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There were two viable theories of generation, prefor-

mation and epigenesis, existing in the Seventeenth and

Eighteenth Centuries. Due to their irreconcilable nature,

they were often at loggerheads during this time interval.

The status of these generation theories can be effectively

understood in terms of Thomas Kuhn's conception of pre-

paradigm science. At this stage in the emergence of a

theory, before the establishment of a paradigmatic theory,

competing theories are articulated in an attempt to achieve

the paradigm stature by gaining the approval of the scien-

tific community. John Turberville Needham was an Eighteenth-

Century scientist practicing science during this time of

theory conflict. As a result, he joined the ranks of other

natural philosophers (Maupertuis, Haller, Buffon and Bonnet)

who experimented on generation and speculated upon the

results of these studies. Needham's science shared many



characteristics with the other Investigators and he was

also very well-known, respected and influential. Therefore,

his ad hoc explanations for generation should not be con-

sidered as the product of an anomalous figure in the history

of science; a much more accurate appraisal of him is pro-

vided by regarding Needham as a pre-paradigm scientist,

His theory of generation was formulated in response to the

pre-paradigm crisis along with several other theories

offered by other naturalists.
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PREFACE

REMARKS ON THE PRESENT WORK

Currently, there is a trend in the history of science

away from viewing history as progressing continually in a

lineal fashion from the past to the present and toward a

,more interpretative approacn. The new method stresses the

process of science rather than its product by offering a

rational reconstruction of the history of science in an

attempt to understand the scientific traditions or theories

within their historical framework. Thomas Kuhn is one of

several modern historians of science incorporating such a

perspective.

The aim of this thesis will be to utilize Kuhn's his-

toriographical methodology as developed in The Structure of

Scientific Revolution, in an analysis of John Turbervi.11e

Needham's position in the problem of generation during the

Eighteenth Century.
2

Moreover, the argument of this paper,

1

Gerard Radnitzky, "Life cycles of a scientific tra-
dition," Main Currents, 29:107-16, 1973.

2

An attempt to study generation in this manner has been
previously attempted by Elizabeth Gasking. In Investigations
into Generation, 1651-1828, she has stated her intent to

historiograpEical techniques of Kuhn to analyze
the work of individual scientists in generation from 1651-
1828. In this manner, she was hoping to develop a more
accurate analysis and understanding of the tremendous var-
iability of questions and explanations offered by the phil-
osophers, naturalists, physicians and other in reference
to the problems of generation. However, Gasking's attempt
is deficient from two standpoints. First, the incorporation
of Kuhn could be understood as merely a justification for
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will be directed against the many current histories of gen-

eration stressing the dominance of preformation theories

over epigenetic theories during the first-half of the Eight-

eenth Century.
3

The generation problem will be shown to he

more accurately depicted as one of conflict between two com-

peting theories, preformation and epigenesis. Neither was

clearly the dominant theory; therefore, the issue is ill-

ustrative of Kuhn's pre-paradigmatic stage in the emergence

of scientific theories in which two or more theories are in

competition for the role of the prevailing paradigm to ex-

plain a given set of natural phenomena. John Turberville

Needham provides an exemplary figure of a scientist prac-

ticing science during such a period of paradigm conflict.

The study begins with an introductory section in which

the historical methodology of Thomas Kuhn is discussed.

isolating a short period of time and concentrating
attention upon it. In the introduction, she admits that in
using Kuhn, one is free "to deal more fully and in a slightly
different was with more specific topics and with particular
and shorter periods" (page 9). Secondly, as this present
work will illustrate, Gasking only partially uses Kuhn's
method. Her work is remarkably free from the discussion of
paradigms, "normal" versus "extraordinary" science, con-
flicts in science, sociological implications of theories
and other aspects of Kuhn that such an analysis'implies
and should include.

A further critique of Gasking's use of Kuhn is offered
by Frederick B. Churchill, "The history of embryology as
intellectual history," Jornal of the History of Biology,
3(1970):155-81.

3

F.J. Cole, Early Theories of Generation (Oxford, 1930);
E. Gasking, Investigations into Generation, 1651-1828
(Baltimore, 1967); A.W. Meyer, The Rise of Embryology
(Cambridge, 1934); P.C. Ritterbush, Overtures to Biology
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Chapter One contains an explanation of the status of pre

format ion and epigenesis, with a following demonstration

of how the state of generation theories in the late Seven-

teenth Century and through the mid-Fighteenth Century con-

forms to the characteristics of pre-paradigm science. In-

cluded in this chapter is an explanatory treatment of the

competing theories and a selective discussion of other fac-

tors effecting studies of generation. Chapter Two is

limited to a biographical sketch of John Turberville Need-

ham, his scientific work and the development of his theory

of generation. The present work concludes with a section

demonstrating the authenticity of the thesis that genera-

tion theories in the Eighteenth Century can be most

accurately understood as developing in a pre-paradigmatic

stage by critically evaluating the scientific research and

views of Needham. 4

(New Haven, 1964); Jacques Rper, Les Science de la Vie
dans la pensee Francaise du XVIII Siecle (paris, 1963).

4

Due to language difficulties, the author regrets not
being able to fully utilize Jacques Roger's definitive work
on theories of generation in the Eighteenth Century, Les
Science de la Vie. Roger was consulted, however, for
FibliograThical material and to provide biographical infor-
mation on Needham.

It should also be mentioned that Roger does not utilize
the Kuhnian approach in his treatment of generation theories.
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INTRODUCTION

THE HISTORICAL METHODOLOGY OF THOMAS KUHN

Until recently, much of the history of science, es-

pecially dealing with generation theory, had been profound-

ly influenced by the philosophy of the logical positivists.

The approach was characterized by the view that scientific

breakthroughs and discoveries were the result of scientists

standing on the shoulders" of the great scientific minds

preceding them and providing them with valuable information

to accomplish their enormous contributions to knowledge.

These scientists, in turn, would serve to later generations

as the guiding "lights" for later research. The result of

this emphasis was a history stressing the men, the monumental

discoveries and the eventual triumph of truth over error,

mystery and intrigue that often served to obscure these

truths from the scientific world.

Thomas Kuhn's essay, The Structure of Scientific Rev-

olutions, is a deliberate attempt to replace the historical

view of science as developing via successive accumulation.
5

In the introduction of his work, Kuhn states that his purpose

is to offer a different "concept of science that can emerge

from the historical record of the research activity itself."

5
Thomas S. Kuhn, The Structure of Scientific Revolutions,

2nd edition, enlarged (Chicago, 1970).

6
Ibid, p.l.
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In doing so, Kuhn is joining many historians of science who

have become increasingly dissatisfied with the positivist

tradition because of the difficulty inherent in viewing the

development of science in terms of steady accretion and a

general feeling that such an approach may not he applicable

or accurate.

