expect that a

theory based on this new approach would include some

discussion of its validity. However, Haeckel incorpo-

rated Kovalevskii's data into the Tunicate theory with-

out any acknowledgment that it was based on a new

criterion of homology. From his description of

Kovalevskii's results, it appears quite likely that in

1868 Haeckel did not fully appreciate the significance

of Kovalevskii's idea that homology was indicated by

similarity in the processes of differentiation of organs

from the original germ layers, although he later made

this idea an important and explicit basis for phylo-

genetic embryology.* Kupffer and Ganin perpetuated

this tacit assumption of the validity of the histo-

genetic criterion of homology, although they relied more

*Haeckel endorsed a type of histological criterion
of homology in the Generelle Morphologie (2: 411-12),
however, it was based on agreement in structure of
tissues rather than agreement in origin:

It seems to us that what speaks highest for a blood-
relationship of all animals is the histological
agreement in the structure of their differentiated
elementary parts, the plastids and the 'tissues'
derived from them. In animals of all phyla we find
nerve fibers and striated muscle fibers, complex
tissues, whose agreement can be interpreted more
easily as homology than as analogy" (p. 411).
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on the older, organological criteria of similarity of

form, connections and positions of embryonic organs and

organ systems, than on similarity of histological

differentiation, in'summarizing the "cardinal facts" in

favor of comparison of Ascidians and Vertebrates.

Donitz, on the other hand, believed that the true

criterion of homology between two organisms was similar-

ity which might be termed "typological," that is,

correspondence in total body plan to an abstract, ideal

archetype. Although he criticized both Kovalevskii and

Kupffer in his discussion of the Tunicate theory, he

focused his attack on Kovalevskii's data concerning the

"so-called chorda" of the Ascidians, because he recog-

nized the novelty of Kovalevskii's histological

criterion and perceived this approach as inconsistent

with proper morphological methodology

Henri Lacaz-Duthiers was also concerned that the

proponents of the Tunicate were using embryological data

incorrectly, although his viewpoint on the matter was

quite different from that of Donitz. His first criti-

cism of the theory focused on the problem of overgener-

alization from insufficient data, rather than any

specific proposition of the theory. Lacaze-Duthiers was

professor of zoology at the Faculte des Science of Paris,

and one of France's leading experts on the anatomy,

histology and embryology of Invertebrates, especially
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the Mollusca. He was also very influential in the

promotion of zoological education and research in France;

in the early 1870's he founded marine biological stations

at Roscoff and Banyuls, and in 1872 he started the

journal Archives de Zoologie Exp6rimentale et Generale,

in which he published mainly the work of his students.
49

In his scientific work and his teaching, Lacaze-

Duthiers promoted his belief that the empirical aspects

of zoology should be emphasized over the theoretical,

and it was this concern that prompted him to publish an

abstract of his research into Tunicate embryology in

May, 1870.
50 The completed version of his studies,

published in 1874, included a critical discussion of the

Tunicate theory, which will be considered in Chapter 5.

In his abstract of 1870, Lacaze-Duthiers did not

specifically mention the Tunicate theory, but he alluded

to the observations of Kovalevskii and Kupffer, and his

remarks were clearly aimed at supporters of the Tunicate

theory.

The main subjects of Lacaze-Duthiers' research

were Simple Ascidians of the genus Molgula; he also

studied the development of the genus Phallusia for

comparison. He used methods of artificial fertilization

and cultivation so that he was able to trace the entire

development of these organisms beginning with early

cleavage. Lacaze-Duthiers first described the typical
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pattern of development of Simple Ascidians, as repre-

sented by Phallusia, which included the appearance of

the familiar tailed larva and its metamorphosis into the

sessile adult form. Re then turned to the description

of the development of one species of Molgula in which he

had discovered a radical departure from what was believed

to be the typical development of the group:

Long before hatching, the tadpole-like embryo of the
Phallusia moves within the shell which encloses it,
and turns about with jerking movements. The embryo
of Molgula, on the contrary, moves slowly, and its
movements are but slightly perceptible beneath the
cellular envelope which covers it. Nevertheless,
its movements produce variations in its general form,
which lead to the rupture of the capsule of the egg
. . . which has become culminant, and through which
it issues like an Amoeba, by flowing like a rounded
plastic, fluid, pasty mass, destitute of a tail and
remaining sedentary at the bottom of the vesse1.51

In other words, Lacaze-Duthiers had apparently discovered

a Simple Ascidian which developed directly into the adult

form without the intervention of an active larval form or

metamorphosis. This discovery was so surprising that he

considered that he was possibly observing abnormally

formed embryos, but on numerous repetitions his observa-

tions gave the same results. Lacaze-Duthiers concluded:

From this time, therefore, it is ascertained that the
body of the young Molgula is supple and contractile,
modifies its form slowly by ameboid movements, but
never enjoys that agility or activity which is so
remarkable in the first movements of the life of the
other Ascidians whose embryogeny has been studied.5

Since the abstract did not contain any details with

regard to the formation of the tissues and organs of the
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embryo, in keeping with his typical conservatism on

theoretical issues, Lacaze-Duthiers refrained from

relating his discovery to the specific proposals of the

Tunicate theory. Instead, he used the case of the

atypical Molgula embryo as a lesson on the negative

results of hasty generalization from insufficient

evidence:

In this abstract it would be difficult to give any
details with regard to the transformations of the
tissues and the formation of the organs. I desire
particularly to call the attention of naturalists to
an exception which is equally remarkable and little
known, but which relates to the existence of one of
the characters of the class, regarded by all
zoologists as one of the most certainly established.
A fact so unexpected must show what reserve and
prudence should always guide us in zoological
generalizations. No doubt there was no induction
more legitimate than that which attributed to all
the Ascidians a tadpole-like embryo, and yet the
Molgulae do not fall under this general rule.

In this remarkable exception we also certainly
find a fresh example in support of the principle
that, in order to arrive with certainty at the
knowledge of characters, we require the concurrence
of all morphological as well as of all embryogenic
data. For although embryogeny may and must furnish
valuable information, by itself it may also, in some
cases, lead us into the gravest errors. Of this,
Molgula, by the exceptional form of its larva,
furnishes a proof.53

Lacaze-Duthiers' plea for "reserve and prudence"

in zoological generalizations was a relatively mild

censure for advocates of the Tunicate theory, since the

first version of the theory, based mainly on embryolog-

ical observations of a single family of Simple Ascidians,

virtually ignored the wide range of morphological
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diversity within the Tunicate group. This failure of the

theory was partly due to a lack of information on the

anatomy and embryology of many Tunicate species.

However, it also reflected a lack of attention to taxo-

nomic relations within the Tunicate group, to the extent

that the early version of the Tunicate theory included

only a superficial and highly speculative consideration

of the important issue of Tunicate phylogeny.

Even before Lacaze-Duthiers' criticism appeared,

efforts had been made to strengthen the empirical founda-

tion of the Tunicate theory, which suggests that

advocates of the theory were not as insensitive to

proper morphological procedure, as the criticism of

Lacaze-Duthiers or their own tendency to overgeneralize,

might suggest. In addition to the embryological studies

of Kupffer and Ganin mentioned above, Kovalevskii

published further studies on Compound and Simple

Ascidians in 1868.
54

Also, in 1870, Richard Hertwig

(1850-1937) began a comparative study of the anatomy and

histology of a wide variety of Tunicate species. Hertwig

was a student of Ernst Haeckel, and his project dealt

with several problematic aspects of Tunicate structure

that Haeckel specifically suggested.*

*Richard Hertwig, "Beitrage zur Kenntniss des
Baues der Ascidien," Jenaische Zeitschrift 7 (1873):
74-102. Hertwig's paper was a winning entry in an essay
contest sponsored by the philosophy faculty of Jena
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On the other hand, Lacaze-Duthiers' discovery

played a significant role in emphasizing the incomplete-

ness of the Tunicate theory with regard to Tunicate

phylogeny. This weakness of the theory became apparent

to Kupffer through reading of Lacaze-Duthiers' discovery

in 1870, but no revision of the theory was possible until

more information was available concerning the character-

istics of the new embryonic form that Lacaze-Duthiers

had described. When Lacaze-Duthiers' complete observa-

tions on Molgula had not appeared by 1872, Kupffer made

his own study, and found another species of Molgula with

the same unusual type of development. The report of

these observations, which will be discussed in more

detail later, included a discussion of the possible

phylogenetic relationship between different branches of

the Tunicate group which might explain such a divergent

type of development.
55

The necessity for Kupffer to modify the Tunicate

theory to account for Molgula, shows that Lacaz-Duthiers'

discovery represented a real problem to the original

version of the theory. However, the degree to which this

new discovery threatened the Tunicate theory was quite

University in 1870 to encourage "new, independent
investigations" on the morphology of Tunicates. Hertwig
acknowledged Haeckel's help on this project in the
introduction to his paper (p. 75).
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unclear from Lacaze-Duthiers' abstract of 1870, which

contained very few details. Furthermore, in September

of 1870, the British taxonomist, Albany Hancock (1806-

1873), pointed out several features of Lacaze-Duthiers'

research which may have led some readers to doubt its

accuracy, although Hancock did not explicitly deny the

validity of Lacaze-Duthiers' discovery.
56

Hancock's

main contention was that Lacaze-Duthiers was mistaken in

identifying the species with the unusual embryo as

Molgula, and in partial support of this claim, Hancock

reported the occurrence of the usual, tailed larval form

in several other species of Molgula he had observed. He

acknowledged that Lacaze-Duthiers' discovery was "a

matter fraught with much importance," irrespective of

the species it involved, "as it seems to establish the

fact that Tunicate organization can be developed without

passing through the tadpole-condition."
57 Further

speculation, however, would have to wait:

When Lacaze-Duthiers' memoir is published in full,
it will be time enough to speculate on the effect
his discovery may have on the recent investigations
and theory of Kowalevsky respecting the relationship
of the Tunicata to the Vertebrata.58

With the influence of Lacaze-Duthiers' discovery

on the Tunicate theory thus minimized, and the criticisms

of Mechnikov and Deinitz so poorly argued, the net effect

of the first empirical tests of the Tunicate theory was

to verify and extend its main proposition concerning the
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number and kind of homologies between Tunicates and

Vertebrates. Also, the use by Kupffer and Ganin of

several of the same assumptions as Haeckel, implied

their approval of the main theoretical outline of the

Tunicate theory. For example, although their research

was explicitly concerned with the data of the Tunicate

theory, their reports conveyed acceptance of such ideas

as the paradigmatic role of Amphioxus, the idea of

recapitulation, and the evolutionary interpretation of

homology, and thus, probably increased the credibility

of those more hypothetical aspects of the theory. On

the other hand, it was also evident from their reports

that Kupffer and Ganin held a much broader view of

typical Vertebrate organization than Haeckel. Finally,

there were some aspects of the Tunicate theory which

were relatively unaffected by empirical research of 1869

and 1870, such as Haeckel's speculations concerning

Tunicate taxonomy and the nature of the ultimate

Vertebrate ancestor.

Theoretical and Empirical Contributions
of Carl Gegenbaur

Concurrent with the appearance of reports on the

empirical aspects of the Tunicate theory, a major

evolutionary work was published in 1870 by Carl

Gegenbaur which discussed several of its theoretical
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propositions.
59

By 1870, Gegenbaur had become a

Darwinist, and the second edition of his text, Grundzuge

der Vergleichenden Anatomie, represented his attempt to

reinterpret the data and principles of morphology in

evolutionary terms. Gegenbaur was a close friend and

colleague of Haeckel at the University of Jena, and he

incorporated many of the general evolutionary principles

into his textbook that Haeckel had introduced in the

Generelle Morphologie and the Naturliche Schopfungsge-

schichte,including the recognition of ontogeny as a

recapitulation of phylogeny and the genealogical inter-

pretation of homologies.
60

He also accepted many of

Haeckel's taxonomic innovations, including the reclassi-

fication of Tunicates as Worms rather than Molluscs.

Gegenbaur, however, was much more cautious than

Haeckel in assuming genealogical relationships between

different forms on the basis of partial anatomical or

embryological similarity, mainly as a result of his

broad, holistic view of animal organization. Just as

this viewpoint was an important factor in Gegenbaur's

disagreement with Leydig concerning the genealogical

relationship of Vertebrates and Arthropods, it also

limited the extent of his agreement with Haeckel on

certain aspects of the genealogical relationship of

Vertebrates and Tunicates. Gegenbaur also differed from

Haeckel in assigning relatively more importance to
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anatomical rather than embryological features as the main

source for phylogenetic information, although he did

accept and use the biogenetic principle.

Despite these differences in outlook, Gegenbaur

was generally favorable to the idea of the common descent

of Vertebrates and Tunicates, as the following discussion

will show. In view of the opposition to cross-type

comparisons involving histological similarities which

Gegenbaur expressed in the case of Leydig's proposal of

evolutionary relationship between Vertebrates and Arthro-

pods, his positive reception of the Tunicate theory seems

somewhat contradictory, since the Tunicate theory was

based on a similar approach to homology as that which

characterized Leydig's earlier proposal. A close

examination of Gegenbaur's response to the Tunicate

theory will give a partial explanation of this apparent

inconsistency in his position on the criteria and range

of homologies. It will be shown that Gegenbaur, like

Haeckel, focused his discussion of the Tunicate-

Vertebrate relationship on those similarities between

the two groups which related to the standard criteria of

homology, that is, similarities in the position and

connections of their main organs in the embryonic and

adult states. Thus, while Gegenbaur ostensibly based

his view of the Tunicate-Vertebrate relationship on the

investigations of Kovalevskii, he did not emphasize the
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histogenetic similarities between the embryos of

Amphioxus and Ascidians which Kovalevskii demonstrated

as the main basis for his acceptance of the evolutionary

relationship of the two groups.

However, this does not explain the apparent

contradiction in his acceptance of the method of cross-

type comparison in the case of the Tunicate theory and

his rejection of this method in the case of Leydig's

proposed homology of the Vertebrate and Arthropod

nervous systems. In order to explain this problem, it

will be necessary to reexamine Gegenbaur's more general

views on the principles of homology, and to compare them

with other current views of homology.

Thus, the role of Gegenbaur in the history of the

Tunicate theory will be considered from two perspectives:

first, in terms of his specific contributions to the

content of the theory, and second, in terms of his more

general contributions toward a science of evolutionary

morphology which affected the intellectual climate

during the period of early debate on the Tunicate theory.

Since Gegenbaur had completed the revisions of his

text by September, 1869, his interpretation of the

Tunicate-Vertebrate relationship was based only on

Kovalevskii's data and did not include a consideration

of the newer empirical research of 1869 and 1870. Thus,

by the time his text was published in 1870, the status
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of some of the problems he perceived had changed

considerably as a result of new research. Nevertheless,

Gegenbaur's analysis of the Tunicate theory from the

standpoint of comparative anatomy introduced several new

and significant issues into the debate, and also helped

strengthen many of the basic assumptions of the theory.

As an anatomist, Gegenbaur used a set of charac-

teristics to define Vertebrate organization which

emphasized the skeleton and the feature of metamerism or

segmentation, in contrast to the embryologists' emphasis

on the spinal cord and notochord:

The occurrence of an internal skeleton (initially as
as axial skeleton) located in a fixed position
relative to the other organ systems, as well as the
segmentation of the body into equivalent sections is
to be emphasized for the total organization . . . 61

He also emphasized the arrangement of the chief organ-

systems rather than their mode of origin:

Since the axial skeleton runs through the length of
the body, it divides the latter into a dorsal and
ventral section, each of which encloses a cavity.
In the dorsal cavity lies the central nervous system.
The ventral cavity contains the organs of nutrition
and the excretory and reproductive organs.62

From this viewpoint, the evidence of Vertebrate-

Tunicate relationship appeared far less conclusive to

Gegenbaur than to Haeckel. While Gegenbaur acknowledged

that Kovalevskii's data demonstrated a certain agreement

between the body plans of Vertebrates and Tunicates, he

believed that the parallel was too incomplete to suggest
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any more than remote relationship between the two groups:

A dorsal neural canal and a ventral intestinal canal
occur [in Ascidians] and at the posterior end of the
body an axial supporting rod. This agreement of
arrangement with that of the Vertebrates would be
even more complete, if neural canal, chorda, and
intestinal canal fell in one single cross-section.
The fact that this is not the case is connected with
the limited longitudinal extension of the medullary
and intestinal canals, and this condition in turn
seems related to the lack of segmentation of the
body. If such a thing were to happen, the most
important agreement with Vertebrates would come to
light. Instead of this, we see only a distant,
kinship-like relationship which, on the one hand,
points to a common descent with the Vertebrates, as
well as justifying on the other hand, a separation
from the Mollusks.b3

By the time that Gegenbaur's text was published,

Kupffer had already demonstrated the very type of agree-

ment in arrangement between Vertebrate and Tunicate

organ-systems which Gegenbaur considered conditional for

their close relationship, namely, the occurrence of

neural canal, chorda and intestinal canal in a single

cross-section. Thus, in a rather indirect way,

Gegenbaur's emphasis on structural characteristics

added to the credibility of the Tunicate theory, by

attaching a significance to Kupffer's discovery which was

lacking in Haeckel's version of the Tunicate theory.

Gegenbaur was also responsible for the first

extended consideration of the idea that the arrangement

of the respiratory system in Tunicates, Vertebrates and

Worms might have evolutionary significance. Until 1866,

Tunicates and. Vertebrates were the only known animals in
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which the anterior portion of the intestinal tract was

modified into a respiratory organ, or branchial basket,

which was connected to the outside by a series of

perforations, or gill slits. The similarity of the

branchial basket of Tunicates and Amphioxus was first

recognized in 1841 by John Goodsir who interpreted the

structures as analogous organs.
64

In his textbook of

1859 Gegenbaur noted that the respiratory organs of

Amphioxus functioned in a similar fashion to those of

Ascidians; and in his discussion of Vertebrate ancestry

in the Generelle Morphologie Haeckel alluded to the

"similarity of the branchial basket of the Leptocardia

and Tunicates" as possible evidence of a genealogical

relationship between Vertebrates and Molluscs,

emphasizing, however, that he still held these and

certain other similarities only "as analogies, not for

true homologies."
65

In June, 1866, Aleksandr Kovalevskii published a

monograph on the anatomy of Balanoglossus, a worm-like

marine organism which was generally classified as a

Nemertine worm.
66 His paper contained the first accurate

descriptions and illustrations of many of the anatomical

features of this organism, including the observation that

the anterior part of the intestinal tract was modified

into a branchial apparatus with gill slits. The only

conclusions that Kovalevskii drew from his findings were
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concerned with the taxonomic position of Balanoglossus

within the division of the Worms. He suggested that the

organism should probably be classified with Annelid

worms rather than with Nemertines as in the past.
67

Kovalevskii's discovery of gill slits in Balano-

glossus had very important implications for the problem

of Vertebrate ancestry. For example, if these structures

were interpreted as homologous in Vertebrates and

Balanoglossus they would become evidence of genealogical

relationship between these two groups. Such a conclusion

was quite obvious to an anonymous English reviewer of

Kovalevskii's paper, who wrote in 1867:

The most remarkable peculiarity of the Balanoglossi
is the structure of the respiratory apparatus. . . .

It is impossible, in our opinion, not to be struck
by the great resemblance of this apparatus to the
branchial apparatus of the Vertebrata. . . . No
doubt, in other respects, the analogy with Vermes is
striking . . . Nevertheless, it appears to be
impossible to ascribe to these animals, as M.
Keferstein has done, a place among the Nemertida,
or especially to approximate them to the Annelida,
as M. Kowalewaky would do. For the present it is
necessary to elevate the Balanglossi into a separate
class among the Vermes, through which the latter will
as it were hold out a hand to the Vertebrata . . .

The group of Vermes is daily showing more and more
the character of being the origin of all the animal
kingdom.68

In terms of the Tunicate theory, the proposal of

the homology of the gill slits of Tunicates, Vertebrates

and Balanoglossus would help to explain the position of

the Tunicates within the Worm phylum, as well as rein-

forcing the idea of the ultimate origin of Vertebrates
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from a worm-like ancestor. It is therefore quite

surprising to find that, in the first formulation of the

Tunicate theory in 1868, Haeckel did not follow through

on his earlier hypothesis that the branchial baskets of

Amphioxus and Tunicates might be homologous, nor did he

mention the similarity of the respiratory organs of

Amphioxus, Tunicates and Balanoglossus anywhere in the

Naturliche Schopfungsgeschichte.* It may have been his

concern with emphasizing the value of the biogenetic

law which resulted in Haeckel's stress on the embryolog-

ical rather than anatomical features of Tunicates

and Amphioxus in his discussions of their evolutionary

relationship. Also, it is possible that Haeckel was

not adequately familiar with comparative anatomy to

appreciate the significance of Kovalevskii's highly

descriptive data.

In any case, Gegenbaur corrected Haeckel's

omission by including a lengthy and thorough discussion

of Kovalevskii's research on the anatomy of Balano-

glossus in his text of 1870. On the basis of

Kovalevskii's discovery of gill slits in Balanoglossus,

Gegenbaur assigned the organism to a new and separate

*Haeckel's failure to mention Balanoglossus in
the Naturliche SchOpfungsgeschichte is especially
surprising in view of the great similarity of Balano-
glossus to the hypothetical ancestral worm form which
Haeckel described as the seven stage of human ancestry.
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Worm class, which he named Enteropnuesti (Greek,

enteron, intestine; pneumon, lung). He described

Kovalevskii's data on the arrangement of the respiratory

organs in Balanoglossus in detail and demonstrated how

this arrangement differed from that of all other major

Worm groups except Tunicates. Furthermore, Gegenbaur

suggested that the respiratory apparatus in Balano-

glossus was comparable, in certain respects, to that of

Amphioxus and the lampreys among the Vertebrates:

In comparing this arrangement [in Balanoglossus]
with the respiratory organs of other worms, only
the Tunicates can come into consideration. More-
over, a point of contact is obtained with the
Vertebrates, namely to Leptocardia and Cyclostomata.
Common to both is the connection of the respiratory
apparatus with the beginning of the intestinal
canal. However, a more specific comparison is
impossible here. In any case, the former arrange-
ment is highly important, since it discloses the
series of organological differentiations in which
we . . . meet with the respiratory organ of lower
Vertebrates.69

The conservative tone of this proposal reflects

Gegenbaur's reluctance to draw broad conclusions from

limited data, and his wariness of cross-type compari-

son. Nevertheless, his reference to the existence of

an organ series in the respiratory systems of

Balanoglossus, Tunicates and Vertebrates indicates that

he considered their similarities to be homologous and

not simply analogous, since the method of seriation in

comparative anatomy applied only to organs which were

morphologically related.
70
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On the basis of this proposed homology of the

respiratory organs in Balanoglossus and Tunicates,

Gegenbaur was able to provide a definite idea of the

position of the Tunicates in the Worm phylum:

Herein I include the class of Tunicates, which had
been assigned for a long time to the Mollusks. A
close relationship exists to the Enteropnuesti
through the persistent transformation of the
anterior section of the intestinal canal into a
respiratory cavity.71

This view represents quite an improvement over Haeckel's

earlier speculations about Worm phylogeny. Since the

embryology of most of the extant Worm classes was almost

unknown, Haeckel's biogenetic law was useless for

analyzing the position of the Tunicates within the Worm

phylum. Haeckel had proposed that Tunicates and

Vertebrates took their common origin from either a

primitive Worm group related to the extant group of

lower worms which he called the "Softworms" (this group

included mainly flatworms and roundworms); or, directly

from an even more primitive group, the "Proto-worms,"

related to the extant "Infusoria," (which included such

forms as Rotifers). However, he offered no justifica-

tion for this idea, and admitted that the true connec-

tions between Tunicates and other Worms were "presently

very uncertain to us."
72

Gegenbaur's consideration of Balanoglossus as a

possible link between Tunicates and their remote



193

worm-like ancestors thus provided the Tunicate theory

with a much more concrete explanation of the ultimate

ancestry of Vertebrates than that which Haeckel offered

in 1868. Furthermore, in terms of the subsequent

history of the Vertebrate ancestry problem, Gegenbaur's

discussion of Balanoglossus represents the introduction

of an important new line of inquiry into the relation-

ship between Vertebrates and Invertebrates. Further

research into the nature and extent of similarities

between Balanoglossus and Vertebrates eventually

resulted in the proposal of the Balanoglossus theory of

Vertebrate ancestry by William Bateson (1861-1926) in

1886. Bateson presented extensive arguments in favor

of the close evolutionary relationship between Verte-

brates and Balanoglossus in which Balanoglossus was

perceived as a more advanced form than Tunicates.*

The main theoretical issue involved in Bateson's

position on Vertebrate ancestry was the problem of

metamerism, an issue which was also first introduced

into speculations on Vertebrate phylogeny by Gegenbaur

*Bateson's conclusions appeared in his paper,
"The Ancestry of the Chordata," Quarterly Journal of
Microscopical Science 26 (1886): 535-71). It is
interesting to note that this view of the Vertebrate-
Balanoglossus relationship and also Gegenbaur's forma-
tion of the Enteropnuesti as a separate taxonomic group
were anticipated by the reviewer of Kovalevskii's paper
on Balanoglossus.
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in the context of the Tunicate theory. Gegenbaur's

discussion of the phenomenon of metamerism or segmenta-

tion was probably his most important contribution to the

Tunicate theory. Morphologists of the period knew that

metamerism occurred in the adult and embryonic stages

of all Vertebrates, including Amphioxus, and in Annelid

Worms and Arthropods among the Invertebrates. Tunicates,

on the other hand, which were supposedly the "nearest

blood relations of the Vertebrates," completely lacked

any trace of segmentation.

These observations raised two major problems for

the idea of Tunicate-Vertebrate relationship: (1) the

problem of deriving the segmented Vertebrate from that

of an unsegmented, Ascidian-like ancestral form, and

(2) the problem of interpreting the relationship between

the segmentation of Vertebrates and that of Inverte-

brates such as Annelid worms. In his first formulation

of the Tunicate theory, Haeckel focused on the onto-

genetic similarities between Amphioxus and Ascidians as

evidence of their evolutionary relationship, and failed

to consider the implications of their anatomical

differences with respect to segmentation. Gegenbaur,

in contrast, considered segmentation as "the most

important characteristic of Vertebrates." 73
In his

discussion of Vertebrate ancestry, he clearly acknowl-

eged the problems with segmentation raised for the
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Tunicate theory, and suggested modifications of the

theory which were aimed at resolving these problems.

For example, Gegenbaur began his discussion of Verte-

brate ancestry by pointing out that, in contrast to the

"corresponding conditions" between Vertebrates and

Tunicates with regard to their embryonic nervous system

and chorda, opposing conditions existed between the two

groups with respect to segmentation. Nevertheless, he

believed that the Tunicate theory could be reconciled

with the facts of anatomy by adding a new assumption to

the theory, which he explicitly stated:

. . . however, a derivation of the lowest Verte-
brate form from Ascidian-related organisms is by no
means out of the question, since the segmented body
necessarily presupposes an unsegmented state.74

Gegenbaur then used the biogenetic principle to explain

how this phylogenetic assumption was supported by

evidence from ontogeny:

Thus, in all Vertebrates the externally segmented
primitive vertebral formation is preceded by a
developmental stage in which an undivided body
primordium exists, which shows significant agree-
ment with that form which Kowalewsky discovered for
Ascidians.75

Finally, he proposed that the anatomical relations of

the various segmented and unsegmented animal groups, as

expressed in their taxonomic arrangement, also supported

the idea of the phylogenetic priority of the unsegmented

condition:
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In the unsegmented organism of the Ascidian the
same relations are exhibited to the segmented body
of the Vertebrates, as exist between other
unsegmented Worms (for example, Flatworms) to other
segmented organisms (Annulates and Arthropods).
While the latter, however, are only slightly
removed from their stem form (at least the Annu-
lates, which we thus count as also among the Worms),
the Vertebrate organisms are separated through
significant differences concerning all organ-systems
from their stem form ascribed to the Worms, so that
we can only perceive the existing connection through
the comparison of their lowest state.76

In this interpretation of the taxonomic relations

between the segmented and unsegmented animal groups,

Gegenbaur also provided a solution to the problem of

Invertebrate segmentation. Although he did not

explicitly discuss the issue of metamerism, by placing

Annelids and Arthropods in a separate series from

Vertebrates, he strongly implied that Vertebrate meta-

merism was not homologous to that of the Invertebrates.

Furthermore, by deriving Vertebrates and other

segmented organisms from different hypothetical "stem

forms" (Stammformen), Gegenbaur implied that metamerism

had evolved independently in Vertebrates and in the

segmented Invertebrates.

Thus, through his consideration of the problem of

metamerism, Gegenbaur contributed two new propositions

to the Tunicate theory, which may be summarized as

follows: (1) the form of the ultimate Vertebrate

ancestor was unsegmented; and (2) segmentation in

Vertebrates and Invertebrates is not homologous, and
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therefore not necessarily indicative of common descent.