Gradually, and so often without entirely realizing
they are doing so, historians of science have begun
to ask new sorts of questions and to trace different
and often less than cumulative, developmental lines
for the sciences. Rather than seeking the permanent
contributions of an older science to our present van-
tage, they attempt to display the historical integrity
of that science in its own time.?

Kuhn's contribution to this newer perspective to "dis-

play the historical integrity" of a particular science has

two facets. The first is that he feels the operation of

science is characterized by the existence of a paradigm which

controls or provides the laws, rules, methodology and instru-

mentation for the practice of science at any particular time.

The second is that the scientific activity is conducted by

a community of practitioners. To understand science, Kuhn

maintains that one must study and understand the special

characteristics of the communities operating according to

the dictates of the prevailing paradigm. 8

This interpretation of science has several important

implications for the study of the history of science. First,

7

8

Ibid, p.7.

Ibid, p.310.
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the historian will not be able to limit himself to the study

of scientific observations and beliefs in order to determine

the exact nature of science. There are, in addition to these

components, other elements outside of the scientific method-

ology that must be considered as important in the development
9

of scientific knowledge. Next, since there is a non-

scientific sector in science, the historian must examine the

beliefs of the scientific community as these beliefs mark-

edly effect the conscious effort of the group for force the

phenomenal aspects of nature into controlled and under-

standable models. Thirdly, communities operating under the

instruction of a paradigm have a concrete and finite under-

standing of what the world is like. Kuhn's interpretation

of the history of science implies that to understand science,

historians necessarily must consider the response of these

communities doing science to anomalies that serve to disrupt
10

these restricted areas of knowledge. Lastly, he rejects

scientific development by the process of a steady accumulation

of truthful knowledge in favor of emphasizing the need to
11

study the emergence of paradigms. Why should, for example,

science witness revolutions in which the whole scientific

community changed its world view from Cartesianism to New-

tonian thought? Moreover, it is only by the careful scrut-

iny of these revolutions that one will be able to understand

the process of science.

9
Ibid, p.4.

10
Ibid, p.5.
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The acquisition of a paradigm is the sign of a mature

scientific endeavor, serving to guide the direction of the

scientific community professing allegiance to the paradigm.

The paradigm is usually an achievement the scientific com-

munity recognizes as important in supplying the groundwork

upon which the practice of further scientific inquiry is

based. While the paradigm is not always a book, Newton's

Principia, Lyell's Geology, and Darwin's Origin of the

Species, are all examples of such achievements. In each

case, these works were incorporated by a particular com-

munity of believers to provide the basic models, methods and

criteria of meaning for the science. For these accomplish-

ments to attain the status of a paradigm, they must have

shared two characteristics. First, it must have been un-

precedented to the extent that it was able to attract ad-

herents from competing modes of scientific activity. Second-

ly, the paradigm must be sufficiently open-ended to leave
12

problems for the redefined practitioners to solve.

During periods of normal science, the paradigm is gen-

erally accepted and utilized by the community to provide the

law, theory, application and instrumentation necessary to

do science. The exact task of science under a paradigm is

simply to solve problems and puzzles. The paradigm then

functions to provide the solutions to these problems, to

choose only those problems it can solve and to only consider

11.
Ibid, p.6.
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as scientific those problems amenable to the paradigm.

In this regard, normal science consists of mopping-up oper-

ations, attempting to force nature into boxes supplied by the

theory the community is committed to. At the same time,

the science does not involve itself in the invention of new

theories or in the solution of new or anomalous phenomena.

Sometimes, the paradigm confronts an anomalous problem

considered to be crucial by the scientific community or is

confronted by a competing paradigm that offers a new and

efficient framework for the research community and is rad-

ically incommensurable with the older paradigm. Such con-

ditions are termed periods of extraordinary science or
13

paradigm crisis. The crisis serves to undermine the

unique, status of the existing paradigm and, consequently,

the rules for normal research are loosened. As a result,

new theories emerge. "Proliferation of versions of a
14

theory is a very usual symptom of crisis." The emergence

of the new theories during the crisis that are more efficient

than the old, prevailing paradigm, demand the destruction of

the established theory and the subsequent transition of

12

13

14

Ibid, p.12.

Ibid, p.67.

Ibid, p.70.
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scientific research from the outmoded framework to the new,

successful paradigm.
15

The "change of world-view" or the "break of tradition"

is characteristic of a scientific revolution in which the

scientific community switches its allegiance from one pnra-

dtgm to another. The transfer to a new paradigm is due to

the fact that the new paradigm can solve the problems that

led the other paradigm to the crisis, it can predict phen-

omena unsuspected while the other theory prevailed, it has

a certain aesthetic appeal to the community and it is usually

accepted by the community on a decision of faith that it

will meet future problems with more success than the old
16

paradigm did. Such revolutionary periods in science are

not anomalous or undesireable for the practice of science.

In fact, Kuhn states that normal science usually leads to

revolutions.

Paradigms are not corrigible by normal science at

all. Instead, as we have already seen, normal
science ultimately leads only to the recognition
of anomalies and to crisis. And these are ter-
minated, not by deliberation and interpretation,
but by a relatively suddog and unstructured event
like the gestalt switch. 1(

15
Radnitzky, "Life Cycles", p.108.

16
The last two factors, the aesthetic appeal of a new

theory and the decision of faith by the community of science,
necessitate the study of elements exterior to the logic and
experimentation of science to understand the history of the

theory being investigated.

17
Kuhn, Scientific Revolutions, p.122.
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There are periods in the history of science that are

at variance with the pattern of normal science. These

stages are indicative of periods before the establishment

of a paradigm. During these intervals, there are usually

a number of competing schools or groups attempting to assert

themselves as the dominate influence from the pre-paradig-

matic struggle. Each school is founded upon a particular

metaphysical framework and emphasizes only a particular set

of phenomena or observations that it can explain according

to this framework. Other observations or problems are

answered by ad hoc elaborations of the metaphysics or are

left as problems to be dealt with by further research.

With the absence of a paradigm, there is also no com-

mon body of knowledge the science establishes its foundations

upon. Rather, each school or theoretician is forced to

construct its own field of knowledge from any source. As

a result, these- schools are free to choose only those obser-

vations and experiments conducive to its metaphysics. There

is not a standard methodology of the different schools with-

in the same scientific inquiry and there are no standard

and accepted phenomenon that each school must successfully

explain in order to be considered scientific. Consequently,

conflict between schools is characterized by the lack of

clear issues. The dialogue in those debates may be as dir-

ected toward the opposing scientists as it is toward the

dissimilar theories. Kuhn clearly describes the pre-paradigm



period in theories of electricity as conforming to this

description.

The history of electrical research in the first half
of the Eighteenth Century provides a more concrete
and better known example of the way science develops
before it acquires its first universally received par-
adigm. During that period there were almost as many
views about the nature of electricity as there were
important electrical experimenters, men like Hauksheo,
Gray, Desaguliers, Du Fay, Nollett, Watson, Franklin
and others. All their numerous concepts of electricity
had something in common---they were partially derived
from one or another version of the mechanic-corpuscular
philosophy that guided research of the day. In addi-
tion, all were components of real scientific theories,
of theories that had been drawn in part from experimen-
tation and observation and that partially determined
the choice and interpretation. of additional problems
undertaken in research. Yet, though all the experi-
ments were electrical and though most of the experi-
menters read each other's work,,lheir theories had no
more than a family resemblance."

The absence of a paradigm also creates a lack of effic-

iency i,n dealing with facts and phenomena. All facts are

considered by the different schools as equally relevant or

equally inapplicable. Coupled with the paucity of crucial

facts, the need of a method restricts facts to data that is

easily obtained and available. Hence, fact-gathering acti-

vities are extremely random and are usually concentrated

toward those facts most accessible to casual observation

and experiment, as well as those pieces of information from

areas such as craft and technology. "No wonder, then, that

in the early stages of the development of any science diff-

18
Ibid, p.13-14.
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erent men confronting the same range of phenomena, but not

usually all the same particular phenomena, describe and
19

interpret them in different ways." The initial divergent

stage of a developing science only disappears with the

triumph of one of the pre-paradigm schools. Such a tri-

umph is accomplished by a successful restriction of the

field of knowledge so that science can he limited to a

definite structure of knowledge.

It is this latter pre-paradigm stage of science that

accurately depicts the history of theories of generation in

the late Seventeenth Century and the first half of the

Eighteenth Century. Neither preformation nor epigenesis

ever occupied the position of the universal paradigm. Each

should be regarded as competing theories, constantly seeking

to establish itself as the paradigm to direct scientific

investigation into the phenonena of generation.

In addition, by utilizing a Kuhnian approach, Needham

can be more efficiently evaluated as an Eighteenth-Century

scientist. Too often, the major works on generation have

been writen "seeking the permanent contributions of an
20

older science to our present vantage."

The mistakes of our predecessors remind us that we
may be mistaken; their wisdom prevents us from
assuming that wisdom was born with us; and by study-

19

20

Ibid, p.17.

Ibid, p.3.
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ing the process of their thought, we may hope to
have a better understanding, and hence a better
organisation, of our own. Theoretical errors, such
as the final cause, preformation, or phlogiston;
practical errors, such as the divorce between spec-
ulation and technique in the Hellenistic age

21
are

always able to show us a more excellent way.

Other histories have emphasized the monumental achievements

contributing to the "progress" of generation theories and

have ignored the less significant events or events that did

not bear of the same lineal advancement.

The student who can so easily become familiar with
the elements of embryology is not likely to surmise
that it required long and arduous effort, and clear
thinking as well, to establish even the simplest
facts---these he now takes for granted. Although
chance permits a few facts, observation and experi-
ment were the real keys to progress. Metaphysics
revealed no new facts wh4;soever and often led
to long-continued error."'

Both approaches suffer from attempting to picture generation

theories as progressing in time toward an ultimate "truth."

As a result, the actual history is distorted. Kuhn is

attempting to supplant the progressive histories, with one

that illustrates the historical integrity of the science.

In utilizing such an analysis, a more accurate appraisal

of Needham will be accomplished.

21

22

Needham, History -of Embryology, p.xi.

Meyer, Rise of Embryology, p.vii.
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CHAPTER ONE

STATUS OF GENERATION THEORIES (1651-1760)

Until 1651, theories of generation relied almost ex-
23

clustve3y on the authority of Aristotle. It was in this

year, William Harvey (1578-1657) published De Generatione,

in which he attempted to establish a theory of generation

upon observation and experimentation. By studying the de-

velopmental process of birds (eggs), insects (pupae) and

certain mammalian forms, Harvey felt generation could be

defined in terms of appropriate stimuli influencing un-

differentiated organic matter to become fashioned into an

orderly arrangement.

Now it appears clear from my history, that the
generation of the chick from the egg is the result
of epigenesis, rather than of a metamorphosis, and
that all its parts are not fashioned simultaneouy,
but emerge in their due succession and order....'

The initial stages of an individual were new and independent,

produced by the female after intercourse with the male. Copu-

lation was necessary as the female ovum derived its origin

from the male and female and, therefore, the ovum possessed

characteristics of both. The developmental scheme was com-

pletely epigenetic since there was no pre-existing material

23
Gasking, Investigations into Generation, p.27.

24
William Harvey, The Works of William Harvey, trans.

with intro. by Robert Willis (London, IB-47), p.336.
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present before conception.

In De Generatione, Harvey stressed that development was

a creative process of growth and differentiation. All living

organisms derived their existence from a vital primordium

which was not molded or formed by an external agent, but was

under the control of internal stiumuli. Also, the diff-

erentiation of the ovum was accomplished by a series of

successive stages to the adult form, but again without any

apparent external forces acting upon it.

Despite the fact that Harvey appeared to formulate a

modern concept of epigenesis, he should not be regarded as

demonstrating a complete break with the Aristotelian trad-

ition. Throughout De Generatione, he declared his allegiance
25

to Aristotle and adhered closely to the Aristotelian plan.

In fact, the textual material of his treatise on generation

is very reminiscent of Aristotelian phraseology.

The efficient, therefore, which we look for in the egg,
to explain the birth of the chick, is the vital prin-
ciple (anima); and therefore, the vital principle of
the egg; for, according to Aristotle, a soul does not
exist except in that thing whose soul it is.2°

Harvey's plan of generation was highly regarded with the

publication of De Generatione. This acceptance should not be

interpreted in terms of Harvey's conformity to the existing

R. C. Punnet, "Ovists and animal culists," American
Naturalist (1928), 62:481-507, p.483.

26
Harvey, The Works of William Harvey, p.348.



3.6

phi3onophinal milieu. The Seventeenth Century of Harvey

was marked by an extreme dinnatinfaction with the Aristotelian

concepts of "causes" and "spirits". Mont natural scientists

were very anxious to move out of this tradition and into one

stresning the exploration of actual physical causes to

elucidate the various natural phenomena.

In spite of the apparent philosophical incongruity,

Harvey was widely read and accepted and the doctrine of

epigenesis was extensively utilized to explain the generation

of animals. Harvey's reputation can be accurately credited

with facilitating this acceptance. At the same time, his

methodology must be considered as equally influential. In

spite of adhering to Aristotelian thought in a time when the

trend was toward Cartesian thought, he was a very strong

supporter of the popularization of experimentation and ob-

servation. De Generatione included the results of many of

his empirical studies supporting epigenesis as well as an

encouragement for other investigators to examine problematic

areas. That other natural scientists after 1651 worked on

elaborating the Harverian concept of generation corroborates

the view that Harvey's methodology was very popular. A

third factor behind the acceptance of Harvey was the support

from the powerful Church. Epigenesis was considered to be

amenable to scriptural doctrine as the following passage

from Psalms indicates.