Just as many of Haeckel's original propositions

in the Tunicate theory were poorly supported by

empirical evidence, these two assumptions were also

highly speculative, and were soon challenged by

opponents of the Tunicate theory, as Chapter 5 will

show. However, as "working hypotheses," they filled

an important gap in the Tunicate theory, and signifi-

cantly improved its explanatory power.

The final contribution of Gegenbaur to the

Tunicate theory which will be considered here is his

justification of certain of the phylogenetic proposals

of the theory. It was demonstrated earlier that

Haeckel made only token efforts to support his

genealogical propositions in the Tunicate theory with

empirical evidence; and, when he did give evidence, it

was usually embryological rather than anatomical.

Furthermore, it was suggested that Haeckel recognized

the inadequacy of many of his ideas, and offered them as

working hypotheses rather than definitive theories.

Gegenbaur's response to the genealogical

propositions of the Tunicate theory provides several

illustrations of the effectiveness of Haeckel's

"genealogical hypotheses" in promoting further research

into phylogeny. In these cases it was Gegenbaur who

reported and discussed the main empirical evidence which



198

supported hypotheses that Haeckel originally proposed.

For example, Gegenbaur's demonstration of the

morphological relationship between Enteropnuesti and

Tunicates, which was discussed above, served to support

and strengthen Haeckel's proposal that Tunicates should

be classified as Worms rather than Molluscs. Gegenbaur

also demonstrated that the prevailing view of a

Tunicate-Mollusc relationship was inconsistent with

embryological data on Tunicates, and he suggested that

those who held this view (including himself as a former

proponent), had been mistaken in their interpretation

of the morphology of the Tunicate respiratory system.
77

Gegenbaur's view of the phylogenetic relation-

ships within the Tunicate phylum was somewhat different

from Haeckel's. For example, Gegenbaur apparently did

not agree that the division into Sessile and Pelagic

groups was a natural dichotomy, and he gave embryolog-

ical evidence which suggested that one of the pelagic

forms, Pyrosoma, was actually more closely related to

the Sessile Ascidians than to other pelagic forms. 78

On the other hand, Gegenbaur agreed with the idea that

the ancestral form of the Tunicate group was probably

nearest that of the Appendicularians. In contrast to

Haeckel, who discussed only the embryological evidence

in favor of this view, Gegenbaur also supplied anatomi-

cal details (mainly concerning the structure of the
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respiratory system, which he had studied personally)

demonstrating the primitive nature of Appendicularian

structure in comparison to that of other Tunicates.

also considered Simple and Compound Ascidians to be

relatively primitive groups, related to the Appendicu-

larians, and gave the anatomical and embryological

evidence in support of this view.
79

The contributions of Gegenbaur to proposals of

the Tunicate theory relating to Vertebrate phylogeny

also involved the presentation of empirical data which

clarified certain aspects of Haeckel's original proposi-

tion. For example, Gegenbaur provided a complete

description of the anatomy and embryology of Amphioxus,

in which he pointed out the numerous primitive features

of its organization, and also its homologies with other

Vertebrates. This evidence strongly supported the idea

of the proximity of Amphioxus to the ancestral form of

Vertebrata, as well as its relationship to the higher

Vertebrata. Gegenbaur's evidence also supported

Haeckel's classification of Amphioxus in a separate sub-

phylum from other Vertebrates." Finally, Gegenbaur

presented further evidence which suggested that the line

of succession leading from an original Amphioxus-like

ancestor to higher Vertebrates probably did not include

the Cyclostomata (lampreys and hagfish), thus eliminat-

ing, in his view, one of the two possible hypothetical
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lines of succession Haeckel had suggested.
81

Gegenbaur's analysis of the Tunicate theory

played a major role in the transformation of the theory

from its original status as a collection of rather

weakly-supported assertions, into a much more coherent

theory based on a broad range of logical and empirical

evidence. The influence of Gegenbaur's ideas on the

definitive statement of the Tunicate theory by Haeckel

in 1874 will be analyzed in detail in Chapter 5. At

this point, it is sufficient to indicate that many of

the improvements in the later version of the Tunicate

theory can be directly related to Gegenbaur's criticisms

and suggestions concerning its original propositions.

Gegenbaur's discussion of the Tunicate theory in

his textbook of 1870 was also a significant factor in

the reception of the theory. Both of Haeckel's works

on evolutionary morphology in which the proposals of

the Tunicate theory first appeared were written more in

the format of philosophical treatises than as scientific

texts. This approach had little appeal for the majority

of naturalists of the period who placed a high premium

on empiricism in science. Gegenbaur, in contrast to

Haeckel, discussed the Tunicate theory within the

context of a scientific text on comparative anatomy and

supported his views with a wide range of empirical

observations. Gegenbaur had a world-wide reputation as
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an expert comparative anatomist and highly respected

professor when his text was published. His acceptance

of the validity of Kovalevskii's data, and his inter-

pretation of this and other data as possible evidence

of an evolutionary relationship between Tunicates and

Vertebrates had the effect of authenticating the value

of the Tunicate theory as a serious scientific explana-

tion of Vertebrate ancestry, especially for younger

naturalists.*

Gegenbaur and the Evolutionary
Interpretation of Homology

In addition to the direct contributions which

Gegenbaur made to the theoretical and empirical content

of the Tunicate theory, his analysis of the theory also

involved the application of certain new principles of

homology, making the Tunicate theory, in a sense, a

*Alfred Giard, Edward Morse (1838-1925), and
Alpheus Packard (1839-1905) all noted the acceptance of
the Tunicate theory by prominent naturalists in their
discussions of its importance. Giard included
Gegenbaur in the category of "zoologists of recognized
skills"; Morse called him an "eminent naturalist"; and
Packard referred to Gegenbaur as one of "our leading
naturalists." See Alfred Giard, "Les controverses
transformistes: L'embryogenie des ascidies et l'origine
des vertebras: Kowalewsky et Baer," La Revue
Scientifique, 2d ser., 4 (1874): 25; Edward Morse,
"Notes on the Early Stages of an Ascidian (Cynthia
Pyriformis, Rathke)," Proceedings of the Boston Society
of Natural History 14 (1871): 351; and Alpheus Packard,
Life Histories of Animals, Including Man, or, Outlines
of Comparative Embryology (New York: Henry Holt and
Company, 1876), p. 150.
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testing ground for evolutionary morphology. As subse-

quent discussions will demonstrate, much of the negative

response to the Tunicate theory, especially that which

occurred after 1870, was related to problems with the

concept of homology promoted by advocates of the theory,

rather than with the data of the theory. An examina-

tion of Gegenbaur's discussion of the principles for

determining homologies and his application of those

principles in the case of the Tunicate theory and in

the case of Leydig's Arthropod theory will give signif-

icant insight into the probable reasons for this type

of opposition to the Tunicate theory.

Gegenbaur discussed his views on the evolutionary

interpretation of homologies in the general introduction

to his text, in a section dealing with the comparison of

organs.
82

He considered three main aspects of the

homology concept in his analysis: (1) the distinction

between homology and analogy, (2) principles for the

detection of homologies, and (3) the definition and

classification of various types of homology. He began

his discussion by describing the task of comparative

anatomy with respect to the two kinds of resemblance

that could be detected in animal organization:

Comparative anatomy distinguishes morphologically
equivalent organs as homologues from physiologically
equivalent organs or analogues. Homology and
analogy are therefore two sharply separated ideas;
the object of the one is the relation of organs to
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their formation, of the other to their function.83

This distinction between homology and analogy was first

clearly stated by Richard Owen (1804-1892) in 1843, and

had been widely used in morphology since then.* While

Gegenbaur adopted a new evolutionary explanation of

homology which attributed the morphological equivalence

of organs to common ancestry rather than to conformity

to a common ideal type, the distinction of homology as

morphologically based similarity from functional

analogies remained the same as before.

Gegenbaur also retained many of the same rules

for determining homologies in his 1870 text as he had

originally proposed in 1859. For example, in both

cases he proposed two main criteria for determining the

morphological equivalence of organs: (1) similarity in

the relationships of structures to the total organiza-

tion of the organism, and (2) similarity in their

embryonic history, although he placed somewhat more

stress on the embryological criterion in his evolution-

ary text.
84

He also continued to emphasize the limited

*Richard Owen, Lectures on the Comparative
Anatomy and Physiology of the Invertebrate Animals
(London: Longman, Brown, Green and Longmans, 1843),
pp. 374, 379. For a comprehensive review of the
historical development of the homology concept,
including Owen's views, see George Gaylord Simpson,
"Anatomy and Morphology: Classification and Evolution:
1859 and 1959," Proceedings of the American Philosophi-
cal Society 103 (1959): 286-306.
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range in which homologies could be expected to occur.

In his text of 1859, Gegenbaur gave this principle for

dealing with the range of homologies:

[Homologies] . . . are restricted to narrow circles,
inside which a certain range of typical organiza-
tional relations appear and limit a single animal
type. Homologies thus only come to exist . . . in
the case of organs which belong to animals of the
same type.85

In this case, Gegenbaur interpreted types as separate

and distinct structural plans. In his 1870 text, he

interpreted types as leading branches of a genealogical

tree, but he proposed a nearly identical principle with

regard to cross-type homologies:

The range in which homologies are found is marked
out by the limit of the type. Strong comparisons
can only be made within the type. Beyond, mostly
only analogies are found, since the relationship
of organs of different types are only based on
similarity of agreement of function.66

This statement reflects Gegenbaur's view of the

separateness and distinctness of the different large

divisions of the animal kingdom, which he retained to a

certain extent even after he adopted an evolutionary

interpretation of types as phyla. In expressing this

view, he emphasized the remoteness of the ultimate

common ancestry of most organisms in different groups,

which resulted in discontinuity in their form and

development:

In treating comparative anatomy from the genealogi-
cal standpoint ordered by the descent theory, one
has to consider, that the connections sought for
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can almost never be detected in the objects which
are directly linked genealogically, since we have
to deal almost exclusively with the divergent
branches of an evolutionary series.87

Gegenbaur maintained a similar conservative

position on cross-type comparisons in his discussion of

the definition and classification of homology, in spite

of the innovative evolutionary interpretation he

introduced. In his text of 1859, Gegenbaur had used

the three categories of homology originally proposed by

Owne: general, serial and special. In this case the

two former categories referred to homologies which

occurred between morphologically equivalent parts in an

individual animal, while special homologies referred to

such parts in different animals.* In his text of 1870,

Gegenbaur reclassified serial homology as a special type

of general homology, and he proposed several new types

of homology in this category. However, it is his

consideration of special homology which provides the

most insight into Gegenbaur's apparently contradictory

positions on Vertebrate ancestry and which explains some

of the confusion surrounding the reception of the Tuni-

cate theory. Gegenbaur subdivided the category into two

*Owen proposed these three categories in his
work: On the Archetype and Homologies of the Vertebrate
Skeleton (London: Longman, Brown, Green and Longmans,
1848). Gegenbaur referred to this work but quoted from
its French translation, Principes de l'osteologie
comparee (Paris, 1855).
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distinct types of special homologies, and he also

provided a new, genetic definition of this type of

homology, which was based on the Darwinian theory of

descent and on Haeckel's biogenetic principle:

Special homology (following Owen), homology in the
restricted sense. We signify thereby the relation-
ship between two organs, which possess the same
ancestral origin, and accordingly also have a
common embryonic history . . . . Since comparison
in this case requires exact proofs of genetic rela-
tionship, within the lower phyla it is limited
mainly to the organ systems; only in the Vertebrata
can it be extended to closer connections. Thus,
among the Worms or Mollusca we can scarcely indicate
a single part of the intestinal canal as homologous
with certainty, while in the Vertebrata, even
unimportant structures (for example, the caecal
structures from Amphibians onward) can be declared
with certainty as homologous. The most definitely
evident homologies are those of the parts of the
skeleton, for example the skull bones. The proof
of special homologies forms a large part of the
main task of comparative anatomy.68

Gegenbaur proposed two subdivisions to distin-

guish between the different degrees of morphological

relationship which were included in the broad category

of special homology: (1) complete homology, which was

generally found within the limits of small divisions,

in which the homologous organ in different individuals

was unchanged in its composition, position or connec-

tions; and (2) incomplete homology, when parts were

added to or subtracted from an organ which was other-

wise completely homologous to another.
89

There are several problems with this definition

and classification of homology which relate to the
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history of the Vertebrate ancestry problem. A major

problem was the ambiguity which resulted from

Gegenbaur's failure to clearly define what he meant

by organs possessing "the same ancestral origin," and

"a common embryonic history." Thus, if the term, "same

ancestral origin" was interpreted in its broadest sense

to mean the ultimate connection of all the various

animal phyla to a single common ancestral root-form, it

would appear that special homologies could occur

between animals in widely-separated branches of the

animal kingdom, in which case they would signify a very

small degree of relationship. On the other hand, if

the term was interpreted in the narrow sense to mean

the common ancestry of two closely related species,

special homology would refer only to those cases where

a large degree of relationship was exhibited in the

similar organs. Gegenbaur limited his meaning somewhat

by suggesting that organs with the same ancestral origin

would also possess a common embryonic history. However,

this term was also sufficiently ambiguous that it could

mean anything from a general similarity in the overall

pattern of development to identity of specific develop-

mental processes.

A better indication of what Gegenbaur actually

meant by special homology can be gained by looking at

the examples he included in his discussion of the
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concept. Although his definition did not rule out the

possibility of cross-type homologies, it is important

to note that Gegenbaur discussed the phenomenon only as

it related to organisms within single divisions of the

animal kingdom. Thus, all the examples he used to

illustrate the various types of special homology dealt

only with organs of different animals within a single

phylum, usually the Vertebrata. As one of several

examples of complete homology he referred to the upper

arm bones in the various classes of Vertebrates, from

Amphibia to Mammalia; incomplete homology was exempli-

fied in the skeleton of the pectoral fins in the various

orders of Fishes.
90 Furthermore, he stated quite

strongly that special homologies were especially

difficult to establish within the lower divisions, such

as the Worms or Mollusca, presumably because of the lack

of evidence of genetic relationship among the various

subdivisions of those groups. Since there was even less

evidence of genetic relationship between the different

phyla, Gegenbaur's definition would seem to discourage

the application of the homology concept in the case of

organisms belonging to different phyla..

It was this view of homology that Gegenbaur

applied in rejecting Leydig's proposal of homologies

between the brains of Vertebrates and Arthropods. In

this case, his definition of homology and the principles
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relating to its limited application prohibited the

comparison of specific parts in organisms whose genetic

relationship was extremely distant.

While Gegenbaur's definition of special homology

can thus be reconciled with his rejection of Leydig's

proposal, it is very difficult to understand how this

definition could also provide the theoretical justifi-

cation for his acceptance of the Tunicate theory. The

definition does imply rather weakly that if there is

evidence of a common embryonic history between two

organs in animals from different phyla, their common

ancestry might be inferred, and thus homologies might

be found between them. On the other hand, it has been

demonstrated that Gegenbaur's main discussion of the

homology concept emphasized the discontinuity in form

and development of different phyla resulting from

evolutionary divergence, and also, that none of his

examples or principles related to the determination of

cross-type homologies.

Gegenbaur, however, did accept the idea of the

monophyletic descent of all organisms, and other of

Haeckel's views on the genetic connection of the higher

and lower animal phyla, which made it theoretically

possible for homologies to exist between the various
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phyla.* Thus, he acknowledged, at the very end of his

discussion of homology, that there were exceptions to

the rule which strictly limited homologies to a single

type. He described these exceptional cases in a note

set in fine print which followed his main discussion of

special homology:

. . . in the case of animals belonging to two
different branches, a homology can occur, inasmuch
as the branches, as we saw above, are connected to
each other. The higher types are offshoots of the
lower. In the special sections many examples of
such transverse homologies will be given, for
example, the excretory organs of Worms and the
pronephros of Vertebrates, the nervous systems of
Annelids and Arthropods, etc. Thus, in the most
general respect, such a homology which goes
throughout several types is without doubt discern-
ible, for example, in the intestinal canal, whose
primordium presents great agreement in the case of
Coelenterates, Worms, Mollusks, and in part even in
Arthropods, so that the limitation to the branch in
no way has general importance.91

This brief mention of "transverse" homologies

constituted Gegenbaur's only discussion of morphological

similarity between animals of different phyla. Although

it represented a radical departure from the concept of

homology which he had outlined earlier, Gegenbaur

provided no new guidelines for determining when the

concept of transverse homology could legitimately be

*Gegenbaur, Grundzflge, 1870, p. 79. Gegenbaur
accepted the taxonomic relations between the various
phyla as possible evidence for the monophyletic origin
of the whole animal kingdom, although he pointed out
that this assumption was still highly speculative.
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applied, or on what level of comparison it was based.

His negative response to Leydig's proposal of homology

between the brains of Arthropods and Vertebrates, which

would seem to fit into the category of transverse

homologies, suggests that Gegenbaur still intended for

the principle of "limitation to the branch" to apply in

cases of very specific comparisons between distantly

related organisms, such as those dealing with the

tissues and cells of particular parts of organs.

However, an analysis of the examples of transverse

homologies which Gegenbaur accepted, demonstrates an

apparently arbitrary application of the rule he had

established earlier with regard to the prerequisite of

close genetic relationship for close comparisons.

Furthermore, there was no consistency among these

examples with regard to the criteria on which compari-

sons were based. Instead of clarifying the concept of

transverse homology, his examples merely added to its

ambiguity.

Thus, in his example of the excretory organs of

Worms and the kidney (pronephros) of Vertebrates, the

homology referred to a rather close comparison of

particular organs in terms of the arrangement and

embryonic origin of their composite parts, although the

animals involved in the comparison were hypothetically

only distantly related. In the example of the nervous
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systems of Annelids and Arthropods, whose hypothetical

genetic relationship was much closer, the homology

referred to a very general comparison of organ-systems

in terms of position and connections in the adult and

embryonic state. In his third example, which involved

organisms of varying degrees of hypothetical genetic

relationship, the proposed homology of their intestinal

canals was based on its general form in the embryonic

state. If the homologies of Vertebrates and Tunicates

are taken as another example, the ambiguity of the

concept increases even further. It has been demon-

strated earlier that the transverse homologies which

Gegenbaur discussed in Tunicates and Vertebrates were

based mainly on the general anatomical criteria of

position, connections and basic composition of body

parts rather than on specific histological or histo-

genetic criteria. On the other hand, in a few cases

Gegenbaur extended his comparison of Vertebrate and

Tunicate morphology to the cellular level, and consid-

ered the details of the cellular composition of their

organs as evidence of homology. For example, he made

such a detailed comparison the basis of his acceptance

of homology between the Ascidian and Vertebrate nerve

cords.
92

Another example where Gegenbaur proposed a

transverse homology involving very specific comparisons

was his discussion of the axial organ of Tunicates:



213

. . . in the Tunicata we meet with a supportive
organ of . . . very great morphological significance.
In the tail-like swimming organ of the Appendicu-
laria there exists an axial organ which extends up
to the body of the animal. The organ is formed of
cells which undergo peculiar modifications and
form a cord surrounded by a continuous sheath.
This axial organ is found in all Tunicate larvae
which possess a motile swimming-tail, thus in
Ascidians and Doliolum. It disappears with the
tail. Its relations allow a homologue to be
detected in the chorda dorsalis of the Verte-
brates.93

In addition to the problems of ambiguity,

inconsistency and contradiction which detracted from

the theoretical and practical value of Gegenbaur's

consideration of transverse homology, the usefulness of

this concept for the practice of evolutionary morphology

was limited even further by the failure of Gegenbaur to

clearly distinguish between the morphological and

physiological significance of the similarities he

interpreted as transverse homologies. A closer look at

one of his examples of transverse homology will

illustrate this problem.

In the example that Gegenbaur cited involving

the comparison of the excretory organs of Worms and

Vertebrates, the compared structures which he inter-

preted as homologues had previously been interpreted as

analogues.
94

Unlike many analogous structures in

organisms of different phyla, whose anatomical features

were quite different (for example, the respiratory

organs of Worms and Vertebrates), these organs were
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somewhat similar in structure. This similarity had

previously been interpreted as superficial and attribut-

able to physiological, rather than morphological causes.

Within the prevailing pre-Darwinian framework of

morphology, the possibility that the organs were also

homologous was not considered. However, within the

evolutionary framework it became theoretically possible

to interpret certain anatomical similarities between

organisms in different phyla as homologies, attributable

to their common descent, particularly if these similar-

ities also met an embryological criterion.

Thus, Gegenbaur attempted to show that the

excretory organs of Worms and Vertebrates were similar

in their embryonic, as well as adult conditions.

However, the evidence he reported was very weak, both

from an empirical and logical standpoint. Since

knowledge of the embryology of the excretory system of

Worms and lower Vertebrates was very limited, the most

that Gegenbaur could indicate about the histogenesis of

these organs was that in both groups the excretory

organs probably did not arise from the outer germ layer.

His only other piece of embryological evidence pointed

to the similarity in the position of the excretory

system in embryonic Vertebrates and Nematodes.
95

The

main problem with this application of embryology to

phylogeny, however, was a logical one. Even if
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Gegenbaur had been able to find numerous resemblances

between the embryos of Worms and Vertebrates, in order

to interpret these resemblances as morphological and

therefore attributable to common descent, it was first

necessary to rule out the possibility that they had some

special functional significance for the embryo alone.

Darwin had expressed this necessity very clearly

in the Origin of Species. He distinguished carefully

between those cases of embryological resemblance which

indicated common descent and those which were special

adaptations, emphasizing that in the case of animals

with active larvae, the adaptation of the larva to its

conditions of life could involve structural modifica-

tions which were just as complex as those of adult

animals.
96

Furthermore, special adaptations at this

stage were quite likely to obscure the true relations

of different animals, just as sometimes happened with

adult structures. The principle which Darwin had

suggested with regard to analogous structures in adult

organisms thus applied to active larvae as well:

. . . animals, belonging to two most distinct
lines of descent, may readily become adapted to
similar conditions, and thus assume a close external
resemblance; but such resemblances will not reveal- -
will rather tend to conceal their blood-relationship
to their proper lines of descent.97

Since the primitive kidney that Gegenbaur

referred to in Vertebrates was most highly developed in
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the motile, active larvae of Cyclostomates and Amphib-

ians, in which it was functional at a very early stage,

and since the Worm larvae in which a similar excretory

organ was found were also free-living, active forms,

it would seem more logical to interpret their

resemblance of their excretory organs as analogical,

rather than homological. From this viewpoint, a similar

interpretation would also seem reasonable in the case of

the resemblance between the Vertebrate notochord and the

Tunicate axial rod, since the larvae in which they

occurred were also free-living, motile forms, adapted to

a similar environment.

In the later, revised version of his text,

Gegenbaur added a section in which he discussed the

importance of distinguishing larval organs which "are

not so well explained by transmission as by adaptation,"

in which "estimation of their true meaning is made more

difficult."
98

In his text of 1870, however, and in his

application of the concept of transverse homology, he

tended to interpret almost any kind of embryological

resemblance between different organisms as evidence of

common descent, and to underestimate the physiological

significance of embryonic structures.

In view of the general lack of logic and

coherence which has been demonstrated with regard to

Gegenbaur's consideration of the concept of special
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homology, it seems apparent that this concept, which

provided the main theoretical explanation for the

comparisons on which the Tunicate theory was based,

could be readily judged as inadequate and unconvincing

as a justification of cross-type homologies. Further-

more, it has been shown that the main problems with

Gegenbaur's view of special homology, as well as his

treatment of homology in general were related to the

high degree of ambiguity which characterized his

definitions.

Alternate Views on Homology:
Lankester and Mivart

At least part of the ambiguity in Gegenbaur's

consideration of homology resulted from his retention of

terms and principles whose original significance was

quite different from the new meaning which they acquired

when viewed from the evolutionary perspective. In this

respect, Gegenbaur's consideration of homology presents

a notable contrast to a very thorough and clear analysis

of the genetic definition of homology which was made by

the young British evolutionist, E. Ray Lankester (1847-

1921), in an article published in 1870. 99
Lankester's

views on homology, in turn, evoked criticism from

another British zoologist, St. George Jackson Mivart

(1827-1900). The following comparison of the views of
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Gegenbaur, Lankester and Mivart on homology provides a

good illustration of the wide range of opinion among

evolutionists at the beginning of the 1870's with

regard to the theoretical significance of morphological

resemblance between animals of different types, and

also their lack of concensus on the principles for

cross-type comparisons. Such an analysis will further

emphasize some of the problems with the view of homology

that was first associated with the Tunicate theory. It

was mainly these problems with the definition and

justification of the homology concept that led to

skeptical responses to the Tunicate theory and divergent

interpretations of the evolutionary significance of the

similarities between Amphioxus and Ascidians by

Lankester, Mivart and others whose views will be

examined later.

Although Lankester did not refer specifically to

Gegenbaur in his article of 1870, his analysis clearly

addressed some of the main problems that were repre-

sented in Gegenbaur's treatment of the homology concept.

Lankester's main concern was that evolutionists had not

really provided an adequate new definition of the

concept of homology:

. . . certain terms and ideas are still in use
which belonged to the old Platonic school, and have
not been defined afresh in accordance with the
doctrine of descent. . . . The term "homology"
belongs to the Platonic school, but is nevertheless
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used without hesitation by those who reject the
views of that schoo1.1°°

He believed that, in retaining the use of the term

homology to refer to all cases of morphological

resemblance between or within organisms, evolutionists

had not made an adequate distinction between those cases

of resemblance which were directly attributable to

common descent, and those cases in which the resem-

lances may have had another origin. He proposed that

the old term, "homology," be replaced by two new terms,

"homogeny" and "homoplasy":

What is put forward here is this--that under the
term "homology," belonging to another philosophy,
evolutionists have described and do describe two
kinds of agreement--the one, now proposed to be
called "homogeny," depending simply on the
inheritance of a common part, the other, proposed
to be called "homoplasy," depending on a common
action of evoking causes or moulding environment on
such homogeneous parts, or on parts which for other
reasons offer a likeness of material to begin with.
In distinguishing these two factors of a common
result we are only recognizing the principle of a
plurality of causes tending to a common end, which
is elsewhere recognizable and has been pointed out
in biological phenomena. The explanation of the
phenomena by the one law of homology is a part of
that tendency to view Nature as more simple and more
easily mastered than she really is, against which
Bacon cautions us.101

Lankester retained the term "analogy" to refer to

any two organs having the same function, whether closely

resembling each other or not. "Homoplasy," on the other

hand, included

. . . all cases of close resemblance of form
which are not traceable to homogeny, all details of
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agreement not homogeneous, in structures which are
broadly homogeneous, as well as in structures
having no genetic affinity. 102

Lankester suggested several possible causes for

the detailed resemblances which could not be attributed

to common descent (homoplastic resemblance), including

the direct action of the environment or "external

evoking conditions," and indirect causes such as corre-

lations of growth, to which Darwin had referred. 103

In order to illustrate the value of a distinction

between homogeny and homoplasy, Lankester provided

numerous examples of cases where resemblances which were

generally interpreted as homolgous, required this more

subtle distinction in order to be correctly understood

in evolutionary terms. One of the clearest and simplest

of his examples dealt with the case of the homology of

the heart in birds and mammals:

To take another case, the four cavities of the
bird's heart are generally regarded as homologous
with the four cavities of the mammalian heart; but
since the common ancestor of mammals and birds in
all probability had but three cavities to its heart,
the ventricles are only homogenetic as a whole, and
not each to each . . . .

. . . the right ventricle of the bird's heart is
not homogeneous with the right ventricle of the
mammal's heart, nor the left with the lfet; but the
two cavities in each case are homoplastic--the same
conditions as regards the maintenance of animal heat
and other matters belonging to the circulation,
which evoked or were the cause of the perpetuation
of this structure in the one case having equally
operated in the other.104



221

In addition to examples such as this one, where

Lankester used the concepts of homogeny and homoplasy

to reinterpret cases of morphological resemblance

between animals in a single phylum, which were generally

accepted as homologies in pre-Darwinian morphology, he

also demonstrated the value of these concepts for

judging the significance of morphological resemblance

between animals of different phyla:

And now, if we turn to the examples of structures
whose homologies have been recently discussed by
writers who, there is good reason to believe, accept
the doctrine of evolution, we shall see that in
tracing homologies they are not confining themselves
to the elucidation of what it is here proposed to
term homogenies. Since, in all probability, the
Vertebrates have diverged from the stock which gave
rise to the Arthropoda at a point in the series
where the nervous system is of the simplest and
most rudimentary kind, it is only to a small extent
that there is homogeny between the chain of nerve-
ganglia of the Arthropoda and the sympathetic
ganglion-system of Vertebrata--merely an agreement
which is so general that we can only say that the
nervous system as such in the two cases is in the
most general way homogenous, and must seek for some
other cause to account for the more detailed
resemblance of the insect's nerve-chain to the
vertebrate sympathetic. In this case we see that
in discussing so-called "homology " two kinds of
relation have been in question.I00

Although Lankester discussed the terms "homogeny"

and "homoplasy" only as they applied to adult structures

in his original article, he explained in a note published

the next month, that the concepts also applied to

resemblances among embryos. 106
He pointed out that it

was possible for the organs of two different animals to
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agree in their development as well as in their structure,

without that agreement necessarily being due directly

to heredity, in which case the embryological similarity

should be termed homoplastic, rather than homogenetic.