For Thou didst form my inward parts, thou didst knit
me together in my mother's womb.
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I praise thee, for Thou art fearful and wonderful.
Wonderful are Thy works!

Thou knowest me right well; my frame was not hidden
from thee,

when I was being made in secret, intricately wrought
in the depths of the earth,

Thy eyes beheld my unformed substance; in the book
were written, every one of them,

the days that were formed for me, when as yet there
was none of them.27

Contemporaneously with Harvey, Rene Descartes (1596-1650)

was developing his strictly mechanical philosophy. Relying

heavily upon the empirical investigations into embryonic dev-

elopment by Harvey, Descartes attempted to replace the Aris-

totelian epigenetic approach with a completely mechanistic

interpretation for epigenesis. Most natural philosophers did

not accept his work, which was published posthumously in

English as On the Formation of the Fetus (1663), although

they were markedly influenced by his mechanical methodology.

Shortly after Harvey's and Descartes' death, the micro-

scope was extensively applied to experimental research. Be-

cause generation problems became a very important problem,

the microscope allowed a plethora of investigators to examine

many aspects of the problem that had not been previously

amenable to scientific inquiry. These people, while reject-

ing the specific Cartesian theory of generation, utilized

the Cartesian mechanical philosophy and the microscopical

27
Psalms, 139:13-16.
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discoveries in a serious attempt to provide a purely mech-

anistic explanation for generation.

Jan Swammerdam (1637-1680) read Descartes and accepted

the mechanical interpretation of life and the implicit view

of strict determinism of the generative process. In 1669,

he demonstrated that the various life cycles of the butter-

fly were enclosed within each other. The microscope revealed

the existence of the egg, larva, pupa and adult as co exis-

tent within each other. Since the egg enclosed the adult,

Swammerdam was led to believe in emboltement.28 Generation

was an unbroken and continuous process involving the succes-

sive emergence and development by growth of a series of indi-

viduals which were brought into existence at the creation.

True generation was denied, as individuals were formed only

by the expansion and steady accretion of a preformed being.

In 1672, Swammerdam extended his views on insects to

other animals. Higher animals presented problems to the

naturalist because they were more complicated. However,

Swammerdam was convinced that the solution to questions of

generation among the higher organisms could be found in

the insects. 29

Nature performs the whole process of generation in
insects in so clear and open a manner, that by the
assistance thereof it would seem that we could pene-

28

Cole, Early Theories, p.42.

29

A. Schierbeek, Jan Swammerdam, 1637-1680 (Amsterdam,
1967), p.115.
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trate to the true foundations of the generation of
other animals... For us to give our opinion on this
matter in a few words, it seems very probable that in
the whole nature of things there is no generation
that can be properly so called, nor can anything else
be observed, than the continuation as it were of the
generation already perfornd, or an increase of, or
addition to the limbs

While Swammerdam was working on insects, Marcell° Mal-

pighi (1628-1694) was making similar observations and con-

clusions upon the chick embryo. In 1672, he published an

extensive treatise outlining in very accurate and precise

details the embryological development of the chick. Al-
31

though he claimed to be strongly influenced by Harvey,

Malpighi did not interpret his microscopical results accord-

ing to any version of epigenesis. Instead, he saw develop-

ment as taking place by a gradual unfolding of what was

already present, but not necessarily visible, in the egg.

He was led to this belief because he could never find an

absolutely undeveloped or undifferentiated germinal spot

on the egg. All his observations were undertaken on eggs

that had been recently laid or were still in the oviduct;

at both of these periods, gastrulation had already begun.

Neither Swammerdam nor Malpighi were complete preform-

ationists, however. Until 1674, they tended to oscillate

between the influence of Harvey and the apparently embottement-
32

confirming studies they had conducted. Pere Malebranche

30

31

Ibid, p.115.

Needham, History of Embryology, p. 145.



20

(1638-1715), a Cartesian Scholastic, used the research results

of both Swammerdam and Malpighi to firmly graft embottement

onto preformation theory and, in so doing, served to link

both men closely to the preformation doctrine. He viewed

the researches of both men, as well as other microscopical

discoveries, as indicating that animals existed smaller to

33
infinity. In many cases, the animal might have been of

such infinitely small size, it could not be seen or imagined.

By applying this infinity of gradation of living organisms

to the enclosed miniatures, Malebranche provided an explan-

ation for emboTtement.

We see frogs in frogs! eggs and we shall see other
animals in their germs also when we hav sufficient
skill and experience to discover them.34

Besides providing preformation with a theoretical found-

ation, Malebranche, because he was a religious leader, also

served to furnish theological support for preformation and,

in this way, insured the acceptance of preformation by the

Church. In Recherche sur la Verite (1674), Malebranche wrote

that the concept of embottement explained the origin of all

life from the original creation.

32
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That all the Bodies of Men and of Beasts, which
shall be born or producid till the End of the
World, were probably created from the Beginning
of it: I would say, that the Females of the or-
iginal Creatures were for ought we know, created
together, with all those of the name species which
have been, or shall be, 42gotten or procreated
whilst the world stands.37

Secondly, as all the organisms had existed in miniature from

the beginning of the world, original sin as a permanent con-

dition of man was explained. Thirdly, the Hebraic tradition

of the male as the seed and the female as the soil was sat-

isfied by theorizing that the male contained the preformed

organism and the female provided the site for prenatal growth

and nourishment. In this manner, Malebranche very effectively

provided both scientific and theological support for emboIte-

ment. It is largely to his credit that the theory was pop-

ularized to the extent that it was in the late Seventeenth

Century.

After 1674, preformation became very popular while the

epigenetic doctrine of Harvey appeared to lose support. By

no means, however, was preformation an unified and universally

accepted theory. Anton van Leeuwenhoek (1632-1723) was an

example of a microscopist who was a philosophical preform-

ationist, but had serious reservations concerning the ex-
36

elusiveness of the theory. Beginning in 1677, he studied

the sperm of numerous organisms and became convinced that

35

36

Punnet, "Ovist and animalculists," p.485.

Cole, Early Theories, p.61.



22

the sperm contained the preformed embryo. In 1683, he re-

mnrked that the sperm impregnated the egg with the embryo.

The egg only served to influence the distinctive character-

istics of the embryo. Leeuwenhoek did not believe, however,

that the spermatozoa were minute miniature men, although he

stated that he believed men could proceed from them. He

continually refused to trust in the microscopical discoveries

made by several investigators of the seminal homunculus. By

1699, he admitted that parts appeared gradually in the fert-

ilized egg and that the egg did not contain a miniature form

of the adult. While the new organism was included within

the animalcule, it was not in a miniature form.

I put this down as a certain truth, that the shape
of a human body is included in an animal of the mas-
culine seed, but that a man's reason shall dwell or
penetrate into this mystery so far, that in the ana-
tomising of one of these animals of the masculine
seed, we should be able to see or discover the entire
shape of a human body, I cannot comprehend.37

Leeuwenhoek's support for embottement came from his con-

viction of the viability of animalculism. However, his ob-

servations prevented him from regarding the fetus as ever

being a visible miniature in the sperm.

Leewenhoek's remark:, against the existence of miniatures

within the sperm were directed against Nicolas Hartsoeker

(1656-1725). In Essai de Dioptrique (1694), Hartsoeker dem-

onstrated the existence of animalcules by including a drawing

37
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made from the microscope of the homunculus showing the fetus

locked within the seminal animalcule. Each animalcule, then,

contained an infinity of other animals of the same species,

both male and female, infinitely small. By having the first

males enclosing all the organisms of the same species which

could ever exist, Hartsoeker represented a pure case of the

38
application of embottement.

In spite of Hartsoeker's strong support for preformation

in 1694, he began to waver on the theory of embottement

early in the Eighteenth Century due to recent work on animal

regeneration. In 1714, Rend Rdaumur (1683-1757) published

the results of experimentation verifying regeneration of the

great claw, antenna and maxillipeds of the crayfish. Accord-

ing to R4aumur, regeneration could be adequately explained

39
using preformation. Within the body of a crayfish, he

theorized, invisible preformed germs were present. Amputation

of any part provided the stimulus for the growth of the germs

into the proper replacement part. The preformed gerMs were

present at the creation of the crayfish and, therefore, were

of limited quantity -- parts could not regenerate repeatedly.

Hartsoeker also investigated animal regeneration, largely

because he was dissatisfied with the findings of Reaumur. In

39
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1722, he published Recueil de p1usieurrlpipc4s and, in it,

completely abandoned preformation in favor of epigenesis on

the basis of his experimental findings. For him, a regen-

erated limb was a new creation. Therefore, critics attacking

epigenesis on the grounds that it required a new creation

every time an organism was conceived, were arguing a moot

point. Both his work and Reaumur's discoveries demonstrated

unequivocally that nature provided new creations via re-

generation every day. Furthermore, the intelligence which

could produce a method to reproduce the lost claw of the

crayfish de novo, could also reproduce an entire organism

from undifferentiated matter.

Epigenesis provided such a clear explanation for re-

generation, Hartsoeker could no longer accept the validity

of the claims of preformationists. In fact, in writing the

Recueil, he severely criticized preformation for failing to

explain accurately the regeneration of lost parts, for not

dealing effectively with the existence of monsters or ano-

malous creations, for creating mathematical and spatial

problems with the encased miniatures within the sperm and

the egg and for relegating God to the role of a passive ob-

server in nature, since preformation stated that God had

created the whole world at the original creation, it implied

his active participation in worldly affairs ended at that
4o

time.

4o
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Pierre Maupertuis (1698-1759) was another supporter of

epigenesis, but unlike Ilartsoeker, he hased his support pri-

marily on studies of inheritance. In VCnusyhysique (1744),

he included the case study of the Negro mutant whose parents

were both of normal Negroid stock. Maupertuis stated that

if either the ovist of the animalculist tradition of pre-

formation were correct, the offspring must necessarily re-

semble one of the parents to the exclusion of the other.

The case of the mutant illustrated the untenablity of both

versions of embottement since the child resembled neither

the father nor the mother. For Maupertuis, preformation was

seriously deficient in that it could not account for anomal-

ous creations, hybrids or the general facts of inheritance.
41

To explain generation, Maupertuis resorted to a scheme

quite similar to the Cartesian theory of generation in 1662.

Both parents contributed an equal particulate secretion,

forming a new individual that was a product of a mixture of

male and female semen. Undoubtedly influenced by the grow-

ing materialist and Newtonian influences in France,
42

he

asserted that the particles in the new organism were under

the control of specific physical and chemical attractive

forces to ensure their proper aggregation. In addition

41
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these were endowed with the Leibnizian idea of a "memory"

or "organizing power", functioning to provide an exact
43

specificity to aggregation.

This particulate theory of generation was very de-

vastating to preformation because it could systematically

handle the vexing problems of inheritance, hybrids and

monsters. For example, Maupertuis would explain the var-

iance in the offspring as being the result of a mixture of

particles from both parents. If weak or deficient particles

were passed on to the offspring, a monster or abnormal

creation would result.

Hermann Boerhaave (1668-1738) did not work exclusively

with generation, but he did investigate problems in embry-

ology since this bordered on his interest in medicine.

He is of particular interest in this study as he represents

an attempt at a synthesis of preformation and epigenesis,
44

although he is usually considered as a preformationist.

While favoring animalculism, he did appear to be sympathetic

with epigenesis. In 1713, he attempted to resolve this

apparent paradox by stating that organs, if preformed, were

simple in structure and must necessarily undergo a progressive

differentiation during development. If it could be demon-

strated that the organs were not preformed, than one must

accept epigenesis.

143
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Albrecht von Haller (1708-1777), a student of Boerhaave

Was an early adherent of epigenesis. In 1744, he wrote

that the regeneration work on hydra, lizards and crustacea

and the gradual development of embryonic organs (chick heart)

effectively disproved the theories of Swammerdam, Malpiphi,

Malebranche and the other early preformationists. Quoting

Aristotle and Harvey, Haller held to the belief that organs
45

were generated in succession from undifferentiated fluids.

During this period, he was probably one of the leading expon-

ents of epigenesis and, as such, wrote a treatise in 1751

criticizing Buffon's conception of generation as he feared

it might lead to a modified theory of preformation.

Haller was also very interested in studying the em-

bryological development of the chick. This work prompted

him to completely switch from epigenesis and to accept

preformation in 1758. Haller observed in the early stages

of development, the yolk eventually became contiguous with

the body of the chick. Consequently, he saw the continuity

of the maternal tissue with the embryonic tissue as indicating

a part of the embryo was pre-existent to the formation of
46

the actual organism. To provide theoretical substant-

iation for this ovist position, Haller relied on the work by

Leeuwenhoek (1695) and Bonnet (1745). These studies support-

ed his empirical results by demonstrating the development

45
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and production of perfect individuals from unfertilized eggs.