It is interesting to note that, in his discussion of

the occurrence of homoplastic resemblance in embryos,

Lankester demonstrated a much greater appreciation of

the adaptive significance of embryological structures

than Gegenbaur or Haeckel:

Here and there in the individual development of
organisms we find traces of the epitomized ances-
tral development; but a large number of the
appearances presented in individual development
are referable to the immediate relations of the
organism to its conditions of existence.107

In addition to making his definition of homology

much clearer than Gegenbaur's, Lankester's distinction

between homogenetic and homoplastic resemblances soon

led him to adopt new principles for the application of

the homology concept. In his article of 1870 Lankester

suggested that developmental changes and the study of

embryology provided a surer guide than reference to

ideal structural archetypes in determining the morpho-

logical equivalence of organs. In 1872, in his course

of lectures on animal classification at Oxford,

Lankester showed specifically how the study of

embryology could be used to distinguish homogenetic and

homoplastic resemblance by introducing a new scheme of
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genealogical classification based mainly on the mode of

origin of the primitive germ layers.
108

Lankester's

views on the importance of germ layers for phylogenetic

classification were very similar to those which Haeckel

expressed in his Gastraea theory, which will be

discussed in Chapter 5.* The analysis of early embryo-

genetic processes which these new systems emphasized,

such as cleavage, invagination, germ layer differentia-

tion and coelom formation, became an important feature

of phylogenetic speculation from the late 1870's through

the 1890's.
109

In Chapter 5 it will be shown that the

incorporation of certain ideas of the Gastraea theory

into the definitive version of the Tunicate theory in

1874 resulted in significant improvements in the defini-

tion and justification of the concept of homology on

which the Tunicate theory was based. Before this change

occurred, however, the Tunicate theory was associated

with Gegenbaur's discussion of homology from his text

of 1870, which was very ambiguous concerning principles

*Aleksandr Kovalevskii was apparently the first
to suggest the possibility of a classification based on
germ layer homologies. He offered a tentative classifi-
cation of the animal kingdom into two main sub-groups
based on the mode of origin of their primitive germ
layers in 1867 at the end of his paper on Amphioxus
("Entwickelungsgeschichte des Amphioxus," pp. 12-14).
He also discussed the idea of germ layer homologies in
his paper of 1871 on Worms and Arthropods ("Embryolo-
gische Studien anWiirmern and Arthropoden"). See
Oppenheimer, Essays, pp. 256-94.
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for the application of the embryological criterion of

homology. In contrast, Lankester specified germ-layer

similarities as the most useful guide for determining

homogenetic relationships. Thus, Lankester's approach

to homology included both theoretical and practical

features that were consciously innovative, in contrast

to the rather unconscious conservatism that Gegenbaur's

approach reflected.

While Lankester shared with Haeckel the belief

that germ layer similarities provided a reliable

criterion of homogeny, he differed from both Haeckel and

Gegenbaur in attaching greater significance to the

occurrence of homoplastic and analogical resemblances

among embryos. Thus, Lankester emphasized the impor-

tance, in phylogenetic speculation, of recognizing the

difficulty posed by secondary modifications of animals

for the problem of determining animal relationships. In

this respect, Lankester's views on homology were some-

what similar to those of Alfred Giard, whose work will

be discussed in Chapter 5, and also to certain views of

Mivart, to be discussed shortly. As a result of this

emphasis on adaptation, Lankester was less confident

than either Gegenbaur or Haeckel that the study of

similarities between Amphioxus and Ascidians could

provide a solution to the problem of Vertebrate ancestry:
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. . . the lowly organized forms which we at
present see are by no means necessarily, though they
are possibly, and often, no doubt, are actually,
representatives of the lowly organized ancestry of
the higher forms to which they are most nearly
allied. They often, on the contrary, must be
degraded forms, or forms which have progressed in
the direction of simplification from a more highly
elaborated or more 'typical' ancestry. Thus, very
probably, both Amphioxus and the Ascidians do not
indicate to us the direct way backwards from the
Vertebrata to an invertebrate ancestry. They both
very probably have become vastly modified and
simplified in their own way, as compared with the
ancestor common to them and the Vertebrata.11°

Lankester's first article on homology appeared

in the July, 1870 issue of the Annals and Magazine of

Natural History. In August, 1870, the journal published

a critical response to Lankester's paper, written by the

Catholic zoologist, St. George Jackson Mivart. 111

Mivart was an evolutionist and a one-time Darwinian.

However, in the late 1860's he had experienced a growing

disillusionment with the idea of natural selection as

the only mechanism of evolutionary change, and he later

became a leading critic of Darwinism.* Mivart's

greatest difficulties with the Darwinian theory were

*Mivart's main work, On the Genesis of Species
(London: Macmillan and Co., 1871), had two main goals:
(1) to demonstrate the scientific objections to
Darwinism, and (2) to propose an evolutionary system in
which the underlying truths of the Darwinian theory were
reconciled with Christianity. For a comprehensive study
of Mivart's life and work see Jacob W. Gruber, A
Conscience in Conflict: The Life of St. George Jackson
Mivart (New York: Columbia University Press, 1970).
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related to problems of explaining the origin of unique

human qualities such as intellect and ethical judgments.

In this respect, his views were typical of many other

scientists who experienced similar problems with

Darwinism, even though most of them did not share

Mivart's religious perspective.

In his attempt to demonstrate the inadequacy of

natural selection, Mivart raised a number of significant

scientific objections to the Darwinian theory, although

the alternative mechanisms he proposed were highly

speculative. He believed that evolution had taken place

not only through natural selection, but also by the

action of other natural laws, which had not yet been

discovered, but which probably involved "special powers

and tendencies existing in each organism," and

"influences exerted on each by surrounding conditions

and agencies organic and inorganic." 112 Mivart thus

appreciated Lankester's distinction of homoplastic

resemblances which were not directly attributable to

genetic causes. However, he believed that environmental

and physiological factors alone could not explain the

existence of these resemblances. Instead, he proposed

that in some cases homoplasy represented conformity to

type; that is, homoplastic resemblance was caused by the

operation of certain innate tendencies within organisms

to produce conformity to a harmonious and symmetrical
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plan of structure.113

Mivart also objected to Lankester's condescension

toward the philosophical ideas of what Lankester termed

"the old Platonic school," as represented by the views

of Richard Owen. As a student in the 1840's, Mivart

had been strongly impressed with the idealistic approach

to morphology characterized by Owen's analysis of the

concepts of homology and analogy, and in retreating from

Darwinism, he had found some of the older idealistic

views of Owen to be useful in the new synthetic view-

point he attempted to formulate. Thus, he introduced

his remarks on Lankester's paper with a review of Owen's

contributions to philosophical anatomy, including this

testimonial to their value in his own thought:

. . . I must protest, in limine, against the
notion (which Mr. Lankester seems to favour) that
the acceptance of the theory of evolution, even of
the special Darwinian form of it, is any bar to the
reception of that view which represents all organic
forms as having been created according to certain
fixed ideal types. The two beliefs, far from being
reciprocally exclusive, can and do co-exist in
perfect harmony in one and the same individual
mind.114

In spite of the differences in their viewpoint,

Mivart was generally favorable to Lankester's definition

of homogenetic and homoplastic resemblance, which he

proposed would be

. . . useful additions to be employed when it is
possible to determine to which process any given
resemblance is due, i.e. whether it is a homogenetic
or homoplastic homology. 115
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He contended, however, that the term "homology" should

be retained for cases in which this determination was

not possible. He would thus retain the terms homology

and analogy and divide the category of homology into

homogeny and homoplasy. He gave several reasons for

this arrangement, the most important being the impossi-

bility, in many cases, "to say whether, on the theory of

evolution, certain parts should be called homogens or

,116
homoplasts. Mivart then proposed a classification

of the various kinds and degrees of relationship which

he believed were distinguishable in different animals

or in parts of the same animal and which should be kept

clearly and distinctly in mind in order to make progress

in scientific zootomy:

As it is we can detect a certain number of relations
of function, of origin, and of conformity to rela-
tive position of different kinds according to the
different ways in which we regard the subject
matter, i.e. as we follow up different lines of
thought. It is well to have distinct names for at
least the more obviously different conceptions of
this kind, about a quarter of a hundred of which may
be readily distinguished.117

Mivart was mainly interested in defining the

various relationships among the organs in individual

animals. Thus, among the twenty -five different kinds

of relationship he listed, only three kinds referred to

the category of morphological resemblance between

animals of different phyla. For parts whose relation-

ship Lankester had termed homogeny and homoplasy, Mivart
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preferred the terms "homogenetic homologues" and

"homoplastic homologues," although his definition of

their relationship was essentially the same as

Lankester's.
118

Mivart also proposed the term "homol-

ogous analogues" to refer to parts which were similar in

function and morphology, but whose ancestral relations

were uncertain, thus adding a slightly greater degree of

distinction for the relationship which, in Lankester's

system would be designated either as homogenetic analogy

or homoplastic analogy.
119

This brief analysis of the views of Lankester and

Mivart on homology reveals several points of contrast

with the views of Gegenbaur. Gegenbaur referred to

morphological resemblances between animals of different

types as transverse homologies. He interpreted such

similarities as evidence of the common ancestry of the

organisms in which they appeared. For Lankester, these

similarities could be either homogenetic or homoplastic

resemblances depending on whether they were based on

common ancestry or common environmental conditions. For

Mivart, there were three possible causes for such

resemblances: common ancestry, common environment and

conformity to type. In terms of criteria for the

determination of homologies, Gegenbaur and Lankester

both placed a high value on embryological information,

but Gegenbaur failed to differentiate among the many
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different kinds of embryological data which might or

might not be useful for this task, while Lankester

specifically chose germ layer similarities as reliable

indicators of homology. Mivart, on the other hand,

preferred to stick with the tried and true method of

homologizing, and suggested that embryology, "through

always a very interesting inquiry," was of "subordinate

importance" to adult anatomy.
120 Finally, both Mivart

and Lankester accepted the idea that structures could be

both analogous and homologous, in contrast to Gegenbaur,

who stressed the mutually exclusive nature of these two

relations.

With the association in Gegenbaur's text of 1870

of strong empirical evidence in favor of the Tunicate

theory, and a particular view of homology that was

related to the interpretation of that evidence, the

battle lines were drawn for the subsequent debate over

the validity of the Tunicate theory. Because of the

ambiguity and superficiality of their consideration of

homology, as represented by Gegenbaur's analysis of the

concept of transverse homology, proponents of the

Tunicate theory would draw fire from evolutionists and

non-evolutionists alike over the issue of their inter-

pretation of homologies.
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Charles Darwin and the Tunicate Theory

The event which seems to have actually triggered

the greatest response from the biological community to

the Tunicate theory, however, was not the publication of

Gegenbaur's text, but the endorsement of the Tunicate

theory by Charles Darwin, as signified by his adoption

of its main proposals in The Descent of Man in 1871. 121

Darwin was very favorably impressed with Haeckel's

genealogical speculations in the Naturlich Schopfungs-

geschichte. In the introduction to The Descent of Man

he wrote:

If this work [Naturliche Schopfungsgeschichte] had
appeared before my essay had been written, I should
probably never have completed it. Almost all the
conclusions at which I have arrived I find confirmed
by this naturalist, whose knowledge on many points
is much fuller than mine.122

Haeckel's influence is especially apparent in

Darwin's chapter, "On the Affinities and Genealogy of

Man," which includes references to Haeckel's views on

nearly every page. In this chapter, Darwin traced the

genealogy of the human species backward to its lowest

stages, in which he included Amphioxus and the

123
Ascidians. After noting the major features of

Amphioxus and Haeckel's suggestion that it should be

classified in a separate division from other Vertebrates,

Darwin turned to a consideration of the Ascidians and
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their relationship to Vertebrates:

. . . they have recently been placed by some
naturalists among the Vermes or worms. Their larvae
somewhat resemble tadpoles in shape, and have the
power of swimming freely about. Some observations
lately made by M. Kowalevsky, since confirmed by
Prof. Kupffer, will form a discovery of extra-
ordinary interest, if still further extended, as I
hear from M. Kowalevsky in Naples he has now
effected. The discovery is that the larvae of
Ascidians are related to the Vertebrata, in their
manner of development, in the relative position of
the nervous system, and in possessing a structure
closely like the chorda dorsalis of vertebrate
animals. It thus appears, if we may rely on
embryology, which has always proved the safest
guide in classification, that we have at last gained
a clew to the source whence the Vertebrata have been
derived. We should thus be justified in believing
that at an extremely remote period a group of
animals existed, resembling in many respects the
larvae of our present Ascidians, which diverged into
two great branches--the one retrograding in develop-
ment and producing the present class of Ascidians,
the other arising to the crown and summit of the

124animal kingdom by giving birth to the Vertebrata.

Later, in the conclusion of the chapter, Darwin reiter-

ated his position on Vertebrate ancestry:

The most ancient progenitors in the kingdom of the
Vertebrata, at which we are able to obtain an
obscure glance apparently consisted of a group of
marine animals), 7 resembling the larvae of existing
Ascidians.*

*Darwin, Descent of Man, pp. 203-204. In the
footnote to the passage quoted here, Darwin indulged in
an intriguing bit of speculation which related to the
possible evolutionary relationship of Vertebrates and
Tunicates:

"27 All vital functions tend to run their course in
fixed and recurrent periods, and with tidal animals
the periods must have been left dry or covered deep
with water--supplied with copious food or stinted-
during endless generations, at regular lunar inter-
vals. If, then, the vertebrata are descended from
an animal allied to the existing tidal Ascidians,
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Although Darwin stated his views on the Inverte-

brate ancestry of the Vertebrata much more cautiously

than Haeckel, these statements clearly indicate his

acceptance of the main propositions of the Tunicate

theory as outlined in the NaturlicheSchopfungsgeschichte.

Furthermore, in his concluding remarks in the Descent

of Man Darwin speculated on the hypothetical structure

of the earliest human progenitor, providing a descrip-

tion which corresponds almost exactly with that of the

hypothetical Sackworms which formed the eighth stage of

human ancestry in Haeckel's discussion of human

genealogy:

In the dim obscurity of the past we can see that the
early progenitor of all the Vertebrata must have
been an aquatic animal, provided with branchiae,
with the two sexes united in the same individual,
and with the most important organs of the body (such
as brain and heart) imperfectly developed. This
animal seems to have been more like the larvae of
our existing marine Ascidians than any other form
known.125

Darwin added nothing new to the content of the

Tunicate theory, but his adoption of its main features

in the Descent of Man had several important effects on

the scientific reception of the theory. For example,

Darwin's discussion of the Tunicate theory was the first

the mysterious fact that, with the higher and now
terrestrial Vertebrata, not to mention other classes,
many normal and abnormal vital processes run their
course according to lunar periods, is rendered
intelligible."
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substantial presentation of the theory published in

English, thereby extending the audience of the Tunicate

theory to include more English speaking naturalists.

Furthermore, with the added weight of Darwin's reputa-

tion, the popularity and credibility of the Tunicate

theory among Darwinian evolutionists was strengthened.

Ernst Haeckel especially emphasized Darwin's acceptance

of the Tunicate theory in his comments on the Descent

of Man in the foreward to the third edition of the

Naturliche Schopfungsgeschichte which appeared in

1872.
126

He claimed that Darwin's consideration of

human evolution in the Descent of Man was a vindication

of the validity of his own earlier speculations on

human genealogy, for which he had been criticized for

being "more Darwinian than Darwin." Haeckel wrote:

With regard to the specific genealogy of humans,
their origin from lower Vertebrates, their blood
relationship to Ascidians, etc., Darwin essentially
acknowledges the view which I already developed in
my earlier work.127

Darwin's endorsement of the Tunicate theory, and

the issue which Haeckel made of it, attracted a new

group of opponents into the debate, whose criticisms of

the Tunicate theory were somewhat different from those

of earlier opponents. Earlier criticism was mainly

aimed at the data of Kovalevskii and Kupffer, which

formed the empirical basis of the theory. In 1873-1875,

however, the Tunicate theory was attacked by a number of
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anti-Darwinian naturalists as an example of faulty

interpretation which they asserted was typical of

Darwinian evolutionary thought in general. Just as

Haeckel used the Tunicate theory to symbolize his agree-

ment with Darwin, these naturalists, including Louis

Agassiz (1807-1873), Karl Ernst von Baer, and Karl

Reichert, used the Tunicate theory as a symbol of their

disagreement with Darwinian evolution. Their views

will be examined in detail in Chapter 5. The specific

criticisms of the Tunicate theory by these opponents of

Darwin varied in detail, but they were all motivated by

a similar concern, which was aptly expressed by Mivart

in his critical review of the Descent of Man in 1871:

. we feel that a false theory which keenly
solicits the imagination, put forward by a writer
widely and deservedly esteemed, and which reposes on
a multitude of facts difficult to verify, skilfully
interwoven, and exceedingly hard to unravel, is
likely to be very prejudicial to science. Neverthe-
less, science cannot make progress without the
action of two distinct classes of thinkers: the
first consisting of men of creative genius, who
strike out brilliant hypotheses and who may be
spoken of as 'theorizers' in the good sense of the
word; the second, of men possessed of the critical
faculty, and who test, mould into shape, perfect or
destroy, the hypotheses thrown out by the former
class.

Obviously important as it is that there should be
such theorizers, it is also most important that
criticism should clearly point out when a theory is
really proved, when it is but probable, and when it
is a mere arbitrary hypothesis. This is all the
more necessary if, as may often and very easily
happen, from being repeatedly spoken of, and being
connected with celebrated and influential names, it
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is likely to be taken for very much more than it is
really worth.*

Mivart's criticism of the Descent of Man involved

numerous scientific and philosophical arguments designed

to show the inability of natural selection to explain

the origin of unique human qualities. He was especially

concerned with demonstrating the hypothetical nature of

many of Darwin's assertions. The Tunicate theory was

one of many examples of "hasty and inconclusive specula-

tion" that Mivart offered to illustrate this point:

. . . over-hasty conclusions are, we regret to
say, the rule in Mr. Darwin's speculations as to
man's genealogy. He carries the genealogy back to
some ancient form of animal life somewhat like an
existing larval Ascidian; and he does this on the
strength of the observations of Kowalevsky and
Kupffer. He assumes at once that the similarities
of structure which those observers detected are due
to descent instead of to independent similarity of
evolution, though the latter mode of origin is at
least possible and can hardly be considered improb-
able when we reflect on the close similarity
independently induced in the eyes of fishes and
cephalopods. Quite recently . . . observations have
been published by Dr. DOnitz, which render it
necessary, at the least, to pause and reconsider the
question before admitting the Ascidian ancestry of
the Vertebrate sub-kingdom.128

*[St. George Jackson Mivart], "The Descent of Man,
and Selection in Relation to Sex," review of The Descent
of Man . . . by Charles Darwin, in the Quarterly Review
131 (1871): 48. Although Mivart's review was published
anonymously, his authorship was immediately suspected by
Huxley and Darwin, inspiring Huxley to write a scathing
reply to "Mr. Darwin's Critics," in which he attacked
mainly Mivart's Genesis of Species and the remarks of
the "Quarterly Reviewer." See T. H. Huxley, "Mr.
Darwin's Critics," reprinted in T. H. Huxley, Critiques
and Addresses (New York: D. Appleton and Company, 1873),
pp. 218-69; and Gruber, Conscience in Conflict, pp.
79-114.
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The Tunicate theory was much less important in

Mivart's opposition to Darwinism than it was for some of

the other anti-Darwinians, and his criticism of the

theory was probably not a major factor in its subsequent

scientific development and reception. The significance

of Mivart's evaluation of the Tunicate theory lies

rather in the clarity of his perception and indication

that the major weakness of the Tunicate theory was

related to improper assumptions by its advocates with

regard to the interpretation of various categories of

similarity among animals. Mivart's challenge to pro-

ponents of the Tunicate theory to "pause and reconsider

the question" of the meaning of similarities between

Ascidians and Amphioxus was actually a challenge to

evolutionary morphology in general to explain the origin

of homologies and analogies more clearly and to define

their criteria in terms of practical working principles.

Although Mivart, in this case, identified himself with

the idealistic viewpoint of Donitz, the problem he

observed with the Tunicate theory was also closely

related to his views on the role of environmental adapta-

tions in evolution, whose similarity to those of the

Darwinian evolutionist, Lankester, was shown above.

Thus, in a sense, Mivart was challenging Darwin to heed

his own warning concerning the problem inherent in the

interpretation of larval structures, of mistaking
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analogies for homologies.

This same criticism of the Tunicate theory was

echoed by some of its anti-Darwinian, anti-evolutionary

opponents who were mentioned above, as Chapter 5 will

show. However, beginning with Mivart's criticism of

Darwin's acceptance of the Tunicate theory, several

other evolutionists, representing various Darwinian and

neo-Lamarckian viewpoints, also began to voice their

skepticism of the validity of the proposed homologies

between Vertebrates and Tunicates and to suggest

alternative interpretations of the Vertebrate-Tunicate

relationship. Their views will also be examined in

Chapter 5.

Skepticism also continued to characterize

Huxley's response to the Tunicate theory, as evidenced

by his reluctance to incorporate its proposals into his

text on vertebrate anatomy, published in 1871.
129

In

contrast to the rather strong endorsements of the

Tunicate theory given by Darwin and Gegenbaur, Huxley

confined his main comments to a footnote, in which he

reported some of the evidence of the Tunicate theory,

but refrained from commenting on the nature of the

resemblances observed between Vertebrates and Ascidians,

or on their significance for the problem of Vertebrate

ancestry. Huxley's footnote followed a discussion of

the distinctive characteristics of the Vertebrata, in



239

which he stated that the central nervous system of

Vertebrates appeared to be unrepresented among Inverte-

brates, by virtue of the unique course of development it

took in Vertebrates; that is, "by the development and

union of outgrowths of the blastoderm, which are not

formed in the Invertebrata.
,130

He qualified this

statement somewhat in this note:

It is possible that an exception to this rule may be
found in the Ascidians. The tails of the larvae of
these animals exhibit an axial structure, which has
a certain resemblance to a vertebrate notochord;
and the walls of the pharynx are perforated, much
as in Amphioxus.131

In another section of the text, Huxley reported

the results of Kovalevskii's research on Amphioxus

development and suggested that they supported Haeckel's

proposal that Amphioxus be reclassified into a separate

division of the Vertebrata.
132

In this case, as

supporting evidence for this proposition he referred to

the

. . . great many pecularities in the development
of Amphioxus and the many analogies with inverte-
brate animals), particularly the Ascidians, which it
represents.13j

Huxley was apparently still unwilling to acknowl-

edge the homology of the Vertebrate and Ascidian nerve

cords, although such a homology must be implied in

order for his statement of make sense, that Ascidians

were an exception to the rule that the Vertebrate

central nervous system was "unrepresented" in
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Invertebrates. His use of the term, "analogies," to

refer to the developmental similarities between

Amphioxus and Ascidians also seems somewhat curious,

since these similarities would not have the taxonomic

significance he proposed unless they were interpreted

as homologies rather than mere. analogies.

In both these references to Vertebrate-Ascidian

similarities Huxley showed how the evidence would apply

if it were interpreted as representing the relationship

of homology, but without judging whether or not

homologies were indeed indicated. It is rather ironic

to note, that in terms of his caution with regard to

designating the Tunicate-Vertebrate similarities as

homologies, Huxley's position on the Tunicate theory was

much closer to that of Mivart than to Darwin, although

Huxley had made a vehement attack on Mivart's criticism

of Darwin, which included an attempt to discredit

Mivart's comments on the Tunicate theory.*

*In his critique of Mivart's views, Huxley noted-
the coincidence that the comparison of the eyes of the
fish and cephalopods used by the "Quarterly Reviewer"
was the same comparison used by Mivart in The Genesis
of Species. Huxley proposed that the "supposed close
similarity between the eyes of fishes and cephalopods,"
had been clearly shown by Gegenbaur and others as non-
existent. See Huxley, "Mr. Darwin's Critics," p. 220.
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Further Studies on Ascidian Development

Darwin's endorsement of the Tunicate theory in

the Descent of Man in 1871 and Gegenbaur's adoption of

its main proposals in his text of 1870 had great signif-

icance for the extension of the basic assumptions of the

theory. In 1871, the empirical basis of the theory was

also significantly extended with the publication of new

research on the Simple Ascidians by Kovalevskii and by

a young American zoologist, Edward Morse.

Kovalevskii's paper contained the results of

studies he had undertaken during 1867 and 1868 in

Trieste to follow up on his former research, and new

studies which he made in 1870 in Naples, in response to

the variations in his results and those of Kupffer and

Mechnikov. 34 It was much more detailed than his

original paper on Tunicate development, since he

studied not only entire embryos, but also real cross-

sections, instead of the optical sections he had relied

on in his earlier study. With this method, Kovalevskii

was able to demonstrate that Mechnikov was mistaken in

his description of the origin of the nervous system

from the inner or lower germ layer, and to confirm that

his own earlier observation was correct, that the entire

central nervous system of Ascidians was derived from the

outer, or epidermal germ layer, by means of a dorsal
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furrow which closed itself into a tube, as in

Vertebrates.
135 He also confirmed Kupffer's observation

that the nervous system in Ascidians consisted of a

dorsal, tubular nerve cord, which extended into the

body of the larva, a point on which Kovalevskii admitted

that his earlier observations had been incomplete. He

not only confirmed the existence of the nerve tube, but

proposed that the embryonic nervous system of Simple

Ascidians consisted of three distinct parts which he

designated as brain vesicle, body vesicle and spinal

cord.
136

Kovalevskii's new observations concerning the

chorda of Ascidians confirmed that Mechnikov had been

correct in assuming that a horseshoe-shaped structure

derived from the inner germ layer represented the

chorda in its most primitive condition. However, he

presented other evidence which demonstrated Mechnikov's

error in ascribing the derivation of the nervous system

to this same primordial structure. Kovalevskii also

provided more details on the histological composition of

the chorda in Ascidians, which were opposed to

Mechnikov's data, but supported the observations of

Kupffer, and which tended to confirm the Vertebrate

nature of the Ascidian chorda.
137

In addition to observations which demonstrated

further similarities between the nervous system and
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chorda of Tunicates and Vertebrates, Kovalevskii's new

study of Tunicate development presented a more detailed

description of germ layer formation and organogenesis

in Tunicates, in which similarity to Vertebrate develop-

ment was also noted. He confirmed his original obser-

vation on the formation of the original two germ layers

by the process of invagination, and then described how

a third layer formed from them. Thus, as in Verte-

brates, three germ layers were involved in the actual

construction of the embryo in Ascidians:

We find, thus, in the case of the [Ascidian] embryo
all the germ layers which are assumed in the
Vertebrates, and exactly in the corresponding
arrangement. 138

Another Vertebrate-Ascidian similarity which

Kovalevskii had briefly mentioned in his first paper

was the observation that in both Amphioxus and Ascidians

the neural and intestinal canals were connected for a

short time in the early period of their development. In

his paper of 1871, Kovalevskii demonstrated that this

connection also occurred in several species of fish and

in amphibians. 139

Further information in Kovalevskii's paper of

1871 that tended to advance the proposals of the Tuni-

cate theory was contained in a postscript at the end of

the paper, in which Kovalevskii revealed the contents of

a letter he had just received from Mechnikov:
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Just as I intended to send off this treatise, I

received a letter from Metschnikoff . . . in which
he informs me that after new investigations of
Ascidian development he agrees with my opinion on
two important points, namely: that the chorda,
which is at first formed of two rows of cells,
arises from the horseshoe-shaped primordium, and
that the nervous system originates from the upper
layer. Thereby my own investigations and
Metschnikoff's are in agreement on the main
points.140

In general, the new evidence that Kovalevskii

presented in his,paper of 1871 on Tunicate embryology

supported the idea that Tunicates could be considered

close relatives of the Vertebrates, on the basis of the

homology of their germ layers, nervous systems, and

notochords. However, in the same paper, he also

presented certain evidence related to the embryology of

other Invertebrates which suggested that the Vertebrate-

Tunicate relationship might have a significantly

different meaning for the problem of Vertebrate ancestry

than that which was originally assumed by proponents of

the Tunicate theory.