Haller's reputation assisted in giving the ovint posi-

tion renewed credibility. In Elementa Physiologl_ae (1765-

1766), he further amplified his generation theory by positing

that the egg contained the preformed parts and the sperm

was the activating agent for initiating and stimulating

growth. To counter the arguments of the microscopists who

objected to not being able to observe the supposed preformed

parts, Haller insisted that many of the organs were trans-

parent and infinitely small, so they could probably never be

seen. It might appear as if the parts emerged gradually

from undefined material, but this could not be the true si-

tuation as epigenesis was, by reasoning, impossible.

As neither the volition of the individual, nor
chance, nor a blind force imparting movement to
the organic parts is able to form the organisms,
we have no choice but to admit that the embryo is
already formed before fecundation.q7

Serious objections to preformation, led Georges-Louis

Leclerc de Buffon (1707-1788) to dismiss the reliability of

this view. Preformation did not account for the known facts

of heredity or the resemblance of the offspring to both

parents. Moreover, it contained several philosophical ob-
48

jections to Buffon. The embottement theory implied in-

finite divisibility of matter and Buffon viewed matter as

-47
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having a definite, finite size. Secondly, preformation

ruled out any possibility of change in time, since each

specie or organism was fixed from creation. This was clear-

ly unacceptable to Buffon because he had evidence of the

possibility of organic transitions. Thirdly, the pre-exist-

ent theory was problematic from the standpoint of mathe-

matics. For Buffon, the infinite progression and expansion

necessary for preformation simply could not and did not

exist.

Buffon's concept of generation embodied many similar-

ities with the system posited by Maupertuis, The new

embryo was produced by the equal contribution of both the

male and female parent. The contribution was in the form

of organic molecules which were united at copulation. The

molecules did not contain a preformed embryo, but did have

a quality of nature called the moule interieur. 49
The

moule was responsible for controlling the growth of the

embryo by careful acquisition of nutritive material. The

control was due to the attractive force inherent in the

molecules serving to guide them to their proper place in

the body. When the body had accumulated the proper amount

of organic molecules, these lost their attractive force,

the excess molecules then forming the seminal fluids."

49
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Like Maupertuis, Buffon's particulate theory of epi-

genisis was quite ad hoc. However, he defended his formu-

lation of the moule int6rieur by demonstrating its similar-

ity to the Newtonian concept of universal gravitation.

"There is a quality in Nature, called gravity, which

penetrates the internal mould [moule interieur] relatively

to this quality, and, therefore, including only comparison,

it hears not any contradiction. "51

Charlet Bonnet (1720-1793) resuscitated the ovist doc-

trine of preformation along with Haller, in the middle of

the Eighteenth Century. Bonnet postulated a particulate

theory resembling Maupertuis' and Buffon's, but he applied

it to the emboitement doctrine of preformation.

The term cmbottement suggests an idea which is
notaJtogetTer correct. The germs are not en-
closed like boxes one within the other, but a
germ forms part of another germ as a seed in a part
of the plant on which it develops . This seed
encloses a small plant which also has its seeds,
in each of which is found a plantule of correspond-
ing smallness. This plantule itself has its seeds
and the latter bears plantules incomparably smaller
and so on, and the whole of this ever diminishing
series of organized beings formed a part of the firs
plant, and thuse arose its first growth.52

Bonnet carried on the work of Reaumur on regeneration.

In 1747, he asserted that the regeneration of the polyp

supported the presence of preformed, encased germs in the

intact organism. By studying regeneration, he concluded

51 Ibid, p. 293.

52 Cole, Early Theories, p. 99.



that these particulate germs, under optimum conditions,

were capable of producing entire new polyps. 53
In

Considerationes sur les corps organesis (1762) he stated

that:

...cutting the polyp into pieces, the nourish-
ing fluid that would have been employed in the
growth of the whole, or put to other uses, is
turned to the profit of the germs concealed in
each portion...we do not wish to have recourse
to purely mechanical explanations, which ex-
perience does not justify and which good phil-
osophy condemns, we must think that the polyp
is, so to speak, formed by the repetition of an
infinity of small polyps, which only await
favorable conditions to come forth.4

31

One of the reasons Bonnet held so tenaciously to pre-

formation was hecuase epigenesis was intimately linked

with spontaneous generation; it assumed each new organism

must arise de novo from unorganized material. Philosophi-

cally, this was unacceptable to Bonnet as it implied nature

could operate from inorganic substances to the organic.55

His later experimental work on snails, limbs and tails of

salamanders, crabs, worms and polyps indicated that pre-

formation was the only reasonable explanation for regenera

tion and, therefore, generation. These views are contained

in La palengenesie philosophique (1770)

I assume then, that a tail, a leg, pre-existed
originally under the form of a germ, the great

53
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organic whole in which they were appointed to
develop. it cannnt he said, exactly speaking
that these organs pre-existed all formed in the
animal; but it must be said that the organic
elements from which they were to result existed
originally in the animal, and that their evolu-
tion is the natural effect of the derivation of the
juices, etc. According to these principles, each
similar part, each fiber, carries in itself the
source of reparation relative to the various
losses that may happen to it. What an idea this
manner of regarding an organic whole gives as the
excellence of the work and intelligence of the
Worker.56

Because Bonnet assumed there was an original creation

at which time all the possible organisms were formed, any

conception of new creation, and therefore, epigenesis, was

unlikely. In Oeuvres d'histoire naturelle et de philosophie

(1779-83), he demonstrated his conviction to emboitement

despite much empirical work casting doubt upon the efficacy

of preformation.

I shall not affirm that the swellings that product
buds of a polyp with arms (hydra) were themselves
polyps in miniature hidden under the skin of the
mother; hut I shall affirm that there are in the
skin of the mother certain particles that have
organized beforehand in such a way that a little
polyp results from this development.57

It is important to note that Bonnet did not propose an

encasement theory strictly analogous to earlier preforma

tionists. The encased germs were not enclosed miniatures;

but, they were particles that had been organized prior to

fecundation. Therefore, the new organism was not the res-

ult of a gradual differentiation process.

56
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Bonnet's work on animal regeneration was amplified by

Abbe Lazzaro Spallanzani (1729-1799). His work was large-

ly confined to embryological studies on the amphihia. While

observing the development of the frog embryo, Spallanzani

came to the conclusion that the egg laid by the female con-

tained the preformed tadpole. 58
After fertilization, the

egg passed insensibly into the tadpole with no residule

material. Therefore, he surmised that the tadpole must have

been pre-existent in the egg. This discovery led his to

state that "the presence of embryos in the females before

fertilization is one of the most general laws of nature."59

Like Bonnet, Spallanzani also was convinced of the ex-

istence of preformed germs residing throughout the body of

an organism.
60

Using this model as a theoretical back-

ground, he attempted to conduct regeneration experiements

on snails, worms, newts, frogs, and toads, to provide sup-

port for embottement. Most of this research focused upon

microscopic inspection of the regenerative site after

excision of a particular part. He carefully observed the

changes taking place at these locations in anticipation

of observing the preformed germs initiating the regeneration

process. The results of these studies were released in

58 Punnet, "Ovists and animalculists", p. 497.
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Nouvelles recherches cur les dCvouvertes microscopiques et

la generation_descorps organesis (1769(. The hook con

firms Spallanzani's bias for preformation.

Here there is a new organized whole, which
grows from an ancient one, and constitutes
the same body; there is an animal slip that
grows and expands itself on the stump of an
animal, as a vegetable slip does on the
trunk of a tree. Remark that the flesh of the
piece cut off does not in the least contribute
to the formation of the part regenerated; the
stump only nourishes the bud; it being the
soil in which the latter vegetates. The part
then that is reproduced passes through all the
degrees of growth, by which the entire animal itself
had passed. It is a real animal in a very minute
form in the great animal that served for a matrix.

Spallanzani marks the 'last of the thirteen naturalists

whose theories of generation will be considered in this

paper. While' this listing does not represent an exhaustive

coverage of Seventeenth-Century and Eighteenth-Century fig-

ures speculating and experimenting on generation, it

does illustrate the several main currents and the many

diverse attitudes during this time concerning generation.

Generally speaking the epigenetic approach during the

Seventeenth and Eighteenth Centuries simply stated that

generation took place from undifferentiated matter that

underwent a sequential production of parts until it reached

the aduly stage. Harvey, Hartsoeker, Maupertuis and Buffon

illustrate various aspects of epigenesis. The preformation-

ists during this same period can be classed into tow large

61
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categories, animalculists and ovists. Both believed in

some version of emboitement of the encasement of miniature

forms or parts within the sperm or egg at the original

creation of the world. Generation was the expansion of the

miniatures or the unfolding of the preformed parts. The

animalculist position, very popular in the early Eighteenth

century, insisted that the sperm contained the pre-existent

material. Leeuwenhoek, Malebranche and Boerhaave were ani-

malculists. The ovists, Swammerdam, Haller and Bonnet be-

lieved that the egg contained the preformed embryo.

Regardless of the many varieties of each theory, most

versions of preformation were incommensurable with most

forms of epigenesis. For preformation, there was no real

generation in nature. Instead, the whole creation was a

static system; everything was created and miniaturized at

the original creation. What appeared to be generation was

only the emergence of a preformed organism. On the other

hand, epigenesis viewed development as originating from

undifferentiated matter, subject to specific laws, forces

or principles to form the differentiated organism. Instead

of looking for preformed figures, parts or rudiments as the

preformation microscopist did, the epigenesists were concer-

ned with dis overing the controlling mechanism behind dev-

elopment. It can be easily understood, therefore, that not

only did the two theories differ from a theoretical stand-

point, but the exact nature of their science also differed.
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EIGHTEENTH CENTURY GENERATION THEORY AS PRE-PARADIGM SCIENCE

All the men discussed in the previous section had a

notable impact on generation theory, each was a reputable

figure in some area of natural history or philosophy, all

were well read by their peers in the scientific community

and all represent the major scientific and philosophical

trends and traditions of the Seventeenth and Eighteenth

Centuries. In considering the obvious diversity of opinion

among these men, the generation problem can he accurately

depicted as lacking a universal paradigm; that is, neither

preormation nor epigenesis served to satisfactorily explain

all the various phenomena and anomalies of generation for

the scientifiC community to the total exclusion of the other

view. In addition, it is also apparent that both preforma-

tion and epigenesis existed simultaneously and enjoyed a

varying amount of acceptance in the different scientific

communities at this time. To he certain, preformation did

appear to be the most popular theory at one time, with epi-

genesis occupying the same position at another time. But

even during these periods, both theories were viable.

There is additional proof for the thesis that the Eigh-

teenth Century lacked a specific paradigm for generation

in the encyclopedic works from this time. Writing the art-

icle on "Generation" in Diderot's Encyclopedie, Arnulphe

d'Aumont (1720-1782) reflected on generation. "It (gener-

ation) is, at present a mystery for us, into which we
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are so little advanced that the manifold attempts at explan-

ations only served to convince us more and more of their

futility."
62 Diderot's English analogue, the Encyclopedia

Britannica offered a similar opinion. After expounding on

the generation theories of Harvey, Leeuwenhoek, Ruffon and

Maupertuis, the article ended with the following disclaimer.

Whoever reads this short sketch of the different
theories of generation that_have hitherto been
invented, will probably require no other arguments
to convince him, that physicians and philosophers
are still as ignorant of the nature of this
mysterious operation as they were in the days of
Noah.63

The co-existence of both of these theories inevitably

led to direct conflict. In fact, one of the dominate char-

acteristics of generation research during the Eighteenth

Century was the factionalism between preformation and epi-

genesis. When one examines historical developments in

terms of the Kuhnian paradigms, these conflict periods co-

incide with either a paradigm crisis or with a pre-paradigm

confrontation. As there is much evidence, especially from

a review of the leading figures in the generation debate,

that there was not a prevailing paradigm, the conflict can

62 Translation from Paul Farber, "Buffon's concept of
species", an unpublished dissertation (Indiana University,
1970) p. 36. The original text was by Arnulphe D'Aumont,
"Generation", Encyclopedic, ou dictionnaire raisonne des
sciences, ed. by Denis Diderot, 1765, XVII, p.g60.

C'est pour nous un mystere dont on a si peu avance
jusq'Apresent a fonder la profondeur, que les tentatives
les plus multipliees semblent n'avoir servi qu'A convaincre
de plus en plus de leur inutilit6.

63"Generation", Encyclopaedia Britannica, 1771,11,p.671.
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he seen as between two theories prior to the establishment

of a dominant paradigm. The validity of this application

of Kuhn is evidenced by studying several of the character

istics he postulates as indicative of a scientific field

engaged in pre-paradigm science and drawing parallels to

the situation currently being surveyed.