When Kovalevskii had first described develop-

mental similarities between Ascidians and Amphioxus in

1866, there was no evidence that any other Invertebrate

organisms besides Tunicates possessed an organ which

might be homologous to the Vertebrate notochord, or a

nervous system of epidermal origin, like that of the

Vertebrates. Thus, Haeckel's proposal that "Tunicates,

of all the Invertebrate animals known to us, are without
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doubt the nearest blood relations of the Vertebrates,"

was based as much on the lack of similarity between

Vertebrates and other Invertebrates, as it was on the

presence of homologies between Ascidians and Verte-

brates.
141

However, in the five years following his

discovery of developmental similarities between

Ascidians and Amphioxus, Kovalevskii had extended his

embryological research to representative orders of the

Arthropod and Worm groups, and had found that these

organisms, like the Ascidians, also presented similar-

ities to Vertebrates in their early development. He

presented these results to the St. Petersburg Academy

in November, 1869, and they were published in the spring

of 1871.
142

Thus, in his consideration of the similar-

ities between Tunicates and Vertebrates, Kovalevskii's

perspective was quite different in 1871 than it had been

in 1866, when he emphasized their exclusive representa-

tion in these two groups. Instead of focusing his

discussion on the homology of the Tunicate and Verte-

brate notochords, he chose to describe "similar struc-

tures in the other invertebrates," which were comparable

to those of Vertebrates and Ascidians.
143 Referring to

his studies on the development of the earthworm,

Lumbricus, and a freshwater oligochaete worm, Euaxes,

Kovalevskii wrote:
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I have shown that the entire nervous system of these
worms arises from the upper layer, from special
medullary swellings, further, that the neurilemma
originates from the middle layer, and that also the
giant tube fibers (Claparede) which lie outside of
the inner neurilemma, also originate from the
middle layer. According to their origin, their
position (between the nerve cord'and the intestine)
and even their appearance and structure, they are
probably best compared to a chorda, as I have
already said.144

In other words, Kovalevskii was proposing that the

structures described as giant tube fibers in these

worms, which had first been identified by Edouard

Claparede (1832-1871), could be considered as homologous

with the notochord of Vertebrates.* In his paper on

Worms and Arthropods, Kovalevskii carried the comparison

of Worms and Vertebrates even further, proposing that

homologies also existed between their germ layers,

*Claparede first described these fibers An 1861.
Kovalevskii referred to a more detailed description
which appeared in Claparede's article of 1869, "Histolo-
gische Untersuchungen fiber den Regenwurm," Zeitschrift
fur Wissenschaftliche Zoologie 19 (1869): 563-624. The
fascinating history of the discovery of these giant
cells and fibers of annelid worms and various interpre-
tations of their morphological significance by
nineteenth century histologists is outlined in articles
by J. H. Ashworth, "The Giant Nerve Cells and Fibres of
Halla parthopeia," Philosophical Transactions of the
Royal Society of London 200 (1909): 427-521; and by
Howard Brown Stough, "Giant Nerve Fibers of the Earth-
worms," Journal of Comparative Neurology 40 (1926):
409-63. Both authors identify eight different interpre-
tations of these fibers,. including Kovalevskii's view
that they were homologous to the Vertebrate notochord.
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excretory organs, and nervous systems. 145
Kovalevskii

did not discuss the significance of these proposals for

the problem of Vertebrate ancestry, but they clearly

implied that the relationship between Vertebrates and

Tunicates might not be as close as the Tunicate theory

assumed, and that Vertebrates might rather be more

closely related to Annelid worms than to Tunicates.

However, this idea was not developed further until 1875,

when Semper incorporated it into the preliminary version

of his Annelid theory of Vertebrate descent.* Thus, the

immediate effect of the publication of Kovalevskii's new

results on Tunicate embryology was to strengthen the

empirical basis of the Tunicate theory, although both

his papers of 1871 contained information which eventu-

ally led to the proposal of an alternative theory of

Vertebrate ancestry that was basically opposed to the

views of the Tunicate theory.

American Response to the Tunicate Theory

In contrast to the extensive and detailed

research of Kovalevskii, Morse's study of Tunicate

development comprised but a single observation on a

single species of sessile Ascidian, Cynthia pyriformis,

from the coast of Maine. 146
His observation, however,

*See Chapter 5 for a discussion of Semper's
theory.
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significantly extended the grounds for comparison of

Tunicates and Vertebrates, since it was the first report

of a segmented structure in the tail of the larval

Ascidian. Kovalevskii and Kupffer had both described a

delicate membrane bordering the tail of the larval

Ascidians they studied, which was somewhat like a fin,

but which lacked the typical supporting structures or

fin-rays found in the fins of Amphioxus and fish. When

Morse looked at this structure in Cynthia, he found

quite a different condition:

. . . a remarkable structure not hitherto
figured, as far as I am aware, was noticed in the
caudal fin, which vividly recalled the fine
diverging rays as seen in the embryo fish. These
rays were extremely delicate though plainly marked
. . . . Those who have seen the caudal fin of the
embryo trout with its closely crowded ray lines,
will bear

147
witness to the strong similarity between

the two.

Morse presented this information, along with

other details of the segmental nature of the tail of

Cynthia, at a meeting of the Boston Society of Natural

History. His paper consisted mainly of a review of the

current status of the Tunicate theory, in which he

mentioned the views of most of the leading figures

involved in the theoretical and empirical development of

the theory to that date, including the most recent

incorporation of the Tunicate theory by Darwin in The

Descent of Man. Although Morse did not specifically

discuss his own position regarding the validity of the
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Tunicate theory, the tone of his remarks was quite

positive, and he referred to the "unsuspected relations

between the Vertebrates and Ascidians through Amphioxus,"

as though this relationship had been definitely

established through the research of Kovalevskii and

Kupffer.
148 However, several persons who heard Morse's

paper did not agree with the proposals of the Tunicate

theory, and their negative comments became part of the

record of the meeting. For example, in contrast to

Morse's favorable attitude toward the Tunicate theory,

Louis Agassiz was skeptical of the proposed homologies

between Ascidians and Vertebrates:

Prof. Agassiz said that he studied the embryology of
the Ascidians nearly twenty-five years ago, but that
the appearances described by Prof. Morse were new to
him and of great interest. He failed, however, to
see more than a certain analogy between the embryo
Ascidian and Vertebrate. He thought that if the
Vertebrates had descended from the Ascidians there
ought to be some traces of the process in the
geological record but there was no evidence of
this.149

Dr. Charles Pickering (1805-1878) was recorded

as having remarked "that the position of Amphioxus among

the vertebrates seemed doubtful to him."
150 Frederick

Ward Putnam (1839-1915), in apparent ignorance of

Kovalevskii's research on the embryology of Amphioxus,

suggested that Amphioxus might not even be an adult

Vertebrate, since
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. . . the Amphioxus has been only found in
waters where some species of Myxinoids were
abundant and perhaps is only a young stage of the
latter.1°1

With the publication of Morse's paper and the

response it generated, American zoologists finally

joined their European colleagues in the public debate

over the proposals of the Tunicate theory, their

various reactions corresponding in general to the first

response of the biological community at large to the

Tunicate theory.

A second wave of response to the Tunicate theory

began in 1872, composed of arguments from critics and

supporters of the Tunicate theory whose concerns were

somewhat different from those of the first group of

respondents described in this chapter. Before beginning

discussion of this phase of the history of the Tunicate

theory in Capter 5, it may be useful to review the main

features that characterized its development and general

reception from 1868 to 1871.

By 1871, the empirical data of Kovalevskii and

Kupffer, on which the theory was mainly based, had been

reviewed in detail in Germany and England, and its main

features at least acknowledged in France and the United

States. A significant number of distinguished German

and English naturalists had publicly expressed support

of the main ideas of the theory. The empirical
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foundation of the theory had been extended, mainly by

further research on Sessile Ascidians, and the logic of

its theoretical foundations had been strengthened.

Criticism of the theory during this period was

concerned mainly with the validity and completeness of

the observations on which the theory was based, and most

opposition on these grounds had been effectively counter-

acted by proponents of the theory.

On the other hand, while the logical and

empirical status of the Tunicate theory improved

considerably during this period, certain other develop-

ments also occurred which were potentially problematic

for the future progress of the theory. Thus, the

failure of proponents of the Tunicate theory to clearly

define the criteria on which the proposed homologies of

Tunicates and Vertebrate were based, and their confusing

and inconsistent application of the concept of homology

in comparisons of Tunicate and Vertebrate form,

represented legitimate grounds for criticism of this

aspect of the logical foundation of the Tunicate theory.

Furthermore, the discovery of new evidence of embryolog-

ical similarities between Vertebrates and other Inverte-

brate species besides Tunicates, changed the status of

the Tunicate theory somewhat from the only possible

empirically based theory of Vertebrate ancestry, to one

alternative among several possible theories, each of
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which had some empirical support.

The criticisms and support given to the Tunicate

theory during this first period of research and debate

demonstrated the essential difference between the

Tunicate theory and its predecessors, namely, that it

was a theory that could be tested. After the first

periQd of testing of the provisional Tunicate theory,

several weak areas remained in the bridge that it had

erected between Vertebrates and Invertebrates. To

determine whether these weaknesses of theory and

evidence could be mended or whether they would be the

downfall of the Tunicate theory was the main challenge

for the next group of investigators and critics, as the

continuing debate over the Tunicate theory entered a

new phase from 1872 to 1875.
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V. THE TUNICATE THEORY, 1872-1875:
NEW DIRECTIONS

Between 1872 and 1875 several new trends developed

in the research and criticism relating to the Tunicate

theory. As proponents of the theory attempted to

rectify some of its basic weaknesses, the emphasis of

empirical research on Tunicates broadened to include

more studies in anatomy and taxonomy as well as embryol-

ogy. The logical basis of the Tunicate theory also

acquired new assumptions as Ernst Haeckel incorporated

the ideas of his newly proposed Gastraea theory into

later versions of the Tunicate theory. The criticism of

the Tunicate theory which occurred during this period

tended to question the validity of the basic assumptions

and interpretations of the theory more than the validity

of the empirical observations on which it was based.

Finally, some critics began to propose alternative

evolutionary explanations of the Tunicate-Vertebrate

relationship, and in 1875, alternative hypotheses of

Vertebrate ancestry were proposed as a replacement for

the Tunicate theory.

The main focus of this chapter will be the

description of the content of these new studies and

criticisms, and the analysis of their impact on the

reformulation of the Tunicate theory in 1874 by Ernst
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Haeckel. The chapter will conclude with an evaluation

of the success of this definitive version of the

Tunicate theory in meeting the challenges offered by the

problem of Vertebrate ancestry during the early period

of evolutionary morphology.

These new developments in the history of the

Tunicate theory began rather dramatically in 1872, with

the publication of the results of important new studies

on Tunicates by Carl Kupffer and by Alfred Giard .1

Also, this same year, the publication by Ernst Haeckel

of the main outline of his Gastraea theory, and Eduard

Oscar Schmidt's (1823-1886) proposal of a new classifi-

cation of the Tunicate class, were developments with

significance for the logical aspects of the Tunicate

theory.
2

In 1872 and early 1873, more studies were

published which affected the empirical basis of the

Tunicate theory, by several young naturalists who had

been influenced by the teaching of Gegenbaur and

Haeckel.
3

New Criticism and New Observations:
Alfred Giard and Carl Kupffer

Among these various contributors to the develop-

ment of the Tunicate theory, Alfred Giard occupies a

unique position. He approached the study of Tunicates

from quite a different perspective than any of the other
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participants in the debate over the Tunicate theory,

including his own professor, Henri Lacaze-Duthiers. In

contrast to the reticence of Lacaze-Duthiers to become

involved in theoretical speculation about evolution, or

"transformisme," as it was called in France, Giard

declared his general acceptance of evolution very early

in his career.* In the introductory section of his

doctoral thesis, which was the last of his three works

on Tunicates that were published in 1872, Giard

declared:

The transformist theories have henceforth conquered
their place in science; whether one accepts them or
opposes them, it is necessary to reckon with them.
We accept them because they seem to us in harmony
with all the great laws of nature; we are ready to
reject them when a single fact may come to us
proving their insufficiency or their inexactitude.

Giard's research on Tunicates seems to have been

motivated by a desire to test the principles of

Darwinism by attempting to reconcile the results of

Lacaze-Duthiers' investigation of the embryology of

Molgula with the basic propositions of the Tunicate

theory. Giard was very much impressed with the idea of

the evolutionary relationship of Tunicates and

*Andree Tetry, "Giard, Alfred," in Dictionary of
Scientific Biography, ed. by Charles C. Gillispie, 5:
385-86; Robert E. Stebbins, "France," in The Comparative
Reception of Darwinism, ed. by Thomas F. Glick (Austin,
Texas: University of Texas Press, 1972), pp. 141-42.
Stebbins also provides a useful discussion of the
history and meaning of the term "transformisme" in
French biology (pp. 117-22).
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and Vertebrates as suggested in the work of Kovalevskii

and Kupffer on Simple Ascidians. However, Lacaze-

Duthiers' discovery of an anural or tailless larval

form in Molgula had impressed him with the need for a

more comprehensive study of the entire Tunicate class

before making a final judgment on the Tunicate theory. 5

He began his study by examining large numbers of

embryos belonging to different species of Tunicates,

especially the embryos of Composite Ascidians, which had

not previously been studied in detail. Giard wrote that

his hypothesis at this time was that the anural develop-

ment of Molgula was the primitive condition; urodele

development of Simple Ascidians was most advanced; and

that an intermediate form of development might be found

in some of the species which had not been closely

observed before that time:

I thought that I might find from this coast some
transitional forms between the two distinct types
[of development], anural and urodele, which had
been pointed out; I was thus led to studies of
comparative embryogeny which took much of the time
during the five months that I stayed at the sea
coast (July to November, 1871), but which allowed me
to get a very accurate and very complete idea of the
zoological relationships of the Ascidians among
themselves and with the other classes of the animal
kingdom.6

As a result of his studies of Tunicate develop-

ment and also his extensive observations on the physiol-

ogy and natural history of Tunicates, Giard came to

several important conclusions regarding the validity of
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the claims of the Tunicate theory. These conclusions

and the observations on which they were based were

published in 1872, as a series of three monographs in

successive issues of the first volume of the new

journal edited by Henry Lacaze-Duthiers, Archives de

Zoologie Exporimentale et Generale. Giard's firSt

paper was a critical study of previous works on Tuni-

cates that were related to the problem of Vertebrate

ancestry. The second monograph was a critical study of

Kupffer's work on Molgula, which appeared shortly after

Giard's first paper, and the third monograph was his

dissertation on Composite Ascidians.

In his first critical study of the Tunicate

theory, Giard reviewed in some detail the works of

Kovalevskii, Kupffer and Ganin, whom he presented as

proponents of the Tunicate theory, and the works of

Mechnikov and Donitz, whom he presented as major

opponents of the theory. He began by outlining the

main issues in the current debate over Vertebrate

ancestry, and identifying the proponents and opponents

of the Tunicate theory. He then reviewed and compared

the main results of these researchers with an emphasis

on the inconsistencies and what he called the

"exaggerated and often questionable interpretations"

contained in the works of these various authors.
7
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Giard proposed two main causes for the

discrepancies he found among these works, and also for

the differences between his own observations and those

of other workers: (1) differences in the presupposi-

tions of various workers, and (2) differences in the

species they observed:

[There are] two principal sources of misunderstand-
ing among naturalists who are occupied with the
embryology of Ascidians: They have seen different
things because they were studying different species,
and they have not always given the same interpreta-
tion to what they were observing because they began
from ideas which were systematic, and very often
opposed to looking for the significance of experi-
mental data.8

In contrast to the previous studies that he

cited, Giard's own research on Tunicates included

numerous species from both the Simple and Composite

branches of the Tunicate class. Furthermore, he

studied not only their embryogeny, but also their

anatomy, physiology and ecology. His philosophical

presuppositions also differed from those of the

proponents and the opponents of the Tunicate theory, for

Giard was interested in comparing the Darwinian theory

of evolution with the Lamarckian conception. As a

result of his own studies of Tunicates and his review of

the results of earlier workers, Giard concluded that

proponents of the Tunicate theory had gone too far in

proposing a close evolutionary relationship between

Tunicates and Vertebrates:
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To wish, as Kupffer and especially Kowalevsky do,
to find a complete parallel between the embryolog-
ical processes of the egg and tadpole of the
Ascidians and the corresponding phases of the
development of Vertebrates, is to fall into a
manifest exaggerations, and a serious transforma-
tionist will never be able to accept this idea of
the immediate kinship of Ascidians and Amphioxus.9

The main reason that Giard gave for rejecting

the broad claims of the Tunicate theory was that its

proponents had not properly interpreted the meaning of

the similarities that existed between the larval

Ascidians and Amphioxus. Giard, like Lankester and

Mivart, made the distinction between similarities which

could be attributed to common ancestry and those which

represented similar adaptations to a common environment.

To the former, he gave the name, "atavistic homologies,"

a term which corresponds in meaning to Lankester's

"homogeny"; and the latter he called "homologies of

adaptation," or "analogical homologies." These terms

correspond to Lankester's term, "homoplasy." Giard also

designated a third category of similarities as simple

analogies. From this perspective, Giard had no quarrel

with the proposed homology between the primitive

digestive canal (cavity of Rusconi) and nerve cords of

Ascidians and Amphioxus, which he believed were true

atavistic homologies. However, he argued that the

similarity of the notochord in the tail of Ascidians and

Amphioxus were better interpreted as a case of parallel
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adaptation, than as evidence either of genetic relation-
ship or as a simple analogy:

That there be a real homology between the dorsalcord of Ascidians and that of the embryo of lower
Vertebrates, cannot be put into doubt and it isenough to see in order to be convinced. But, it istoo much forgotten that all homology does notsignify immediate common origin and immediaterelationship. There are without doubt some
atavistic homologies of high significance and Iconsider as such, for example, the formation of acavity of Rusconi in Ascidians and lower Verte-brates. But there are also homologies of adaptationand purely analogical, as the interdigital palmationof birds, batrachians and aquatic mammals. Theseare not purely analogical organs, since super-
position can occur, which does not take place forsimple analogies (the wing of the bat, for example,is not superposable to that of the bird); they arehomologous formations coming from the adaptationof the same basic organs to identical uses. Suchis, according to me, the nature of the homologywhich exists between the tail of the Ascidian tad-pole and that of Amphioxus or the young Batrachians[Amphibians] .10

Giard based this interpretation not only on his

comparative study of the embryology of many species of

Ascidians, but also on his knowledge of their functional

adaptations. He proposed that the motile, tailed

Ascidian larva had evolved as a special adaptation for

site selection in those species of Tunicates which had

a fixed, sessile adult stage; in Molgula, on the other

hand, in which the adult animal was not rigidly attached

to a solid substrate, motility in the larva was not an

advantage, and had been lost:

The exception of Molgula confirms this point ofview. This Ascidian, as we know, is not fixed tothe rocks and sinks into the sand which it
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agglutinates around its tunic; it has therefore noneed of an embryo endowed with great mobility andsupplied with sense organs which allow it to chooseits place of adherence; or rather, in order not touse a form of reasoning blemished by finalism, theMolgula is an Ascidian very differentiated toward
the Molluscan direction and this advanced differen-tiation has made the homologies of adaptation withthe superior types disappear in its embryo. Theembryo of Molgula behaves like that of other simpleAscidians up to the time of the formation of the
nerve vesicle; but the elongated cavity which givesrise to this vesicle does not become rounded and
never contains sense organs, as in the less
differentiated types of the group of Ascidians.11

Giard's basic argument was thus that the

Ascidian tadpole larva could have evolved within the

group to meet the needs of dispersal, and therefore many
of its features were not necessarily an inheritance from

an ancestral form common to Tunicated and Vertebrates.*

Although he rejected the Tunicate theory, Giard

believed that the early developmental homologies

between Vertebrates and Tunicates, and also the general

similarity of early development among the Invertebrate

classes, which Kovalevskii's work had demonstrated,

were evidence of the evolutionary relationship of all

classes of the animal kingdom. Despite the weaknesses

*This view of the evolutionary significance ofthe Ascidian tadpole larva is very similar to the viewexpressed by N. J. Berrill in his work, The Origin of
Vertebrates (Oxford: Clarendon Press, 1955). SinceBerrill did not cite Giard's contribution or any of hisworks on Tunicates, he was apparently unaware of
Giard's historical precedence in this interpretation ofMolgulid development.
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he perceived in the Tunicate theory, Giard still

believed that the evidence from embryological research

on Tunicates supported the Darwinian view of evolution:

Without therefore wishing to deny the more or less
high relations and the more or less immediate
affinities which the Tunicates offer with other
types from the animal kingdom, none of these
relations, none of these affinities, seem to us to
prove in an unquestionable fashion that the
Ascidians are daughters of Arthropods, sisters of
Molluscs, and mothers of Vertebrates. But in
disregarding these exaggerations to which one is
led by the bad interpretation of admirable theories
or an inconsiderate enthusiasm for general views
which nothing justifies, one can draw from these
embryological researches some very serious and
very convincing arguments in favor of the ideas of
Darwin.12

The last point Giard stressed in this first

critical study was the need for more research in

comparative embryology:

The goal which all those who are devoted to
embryology must now seek to attain is to establish
for each zoological group the precise point at
which the embryonic processes begin to differ from
those which are observed in neighboring groups:
the longer the agreement lasts, the more the
compared organisms must be brought closer to each
other. For the Ascidians the true homology with
the Vertebrates ceases following the formation of
Rusconi's cavity and the dorsal groove: the
homologies established by Kowalevsky and Kupffer
for the cord and the relations of the digestive
tube and the nervous system are no longer
atavistic homologies but homologies of adaptation. 13

Giard's first critical study of works related to

the Tunicate theory thus challenged the validity of the

basic assumptions of homology on which the theory was

based, and it also provided an interpretation of the
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evolutionary relationship within the Tunicate class, in

which the Molgulid group represented the most highly

differentiated and advanced group of Simple Ascidians.

Giard explained that this interpretation was somewhat

counter-intuitive in view of the embryogeny of Molgula,

but that consideration of the entire organization of

the adult revealed a more complex level of organization

in Molgulids than in other Ascidians, including several

organs that were lacking in the other groups.

This view of the position of the Molgulid group

was just the opposite from the view presented by

Kupffer in a paper that was published almost simultane-

ously with Giard's. Kupffer addressed two major issues

in his paper, which were both related to earlier

research and criticism of the Tunicate theory, but not

to Giard's work, which he had apparently not seen. The

first part of the paper consisted of a study of the

genus Molgula, whose unusual form of development had

been discovered by Lacaze-Duthiers in 1870; in the

second part of the paper Kupffer reported on histolo-

gical observations he had made on the nervous system of

Ascidia mentula, which reinforced some of his earlier

views on the relationship of the Ascidian and Vertebrate

nervous systems.

Kupffer's study of Molgula involved three species,

including two which exhibited the same kind of direct
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development that Lacaze-Duthiers had earlier described.

In these organisms, the typical tailed larval stage of

other Ascidians was lacking, and they never showed any

trace of tail or chorda. In attempting to reconcile

these observations with the Tunicate theory, Kupffer,

like Giard, proposed a new interpretation of Tunicate

phylogeny. However, Kupffer took the opposite position

from Giard and proposed that the anural, or tailless

condition was the original primitive condition of all

Ascidians:

From what has been reported, it becomes apparent
that a continuous, progressive development occurs
here [in Molgula] which can be interpreted as the
typical, primitive development of the Ascidian
group within the Tunicate class. From this follows
the mode of development of the rest of the
Ascidians which occur with tailed larvae. The
latter begins with the type of Molgula, with
complications entering afterwards, through which
the connection to the Vertebrate stem is reached.
However, this expansion of the basic plan, which
proceeds in the direction of a higher form of
development, breaks off suddenly, short of a
previously attained high stage, by regressive
metamorphosis of those organs by whose formation
the developmental processes of Molgula were
previously exceeded, falling back once more in the
end and maintaining harmony with the latter.14

The main evidence that Kupffer cited in favor of

this view of the primitive position of Molgula was the

presence of a clump of "reserve cells" in the embryo of

Molgula, which were located in "exactly the place"

where a similar clump of cells formed in tailed larvae

as a result of the disintegration of the chorda cells
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and muscle and nerve cells of the tail.
15

Kupffer

proposed that the reserve cells in Molgula could be

interpreted as "elements homologous to the chorda and

muscle cells of the tail" which occurred in other

species:

If one takes the developmental process of
Molgula as a point of departure and compares it
with the development of the tailed larvae, thus the
formation of the skeletal axis and the parts
pertaining to it, in the group which may be
considered as standing higher in the sense of
progressive phylogeny, is introduced in the
developmental process of Molgula as an episode, to
whose realization the material in the reserve
cells in the embryo of the latter was already fully
developed.16

He continued his argument by speculating on "how

the introduction of a further development might take

place," suggesting that the extent of development of

the chorda and muscle cells of the tail was related to

the rate of development of the digestive system of

Ascidians.
17 In Molgula, where the digestive system

developed relatively slowly, the reserve cells were

used for energy for the developing embryo, since it

could not obtain nourishment from external sources;

whereas in tailed Ascidians, in which the branchial

apparatus was formed earlier in development, the

reserve cells could be used in the formation of chorda,

muscle cells and nerve cells of the tail, since they

were not required for nutrition. Kupffer cited several

cases of the simultaneous occurrence of a functioning
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digestive system and chorda and tail in both Simple and

Composite Ascidians to support this idea.

The second part of Kupffer's paper consisted of

observations made on the nervous system of Ascidia

mentula during the course of an extended study of

Tunicate development which involved a much larger number

and variety of species than his previous study.

Kupffer's earlier discovery of a dorsal nerve cord in

the tail of Ascidia canina had since been confirmed by

Kovalevskii, who praised Kupffer for

. . . recognizing completely and extending
significantly my already expressed interpretation
of the relationship between Ascidian larvae and
Vertebrates.18

Kovalevskii, however, also suggested that more work

needed to be done on the problem of nervous system

development, since the heavy pigmentation of the embryos

of Ascidia canina, which Kupffer had studied, prevented

the exact observation of certain processes:

It is only to be regretted, that the unfavorable
material which was at Kupffer's disposal did not
permit him to penetrate deeper into the individual
processes, indeed, a few times it even led him to
false interpretation.19

In response to Kovalevskii's cirticism, Kupffer

undertook a histological study of the developed larva

of another species, Ascidia mentula, in which he

clearly demonstrated a similar organization of the

nervous system into cerebral vesicle and spinal cord
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such as that which characterized A. canina. In his

description of various parts of the nervous system,

Kupffer paid special attention to the structure of the

sense organs located inside the brain vesicle, and also

provided a detailed description of the spinal cord. In

presenting his results, he made two main comparisons

which were important for the Tunicate theory. First,

he speculated that the visual organ of Ascidia mentula

might represent a structure intermediate in organization

between the eyes of certain Molluscs and the Vertebrate

eye. Kupffer had not actually seen the structures in

the Ascidian "eye" which would justify this designation,

but he suggested that if they could be found, such an

interpretation would be possible:

[If] agreement with the eye of the Mollusks would
be satisfied . . . one would have here [in Ascidia
mentula] a Molluscan eye as a direct brain division,
developed from the inner epithelium of the brain
vesicle, and in these organisms which bridge the
gap between Invertebrata and Vertebrata, the eye
would also take an intermediate position.20

His second main Vertebrate-Tunicate comparison

involved an actual observation, although the structures

he claimed to have seen were so very transitory in their

appearance that he was obliged to note that they were

also seen by an associate, Dr. Paul Langerhans.

Kupffer reported that he and Lnagerhans saw several

structures connected with the spinal cord that were

visible only for a moment in larvae which were dying.
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He interpreted these structures as spinal nerves:

The most interesting thing that I have to report
here, is the occurrence of spinal nerves, which
arise from the spinal cord at regular intervals
from one another and in any case they pass to the
muscles, although their passage to the epidermis
cannot be confirmed.21

Kupffer then went on to describe and illustrate, in

great detail, the anatomy and histology of the three

pairs of spinal nerves he discovered in Ascidia mentula,

concluding his paper with these remarks:

These are the results of my investigation of the
central nervous system of an Ascidian larva which
is very favorable for observation. Not only do
they supplement what is already known, but at the
same time there are results which extend the view-
point from which the parallel with the Vertebrates
is supported. The spinal cord with its outer
fiber layer, its inner cell layer, and spinal nerves
arising in the same intervals, allows comparison
even down to details.22

There were a number of problems with Kupffer's

interpretation of the position of Molgula, and his

conclusions regarding the nervous system of Ascidia

mentula which were very effectively demonstrated by

Giard in a second critical study devoted exclusively to

Kupffer's article. As was indicated above, Giard had

made an extensive study of all the previous evidence in

favor of the Tunicate theory, and had also done original

research for his doctoral dissertation on the embryol-

ogy, 'anatomy and natural history of numerous species of

composite Ascidians. He had also studied the develop-

ment of several species of Simple Ascidians, including
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Molgula. On the basis of these studies, Giard was able

to demonstrate that the developmental processes of the

various groups of Ascidians could not be classified

nearly as simply as Kupffer maintained. He pointed out

that the widespread occurrence of the tailed larva had

led such important anatomists as Huxley and Gegenbaur

to conclude that the tailed condition was primitive in

all Tunicates. Furthermore, he cited examples which

suggested that the appearance of the chorda and tail had

no consistent relationship to the development of the

digestive tract. Finally, he described a number of the

anatomical characteristics of the Molgulids which

demonstrated a higher level of organization than that of

other Ascidians, such as the complexity of their

branchiae and digestive systems. In summarizing his

disagreement with Kupffer, Giard repeated his earlier

proposal that the anural development of Molgula could

best be interpreted as a temporary larval condition

which was related to the particular habits of attach-

ments of the adult organisms. Furthermore, he proposed

that this interpretation was actually strengthened,

rather than weakened, by Kupffer's new discoveries:

I am not able in any way to agree with Kupffer
that the development of Molgula is the original type
of the evolution of Ascidians. All we know about
the biological history of this group seems to me to
militate against this opinion. 1st. It is a well-
known fact and already pointed out as very important



279

in the first work of Darwin on the origin of
species: when any of the phases of embryonic life
of an animal is active, the adaptation of the larva
to its conditions of life is as perfect and as
admirable as in the adult animal, so that one can
cite cases where the larvae of two closely-related
species differ more between themselves than their
parents do in the completed state of development.
But a fact of equal importance and which seems to
have had less impact on the mind of some natural-
ists, is that the differences between the larvae of
closely-related species may very well result also
from slight differences in the vital conditions of
the adult animals. The absence of the tadpole in
Molgula is a character which loses a large part of
its value from the point of view of phylogeny if
one bears in mind this peculiarity about which I
have first, I believe, attracted the attention of
zoologists, that the form of the embryo is
intimately linked to the state of fixation or
freedom of the adult Ascidian. This remark
requires a greater value now that it has been
confirmed by new observations: partly the discovery
of an anural larva in Molgula simplex and
microsiphonica, species which are free in the adult
state, and partly by the description of a genuine
tadpole in Molgula complanta and decipiens, species
which are completely fixed in the perfect state.23

Giard was equally critical of Kupffer's inter-

pretation of the nervous system of Ascidians which

constituted the second part of Kupffer's paper.

Concerning the significance of the similarity in the

structure of the Ascidian, Molluscan and Vertebrate

eyes, Giard pointed out that, even if a very high degree

of similarity could be demonstrated (which was not the

case) this did not necessarily prove the genetic rela-

tionship of the organisms involved. Rather, he argued,

the existence of these similarities merely indicated

the operation of identical physical forces in the
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environment the organisms were exposed to:

I do not need to point out how in this description
Kupffer cleverly mixes up probabilities and
hypotheses with the facts that he claims to have
observed. But even if all that were demonstrated
in a rigorous fashion, it would still be illogical
to conclude that the eye of the Ascidian, being
intermediate between that of molluscs and verte-
brates, these animals are themselves the bridge
thrown up by nature between the molluscs and the
vertebrates. It is evidently necessary that all
organs of vision fulfill certain invariable physical
conditions as the mathematical laws of light and
vibrations. Wherever an eye is formed, there will
be both pigment and lens and nerve cells of percep-
tion in an order which is scarcely ever subject to
great modification. The eyes of Pecten and
Spondylus have a structure more or less analogous
to that of the larvae of the Ascidians. But all
these analogies, these homologies even in some
cases, are the result of adaptations to constant
organico-physical conditions and can not at all
serve to indicate ancestral relations.24

In voicing his skepticism of Kupffer's observa-

tion of spinal nerves in Ascidia mentula, Giard

emphasized the difficult conditions under which these

observations had been made. He pointed out that the

so-called spinal nerves were visible for only one or

two seconds, at the moment of death of the larva, and

that most larvae made thrashing movements at this time

which made exact observations very difficult. 25
He

admitted, somewhat sarcastically, that he did not have

access to the type of high-powered microscope objective

which Kupffer used, and thus, had "nothing to add to

these somewhat dramatic observations."26 Although

Giard did not directly deny the validity of Kupffer's
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observations he implied very strongly that despite

their superior instruments, the German investigator

and his associate, Langerhans, might have been carried

away by their imaginations, just as their misguided

colleague Ehrenberg of the previous decade:

It should not be forgotten, however, that some
conscientious micrographers have lately described
the digestive tube of spermatozoa.*

Giard's third publication of 1872 was his

doctoral dissertation on Composite Ascidians. This

work was comprehensive in range; it included descrip-

tions of numerous new species of Composite Ascidians

and a new classification of the group. Giard based his

taxonomic arrangement of the various species on a study

of various environmental and physiological factors as

well as the standard anatomical and embryological

criteria. He summarized his approach in this motto,

which he attributed to his teacher, Lacaze-Duthiers:

One only knows an organism well when one knows how
it maintains itself, how it maintains its species,

*Giard, "Deuxieme etude critique," p. 428.
Giard was referring to innacurate observations that
were published in 1838 by Christian Gottfried Ehrenberg
(1795-1876) in support of his theory that the Infusoria
(unicellular organisms) were complete organisms,
possessing all the organ-systems of higher animals,
only in a miniature condition. Many of the structures
that Ehrenberg reportedly observed were later effective-
ly demonstrated by the French Zoologist, Felix Dujardin,
to be non-existent. See NordenskiOld, The History of
Biology, pp. 427-29.
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and finally, how it enters into relationships with
the outside world and what sort of relationships
these are.27

Thus, his study included these subdivisions: anatomy

and physiology; general zoology (habitat, influence of

habitat, influence of air, light, cold and heat, preda-

tors and parasites, mimicry, nourishment); general

morphology (including descriptive and systematic

zoology) and embryogeny.

Although Giard was mainly concerned in his

dissertation with the descriptive biology of the

Composite Ascidians, he concluded with some remarks on

the relevance of his results to the question of Verte-

brate ancestry. He suggested that exclusive reliance

on the embryological researches of Kupffer, Kovalevskii

and Ganin had led such theoretical biologiests as

Huxley, Haeckel and Darwin into a premature acceptance

of the idea of the immediate relationship of Tunicates

and Vertebrates, before this idea had been solidly

established and sufficiently demonstrated by empirical

evidence. He concluded his dissertation by exhorting

his fellow biologists who were truly serious in their

belief in the "existence of the passage between the two

sub-kingdoms," to follow "the counsel of Lamarck and

Savigny: Patientia!"28

Taken together, Giard's three publications on

Tunicates which appeared in 1872 constituted a
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considerable challenge to both the empirical and logical

foundations of the Tunicate theory. He demonstrated,

essentially, that a comprehensive study of the general

biology of Simple and Compound Ascidians, including

their anatomy, physiology and ecology, as well as their

embryology, failed to confirm the proposal that ontogeny

was a strict recapitulation of phylogeny. For Giard,

this failure of the predictive power of the biogenetic

law severely weakened the claim of the Tunicate theory,

that the similarities between the embryos of Tunicates

and Vertebrates were homologies and indicative of

common descent.

Giard's criticism of the Tunicate theory was

certainly justified, in view of the problems with the

Tunicate theory regarding the definition and applica-

tion of the concept of homology that were demonstrated

in Chapter 4. Reaction to Giard's work among the

proponents of the Tunicate theory, however, was very

limited and focused mainly on its empirical, rather than

on its logical implications. Although some of the

alterations that Haeckel made in the definitive

version of the Tunicate theory were related to the

problems that Giard perceived with the theory, there are

no references in Haeckel's writing which indicate that

he was aware of Giard's work or his criticism of the

Tunicate theory, although Haeckel cited other recent
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studies on Tunicates.

Gegenbaur, on the other hand, did acknowledge

Giard's contribution to the systematics of the

Composite Ascidians by including a reference to his

descriptive work on the group in a comparative anatomy

text. However, Gegenbaur, too, failed to respond

explicitly to Giard's critiques of the Tunicate theory.

A review of Giard's critical studies that

appeared in the Zoological Record suggested a similarity

between Giard's objections to the Tunicate theory and

those of Donitz. This review completely missed the

point of Giard's criticism, since his viewpoint was

radically different from that of Donitz. 29
Hermann Fol

(1845-1892), whose contributions to the Tunicate theory

will be analyzed later in this chapter, wrote a brief

note in 1874 in which he claimed priority for certain

observations on the function of the endostyle, an organ

which Giard had mentioned in his work on Composite

Ascidians. 30
Fol's criticism of Giard's work, however,

had nothing to do with its logical implications for the

Tunicate theory.

Eduard Oscar Schmidt was apparently the only

advocate of the Tunicate theory to respond directly to

the objections to the theory that Giard raised in his

two critical studies. Before examining Schmidt's

response to Giard, it will be necessary to examine
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briefly some ideas that Haeckel first introduced in

1872, which formed the basis for Schmidt's argument

against Giard's position, and which substantially

altered the force of Giard's criticism.

New Assumptions: The Gastrea Theory

One of the main problems with the first version

of the Tunicate theory, as noted earlier, was the lack

of empirical evidence in support of the biogenetic law,

on which the theory was based. In 1872, Haeckel

published an extensive monograph on the Calcareous

Sponges, in which he attempted to show that the bio-

genetic law was subject to strict empirical demonstra-

tion. Haeckel's original goal in this study was to

devise a new classification for this order of sponges,

based on a comprehensive study of their biology and

interpreted according to the theory of descent. In the

course of his studies on sponge embryology, however, he

made certain observations which led to a significant

new phylogenetic theory, which Haeckel called the

Gastraea theory. The details of this theory were

published in a series of articles which appeared in

1874-76; its main outline, however, was presented in the

general and philosophical sections of his monograph on

Calcareous Sponges in 1872. Here, Haeckel reported

that he found in the early development of these sponges,
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the same two-layered embryonic form that had been

described by Kovalevskii in Amphioxus and Ascidians,

and in several species of Echinoderms, Worms, Molluscs

and numerous other Invertebrate species. These two germ

layers had also been reported by Huxley and by Nicholas

Kleinenberg (1842-1897) in Coelenterates. After review-

ing these various observations by other workers,

Haeckel proposed that, together with his observations

on sponges, these observations of the occurrence of two

primary germ layers in such divergent branches of the

animal kingdom, constituted important evidence in favor

of the idea of their monophyletic descent from an

original ancestral form which possessed the same

characteristics that were represented in the two-layered

sac, or gastrula stage of embryos of members of the

various phyla. Thus, he called this basic hypothetical

ancestral form, the Gastraea:

The anatomy and developmental history of the
Calcispongiae, as described by me, have furnished
proof that the sponges also belong to the circle of
this stock-relationship, and that indeed in them
the two primoridal germ-lamellae are retained
through life in the purest and simplest form. The
development of the Calcispongiae from the Gastrula
is of decisive significance for this theory. I

regard the Gastrula as the most important and
significant embryonic form in the whole animal
kingdom. It occurs among the Sponges (in
Calcispongiae of all the three families), the
Acalephae (Cordylophora, Medusae, Siphonophora,
Ctenophora, Actiniae), the Vermes (Phoronis,
Sagitta, Euaxes, Ascidia, &c.), the Echinodermata
(Asterida, Echinida), the Mollusca (Lymnaeus), and
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the Vertebrata (Amphioxus). Embryonic forms which
may be derived without difficulty from the gastrula
also occur among the Arthropoda (Crustacea and
Tracheata). In all these representatives of the
most various animal stocks the gastrula possesses
exactly the same structure. In all, its simple,
rounded elongate, uniaxial body contains a simple
central cavity (stomachal cavity), which opens by
an orifice at one pole of the axis. In all the
thin wall of the cavity consists of two layers of
cells or lamellae--an inner lamella of larger,
darker cells--the endoderm, gastral lamella, inner,
trophic or vegetative germ lamella; and an outer
lamella of smaller, generally vibratile, paler
cells--the exoderm, dermal lamella, external,
sensorial or animal germ-lamella. From this
identity of the gastrula in representatives of the
most various animal stocks from the Sponges to the
Vertebrates I deduce, in accordance with the bio-
genetic fundamental law, a common descent of the
animal phyla from a single unknown stock form,
Gastraea, which was constructed essentially like
the gastrula..-11

On the basis of this proposed homology of the

primary germ layers throughout the entire animal

kingdom, and certain other observations regarding the

origin of the body cavity or coelom and the third germ

layer, or mesoderm, Haeckel proposed a new system of

classification of the animal kingdom, in which these

embryonic characteristics were the main criteria for

determining the taxonomic position of various animal

groups.

At first glance, the classification of the

Vertebrata in this system seems quite similar to that in

Haeckel's earlier works. For example, a comparison of

the phylogenetic trees published in the first and fifth

editions of Naturliche Schopfungsgeschichte, with that
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which appeared in the monograph on sponges of 1872,

shows Vertebrates, Tunicates, Molluscs and Bryozoa all

arising from a common ancestral form that Haeckel

designated as Himatega, or Sackworms. The Himatega, in

turn, had their origin from a worm-like ancestor.
32

There are, however, important differences in these two

systems of classification that had a significant impact

on the proposals of the Tunicate theory. These

differences may be illustrated by comparing the descrip-

tions that Haeckel gave of the earlier stages of the

human pedigree in the 1868 and 1874 editions of

"Naturliche Schopfungsgeschichte. In 1868, Haeckel

described the hypothetical worm-like ancestral forms of

Vertebrates entirely in anatomical terms, which referred

mainly to the degree of differentiation of the main

organ-systems such as the nervous system, excretory

system and digestive system. For example, here is his

conception in 1868 of the origin of the Gliding Worms

(Turbellaria) which formed the sixth stage in the

ancestral series of humans:

Origniated from the stomate Ciliated Infusorians
through further differentiation of internal body
parts into various organs; particularly the first
formation of Lhe nervous system (a simple nerve
ganglion); further development of the very simple
excretory organ which was already established in
Infusoria (ciliated inner canal, opening through
a contractile vesicle) and reproductive organs
(hermaphroditic gonads).33
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In 1874, while he retained these features in his

description, the main criteria by which these ancestral

worm forms were identified, became the embryological

criteria of: (1) origin and form of the coelom or

body cavity; and (2) method of origin of the mesoderm,

or middle germ layer. Thus, in his 1874 descriptions,

Haeckel was much more positive about the hypothetical

worm-forms which formed the earlier stages of human

ancestry, and he compared their form to actual embryol-

ogical stages of extant organisms. He replaced the

"stomate Ciliated Infusorians" of his earlier descrip-

tion, from which worm-like forms evolved, with the

Gastraea, a form corresponding to the gastrula stage

which had been observed in the embryonic development of

a wide variety of animals:

According to the fundamental law of biogeny this
gastrula proves the former existence of an
independent form of primeval animal of the same
structure, or Gastraea. These Gastraeada must have
existed during the older Primordial period, and they
must have also included the ancestors of man. A
certain proof of this is furnished by the Amphioxus,
which in spite of its blood relationship to Man
still passes through the stage of the gastrula wih
a simple intestine and a double intestinal wall.3

Due to this changed perspective, Haeckel's

explanation of the origin of the Gliding Worms of the

sixth stage of human ancestry was very different in 1874

from his earlier explanations:
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These acoelomatous worms did not as yet possess a
true body cavity (coelom) or blood. They originated
in the early primordial period out of the Gastraeada,
by the formation of a middle germ-layer, or muscular
layer, and also by further differentiation of the
internal parts into various organs.35

Haeckel maintained this emphasis on the phylo-

genetic repetition of ontogenetic events in explaining

the origin and form of the seventh through ninth stages

of human ancestry, which were the stages involving

forms that were directly ancestral to Tunicates and to

Amphioxus. Since, by these stages in phylogeny, the

hypothetical ancestral forms were repeating the post-

gastrula stages of ontogeny, as well as the earlier

stages, the actual description of the characteristics

of the Softworms of the seventh stage, the Sackworms or

Himatega of the eighth stage, and the Skull-less animals

of the ninth stage were quite similar in 1874 to his

original idea of them proposed in 1868. 36

Thus, while the Gastraea theory had little impact

on the proposals of the Tunicate theory regarding the

nature of the relationship between Tunicates and

Vertebrates or their proximate worm-like ancestral form,

it did provide a much more concrete basis for the

biogenetic principle on which the Tunicate theory rested.

Furthermore, the Gastraea theory emphasized events such

as invagination and gastrulation whose similarity in

widely divergent animals seemed much more difficult to
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explain as parallel adaptations than was the presence

of similar structures in later larval stages which had

already become active.

The introduction of the Gastraea theory and its

emphasis on germ layer homologies into the logical

founcation of the Tunicate theory, significantly

lessened the force of the criticism brought by Giard

against the Tunicate theory. As discussed earlier,

Giard argued against the organ homologies between

Ascidians and Vertebrates that Haeckel proposed in the

earlier version of the Tunicate theory, not against the

idea of germ layer homologies. Even though the same

logical argument could be made against interpreting

germ layer similarities as homologies, due to common

descent, rather than analogies, representing common

adaptations, as had been made against such an interpre-

tation of organ homologies, Giard had not collected

empirical evidence to back the argument at this level.

Since the Gastraea theory provided the advocates of the

Tunicate theory with a relatively simple explanation

for the universal occurrence of the gastrula form in

terms of common descent, the burden of proof remained

on opponents of the Tunicate theory to provide an

alternate explanation for the origin of the gastrula.
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New Support for the Theory:
Eduard Oscar Schmidt

This interpretation of the apparent lack of

interest by advocates of the Tunicate theory in Giard's

criticism is supported by the position taken by Schmidt

in responding to Giard's criticisms in his popular text

on Darwinism, published in 1873. 37
In a chapter on the

pedigree of Vertebrate animals, Schmidt outlined the,

main features of Haeckel's Tunicate theory, including

its empirical basis in Kovalevskii's embryological

discoveries.
38

Schmidt had accepted the Gastraea theory

of Haeckel, and thus he adopted a slightly different

version of the Tunicate theory than Haeckel's original

1868 version. Schmidt emphasized the importance of the

formation and occurrence of the gastrula in Amphioxus,

Tunicates and Invertebrates as evidence of their common

descent, as well as the organ homologies between the

spinal cord and notochord. He also noted Kupffer's

observation of spinal nerves in Ascidians, stating that

this observation, if confirmed would

. . . still more incontrovertibly establish the
homology of the organ in question with the spinal
cord of the Vertebrata and the nerves proceeding
from it in pairs.39

Schmidt differed from Haeckel in his interpretation of

the ultimate ancestry of the Tunicates and Vertebrates,

and in the classification of Tunicates. These aspects
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of his views on Vertebrate ancestry will be discussed

shortly.

In the context of his discussion of the Tunicate

theory, Schmidt referred in a footnote to the consider-

able opposition that had arisen against the idea of the

common ancestry of Tunicates and Vertebrates, including

the recent criticism of Giard. Schmidt quoted a para-

graph from Giard's critique of Kupffer's study of

Molgula and Ascidia mentula in which Giard stated that

the embryogen.y of Molgula demonstrated that the phylo-

genetic importance of the tail and the chorda was

secondary since these features were totally absent in

the Molgulids; and in which he also stated his view

that the similarity of these organs in Vertebrates and

Ascidians rested on adaptation rather than inheritance.

In Giard's words, they were:

. . . homologies of adaptation, determined to
fulfill identical functions and do not indicate the
relationship of immediate ancestry between
Vertebrates and Ascidians.40

Schmidt was completely opposed to this view, and

offered two main arguments against it. First, he argued

that the biogenetic principle, as applied to the phylo-

geny of the Tunicates, did not require that all Tuni-

cates repeat in their ontogeny every step of their

phylogeny. Schmidt reminded his readers that Fritz

Willer (1822-1897), who had first attempted to apply the
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biogenetic principle to the phylogeny of Arthropods,

found that in many cases the ontogeny of an organism

was abbreviated with stages missing from its phylo-

genetic past, and in other cases ontogeny included extra

stages that had evolved to meet special needs of that

particular organism, and thus were not of phylogenetic

significance.* This was a very important qualifying

aspect of the biogenetic principle which Haeckel had

also noted in the Generelle Morphologic and in

Naturliche Schopfungsgeschichte, but which he had not

applied rigorously in the first version of the Tunicate

theory. Schmidt thus argued from the viewpoint of a

*Schmidt, Darwinismus, p. 307. The research of
Fritz Milner, to which Schmidt referred, had been the
basis of an influential book, Fur Darwin, published in
1864. MUller's work contained many of the ideas from
which Haeckel developed his views of ontogeny and phylo-
geny. Muller established an important principle in
this work which Schmidt seems to have appreciated more
than than Haeckel:

"The historical record preserved in developmental
history is gradually EFFACED as the development
strikes into a constantly straighter course from
the egg to the perfect animal, and it is frequently
FALSIFIED by the struggle for existence which the
free-living larvae have to undergo.

Thus as the law of inheritance is by no means
strict, as it gives room for individual variations
with regard to the form of the parents, this is also
the case with the succession in time of the develop-
mental processes." Fritz Muller, FUr Darwin
(Leipzig: Wilhelm Engelmann, 1864), p. 77. See
Russell, Form and Function, pp. 252-58, for a
comparison of MUller's and Haeckel's ideas on
recapitulation.
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much broader interpretation of the biogenetic principle

than that which Haeckel had actually applied in the

Tunicate theory.

Schmidt's second argument against Giard's posi-

tion related to a methodological problem. Schmidt

insisted that functional criteria were unacceptable for

determining homologies, unless accompanied by an

explanation of how they might have arisen by evolution-

ary processes:

. it is simply incomprehensible in what the
identity of functions is to consist which in the
Vertebrata was capable of producing the notochord,
with, it is particularly to be remarked, the spinal
cord (which M. Giard entirely forgets); and, in the
other case, the "homologie d'adaptation." We, on
the contrary, see these organs performing different
functions, because in the one they remain of
fundamental importance through life, and not in the
other. Thus we conversely lay the stress on the
morphological identity accompanying functional
difference. M. Giard adduces no facts.41

It is interesting to note that, although Schmidt

criticized Giard for interpreting the similarities

between Vertebrates and Tunicates as functional adapta-

tions without sufficient empirical evidence to support

his assertion, Schmidt's position, that these similari-

ties were homologies, inherited from a common ancestor,

was also a matter of interpretation, since the Tunicate

theory contained no discussion of the mechanism of

inheritance by which these features had been retained in

the embryonic development of the two groups. However,
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the agreement of the main proposals of the Tunicate

theory with those of the Gastraea theory gave the

Tunicate theory the semblance of strong empirical

support. Thus, for an ardent Darwinian like Schmidt,

the essential validity of some points of Giard's

criticism was obscured. Giard described the advocates

of the Tunicate theory such as Haeckel, Huxley and

Darwin, as having been "seduced" by the biogenetic

law.
42

His characterization seems particularly

appropriate in the case of Schmidt, who, even though he

significantly altered the proposals of the Tunicate

theory in responding to Giard's criticism, failed to

credit Giard for pointing out the problems with the

theory.

In addition to his importance for the history of

the Tunicate theory as a popularizer of Haeckel's ideas

and as a critic of Giard, Schmidt contributed to the

logical development of the Tunicate theory by proposing

a new classification of the Tunicates. In the sixth

edition of his Handbuch der Vergleichenden Anatomie,

published in 1872, Schmidt removed the Tunicates from

the Worm phylum and placed them in a separate phylum of

the animal kingdom.
43

His only explanation for this

taxonomic innovation was that he believed the evidence

for their relationship with Vertebrates was stronger

than that connecting them with either Mollusca or Vermes:
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Since the connections of the Tunicates to the
Mollusca are less than clear, and their relation-
ship with Worms at present scarcely more than an
hypothesis; and since, on the other hand, their
direct connection to the lowest Vertebrate can no
longer be doubted, we have been obliged to believe
the latest consequence drawn with regard to their
assigned position in the system.44

This taxonomic innovation had an important result

for Schmidt 's view of the Tunicate theory, which is

evident in his discussion of the Vertebrate pedigree in

the 1873 text on Darwinism. Like Haeckel, Schmidt

derived the Vertebrates and Tunicates from a worm-like

ancestor. However, he removed these groups one step

further from their ancestors by inserting into the

Vertebrate pedigree another hypothetical ancestral

group, common to both Vertebrates and Tunicates, which

he called the "Protovertebrata." Furthermore, Schmidt

assumed (without explanation) that the worm-like

ancestral form was related to extant segmented worms

(Annulosa) rather than flatworms, as Haeckel had

proposed:

The laborious observations [of Kovalevskii and
Kupffer] prove that the Vertebrata are not the sole
proprieters of the spinal cord and vertebral
column, but received these organs as a heritage
from lower grades of organization as their progeni-
tors. It does not occur to the Darwinists to
regard man as the direct offspring of the present
apes; neither do they infer from these observations
on the Ascidian larva that vertebrate animals are
descended from Ascidians. Their accordance much
rather forces us to assume an unknown primordial
vertebrate family, springing from some branch of
the heterogeneous division of the Annulosa. From
these diverged on one side the Testacea [Tunicates]
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who might perhaps be called mischanced Vertebrates,
and on the other the true vertebrate animals.45

Schmidt's idea of placing the Tunicates in a

separate phylum that was closely allied to the Verte-

brate phylum, tended to deemphasize their invertebrate

nature, and to minimize the differences between

Vertebrates and Ascidians, thus narrowing the scope of

the Tunicate theory as an explanation of Vertebrate

ancestry. Thus, it is not surprising to find an

apparent reluctance on the part of Haeckel and

Gegenbaur to modify their classifications as Schmidt

had done in 1872. Although Haeckel proposed a new

ancestral form in the phylogeny of the Tunicates and

Vertebrates in 1874, which he termed the "Chordonia"

and which corresponds approximately to Schmidt's

"Protovertebrata," he continued to classify Tunicates

as a class of Worms as late as 1879. 46
By 1889,

however, he had granted the Tunicates independent

status as a separate phylum.
47

Gegenbaur classified

the Tunicates among the Worms in the first edition of

the shorter version of his anatomy text, published in

1874, but in the second edition of 1878 he also

separated the Tunicates into a separate phylum. 48

Schmidt's view of Vertebrate ancestry, which

incorporated both the hypothetical Gastraea and the

hypothetical Protovertebrate into the phylogeny of
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Vertebrates, may be seen as a reflection of the

simultaneous operation of two somewhat opposing

influences that affected the development of the

Tunicate theory from 1872 to 1875. On the one hand,

studies involving the logical basis of the theory

became more concerned with embryology, as Haeckel

applied his Gastraea theory with its idea of germ layer

homologies to the problem of Vertebrate ancestry. On

the other hand, studies involving the empirical basis

of the Tunicate theory broadened to include a greater

emphasis on anatomy than studies of the previous period.

While embryological studies, especially those at the

level of the germ layers, tended to emphasize the

similarities between Tunicates and Invertebrates, the

new anatomical studies began to show more similarities

between Tunicates and Vertebrates.

More New Investigations: Hertwig, Fol,
and Muller and the Endostyle

Kupffer's reported observation of spinal nerves

in Ascidians is one example of the new emphasis on

anatomy. The main contributions to Tunicate anatomy

during the period, 1872-1875, however, were made by

several young investigators who took on the problem of

extending empirical knowledge, about Tunicates through

detailed taxonomic and histological studies. The work
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dealing with the Composite Ascidians which comprised

the doctoral dissertation of Giard, was the most

comprehensive of these new studies. From 1871 to 1873

Mikhail Usov (1845-1902) studied numerous species of

Tunicates at Naples and Messina. His results, published

in 1874, comprised a major contribution to knowledge of

the histology and histogenesis of the Tunicate nervous

system and sense organs, the circulatory system and the

digestive system.
49 Details of Usov's work will be

discussed later in this chapter. Richard Hertwig, a

student of Haeckel, also focused his attention on

several problems of Tunicate anatomy. Noting the rapid

advances in knowledge of Tunicate embryology which the

studies of Kovalevskii and Kupffer, and the Tunicate

theory, had stimulated, he observed that basic informa-

tion was still lacking for many features of Tunicate

anatomy:

Our anatomical knowledge of the structure of
Ascidians, on the other hand, is still found today
in a state of uncertainty, forming a strong contrast
to the former embryological discoveries. We are
still today completely unclear about what signifi-
cance to ascribe to organs that are characteristic
of the Tunicate groups, such as the endostyle, the
ventral groove, the ciliated pit, etc. What the
liver is, whether a kidney occurs and how it is
structured, are still unsolved questions. In the
ease of several Ascidians even the reproductive
organs are still unknown.5°

Hertwig published the results of his research on

these various aspects of Tunicate anatomy in 1873.
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Among the organs whose histological details he described

and illustrated, one particular structure, the endo-

style, came to play an important role in the Tunicate

theory. Three different papers on the Tunicate

endostyle appeared in 1872-73. In addition to its

significance in the development of the Tunicate theory,

the data in these papers provide a good illustration of

the wide variety in the kinds of research that was

stimulated by the Tunicate theory.

The endostyle is a long, canal-shaped, grooved

structure that extends along the entire floor of the

pharynx or branchial sac in Ascidians.* Before Hertwig

described the fine structure of this organ, the most

commonly accepted interpretation of its structure and

function was that which Huxley had proposed in 1851.

Huxley distinguished two main parts of this ventral

groove. He gave the special name of endostyle to the

deepest, thickest, central part of the groove, since he

believed it was a supportive structure, separate from

the walls of the ventral groove. 51 When Hertwig made

cross-sections of the endostyles and hypobranchial

grooves of several species of Tunicates, he found no

*A good modern account of endostylar function
and structure and its evolutionary significance is
included in E. J. W. Barrington, The Biology of
Hemichordata and Protochordata (London: Oliver and
Boyd, Ltd., 1965), pp. 79-89, 133-41.
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histological distinction between the walls and bottom

area of the furrow. Rather, he showed that the endo-

style and the upper part of the ventral groove consisted

of six nearly identical tracts of fusiform cells, four

composing the endostyle and two composing the upper

part of the groove. He also described long cilia

extending from the cells in the floor of the groove up

to its upper edge, in addition to the shorter cilia

extending from the lateral cells, which had been

described previously. On the basis of his observations,

Hertwig concluded that the ventral groove and the endo-

style were a single organ. 52
Furthermore, his analysis

of the structure of this organ demonstrated that its

function was probably not supportive. Hertwig specu-

lated that perhaps the endostyle served a sensory

function, although he admitted that further research

was needed on this question. 53

Hertwig's interpretation of the structure of the

Tunicate endostyle was confirmed by observations made

on Tunicates of the group Appendicularia by Hermann Fol,

a Swiss physician who had studied zoology at Jena under

Gegenbaur and Haeckel in 1866-67. 54
Fol had been

attracted to the study of Tunicates and with the idea

of a Tunicate-Vertebrate relationship through reading

Kovalevskii's works on Tunicate embryology. During a

visit to Messina in 1869-70, he planned to study the
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embryology of the Appendicularians, the pelagic Tuni-

cates which retained the tadpole-like form of the larva

in their adult stage. He soon found, however, that the

eggs of these organisms were much smaller than those of

other Tunicate classes, and too difficult to study. He

turned instead to a study of the systematics of the

group.
55

Fol's resulting monograph on the Appendicularians

provided the most complete and detailed descriptions and

illustrations of the known species of this group to that

time, as well as descriptions of several new species.

Among the most interesting of Fol's observations, in

terms of the Tunicate theory, were those concerned with

the endostyle. Fol observed the histological structure

of the endostyle in representatives of the various

families of Tunicates (Phallusia, Clavellina, Pyrosoma,

Salpa and Doliolum). In each case he found a similar

structure, consisting of several tracts of cylindrical

cells forming the walls of the ventral groove, and

similar tracts of cells forming the endostyle.
56

Like

Hertwig, Fol interpreted the endostyle and ventral

groove as a single organ, which he designated as endo-

style. However, he differed from all other investiga-

tors in his interpretation of the function of this

organ. Fol had studied the function of the endostyle

through a series of experiments involving the
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introduction of particles of carmine, a red dye, into

the branchial cavity of Tunicates, and observing its

circulation. He determined that the columns of cells

in the wall of the endostyle were glandular in nature,

and constantly secreted a transparent mucous substance

which was carried forward by means of the long cilia

that Hertwig had first described in the floor of the

groove. Fol demonstrated that this mucous strand

served to trap food particles and move them to the

esophagus for digestion.*

It is one of the more ironic developments in the

history of the Tunicate theory that the theoretical

significance of the endostyle was first pointed out in

the context of a third study of the endostyle, whose

author, Wilhelm Muller (1832-1909), held a completely

inaccurate view of endostyle structure and function,

while Fol and Hertwig, whose observations were essen-

tially accurate, did not contribute directly to the

theoretical development of the Tunicate theory.

MUller's article on the endostyle was also published in

1873, as a response to the conclusions of Hertwig and

Fol regarding the structure and function of the Tunicate

*Fol, "Etudes sur les Appendiculaires," pp. 8-9.
Fol's ideas on endostyle function were developed more
fully in a later work, "Ueber die SchleimdrUse oder
den Endostyl der Tunicaten," Morphologische Jahrbuch 1
(1876): 222-42.
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endostyle. Muller approached the analysis of the

Tunicate endostyle from a different perspective, however,

emphasizing its anatomical resemblance to a similar

structure in Amphioxus. Muller believed that the

structure served a supportive function in Tunicates and

Amphioxus and that the endostyle was composed of a stiff

connective tissue substance.
57

Although this aspect of

his work was later proven incorrect by Fol, Muller also

made a most interesting further comparison which became

an important new piece of empirical evidence in favor

of the Tunicate theory. After discussing the similarity

of the endostyles of Amphioxus and Tunicates, Muller

suggested that these organs were not only homologous

to each other, but also homologous to an organ which

occurred in the ammocoetes larva of the lamprey, but

which later disappeared in the adult lamprey:

If the presence in Amphioxus of an organ which
occurs generally in Tunicates, but is lacking in
higher Vertebrates is of interest for the phylogeny
of the Vertebrates, then I believe, that this
interest will be raised considerably, by the demon-
stration that the same organ also occurs in Cyclo-
stomes [lampreys] during their larval stage,
disappearing, however, with the beginning of the
definitive condition of the body.546

The organ in the lamprey larva to which Muller

referred had been obServed preViously; he cited several

works that described it, in which it was homologized

with the thymus gland of higher vertebrates. MUller's

studies, however, led to a different interpretation of
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this organ. He proposed that his studies showed that

the embryonic organ was not completely atrophied as the

lamprey matured, but that a slight remnant of this

questionable organ developed into the thyroid gland of

the adult. Furthermore, he proposed that in its larval

condition the organ was homologous to the endostyle, or

hypobranchial groove of the Tunicates and Amphioxus:

Its development and its structure necessitate . .

the supposition that it is the homology of the
hypobranchial groove of the Tunicates, which in
Amphioxus exists as a remaining constituent of the
body, and in the Cyclostomes is only preserved in
the form of a transitory organ.59

Although further studies published in 1874 and

1876 by Fol demonstrated certain inaccuracies in

Muller's empirical data on the structure of the endo-

style, the idea of a three-fold homology between

Tunicates, Amphioxus, and the lamprey larva was quickly

adopted by advocates of the Tunicate theory. The

theoretical significance of these new studies on the

endostyle by Muller, Fol and Hertwig for the Tunicate

theory was recognized by Gegenbaur and Haeckel and

incorporated into textbooks they published in 1874.
60

They both adopted Muller's idea of the homology of the

endostyle of Tunicates and Amphioxus with the primordial

thyroid gland of the ammocoetes larva, although they

accepted the empirical data of Fol and Hertwig on the

structure and function of the endostyle.
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Gegenbaur also extended the consideration of the

endostyle to include still another organism, Balano-

glossus, which possessed a ventral groove that Gegenbaur

proposed was comparable to that of the Tunicates. He

explained the homology of the ventral groove, endostyle,

and thyroid gland in terms of the biogenetic law,

suggesting that the widespread occurrence of this

basically similar organ demonstrated the evolutionary

relationship of the organisms in which it occurred:

The persistence in the long series of higher forms
of this organ which lost its primitive significance
even in the lower Vertebrates, becomes explicable
by the fact that it is an inheritance from a very
early phylogenetic period; it is an organ whose
function in Invertebrates and in Amphioxus stands
in important relationship to the absorption of
food. If one brings in connection to this the
distribution of the ventral groove in divisions
which are otherwise very widely removed from one
another, the primitive occurrence of this organ in
many numerous forms will be disclosed, from which
the deeper typical significance of the organ for
the Vertebrates will follow.61

This proposal of homology between the ventral

groove, endostyle, and thyroid gland of Worms,

Ascidians, Amphioxus and lower fish was a very important

concept for the Tunicate theory, because it provided the

only case in which a homologous organ was represented in

some form in the adult stage of all the various

organisms which were supposedly related according to the

Tunicate theory. The notochord and the nerve cord, on

the other hand, which were the other main homologies on
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which the theory rested, occurred only in larval

Ascidians, and not at all in worms.*

For Haeckel, the endostyle became an important

piece of evidence in the revised version of the

Tunicate theory. His views on the endostyle will be

examined more closely later in this chapter.

The Anti-Darwinian Opposition

In addition to the new evidence it acquired

between 1872 and 1875, the Tunicate theory also acquired

a new group of critics, whose main objection to the

theory was based on a deep-seated antagonism toward the

growing popularity of Darwinism, and toward the new

methodological trends in embryology. Chief among the

antagonists was Karl Ernst von Baer. He published a

lengthy article in 1873 which severely criticized the

Darwinian evolutionists for their acceptance of

Kovalevskii's data on Tunicate embryology as evidence

of evolutionary relationship between Vertebrates and

Tunicates.
62

Inspired by the entry of the aging

*It was not until 1885 that William Bateson
identified a structure in Balanoglossus which he
proposed was homologous to the notochord of Amphioxus
and Ascidians. See William Bateson, "The Later Stages
in the Development of Balanoglossus Kowalevskii, with
a Suggestion as to the Affinities of the Enteropnuesta,"
Quarterly Journal of Microscopical Science 25, suppl.
(1885): 81-122.



309

von Baer into the debate over Vertebrate ancestry,

Louis Agassiz and Karl Reichert added their dissenting

voices to the debate in 1874 and 1875. Henri Lacaze-

Duthiers entered the debate independently of these

other critics. However, his work will be considered

along with theirs, since his opposition to the Tunicate

theory addressed similar concerns. 63

As the following analysis of their criticism will

demonstrate, the logical and empirical evidence produced

by these opponents had little effect on slowing down the

advancing popularity and acceptance of the Tunicate

theory. The significance of this group of critics for

the history of the Tunicate theory lies rather in their

role in stimulating a more conscious and explicit

recognition, on the part of proponents and opponents of

the Tunicate theory, of the basic methodological and

philosophical distinctions which characterized their

position. This point will be elaborated following an

examination of the criticisms offered by each of these

opponents of the Tunicate theory.

Von Baer was apparently motivated to enter the

debate over the Tunicate theory by Darwin's adoption of

its proposals in the Descent of Man. In the introduc-

tion to his paper, von Baer explained that he believed

that the Darwinists had interpreted Kovalevskii's data
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incorrectly. He proposed to show, by analyzing

Kovalevskii's work, the errors of interpretation made

by proponents of the Tunicate theory. Furthermore, he

proposed that by refuting the proposals of the Tunicate

theory, he would thereby seriously undermine one of the

main pieces of evidence in favor of the Darwinian

evolutionary hypothesis. 64
Von Baer's belief that by

destroying the Tunicate theory, the Darwinian evolu-

tionary theory in general would be greatly damaged, was

based on his complete misinterpretation of Darwin's use

of the idea of recapitulation in Darwin's speculation

on the possible relationship between Vertebrates and

Tunicates. Thus, whereas Darwin, following Haeckel,

proposed that Vertebrates and Tunicates were probably

descended from a common ancestral form, in his review

of Darwin's position, von Baer asserted that Darwin

derived Vertebrates directly from Ascidians. Thus,

from the very beginning, von Baer's criticism was

misdirected and failed to address the real position that

Darwin had taken on the Tunicate theory.*

*Von Baer, "Entwickelt sich die Larve," p. 7.
Arthur O. Lovejoy made this same point in an analysis of
von Baer's reaction to the Tunicate theory that was
included in his essay, "Recent Criticism of the
Darwinian Theory of Recapitulation: Its Grounds and its
Initiator," in Forerunners of Darwin: 1745-1859, ed. by
Bentley Glass, Owsei Temkin and William L. Straus, Jr.,
Johns Hopkins Paperbacks edition (Baltimore, Md.: Johns
Hopkins Press, 1968), pp. 438-58. However, Lovejoy also
implied that von Baer, in his zeal to prove Darwin
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The next several pages of his paper contained a

very accurate summary of the main empirical work on

Tunicates by Kovalevskii and Kupffer, and also a

thorough and objective appraisal of various criticisms

that had appeared in response to Kovalevskii's work.*

His main argument against the Tunicate theory was not

directed against the observations of Kovalevskii and

Kupffer, but against the interpretation of the homology

of the nervous systems of the larval Ascidian and

Vertebrates.

wrong, attributed more importance to the Tunicate theory
than it actually held for the Darwinians. Lovejoy's
interpretation failed to acknowledge the symbolic value
which the Tunicate theory had acquired for many
Darwinians by 1873, mainly through Haeckel's promotion
of its ideas as evidence for his interpretation of
Darwinism. While von Baer certainly did misinterpret
Darwin's view of the Tunicate theory, and thus
misdirected his attack, his choice of the Tunicate
theory as a focus of criticism was most appropriate, and
not merely the response of an obsessed anti-Darwinian
zealot who was grasping at straws, as Lovejoy seemed to
suggest.

*Von Baer, "Entwickelt sich die Larve," pp. 7-8.
It is interesting to note, in this connection, that von
Baer was very critical of the objections made by Donitz
to Kovalevskii's data, because they were not based on
personal observation. Yet, as von Baer himself admitted
at the conclusion of his paper, he had not made any
direct observations of Tunicate development either,
since he could no longer use a microscope (he was 81
years old at this time):

"What I would have liked best would have been to go
to the seashore and repeat the observations . . . if
I had not already known in advance that all this
research would be in vain, since my bad eyes do not
permit this kind of observation any more" (p. 33).
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Von Baer asserted that proponents of the Tunicate

theory had not given adequate thought to the problem of

establishing beyond doubt that the nervous system in

Ascidians was dorsal in position, an assumption that was

crucial to the proposal of its homology to the Verte-

brate nervous system. He then undertook a detailed

analysis of the criteria used to distinguish the dorsal

and ventral sides and the anterior and posterior ends

of animals in each of the four major types of the

animal kingdom. The main point of this analysis was

to show that in both sessile and motile Ascidians, the

region of the body which contained the nervous system

corresponded to the ventral side of the organism, and

not the dorsal side, as had been assumed by most

anatomists, as well as proponents of the Tunicate

theory.

All the evidence he gave in support of this view

was anatomical, and his entire case rested on the

assumption of close morphological relationship between

Tunicates and Molluscs, which made such anatomical

comparisons possible. Von Baer's argument also assumed

that the entire animal kingdom was structured according

to four basic types, a conclusion which he and Cuvier

had reached independently of each other earlier in the

century. Ironically, despite the embryological nature
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of the title of his article, and despite von Baer's own

earlier pioneering efforts in emphasizing the importance

of embryological data for the interpretation of animal

form, his argument for the ventral position of the

nervous system in Tunicates was based exclusively on

the anatomy of the adult Tunicate, which was radically

different from that of the larva. Thus, instead of

addressing the question which he asked in the title of

his article, "does the larva of the Simple Ascidians

develop in the first stages like the Vertebrates?" von

Baer seems to have been desperately trying to reaffirm

what he believed to be the true Molluscan nature of the

Tunicates, in which case the question of Vertebrate-

Tunicate relationship becomes meaningless. Because of

his commitment to the theory of four separate and

distinct types, von Baer's perception of the Tunicate

theory was quite different from that of its proponents.

To him, such a theory suggested that Vertebrates had

evolved from Molluscs; he was either unable or unwilling

to admit the possible existence of animal forms inter-

mediate to the four types he and Cuvier had defined.

Thus, even though he expressed an openness to the idea

of evolution, his insistence on the validity of the type

concept made the acceptance of evolutionary thought very

difficult, because within the framework of the type
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concept differences and gaps between the major types

were emphasized, rather than similarities and transi-

tional,forms:

Principally, I am not against the teachings of
transmutation of animal forms, but rather agree,
but believe that more proof is needed before I can
believe in transformation of a Vertebrate-type into
that of a Mollusc.65

Von Baer was right in insisting that the evidence

of Kovalevskii and Kupffer did not prove that Verte-

brates evolved from Molluscs; the point is, this is not

what the Tunicate proposed.

Von Baer concluded his paper by reiterating his

argument against the Tunicate theory, and stating, in

very explicit terms, the philosophical and methodolog-

ical basis of his view. He was very careful to explain

that the similarity between his opposition to the

Tunicate theory and that expressed by Mechnikov was

superficial, since they argued from different morpho-

logical traditions and from different philosophical

backgrounds:

I have tried to stress my hesitations about the
positional relations and my conviction that there
cannot be a homology between the ganglion of the
Ascidiae and the central nervous system of the
Vertebrates. Whoever has followed the knowledge of
the development of the Tunicata will believe me,
that I have not taken this from Mr. Mechnikow's
work, but that I have grown up with it. It is the
old teaching of Cuvier, from which modern German
zoologists have diverged.66
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Von Baer further revealed the disdain he held

for the trends in modern German zoology which led to

divergence from the type theory by characterizing

proponents of the Tunicate theory, to whom he

addressed his paper, as

. . . dilletanti, who believe in complete
transmutation and who will only think us vain if
we do not want to recognize our ancestors in the
Ascidians.67

Louis Agassiz expanded on this theme that the

debate over the Tunicate theory was a battle between

the sound views of an old, proven and worthy method-

ology against the irresponsible speculations of what he

termed "amateur contributors to the literature of this

subject."
68

His comments on the Tunicate theory

appeared in the very last essay of his life, which was

published posthumously in 1874, although written in

1873, shortly after the appearance of von Baer's

article.

Although Agassiz's essay was broader in scope

than von Baer's critiqUe of the Tunicate theory, his

position with regard to the Tunicate theory was very

similar. Agassiz, like von Baer, perceived the Tunicate

theory as a threat to the type concept and to the

principles of morphology. Also like von Baer, Agassiz's

,response to the Tunicate theory seems to have been

motivated by Darwin's reference to its proposals in the



316

Descent of Man. Furthermore, he also apparently

misunderstood and therefore misrepresented (although

perhaps not deliberately) both the proposals of the

Tunicate theory and their importance for the Darwinian

evolutionary theory. For example, he represented the

Tunicate theorists as proposing a morphological rela-

tionship between Molluscs and Vertebrates, when they

actually proposed that Tunicates could no longer be

classified as Molluscs. Agassiz apparently believed

that by discrediting the homologies on which the

Tunicate theory was based, the theory of evolution

would be considerably weakened, since the case of the

Tunicates and another comparison that Haeckel made

between Echinoderms and Worms, were

. . . thus far the only instances which have
been brought forward to prove actual structural
affinity between distinct primary divisions of the
animal kingdom.69

This equation of Haeckel's comparison of Echinoderms

and Worms with his comparison of Tunicates and Verte-

brates was unfair, since the Tunicate theory was

supported by much stronger evidence of a completely

different nature from Haeckel's other speculations.

It is clear from Agassiz's comments that he

opposed the Tunicate theory mainly on the basis of his

deep a priori commitment to the type theory, and not on

the basis of an impartial analysis of its actual
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logical or empirical content. Thus, instead of

developing his own argument against the theory, he

cited therecent work of von Baer, which he characterized

as definitely proving the error of interpretation which

the Tunicate theorists committed in comparing the

nervous system and notochord of Tunicates and

Vertebrates:

With the precision and ease which only a complete
familiarity with all the facts can give, he [von
Baer] shows that the actual development of the
Ascidians has no true homology with that of the
Vertebrates; that the string of cells in the
former--compared to the dorsal cord of the latter-
does not run along the back at all, but is placed
on the ventral side of the body.7°

Agassiz also perceived the debate over the

Tunicate theory as a struggle between old and new

views of morphology. He spoke, for example of von

Baer's entry into the debate over the Tunicate theory,

as that of an old warrior entering a battle for his

life:

. . he enters the lists with the younger men
who have set aside the great laws of typical
structure, to the inerpretation of which his whole
life has been given.1

This same theme of a struggle between old and

new views was predominant in Karl Reichert's criticism

of the Tunicate theory. Reichert first became person-

ally involved in the debate over the Tunicate theory in

February, 1874, when he reviewed von Baer's critique of

the theory at a meeting of the Gesellschaft
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Naturforschender Freunde of Berlin (a naturalist's

society). Reichert generally agreed with von Baer's

position against the Tunicate theory, but he took issue

with von Baer's attack against DOnitz. Reichert

proposed that von Baer and DOnitz differed in their

perception of the embryological type of Vertebrates,

and for this reason, von Baer misunderstood DOnitz's

logic in rejecting the comparison of the Ascidian embryo

with that of the Vertebrate.
72

In order to resolve for himself the questions

raised by the Tunicate theory and its various critics,

Reichert undertook an investigation of the anatomy of

the tail of the larva of a compound Ascidian,

Botryllus. The introduction of this study, which was

published in 1875 included a review of the debate over

the Tunicate theory, beginning with Kovalevskii's work

of 1866 and including the most recent criticisms of

Giard and von Baer.

Reichert emphasized that although his own

criticism of the Tunicate theory was somewhat similar

to that of Giard, he held completely different views

from Giard with regard to the type theory, and concern-

ing the role of embryology in the determination of

homologies.
73

Reichert identified himself as firmly on

the side of von Baer and the type theory. Recalling
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von Baer's earlier debate with the proponents of

recapitulation, he characterized von Baer's recent

critique of the Tunicate theory as part of a continuing

debate:

It is the second time in the current century that
the aged veteran among naturalists stepped forth
and expressed himself emphatically in favor of the
theory of separate animal types and against the
rashness of a false naturphilosophical schoo1.74

In addition to these methodological and philo-

sophical biases which influenced his study of Tunicates,

Reichert's study of larval Tunicate anatomy was very

incomplete, since it was based on the examination of a

single preserved specimen. Thus, from the outset, any

argument he might have developed would have had no

effect on many of the proposals of the Tunicate theory,

which were based on observations of dynamic processes

occurring in living Tunicates. Nevertheless, his

criticism of the Tunicate theory, like that of von Baer

and Agassiz, is significant in the history of the theory

as a further example of the polarization which was

occurring during the period between embryologists

ascribing to very different methodologies. Reichert

argued that it did not matter that he had not actually

observed the development of the notochord or nerve cord

in Ascidians, since a study of the histological and

organological condition of its components in the
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preserved larval specimen gave adequate information on

which to analyze the type of the organism. Furthermore,

in his study of larval anatomy, he was unable to find

evidence for germ layers in Tunicates:

In a comparative-anatomical respect I would like to
state, that the tail of the Ascidian larva,
according to the condition of histological struc-
tural materials as well as its organological
arrangement, does not present a homologous rela-
tionship with the trunk or tail of the Vertebrate.
It is perhaps sufficient to indicate the error into
which the Darwinist school has fallen in this.
Detailed discussions are least fitting, where
common factual and conceptual starting points are
lacking, and where homologous organizational types
of the animal become schematically constructed from
two original epithelial layers, in contradiction to
the facts.75

Reichert thus explained the apparent similarity between

the Tunicate larva and Vertebrates as a case of analogy:

The Ascidian larva furnishes a highly instructive
example for the fact that in organisms of completely
different typical organization yet under similar
living conditions, similar forms occur corresponding
to the similar goals. In respect to locomotion a
striking agreement is shown between the Ascidian
larva on one hand and on the other hand by the frog
larva, the tailed Batrachians and most fish. At
the same time one observes that the Ascidian larva
obtains a fish-like outer form through the
locomotion-apparatus; that for mechanical employ-
ment, which in the above-mentioned Vertebrates the
vertebral column Chorda dorsualis [sic] has to
perform, in the vibratile tail of the Ascidian larva
the axial cord is formed; and that finally, in the
fin formation serving for the support of swimming
movements and the vertical position of the larval
body,is repeated the externally similar fish fins.
And yet one is dealing only with a physiological
analogy! If one applies the criterion of homology,
the morphological differences of structures
agreeing in certain functions immediately appear,
and comparative anatomy has in the tail of the
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Ascidian larva rather a splendid example for
demonstrating to beginners the difference between
analogically and homologically related forms.76

Although Reichert's paper on the Tunicate theory

was not directed specifically at Haeckel, Reichert was

extremely antagonistic to Haeckel's ideas, and

especially to his application of the germ-layer theory

to Invertebrates, just as he had opposed the earlier

attempt of Remak to analyze Vertebrate development in

terms of germ layers.
77

Reichert was apparently unable

to perceive development in terms of its more fundamental

units, cells. Thus, the view of embryological method-

ology reflected in his criticism of the Tunicate theory

was very similar to the view he expressed in 1838, when

the cell theory was first beginning to seriously affect

embryological studies. Concerning the role of embryol-

ogy he wrote:

Its aim is to distinguish during the formation of
the organism the originally given, the essence of
the type, and to classify and interpret what is
added or altered in the further course of develop-
ment. Embryologists watch the gradual building up
of the organism from its foundations and distinguish
the fundament, the primordial form, the type, from
individual developments; they reach thus, following
Nature, in a certain measure, the essential
structure of the organism, and demonstrate the laws
that manifest themselves during embryogeny.78

From his perspective of an absolute view of

types, Reichert was unable to accept the idea that any

homology could exist between Tunicates and Vertebrates.
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Furthermore, due to his view that the study of

embryonic development began with differentiated tissues

and organs and proceeded to higher levels of organiza-

tion, he was apparently unable to accept the proposal

of germ layer homologies as evidence of a Vertebrate-

Tunicate relationship.

Although Reichert's objection to the Tunicate

theory reflected to a large extent his particular views

concerning the proper method of embryology, his general

perspective on the problem of Vertebrate ancestry, like

that of Agassiz and von Baer, was primarily influenced

by his view of the relationship among animal types. All

three of these opponents of the Tunicate theory shared

the belief that only four separate and distinct plans

of structure and development characterized all animal

form, and that Tunicates belonged to the Molluscan type.

Since they assumed, a priori, that Tunicates and

Vertebrates belonged to different types, they inter-

preted all similarity between them as analogical, since

homologies were limited to members of the same type.

Furthermore, all three of these naturalists opposed the

use of similarities of development with regard to the

origin and fate of germ layers as a criterion of

homology.

Another critic of the Tunicate theory who main-

tained that Tunicates were Molluscs, and not related to
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Vertebrates, was Lacaze-Duthiers. He also interpreted

the Tunicate-Vertebrate relationship as analogical

rather than homological in nature. Lacaze-Duthiers was

an anti-Darwinian at this time, but his reasons for

opposing the Tunicate theory were somewhat different

from those of the other anti-Darwinian opponents of the

Tunicate theory. His opposition was mainly related to

the results of his investigations on Molgula and to his

views regarding the relative roles of observation and

generalization in morphology. As emphasized above in

the earlier discussion of his first objection to the

Tunicate theory in 1870, Lacaze-Duthiers was a very

strict empiricist who had little appreciation for the

value of speculation or generalization in morphology.

Furthermore, he believed that the true morphological

relationships among organisms could only be understood

through the comprehensive study of the relationships of

whole groups of organisms to each other and to their

environment, as well as through the study of their

anatomy, physiology, and embryology at the level of the

whole organism. He expressed this attitude very

strongly in the introduction to his treatise on the

Simple Ascidians, published in 1874, where he contrasted

his method of study with that which he believed

characteristic of most earlier studies of Tunicates:
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Many separate anatomical studies are found, but
they are most often without a morphological tie,
without methodological coordination connecting them
together. Thus it becomes difficult to gather
together the known facts so as to make them clear
and easy not only to conceive, but especially to
explain in a classical and dogmatic lesson.

In a word, there have been most often isolated
studies of single organisms, but not the general
study of a group. It is this difficulty . . .

which has led to the present publication.79

The results that Lacaze-Duthiers reported in

1874 represented his observations on four families of

Simple Ascidians; his criticism of the Tunicate theory,

however, was based mainly on his work on the Molgulids.

He had first pointed out in 1870 that some species of

Molgula lacked a tailed, or urodele larval stage. His

discovery had been confirmed by Kupffer and Giard,

whose views of its implications for the Tunicate theory

were discussed earlier in this chapter. In his paper of

1874, Lacaze-Duthiers stated numerous objections to the

homologies that Kupffer proposed between the very

rudimentary nervous system of the anural Molgula and

Amphioxus, and he was especially opposed to Kupffer's

proposal that the reserve cells in Molgula were

homologous to the Vertebrate notochord.
80

In view of the poor empirical evidence on which

Kupffer based his proposals, as discussed above, these

objections that Lacaze-Duthiers raised were quite justi-

fied. On the other hand, his objection to the proposed
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homologies between Molgula and Amphioxus were based

only partly on empirical concerns; Lacaze-Duthiers also

held a very different view of the role of embryology in

ascertaining morphological relationships among animals

than that which characterized the proponents of the

Tunicate theory. In his view, embryological informa-

tion was useful only in ascertaining the zoological

position of a group of organisms, insofar as it could

be related to the basic structure or function of the

adult organism:

I do not think, moreover, that the importance
attributed to the characteristics furnished by the
first embryonic form are as important and as
absolute as is generally believed nowadays.
Observation relative to the embryogeny of our
Molgulidae thus concerns me little; except when the
adult is considered, and it is seen to present an
ensemble of very remarkable organic conditions
which promote the reading yf the plan of this
singular organism . . . .81

Lacaze-Duthiers thus agreed with the other

critics of the Tunicate theory who also upheld the

Molluscan affinities of the Tunicates, that similarities

between two organisms of different types with respect to

the formation and fate of the germ layers of their

embryos did not constitute a valid criterion of

homology. Lacaze-Duthiers apparently reasoned that the

denial of germ layer homologies between Molgula and

Amphioxus left no grounds for comparison of these

organisms and he expressed a sarcastic amazement that
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anyone could see even a distant analogical resemblance

between the development of Molgula and Amphioxus, let

alone homology:

The blindfold, which covers my eyes must be too
thick for it to be possible for me to find here
one analogy, even distant, between Molgula and
Amphioxus when they are both embryos.82

Lacaze-Duthiers proposed an alternative interpre-

tation of the morphological relationship of Molgulids in

which he emphasized their similarity to Molluscs rather

than Tunicates. However, the value of his alternative

explanation was weakened by the repetition of several

of the same errors that he criticized the proponents of

the Tunicate theory for committing. For example, at the

same time as he criticized the proponents of the Tuni-

cate theorists for overemphasizing the importance of

certain organs and structures in their comparison of

Vertebrate and Tunicate structure, he based his own

comparison of Tunicate and Molluscan structure mainly

on proposed similarities between the circulatory systems

of the two groups, and on similarities in the structure

and function of the mantle of Molluscs with the outer

tunic of Tunicates.

The Old Embryology and the New Embryology

The main significance of Lacaze-Duthiers'

response to the Tunicate theory lies in its role in
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emphasizing the contrast between the methodological and

philosophical assumptions underlying the Tunicate theory

and those which characterized the morphology of the

1850's and earlier. Lacaze-Duthiers and the other

opponents of the Tunicate theory all recognized that

they represented an older viewpoint, whose validity

they sought to defend against the incursions of untried

modern views. For them, the Tunicate theory was

symbolic of the excesses to which modern zoologists had

been carried by abandoning the tried and true methods

of comparative embryology and anatomy which had been

carefully developed over the past decades. They were

particularly opposed to Haeckel's attempt to replace

the type theory with his new Gastraea theory.

Alfred Giard very perceptively recognized and

emphasized this feature of von Baer's response to the

Tunicate theory, in a critique of von Baer's article

that he published in 1874. 83 Although Giard had

earlier expressed definite reservations about the

validity of certain proposals of the Tunicate theory,

the incorporation of the principles of the newly

proposed Gastraea into the logical foundation of the

Tunicate theory had removed the basis of much of his

objection to the theory. Thus, in this critique he

defended the Tunicate theory as an example of the more
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accurate picture of animal relationships to emerge from

the application of the new embryology.

Giard addressed some of the logical and factual

errors in von Baer's criticism of the Tunicate theory,

but he mainly discussed the great difference in the

"old embryology," represented by the work of von Baer,

Agassiz, Lacaze-Duthiers and others, and the new

embryology represented by the approach of younger

workers such as Kovalevskii and Haeckel. Giard

contrasted the studies of the past several decades which

focused on the description of the embryo at various

stages of development, to the newer studies that

emphasized the origin of tissues and organs from the

primary germ layers:

. . . the old embryology . . . consisted in
getting through to the eyes of surprised zoologists
the different forms which the embryo successively
assumed in developing from the egg to the adult
state. These studies have had and still have an
enormous importance, and science owes an eternal
recognition to P. J. van Beneden, to Siebold, to
Darwin, to Thompson, to Sars, to Lacaze-Duthiers,
to cite some of the most eminent among those who
have worked in this direction with an indefatigable
ardor and obtained some very brilliant results.

However, the research of Kowalevsky, of
Metschnikoff, of Bobretzky, of Haeckel have since
opened a few new paths to us which it may be
dangerous to disdain coldly with a shrug of the
shoulders. . . . It is a question, they maintain,
of following cautiously, and little by little, the
formation of the germ and the embryo in the egg; of
comparing the origin and the constitution of the
germ layers of different animals; of seeing to
which organs the layers give rise; and determining
the order of appearance of these organs. It is thus
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that we can come to understand the true homology of
the adults, without fear of being led into error by
secondary adaptations or homodynamic formations
determined only by external physiological causes.84

He concluded that the study of germ layer

homologies was a much more valuable approach for com-

parative morphology than "a priori argument about

preconceived types," as he characterized the approach

of the old embryologists.
85

Although he analyzed only

von Baer's opposition to the Tunicate theory in this

critique, it is significant to note that he also

specifically identified two other opponents of the

Tunicate theory, Agassiz and Lacaze-Duthiers, as

proponents of the old embryology. Thus, by implication,

he also identified their opposition to the Tunicate

theory with an outmoded methodology and philosophy.

Another important response to the criticism of

the Tunicate theory by von Baer and Lacaze-Duthiers is

found in the article on Tunicates published by Mikhail

Usov in 1874. As mentioned earlier, Usov's article was

a summary of the results of extensive studies dealing

with some of the critical embryological and anatomical

problems that had arisen during the period of intensive

investigation of the Tunicates that followed

Kovalevskii's initial publication on Tunicate embryology

in 1866. In the introduction to this paper, Usov

distinguished between the two current views on the



330

taxonomic position of Tunicates, emphasizing strongly

that he believed that proponents of the Molluscan

nature of Tunicates were maintaining an out-dated

position which was contrary to the results of empirical

observation:

With the more accurate knowledge of the anatomy,
and especially of the developmental history, of the
various species of Tunicata, the notion of the
alliance of these animals with the Mollusca
(Acephala, Molluscoidea, Himatega), which was for
a long time predominant finds fewer and fewer
adherents among modern zoologists . . . .86

Citing the research of Kovalevskii, Kupffer and Ganin

as supporting the notion of the phylogenetic relation-

ship of Tunicates and Vertebrates, he explained that,

while modern zoologists were not entirely in agreement

concerning the true position of the Tunicates, almost

all concurred that the Tunicates were not allied to the

Mollusca:

That the separation of the Tunicata from the
molluscan type has become necessary in consequence
of the investigations just cited is now admitted
more or less by all zoologists--some of them, such
as Gegenbaur and E. Haeckel, regarding it as
possible to refer the Tunicata to the Vermes;
whilst others, such as Oscar Schmidt . . . form
with them a special distinct class of Primitive
Vertebrates.87

After explaining the views of these modern zoologists,

whose conclusions were based on the results of the "more

accurate knowledge" resulting from recent anatomical and

embryological investigations, Usov stated the opposing
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view, whose proponents, by implication, denied the

significance of the new results:

On the other hand, there are still a good many
naturalists (Lacaze-Duthiers, Donitz, . . .

Hertwig, von Baer) who deny all relationship with
the Vertebrata to the Tunicata, and find in them
sharply defined characters of the molluscan type.*

Usov then reported the results of his own inves-

tigations on the structure and development of the

nervous system, sense organs, mantle, and the circula-

tory and digestive organs, emphasizing how his

observations completely failed to support the idea of a

Vertebrate-Molluscan relationship, especially certain

homologies proposed by von Baer. For example, concern-

ing the nervous system of Tunicates, he wrote:

The nervous system of the Tunicata in the retro-
grade state can by no means be compared with the
nervous system of the Mollusca (Baer) either with
regard to the morphological plan of its structure,
or, still more, as respects the type of its
embryonal development. The complete absence of the
esophageal nervous ring which exists in the
Mollusca, and indeed is characteristic of them,
the unity in the structure of their central
ganglion, and the development of all parts of their
central nervous system from the upper germ lamella
in the form of a nervous ring becoming segmented
into three parts are facts which decidedly negate
the homology erroneously ascribed to them (the
so-called siphonal ganglion in Teredo navalis) .88

*Ussow, "Zoological-Embryological Investigations,"
pp. 321-22. Usov was referring here to Richard
Hertwig's brother, Oscar, who had done histological
research on the structure of the Tunicate mantle.
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Usov concluded his article with a discussion of

his view of the true phylogenetic relationships of

Tunicates based on the results of his investigations,

in which he concurred with Schmidt's view that the

Tunicatesformeda special class of Protovertebrata. 89

In contrast to Giard, who opposed the "old

embryology" on methodological and philosophical grounds,

Usov pointed to new empirical results in identifying

opposition to the Tunicate theory as an outmoded and

unscientific position. While Giard's analysis of

opposition to the Tunicate theory was strongly

influenced by his enthusiasm for the Gastraea theory of

Haeckel, and dealt mainly with embryological methodology,

Usov's work reflected a more objective approach since he

based his view on recent advances in anatomy, as well as

embryology, without attempting to support a particular

theoretical viewpoint. Thus, Usov gave evidence

demonstrating that the Molluscan nature of Tunicates

could be refuted even without recourse to the Gastraea

theory and the consideration of germ-layer homologies:

The Tunicata are not Mollusca. Even without taking
into consideration the mode of embryonal develop-
ment a comparison of the plan of structure of the
different Mollusca with that of the Tunicata
suffices to refer the latter with more propriety to
the Vermes.9°

Further examples of the notion that the Tunicate

theory with its basis in the new data, methods and
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viewpoints of modern research, offered a more accurate

interpretation of the morphological relationship of

Tunicates than traditional views, may be found in the

writings of Gegenbaur and Haeckel.

Although he did not specifically discuss the

particular criticisms of von Baer, Agassiz, Reichert

and Lacaze-Duthiers concerning the Tunicate theory in

his text of 1874, Gegenbaur clearly identified the

viewpoint of these critics who maintained the Molluscan

relationship of Tunicates as an outdated position which

was unsupported by the evidence of modern studies:

The relationship of Tunicates with the Mollusca,
still assumed by many, is based only on the soft
condition of the body! The total organization of
the Tunicates distinguishes them fundamentally
from all divisions of Molluscs.91

For Haeckel, the Tunicate theory, with its new

basis in the Gastraea theory, represented such a vastly

superior explanation of the position of Tunicates in

the animal kingdom, that he refused to even attempt to

refute criticisms based on the type theory. This

attitude was largely due to Haeckel's belief that the

Gastraea theory served as a replacement for the type

theory as the methodological and philosophical foundation

for evolutionary morphology. In the first article in

which he developed the details of the Gastraea theory,

published in1874, Haeckel was very explicit about this

belief:
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. . . Cuvier's and Baer's theory of types which
has formed the basis of zoological classification
for more, up to the present day, than half a
century, has been rendered untenable by the progress
of ontogenesis. In its place, the Gastraea-theory
builds up a new system on the basis of phylogenesis,
the fundamental principles of which, as regards
classification, are the homologies of the germ-
lamellae and the primordial rudiment of the
intestine; and secondarily, the differentialism of
the transverse axis, and of the coelom.92

With the incorporation of the Gastraea theory

into the foundation of the Tunicate theory, the Tunicate

theory became symbolic, in Haeckel's view, of the great

explanatory value of the Gastraea theory for the general

theory of evolution. Thus, writing in 1874, he proposed

a double significance for the Tunicate theory; first, as

an explanation of Vertebrate ancestry; and second, as

proof of the validity of the Gastraea theory:

The significant importance which we attribute to
Kowalevsky's discoveries, which were corroborated
by Kupffer, rests, in our opinion, on two points.
First, because the deep gulf between the Vertebrata
and Invertebrata, hitherto considered impassable
and a chief impediment to the theory of descent, is
thereby filled up. Secondly, the original onto-
genetic development of the Vertebrata, as well as
of the most dissimilar Invertebrata, from the
gastrula, with their common descent from the
Gastraea, is thereby also proved. All the attempts
which have recently been made by different authors
to dispute the fact of this fundamental discovery,
or to weaken its significance, appear to be so
feeble, that they need no refutation.93
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A New Version of the Tunicate Theory

Although Haeckel did not respond specifically to

the various criticisms of the Tunicate theory reviewed

in this chapter, which related to the proposals he

first made in 1868, he included several changes in the

definitive version of the Tunicate theory of 1874 which

were related to these disputed points of logic and

evidence. Thus, the new version of the Tunicate theory

incorporated some of the new anatomical findings on

Tunicates into its empirical foundation, and was

explicitly based on the Gastraea theory as its logical

foundation. The impact of these new developments on the

proposals of the Tunicate theory may be illustrated by

comparing the main proposals of the 1868 version of the

Tunicate theory with those of the 1874 version. Before

discussing the details of the changes in the Tunicate

theory, some changes in the context in which the theory

was presented should also be noted.

Like his earlier work, Naturliche

SchOpfungsgeschichte, in which the proposals of the

Tunicate theory were first announced, the work,

Anthropogenie, which contained the definitive version of

the Tunicate theory, was also written in a popular style.

The scope of Anthropogenie, however, was much more
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limited, since it dealt mainly with human evolution, and

Haeckel included much more detailed information concern-

ing Vertebrates than in his earlier work. Furthermore,

he expanded the discussion of the ancestry of Verte-

brates and the proposals of the Tunicate theory into

several chapters, rather than the few paragraphs they

involved in the earlier work. Thus, the entire

thirteenth chapter of Anthropogenie contained detailed

descriptions and illustrations of the main structural

features of Amphioxus and Ascidians, while the

fourteenth chapter described their developmental

history, including the fate of the various germ layers

in both groups. This information, along with empirical

data concerning the development of other species of

Invertebrates, served as the basis for Haeckel's

conclusions regarding the earliest stages of human

ancestry. The arguments comprising these conclusions

were also presented in great detail in Chapters 16 and

17, including the main theoretical proposals which

constituted a revised version of the Tunicate theory.

In addition to changes in the form in which the

Tunicate theory was presented in its 1874 version, the

content of the theory, including both its logical and

empirical aspects, also differed significantly from

the 1868 version of the theory. The major changes in
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the logical basis of the Tunicate theory, as discussed

earlier, involved the incorporation of the ideas of

the Gastraea theory and especially the concept of germ

layer homologies. This innovation affected mainly

those proposals of the Tunicate theory relating to the

application of the biogenetic law in determining the

early stages of Vertebrate ancestry.

The main change in the empirical basis of the

1874 version of the Tunicate theory involved Haeckel's

selection and citation of various new research results

in anatomy and embryology that supported those proposals

of the Tunicate theory which related to the extent of

homologies between Amphioxus, Ascidians, Vertebrates

and Invertebrates.

These changes may be illustrated by reviewing

the original proposals of the Tunicate theory as

summarized above in Chapter 4, and then describing the

fate of these proposals in the new version of the

Tunicate theory. The first proposal stated above was,

"Ontogeny recapitulates phylogeny." As in 1868, the

assumption that the embryonic stages of an organism

repeated its evolutionary stages formed the basic

premise of the logical foundation of the Tunicate

theory of 1874. However, by 1874, Haeckel had modified

his statement of the biogenetic law to emphasize more
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explicitly what Fritz Milner had originally maintained,

that embryonic recapitulation was not necessarily always

an exact or accurate record of phylogeny. In the

Anthropogenie, Haeckel expressed himself somewhat

vaguely on this point, clarifying and expanding his

ideas in 1875 in his second paper on the Gastraea

theory. In this later paper he distinguished between

cases of "palingenesis," in which evolutionary history

was preserved in embryonic development, and cases of

"kenogenesis," in which special adaptations of the

embryo altered or obliterated the record of its

evolution.
94

In 1874, although Haeckel did not use the

terms, "palingenesis" and "kenogenesis," the concepts

they represent are evident in his discussion of the

significance of both heredity and adaptation as a basis

for the relationship between ontogeny and phylogeny.

He pointed out the necessity for recognizing that the

actual record of ontogeny was sometimes incomplete,

like an alphabet that lacked certain letters. As a

result, phylogeny could not always be directly ascer-

tained by the study of ontogeny, but other information

must also be used:

But this repetition or recapitualtion of phylo-
geny by ontogeny is entirely complete only in rare
cases, and seldom corresponds to the entire series
of the letters of the alphabet. In most cases,
moreover, this abstract is very incomplete, altered,
and falsified. We are thus generally not in a
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position to determine directly through ontogeny of
the individual, all the different forms through
which the ancestry of each organism has passed;
rather we usually hit upon numerous gaps, which we,
however, with the help of comparative anatomy are
able to bridge over satisfactorily, although they
cannot be filled directly through ontogenetic
observations. It is therefore all the more
important, that we are acquainted with a consider-
able number of animal forms, which are still
represented in the history of the individual
development of man. Here we may, with the
greatest certainty, from the condition of the tran-
sient individual form (according to the law of
causal connection) disclose the earlier condition
of the form of the ancestral animal form, which is
repeated or recapitulated through these ontogenetic
stages.95

The change outlined here in Haeckel's explanation

of the biogenetic law may be explained as an attempt to

reconcile the growing body of data concerning the

variability and differences among different animals in

the embryonic cleavage stages and invagination processes

which led to the production of the gastrula form, with

the major premise of the Gastrea theory, namely, that

the recurrence of the gastrula in the ontogeny of many

different animal groups had phylogenetic significance.

As the preceding quotation indicates, Haeckel believed

that research in three areas of morphology could help

to bridge these gaps in the ontogenetic record:

comparative anatomy, studies of the early stages of

development, and studies of lower animal forms. It

will be demonstrated shortly that the changes in the

Tunicate theory relating to its empirical basis were



340

mainly concerned with these three areas of research.

Before reviewing these changes, another important

theoretical change must be emphasized, which was also

related to the Gastraea theory.

A second major proposal in the 1868 version of

the Tunicate theory was stated above as follows: "Organ

homologies between different animals are indicative of

common descent." As emphasized throughout this chapter

and Chapter 4, this proposal was one of the most

problematic for the reception of the Tunicate theory

because of the lack of definition of specific criteria

of homology and the inconsistent application of the

concept in determining animal relationships. This

situation was improved greatly in the 1874 version of

the Tunicate theory, again mainly under the influence

of the Gastraea theory. Thus, according to the Gastraea

theory, the main criterion of homology was similarity

of development from identical germ layers. Haeckel

argued that the widespread occurrence of a primitive

intestinal structure that developed in all cases from

the same primary germ layers was evidence that this

structure was homologous in all the organisms that

possessed it, and therefore indicative of their

evolutionary relationship. 96

While there are some problems in the logic of

this argument which will not be pursued here, it
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provided, along with the new version of the biogenetic

law as discussed earlier, a useful new framework for

the selection and presentation of the empirical evidence

of the Tunicate theory. The impact on the Tunicate

theory of these new concerns of Haeckel with germ layer

homologies, especially, and also with comparative

anatomy and studies of lower organisms, is evident in

the two tables he provided in the Anthropogenie which

summarized the main points of connection between the

Vertebrates and Tunicates. In Table V, Haeckel listed

the major homologous organs of the Ascidians, Amphioxus

and humans, classifying them according to the primitive

germ layers from which they originated; and in Table VI

he compiled the major anatomical features of adult

Ascidians, Amphioxus, fish and humans.
97

A notable

feature of Table VI is that the only homology which

extended to all four classes was that of the thyroid

gland and endostyle. The significance of this single

homology, however, was considerable, since the thyroid

gland, at that time, was considered to be a rudimentary

organ. Such organs, to which no particular function

could be ascribed, were especially important to phylo-

geny because they were interpreted as remnants from the

organism's past. Haeckel made this point in another

place in the text where he cited Wilhelm Willer's
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research on the endostyle and noted its phylogenetic

significance. He proposed that the Vertebrate thyroid

was the last remnant of the hypobranchial groove or

endostyle of the Ascidians and Amphioxus.
98

Despite its presentation of this important

homology, Table VI gives the overall impression that

more differences than similarities exist between adult

organisms in the four classes represented. It seems

likely that in Table VI Haeckel was attempting to show

the difficulty of determining the relationship of

Vertebrates and Invertebrates on the basis of

anatomical evidence alone. In contrast, in Table V he

showed how a study of germ layer homologies could

reveal similarities even between forms as unlike in

their adult condition as Ascidians and humans.

The two plates illustrating the Tunicate-

Vertebrate relationship in Anthropogenie also reflected

some of the new empirical and theoretical developments

that had occurred since 1868.* Thus, Haeckel added a

figure of a lamprey larva showing the thyroid gland and

endostyle to the plate with the adult Ascidian and

Amphioxus and he added drawings of the endostyle in his

figures of Amphioxus and Ascidians. He also included

*These were Plates VII and VIII in Haeckel's
Anthropogenie, between pp. 316 and 317. They are
reproduced here as Figures 12 and 13.
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Figure 12. Ontogeny of Ascidians and Amphioxus.
In this plate, Haeckel depicted the main stages in the
development of the Ascidian as: (1) mature ovum;
(2) cleavage; (3) blastula; (4) gastrula; (5) free-
swimming larva. A cross-section of the larval stage
was shown in (6). The corresponding stages in the
development of Amphioxus were shown as: (7) mature
ovum; (8) cleavage; (9) blastula; (10) gastrula;
(11) young larva; (12) older larva. A cross-section
of the mature Amphioxus was shown in (13). The most
important structures that Haeckel identified were:
(ch) notochord; (d) intestinal canal; (m) neural canal;
(mp) muscle plates; (r) lateral dorsal plates.
[Explanation from Haeckel, Anthropogenie, pp. 314-15.]
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Figure 12. Ontogeny of Ascidians and Amphioxus.
[From Haeckel, Anthropogenie, Plate VII.]
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Figure 13. Anatomy of an Ascidian, Amphioxus,
and larval lamprey. In this plate, Haeckel depicted
the main anatomical features in an adult Ascidian (14),
adult Amphioxus (15) and the ammocoetes larva of the
lamprey, Petromyzon (16). The most important structures
that he identified were: (a) anus; (au) eye;
(c) coelom; (ch) notochord; (d) intestinal canal;
(en) endostyle; (k) pharynx; (ml and m2) neural canal;
(mg) stomach; (th) thyroid; (y) ventral furrow of the
endostyle. [Explanation from Haeckel, Anthropogenie,
pp. 315-16.]
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Figure 13. Anatomy of an Ascidian, Amphioxus, and
larval lamprey. [From Haeckel, Anthropogenie, Plate VIII.]
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cross-sectional depictions of the larval Ascidian and

Amphioxus that were lacking in his earlier plate.

The third, fourth and fifth proposals in the

1868 version of the Tunicate theory all related to the

problem of definition and exemplification of the

essential features of Vertebrate form, as a basis for

comparison with various Invertebrate forms. Haeckel

chose Amphioxus as the paradigmatic Vertebrate and the

spinal cord and the notochord as the most characteristic

Vertebrate organs. Thus, evidence of the similarity of

these organs in Amphioxus and Ascidians was the major

factor in his conclusion of the Tunicate-Vertebrate

relationship.

In 1874, Haeckel retained Amphioxus as the

paradigmatic extant Vertebrate, but he also provided a

detailed description and illustrations of an "ideal

primitive Vertebrate," which epitomized Vertebrate form,

and which served as the basis of comparison between

Vertebrates and Invertebrates.
99

Thus, in his

discussion of the anatomy and embryology of Ascidians

and Amphioxus, Haeckel not only compared these organisms

with each other, as he had done earlier, but he also

emphasized the various correspondences of their form

to that of the ideal primitive Vertebrate. Concerning

the relationship of Amphioxus to this ideal form, he

wrote:
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Now if we make two sections through the body of the
Amphioxus, first a perpendicular longitudinal
section through the whole body in the midline from
front to back, and secondly, a perpendicular cross-
section through it from right to left, we shall
obtain two anatomical pictures, which are very
instructive for us (See Plates VII and VIII). They
correspond almost exactly to the ideal, which we
are able to conceive by abstraction, aided by
Comparative Anatomy and Ontogeny, of the primitive
type or the original type of the Vertebrate. We
only need to make very slight and non-essential
alterations in the two actual sections of the
Amphioxus, in order to obtain such an ideal
anatomical picture or diagram of the primitive
type of the Vertebrate. . . . The Amphioxus
differs so little from the ancient primitive form
of the Vertebrate phylum, that we may accurately
designate it as a "Primitive Vertebrate." (See
Plates VII and VIII) .100

Haeckel employed the same kind of comparison in

analyzing the relationship of the form of Ascidians and

Amphioxus:

If we make a cross-section through the middle of
the body [of the larval Ascidian] in this stage (at
the point where the tail joins the trunk), we find
in the Ascidian larva exactly the same relative
positions of the most important organs, as in the
Amphioxus larva (Plate VII, Fig. 6). We find in
the middle between the spinal cord (m) and
intestinal canal (d), the chorda (ch); on either
side of the latter, the muscle plates of the back
(r). The cross-section of the Ascidian larva now
differs in no essential way from that of our ideal
Vertebrate . . . .101

In his discussion of the characteristic features

of the Vertebrates in Anthropogenie, Haeckel likewise

retained his earlier emphasis on the spinal cord and

notochord as important essential organs, but he also

added the characteristic of segmentation or metamerism

to the list of essential Vertebrate features, as well as
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the possession of gill slits. Furthermore, he assigned

much greater significance to the feature of metamerism,

in contrast to his neglect of this issue in his earlier

Tunicate theory. These changes, which probably reflect

the influence of Gegenbaur, are evident in this

description of Vertebrate characteristics:

The characteristic peculiarities by which
Vertebrates in general are distinguished from all
Invertebrates, engaged our attention some time ago
when we examined the structure of the ideal
Vertebrate . . . . Above all other characteristics
these appear in the foreground: 1) the formation
of the chorda between the spinal cord and the
intestinal canal; 2) the division of the intestinal
canal into an anterior gill-intestine and a
posterior stomach-intestine; 3) the intunal
segmentation or formation of metamera.1"

The sixth, seventh and eighth proposals in the

1868 version of the Tunicate theory included the main

phylogenetic speculations concerning the ancestry of

Vertebrates. In 1874, Haeckel still maintained, as in

1868, that Tunicates were Worms; that the form of the

proximate Vertebrate ancestor was like that of the

Tunicate larva; and that the form of the ultimate

Vertebrate ancestor was unsegmented and worm-like.

However, in 1874, Haeckel provided an explanation for

his assumption of an unsegmented form for the ancestor

of Vertebrates that was lacking in the 1868 theory.

Thus, his text included a discussion of the origin of

metamerism in Vertebrates and Articulates in which he

took essentially the same position as that of Gegenbaur,
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which was discussed above. Haeckel proposed that

metamerism had arisen independently in the two groups

and that the original unsegmented condition of the

Vertebrate embryo was evidence of its ancestral

condition.
103

He was also able to supply better

empirical evidence in favor of his proposals about the

worm-like ancestry of Vertebrates. Whereas his earlier

proposals had been very vague concerning these ancestral

forms, in 1874 he suggested specific extant forms that

might be related to them. For example, following

Gegenbaur, he proposed that the worm, Balanoglossus,

represented an extant form of the primitive worm group

from which Ascidians and Vertebrates had arisen.

Furthermore, Haeckel particularly emphasized the

occurrence of gill-slits in Balanoglossus as evidence

of this relationship. Following a discussion of the

exclusive occurrence of gill-slits in Vertebrates and

Ascidians, he wrote:

Among extant worms, however, there is a single
isolated and very remarkable Worm form, which in
this respect can be regarded as a distant relative
to the Ascidians and Vertebrates, and perhaps as an
off-shoot from the Soft-worms. This is the so-
called "Acorn-worm" (Balanoglossus) which lives in
the sand of the sea-shore, whose interesting
connecting relations to the Ascidians and Acrania
[skull-less animals such as Amphioxus] were first
accurately observed and explained by Gegenbaur. .

Now, although the Acorn-worm may differ very
considerably from those extinct Scolecidae
[Softworms] which we must regard as direct ancestors
of our race, and as intermediate links between
primitive Worms and the Chorda-animals, yet in
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virtue of this characteristic structure of the
gill-intestine, it may be considered a remotely
allied collateral line of the Softworms.1"

Concerning the proximate ancestry of the Verte-

brates Haeckel emphasized the similarity of the Tunicate

larva to the ideal primitive Vertebrate. He also made

explicit reference to the extant Tunicate,

Appendicularia, as the nearest living relative to the

extinct Chordonia, or Chorda-animals which he proposed

in 1874 as the common parent-group of Tunicates and

Vertebrates. Again he used the characteristics of

gill-slits and metamerism, whose significance he had

explained with reference to the ideal primitive Verte-

brate, as evidence of the relationship between

Tunicates and Vertebrates, in addition to the notochord

and nerve cord:

From a branch of the Scolecidae [Softworms] the
group of Chorda-animals (Chordonia) developed, the
common parent-group of the Tunicates and Vertebrates.
The process which primarily led to the development
of this important Coelomate group was the formation
of the inner axial skeleton, which we still find
today permanently retained in its simplest form in
the lowest Vertebrate, Amphioxus: the notochord or
chorda dorsalis. We saw that this notochord is
already found in the tailed and free-swimming larva
of the Ascidian (Plate VII, Fig. 5). The chorda,
indeed, does serve especially as a support for the
rudder-like tail of the Ascidian larva, but its
anterior end passes in between the intestinal and
medullary tubes within the actual body of the larva.
A transverse section of this larva therefore shows
that arrangement of the most important organs which
is characteristic of the vertebrate type: in the
center is the firm notochord, which supports the
other organs and serves especially as a base and
point of attachment for the movable trunk muscles;
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above this chorda, on the dorsal side, the central
nervous system in the form of a spinal cord; below,
on the ventral side, the intestinal canal, whose
anterior half is respiratory gill-intestine and
posterior half is digestive stomach-intestine. It
is true that the free-swimming larva of the extant
Ascidian possess this typical vertebrate character
only for a short time; it soon gives up its free
moving way of life, casts off its oar-like tail
with the chorda, adheres to the bottom of the sea,
and then undergoes that very great degeneration.
. . . Nevertheless, the Ascidian larva, in its
very transitory evolution gives us a picture of the
long extinct Chordonia form which we must regard as
the common parent form of Tunicates and Vertebrates.
There is yet even extant a small and insignificant
form of Tunicate, which throughout life retains the
structure of the Ascidian larva with its oar-like
tail and its free-swimming mode of life, and which
reproduces itself in this form. This is the
remarkable Appendicularia (Fig. 112) .105

The figure to which Haeckel referred was

included in a series of three drawings depicting the

organization of an Appendicularian, an adult Tunicate

and Amphioxus. Although he did not discuss the organi-

zation of Appendicularia further in the first edition

of Anthropogenie, the significance of the structure of

the anterior part of the intestine is obvious in these

drawings, since the "gill-intestine" is the only

feature which all three organisms possess in common at

the stage of development in which they are depicted.

A little further in the same discussion, Haeckel

again mentioned Appendicularia in connection with the

proximal ancestry of Vertebrates, emphasizing its

significance as a living example of the form of the
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extinct Chordonia:

. . . we do not regard (as has been mistakenly
reported) the Ascidians as direct parent-form of
Amphioxus and other Vertebrates. On the contrary,
we would only say: the Ascidians on the one hand,
and the Vertebrates on the other, have descended in
common from an unknown Worm-form, which has been
long extinct, whose nearest relative among the
extant animal forms are the Ascidian larva and the
Appendiculariae. This unknown common parent-form
must have belonged to the group of Chorda-animals,
which we pointed out as the eighth ancestral stage
in the human pedigree.106

In addition to the changes in the Tunicate theory

described above, which involved mainly the revision of

proposals which were first made in 1868, the 1874

version of the theory also included speculations on the

kind of functional adaptations which might have resulted

in the transformation of the original worm-like form of

the early ancestor of Vertebrates and Tunicates into a

fish-like form. This concern with function was a new

feature of the Tunicate theory, and is most evident in

Haeckel's description of the evolutionary origin of the

notochord and spinal cord:

If we ask ourselves, what conditions of adapta-
tion could possibly have had so remarkable a result
as the development of the notochord and thereby the
modification of a branch of the Scolecidae
[Softworms] into the parent-form of the Chordonia,
we may with great probability designate as the main
cause, the habituation of the creeping Scolecidae
to the swimming mode of life. Through the energetic
and continued swimming movements, the strong
development of the trunk musculature would be
promoted, for whose effectiveness an inner firm
point of attachment would be of great advantage.
Such a support could arise through an extended
coalescence of the germ layer in the longitudinal
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axis of the body, and while an independent skeletal
cord differentiated itself from this "axial cord"
as a firm "axial rod," the chorda was accomplished.
In correlation to the formation of this central
axial rod, the simple nerve ganglion, lying over
the pharynx in the Scolecidae, was lengthened into
a long nerve-cord, stretching from front to rear
above the chorda: thus originated the primordium
of the spinal cord.1°7

As this description illustrates, Haeckel's

speculations on the origin of function were equally as

vague and speculative as some of his ideas on the origin

of Vertebrate form, and offered no real explanation for

the phenomena they described. On the other hand, the

incorporation of functional considerations into this

later version of the Tunicate theory may be viewed as

an acknowledgment that problems concerning the origin

of function deserved some consideration in phylogenetic

research along with problems of form.

Now that the main revisions of the Tunicate

theory have been described, the task remains to analyze

whether or not this theory of 1874 was any more

successful than the theories of 1864, 1866 and 1868 in

solving the problem of Vertebrate ancestry.

The early evolutionists who speculated about

Vertebrate ancestry knew, although their rhetoric some-

times overwhelmed their knowledge, that the Vertebrate

ancestry problem was insoluble in an ultimate sense.

What concerned them most was a two-fold immediate
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problem. First, they needed to establish principles of

comparison that were suitable for detecting and inter-

preting cross-type homologies. Second, they needed to

produce evidence of such homologies in the form of

concrete observations. Kovalevskii's data on the

embryology of Ascidians and Amphioxus and Haeckel's

provisional Tunicate theory represented a useful

beginning towards solution of these problems. However,

in 1868, two major deficiencies characterized the

Tunicate theory: it lacked sufficient evidence and it

lacked a clear criterion of homology. Charles Darwin

had noted these shortcomings by attaching two qualifica-

tions to his acceptance of the Tunicate theory. He

reported that the observations of Kovalevskii and

Kupffer would form an extraordinarily interesting

discovery, "if still further extended"; and that such

confirmation would provide a significant basis for

speculation on Vertebrate origins, "if we may rely on

embryology."
108

By 1874, the reasons for Darwin's "ifs" were

mostly removed. Evidence from numerous embryological

studies had confirmed and extended Kovalevskii's

original observations. Added to these were observations

of anatomical similarities between Tunicates and

Vertebrates which involved major features of
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their organization. Confidence in the reliability of

embryology as a guide for determining cross-type

homologies had also grown considerably between 1868 and

1874. Haeckel improved the logical basis for the

embryological criterion with his more liberal statement

of the biogenetic law. The liberalized biogenetic law

also gave more importance to comparative anatomy as a

guide for determining homologies. At the same time,

the Gastraea theory provided a specific criterion of

homology, namely, similarity of origin and fate of the

primary germ layers.

The Annelid Theories of Carl Semper
and Anton Dohrn

Although the Tunicate theory of 1874 was much

improved over earlier theories, it was by no means

immune from further criticism. In 1875 and 1876, Carl

Semper and Anton Dohrn published alternative theories

of Vertebrate ancestry that proposed an ancestral form

for Vertebrates that was segmented instead of the

unsegmented form that the Tunicate theory assumed. 109

Although they used different evidence in arguing their

positions, both Dohrn and Semper proposed in their

theories that the Vertebrates were more closely related

to the Annelid worms than to the Tunicates, on the basis

of the common occurrence of segmentation or metamerism
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in both groups. Semper's argument was based mainly on

the proposal of homology between the segmented

excretory organs he had discovered in embryos of sharks,

and the excretory organs of Annelid worms. Dohrn's

theory rested on the assumption of homology between the

gill-slits of Vertebrates and the external gill

apparatus that occurs in some aquatic Annelids.

The main problem involved in comparison of

Vertebrates and Annelids was the same as that which had

confronted Leydig in his attempt to compare Vertebrates

with Arthropods. That is, it was necessary to explain

the difference in position of the organs in the two

groups. Both Dohrn and Semper offered complex explana-

tions of the dorsal position of the nerve cord in

Vertebrates in contrast to its ventral position in

Annelids. However, their explanations were highly

speculative and lacked an adequate empirical basis.

Furthermore, the Annelid theories did not conform to

the principles of evolutionary morphology that had been

developing between 1870 and 1875. For these two

reasons, lack of convincing evidence and unorthodox

methodology, the Annelid theories of Dohrn and Semper

failedto gain the wide acceptance of the Tunicate theory

as an explanation of Vertebrate ancestry.*

*Several authors have given detailed analyses of
the logical and empirical problems with the Annelid
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The main interest of the Annelid theories for the

present discussion centers on the criticism they elic-

ited from Gegenbaur, which relates in turn to changes

in the principles of morphology between 1870 and 1876.

In 1876, Gegenbaur published an essay on the condition

and significance of morphology, in which he character-

ized morphology as a changing discipline that required

constant updating of its principles and methods in

order to keep pace with the changing theoretical and

empirical basis of biology. 110
He was concerned that

the incorporation of evolutionary theory into

morphology, along with increasing specialization in the

morphological disciplines, had led to misunderstanding

and a lack of appreciation of the role of morphology as

a biological science, and also to a neglect of proper

methodology. His essay was thus an attempt to provide

a basis for the unification of the various sub-

disciplines of morphology such as embryology, anatomy,

histology and histogenesis, by emphasizing their common

goals and common methods. He was also interested in

justifying the existence of morphology as a separate

discipline from physiology, which should be judged in

theories. See William Bateson, "The Ancestry of the
Chordata," Quarterly Journal of Microscopical Science
26 (1886): 535-71; William K. Brooks, The Genus Salpa
(Baltimore, Md.: Johns Hopkins Press, 1893); and
Russell, Form and Function, pp. 278-87.
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terms of its own goals, and not in terms of its

contributions to physiology.

A major emphasis of Gegenbaur's essay was the

need for morphologists to use a more critical procedure

in applying the method of comparison in their investi-

gations of animal structure and development. As an

example of improper procedure he cited the comparison of

the Invertebrate ventral nerve cord with the Vertebrate

spinal cord, probably in direct reference to the recent

speculations of Dohrn and Semper in their Annelid

theories. The contrast between the argument he used

against this comparison in 1876 and his earlier treat-

ment of a similar comparison in Leydig's theory of

Vertebrate ancestry, provides a good illustration of

some of the changes that occurred in the practical

application of morphological principles in the 1870's.

In Chapter 2, it was shown that in 1870

Gegenbaur's rejection of the comparison of the Verte-

brate spinal cord and the ventral nerve cord of

Invertebrates was not based on a critical evaluation of

all the evidence bearing on such a comparison. At that

time, evolutionary morphology had not yet developed any

clear principles for making and judging cross-type

comparisons. Thus, the evidence he cited against the

comparison included a rather vague reference to the
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"complete difference in type which is expressed in

Arthropods and Vertebrates," along with differences in

the position and relations of the Arthropod and Verte-

brate nervous systems in their adult and embryonic

condition.
111

His major argument against the comparison

was that it had already been proven impossible when

St. Hilaire attempted a similar comparison earlier in

the century. In other words, Gegenbaur still argued

against this particular cross-type comparison in 1870

as if it were a theoretical impossibility, although,

according to evolutionary thought, this was not

necessarily true.

In 1876, in contrast, Gegenbaur's criticism of

the comparison of the Vertebrate spinal cord and the

ventral nerve cord of Invertebrates was based on its

actual failure to meet specific criteria governing such

comparisons. Comparison, he emphasized, must be based

on a wide range of evidence and must pertain to the

total organization of the organisms under study.

Anatomical evidence used in comparisons must take into

account both the position of organs and their

connections. Finally, embryological evidence should

relate to the mode of origin of the compared objects

from the primary germ layers. With these specific rules

of critical procedure firmly stated, Gegenbaur gave a
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step-by-step analysis of the comparison in question,

showing how each of its major assertions was based on

evidence that ignored one or another of these rules. 112

It will be observed that, with the exception of

the embryological criterion, most of the other rules of

comparison that Gegenbaur discussed in this essay of

1876 do not sound very much different from the rules

that governed comparisons in pre-evolutionary

morphology. However, considerable change must have

occurred in the interpretation of these rules to enable

Gegenbaur to criticize as "unscientific" in 1876, the

same comparison that he had dismissed in 1870 as

impossible.* Furthermore, the reinterpretation of the

rules of comparison and their application to evolution-

ary problems was by no means a simple process. As the

preceding analysis of the debate over the Tunicate

theory has demonstrated, the old rules of comparison

underwent a period of rigorous testing and modification

before they were incorporated into evolutionary

morphology. At the same time, new rules were added

that significantly affected the activities of compara-

tive morphologists, in terms of the kinds of evidence

they sought.

*Gegenbaur, "On the Condition and Significance of
Morphology," p. 42. Gebenbaur called the comparison of
the vertebrate and invertebrate nerve cords "a striking
example of . . . unscientific procedure."
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In 1880, on the occasion of the "coming of age"

of Darwin's Origin of Species, T. H. Huxley delivered a

lecture in which he reviewed the progress that had

occurred towards the solution of major problems that

were related to the Darwinian theory.
113

One of the

problems he discussed was that of Vertebrate ancestry,

and the contribution of the Tunicate theory towards its

solutions. In this discussion, Huxley retained the

somewhat skeptical position that was described earlier,

in which he expressed doubt that the evolutionary

relationship between Vertebrates and Tunicates was as

close as proponents of the Tunicate theory claimed.

Nevertheless, he enthusiastically acknowledged the

success of the Tunicate theory in bridging the gap

between Vertebrates and Invertebrates:

In 1859, there appeared to be a very sharp and
clear hiatus between vertebrated and invertebrated
animals, not only in their structure, but, what was
more important, in their development. I do not
think that we even yet know the precise links of
connection between the two; but the investigations
of Kowalewsky and others upon the development of
Amphioxus and of the Tunicata prove, beyond a
doubt, that the differences which were supposed to
constitute a barrier between the two are non-
existent. There is no longer any difficulty in
understanding how the vertebrate type may have
arisen from the invertebrate, though the full proof
of the manner in which the transition was actually
effected may still be lacking. 114

Huxley's summary of the status of the Vertebrate

ancestry problem in 1880 provides a fitting conclusion
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to this chapter, which has described the theoretical

and empirical advances that distinguished the definitive

version of the Tunicate theory from earlier theories of

Vertebrate ancestry. Research and debate on the

Tunicate theory was certainly a significant factor in

removing the difficulties which faced early evolution-

ists who wished to study and understand the nature of

the Vertebrate-Invertebrate relationship. And, in the

process of bridging the gap between Vertebrates and

Invertebrates, evolutionary morphology acquired

principles that would aid future generations in their

probe into the many problems of Vertebrate ancestry

that still remained unsolved.
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VI. CONCLUSION

In the conclusion of the Origin of Species,

Charles Darwin made an oft-quoted prophecy concerning

the impact that the broad acceptance of his theory

would have on natural history. He predicted a

"considerable revolution" that would involve changes in

all the existing disciplines of natural history as well

as the creation of whole new fields of inquiry. 1
In

Darwin's view, two major changes would occur in

morphology if it adopted the idea of descent with

modification as its theoretical basis. First, much of

the terminology of the discipline which had formerly

referred to abstract concepts would be reinterpreted in

concrete terms:

The terms used by naturalists of affinity, relation-
ship, community of type, paternity, morphology
adaptive characters, rudimentary and aborted organs,
&c., will cease to be metaphorical, and will have a
plain signification.2

The second major change that Darwin predicted in

morphology was the establishment of a new system of

classification that was genealogical in its arrangement.

He proposed that this task would be difficult and would

require a concerted effort on the part of anatomists and

embryologists:

Our classifications will come to be, as far as they
can be made, genealogies; and will then truly give
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what may be called the plan of creation . . .

We possess no pedigrees or armorial bearings; and
we have to discover and trace the many diverging
lines of descent in our natural genealogies, by
characters of any kind which have long been
inherited.3

However, at the same time, Darwin also implied strongly

that the problems involved in genealogical classifica-

tion could be approached immediately and effectively by

applying the same rules of classification and comparison

that were already being used in morphology. Earlier, in

his chapter on classification, morphology and embryology,

Darwin had shown that the anatomical and embryological

features of animals that naturalists considered most

valuable as indicators of systematic relationship, such

as homologies and rudimentary organs, were just those

kinds of hereditary features that were most likely to

occur in animals with a common ancestry. 4
Thus, the

challenge that Darwin presented to evolutionary-minded

morphologists to make their classifications into

genealogies seemed to require little or no change in

the actual practices of morphology. Although the

acceptance of the evolutionary viewpoint would change

the meaning and justification of the existing rules of

morphology, the practical tasks of collecting data, of

observing, comparing, and describing animal form, would

apparently proceed as usual:
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Rudimentary organs will speak infallibly with
respect to the nature of long-lost structures.
Species and groups of species, which are called
aberrant, and which may fancifully be called
living fossils, will aid us in forming a picture
of the ancient forms of life. Embryology will
reveal to us the structure, in some degree
obscured, of the prototypes of each great class.5

With the publication of new texts of evolutionary

morphology by Ernst Haeckel in the late 1860's and by

Carl Gegenbaur in the 1870's, Darwin's predictions

seemed to be well on their way to fulfillment.

Gegenbaur provided new definitions of the type concept

and the concepts of homology and analogy that were

designed to aid in the evolutionary interpretation of

animal form; and Haeckel provided the first set of new

genealogical classifications by reinterpreting existing

data. The apparent ease with which these two leaders

of morphology were able to recast the main principles

and data of anatomy and embryology into evolutionary

form has tended to obscure some of the major

difficulties they faced in applying the newly-

interpreted concepts and principles to the solution of

specific evolutionary problems. Furthermore, the

dominance of their ideas and influence in the early

decades of evolutionary morphology has tended to over-

shadow some significant contributions of morphologists

who held different viewpoints about the best definitions,

methods, and principles for applying evolutionary
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concepts in the study of anatomy and embryology. As a

result of these two problems of interpretation,

historians who use the general statements of Haeckel

and Gegenbaur as the basis for their analyses of the

early impact of Darwinism on morphology generally

conclude that dramatic and immediate changes did occur

in morphological thinking in the 1860's and 1870's, as

Darwin predicted, but they also tend to judge these

early changes in morphological theory as superficial

and conservative in comparison with the conceptual

changes that accompanied the reorientation of

morphological studies along experimental lines in the

1890's.
6

By focusing on morphological practice as well as

statements about morphological theory, this study of

the problem of Vertebrate ancestry during the early

post-Darwinian period provides the basis for a somewhat

different interpretation of the general intellectual

atmosphere in which morphological studies were made

from 1859 to 1875, as well as a different view of the

practical and conceptual changes that occurred within

that context.

Perhaps the most important contribution of this

study to a broader understanding of early evolutionary

morphology is its demonstration of the diversity of
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philosophical, methodological and empirical concerns

that existed within the world community of evolutionary

morphologists. Contrary to Darwin's expectation that

morphologists would present a united front in attacking

the theoretical and practical problems of genealogical

classification, the ideas, methods and data used by the

first morphologists who approached the problem of

Vertebrate ancestry varied considerably from individual

to individual. Thus, the three theories of Vertebrate

ancestry proposed between 1864 and 1868 that were based

on the studies of Leydig, Haeckel and Kovalevskii,

represented three entirely different methods of

observation, sets of data and criteria of homology.

This same diversity of ideas, methods and data

was evident in the debate over the Tunicate theory from

1868 to 1875. Evolutionists were able to participate

on both sides of the debate because they were by no

means equally committed to the principles of evolution-

ary morphology as outlined first by Darwin and then

elaborated by Haeckel and Gegenbaur. Furthermore,

Darwin, Haeckel and Gegenbaur did not completely agree

among themselves on some of the rules that should govern

evolutionary morphology, nor were they consistent in

their application of these rules in actual practice.
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As Darwin expected, evolutionary morphology

derived its new principles from two main corollaries of

the descent theory: the idea of recapitulation and the

genetic definition of homology. What he apparently did

not anticipate was the variety of interpretations and

applications to which these concepts were subject in

current morphological thought and practice. For

example, for Darwin, the acceptance of the idea of

recapitulation and the genetic definition of homology

suggested that the embryological criterion of homology

would assume a more important position in morphological

practice than it held in pre-evolutionary morphology.

However, when this principle was applied to the problem

of Vertebrate ancestry, different investigators used

different embryological criteria in comparing the

development of Vertebrates and Invertebrates, depending

on the stage of development they were most concerned

with and on whether their study focused on the static

or dynamic aspects of development. Thus, Kovalevskii

used a cyotgenetic or histogenetic criterion in

comparing the dynamic process of germ layer formation in

Amphioxus and Ascidians, while Kupffer and Ganin relied

on an embryological criterion that related more to the

static structural features of embryonic organization.
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Just as a variety of applications of the

embryological criterion of homology occurred in

embryological studies relating to the problem of

Vertebrate ancestry, diversity of interpretation was a

major feature of the response to those studies. For

example, Lankester, Giard, Haeckel and Gegenbaur all

agreed with the Darwinian principle that the study of

embryological homologies should be an important goal of

evolutionary morphology. However, as a result of

differences in their views on the evolutionary signifi-

cance of homologies and analogies each of these

evolutionists used a different interpretation and

responded in a different way to the homologies that

Kovalevskii proposed between Amphioxus and Vertebrates.

The diversity of interests represented among the

participants in the debate over Vertebrate ancestry

created an intellectual climate in which new ideas and

practices were received with healthy skepticism and

subjected to rigorous, but mainly constructive,

criticism. For example, Huxley, Giard, Kupffer,

Gegenbaur and Lankester were all critical of the more

dogmatic aspects of Haeckel's first provisional Tunicate

theory. They required concrete, empirical evidence from

anatomy as well as embryology, and not simply logical

arguments and rhetoric, before they would admit the
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likelihood of an evolutionary relationship between

Vertebrates and Tunicates.

Within this climate of critical deliberation, the

Tunicate theory served an important role in evolutionary

morphology as a testing ground for the development of

principles of phylogeny that were both logically consis-

tent with the descent theory and applicable in a

practical sense for observation and interpretation of

animal form. Criticism of the first version of the

Tunicate theory showed that it failed to adequately meet

these criteria, since embryological information alone

provided insufficient evidence for determining the past

history of the Vertebrates. Thus, as more evidence on

Tunicates became available, Haeckel proposed a second

version of the theory that reflected what might be

called a more synthetic approach to phylogeny. That is,

the later version of the Tunicate theory rested on

several kinds of evidence from both anatomy and

embryology, in contrast to the exclusive reliance on

embryological evidence in the earlier theory.

The Tunicate theory also played an important

role in the establishment of a new criterion of homology

that could be applied in the evolutionary interpretation

of data obtained through the relatively new cytological

and histological methods of investigation which
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characterized morphological practice between 1860 and

1900. Many anatomists and embryologists of the 1860's

and 1870's had shifted the focus of their descriptive

and comparative studies to the cellular and tissue levels

of organization in contrast to an earlier emphasis on

organs and organ-systems. At these lower levels of

organization they discovered new similarities of

structure and development between animals that had

formerly been considered unrelated. According to

evolutionary thought, the possibility of the remote

common ancestry of all the different phyla implied that

these similarities might have a hereditary basis, in

which case they could be used as evidence of the

homology of the organs or parts they formed. On the

other hand, it was possible that these similarities

were analogies, and related to the common function of

the parts in which they occurred. The criteria that

had formerly been used for determining whether similar

organs or organ systems in different animals were

homologous or analogous were not applicable in this

situation where the similarities referred to earlier

stages of development and to the cellular composition

of tissues. Furthermore, the new genetic definitions

and examples of homology given by Gegenbaur and Haeckel

failed to provide a clear criterion of homology that was
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applicable in these cases where cross-type comparisons

were required.

As a result of this lack of clear principles for

interpreting cross-type similarities, several different

new criteria were used between 1859 and 1875 in making

cross-type comparisons. For example, in 1864 Franz

Leydig used a new histological criterion in comparing

certain parts of the nervous system in Arthropods and

Vertebrates. Haeckel used a "geometrical-anatomical"

criterion to compare Sagitta and Vertebrates in 1866

and a combination of histological and histogenetic

criteria in comparing the development and embryonic

structure of Ascidians and Amphioxus in 1868.

Two main faults prevented these new criteria

from becoming widely accepted into morphological

practice. Haeckel and Leydig failed to provide

empirical evidence that would justify their choice of

these particular criteria, and they failed to explain

how their use represented a logical application of the

descent theory.

In contrast, the second version of the Tunicate

theory used a new embryological criterion of homology

that was supported both by Haeckel's Gastraea theory and

by empirical observation. The comparison of Ascidians

and Amphioxus in this case was based mainly, on the
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similarity of the formation of their primary germ

layers. Justification for the use of germ layers as a

standard of comparison was provided by the observed

constancy of the fate of these layers in the formation

of corresponding adult parts and by their proposed

homology to the layers of the ancestral "Gastraea"

from which all other forms descended. In comparison

with the other criteria of homology that had been

suggested, this new embryological criterion was clearly

superior, and the comparison of germ layers of different

animals became a part of standard procedure in phylo-

genetic morphology beginning in the 1870's and

continuing to the present.

As frequently happens in science with a new tool

of observation or interpretation that seems particularly

promising, some morphologists were extreme in their use

of this new practice, and came to rely exclusively and

dogmatically on the germ layers as a fixed and absolute

standard of comparison. When experimentation began to

replace phylogeny as the primary goal of morphology in

the 1890's, many proponents of the new experimental

method tended to judge the early evolutionary period of

morphology in terms of these excesses, and to deny that

any positive contributions to the understanding of

animal form came out of the practices of phylogenetic
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speculation.
7

The highly respected cytologist, Edmund

B. Wilson, was an exception to this trend. In a most

insightful and objective analysis of the history of the

embryological criterion of homology published in 1894,

Wilson criticized the role it had come to occupy in

current practice, but at the same time he acknowledged

that the search for germ layer homologies by earlier

generations of morphologists had resulted in significant

contributions to the empirical foundations of

morphology:

I do not belong to those who, impressed by the rich
fruits and still greater promise of the experimental
method, regard the past achievements of comparative
morphology as labor lost, and look forward with
indifference to its future. If its present methods
are defective, they must be reformed; but the great
body of facts it has accumulated, and will accumu-
late hereafter, will always form the very framework
of biological science.8

This study of the problem of Vertebrate ancestry

between 1859 and 1875 has shown that, when judged in

terms of the condition of morphological theory and

practice at that time, the use of germ layer homologies

was not only productive in the practical sense, but

also a logical and necessary step in the conceptual

development of evolutionary morphology.

As the goals of morphology changed in the latter

part of the nineteenth century and during the twentieth

century, the problem of Vertebrate ancestry lost some of
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its former significance as a major focus of research and

debate. However, successive generations of biologists

have continued to speculate on the origin of the

Vertebrates, with each new generation approaching the

problem from the perspective of its current ideology and

methodology. In view of the increased understanding of

the relationship between theory and practice in early

evolutionary morphology that this study has provided,

it seems likely that a similar study of the history of

the development and reception of these subsequent

theories of Vertebrate ancestry could provide valuable

new insights into the continuing process of change that

has characterized biological thought and practice during

the last century.

There is still strong interest among biologists

who study Amphioxus, Tunicates, Vertebrates and other

Chordate animals in speculating about the possible

evolutionary relationship among these groups. Just as

the earlier version of the Tunicate theory provided

evolutionists with a useful framework for pursuing their

studies of the histology and embryology of Chordates at

the level of tissues and cells, biologists today who

study the Chordates find a modern version of the

Tunicate theory useful for making sense out of their

studies of biochemistry, endocrinilogy and
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n a book on the Protochordates,
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published in 1965, E. J. W. Barrington, a leading

expert on their physiology and comparative endocrinology,

explained his attitude towards the value of phylogenetic

hypotheses in a paragraph that is reminiscent of the

one Haeckel wrote in the 1860's:

If a study of protochordates is to yield up its
proper interest, it must be related to some frame-
work of hypothesis. The reader can pay no greater
compliment to the discussion that follows than to
find in it good cause for modifying that framework,
or still better, to undertake research that will
enlarge the scanty information upon which the
discussion must be based.10

In a sense, historians face similar challenges in

attempting to reconstruct the evolution of biology as

biologists face in attempting to reconstruct the

evolution of life. As successive generations of

historians uncover new evidence, and as they apply

different techniques of analysis to the historical data

at their disposal, new hypotheses are required to

explain the underlying historical processes that

produced these data. In order to explain the practices

of evolutionary morphologists who were involved in

research and debate on the problem of Vertebrate

ancestry during the early post-Darwinian period, I have

proposed that phylogenetic research contributed to the

conceptual progress morphology to a greater degree than

is usually recognized by historians of biology. In
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order to determine whether or not this hypothesis is

applicable to other phylogenetic problems of the late

nineteenth century, much more information is required

about the practices of evolutionary morphologists, in

contrast to the emphasis on their theoretical statements

that has characterized most previous analyses.

I will be glad if this study has demonstrated

the considerable challenges and rewards that are avail-

able for historians of biology who undertake such

research, if they will meet biologists of past decades

on their own ground, and try to understand their

victories and failures, their achievements and

frustrations, in terms of the goals they were

attempting to reach in their own time.
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