First of all, each theory substantiated its authen-

ticity on the presence of absence of a particular and spe-

cific metaphysics. For instance, preformationists adhered

strongly to the emboltement concept as it was very amenable

to the Christian theology. Early investigators such as

Swammerdam, Malpighi and Malebranche, as well as the notable

middle Eighteenth Century empiricist and religious zealot

Haller, believed the encasement theory sufficiently ex-

plained the concept of original sin, the original creation

of all organisms and species and the finite nature of

terrestrial life. The earlier theorists also favored pre-

formation since the emphasis on pre-existence was motivated

by a conviction that the physical universe could not he

held responsible for generation. By involving the Diety

and a Divine plan, the spiritual realm was regarded as pro-

viding the guiding force for reproductive phenomena in the

physical world. In opposition to these views, epigenesis

was usually promulgated to remove such "religious mysticism"

from science and to provide serious and conclusive evidence

to the debate. The foundations of the preformationists
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were not generally attacked as erroneous; instead, many

epigenesists considered the utilization of a religious

metaphysic for the explanation of a natural pehnomena as

inapplicable because it did not serve to explain the facts,

but merely provided the means for justifying a certain

position. Many of these investigators were convinced that

one could view natural causes as being controlled by physi-

cal laws and forces. As a result, they did not rely heav-

ily upon religious arguments, such as original sin. Among

the epigenesists, the main thrust was toward the desire to

explain the problematic phenomena of the preformationists,

the existence of monsters, inheritance of characteristics

and bi-parental contribution, by using the laws and forces

applied to nature. Their aim was to "deprive nature of its

carefully guarded secret." 64
In attempting to explain

these "secrets", they viewed their approach as superior to

that of the preformationists; the latter school was offer-

ing only descriptive explanation for the phenomena.

Secondly, there was no common accepted knowledge each

theory based itself on, or even a common knowledge among

the followers of one theory. Preformationists supplied

several speculative models from pre-existence that were

dependent upon completely contradictory assumptions. For

example, there were those who believed the miniatures were

64
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carried within the sperm (animalculists), while others

were convinced that the only efficacious view concerning

generation was of preformed individuals residing within the

egg (ovists). Others were strict believers in the existence

of preformed rudiments of the organs in the embryo before

fecundation. Such diversity of knowledge was also evident

among the epigenetic group. They were usually at odds over

the exact nature of the forces required to explain develop-

ment. Because of the dearth of coherent and widely accepted

knowledge, each theorist was free to construct his own field

of knowledge. Most of the Eighteenth Century works on gen-

eration, therefore, were characterized by a lack of a uni-

fieki body of knowledge. Instead, each theory favored evi-

dent that would provide support only to it.

Besides lacking a common knowledge, pre-paradigm stages

are also evidenced by the indiscriminant use and gathering

of facts. There were no crucial facts 65
although some facts

were used more effectively by one group. While certain

facts may have proved problematic, most were either effect-

ively handled by either position or ignored as irrelevant.

The epitome of this was the incorporation of regeneration

experiments by both schools. Throughout the Eighteenth

Century, Reaumur's observations on regeneration in the

65
Crucial facts are those that any theory must incor-

porate satisfactorily if it is to be considered scientific.
The point is, that in the absence of a paradigm, any theory
can be advanced without addressing itself to any body of
factual information.
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polyp was used and elaborated upon by both preformationists

and epigenesists to support their position. Buffon offered

a lucid exposition of regeneration, relying upon the control

of the moule interieur on the organic molecules. At the

same time, Bonnet illustrated how regeneration clearly gave

evidence to the actual existence of preformed germs that

could reform the lost parts of the organism. Later, in

fact, Spallanzani maintained that these germs could be seen

at the side of the excised part. Regeneration gave each

position a certain amount of credibility; certainly, it did

not favor one view to the exclusino of the other.

A last example of the way in which the preformation-

epigenesis debate of the Eighteenth Century parallels Kuhn's

conception of pre-pardigm science is the role of scientific

debate. Kuhn states that in the absence of a universal

paradigm, dialogue is not directed at the opposing theories

as much as it is often directed at the scientists not

sharing the same scientific bias. Hartsoeker, an earlier

advocate of the animalculist preformation, launched a vig-

orous attack on the preformation and regeneration work

of Reamur. He, in turn, was counter-attacked by Reamur,

Louis Bourguet (1678-1742) and Abraham Trembley (1700-1784).

In criticizing epigenesis, Haller specifically focused his

assault on the writing of Buffon rather than generally

criticising the theoretical aspects of epigenesis. "As

for the 'internal moulds' of which I could never conceive
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one clear idea in my mind, we shall refer to these hypo-

theses which the desire, of explaining things of which we

are unwillingly ignorant, has give rise."

The existence of a different specific metaphysical

background for different theories, the lack of a common

scientific knowledge, the indiscriminant use and applica-

tion of facts and personally-directed conflict are charac-

teristics that, if present together with conflicting

theories, indicate pre-paradigmatic science. During the

Eighteenth Century debate on generation, all these charac-

teristics were present. This provides the basis upon which

one might legitimately utilize the Kuhnian approach.

66
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PHILOSOPHICAL, RELIGIOUS AND TECHNOLOGICAL IMPACTS

UPON THE THEORIES OF GENERATION

While there is much evidence to corroborate the thesis

that both preformation and epigensis were viable and well-

accepted theories in the Seventeenth and Eighteenth Centuries,

there is also evidence indicating preformation was the more

popular theory in the late Seventeenth and early Eighteenth

Century and that epigenesis became more popular with the work

of Buffon in the middle of the Eighteenth Century. This

view is not antithetical to the thesis of this paper. While

a given theory may have enjoyed wider popularity at any given

time, neither theory received universal acceptance. In

addition, the earlier popularity of preformation and its

subsequent replacement by epigenesis can be accurately and

intimately linked with the initial popularity of the Cartesian

mechanical philosophy in the Seventeenth Century and its

eventual demise and replacement by the Newtonian world-view

in the Eighteenth Century. The connection between Cartesian

thought and preformation on one hand, and between Newton-

ianism and epigenesis on the other, is not, however incorr-

igible. All preformationists were not Cartesians and all

epigenesists were not necessarily Newtonian.

During the Seventeenth Century, there was a general

reaction against the utilization of ancient authorities to

explain natural events. In particular, the replacement of

these older world-views by more modern philosophies was
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aimed at the destruction of the Aristotelian system. To

replace Aristotle's world-view, the natural philosophers

resorted to mechanical systems stressing their shared con-

viction that the real world consisted of material particles

whose motions and combinations could account for all the

properties and qualities of visible things. "By inventing

new systems of largely speculative physics, they hastened

to fill the vast emptiness left by the collapse of Aristo-

tle's imposing world scheme."67 Chief among the mechanical

philosophers was Rene Descartes. His two influential works,

Discours de la methode (1637) and Meditationes de prima

philosophie (1641), eventually achieved such importance that

the Cartesian world-picture dominated the second-half of the

Seventeenth Century and lasted to profoundly influence the

Eighteenth Century.

The novelty of Descartes for the Seventeenth Century

natural philosophers was his thorough-going mechanism. The

Cartesian system demanded none other than mechanistic

explanations could be applied to bodily structures and

functions.
68

Employing this method to Harvey's De Genera-

tione Animalium, Descartes attempted to describe embryology

in terms of the development of a material system, according

67
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to a plan with a pre-determined design. Despite the strong

appeal of the Cartesian philosophy and the desire of the

contemporaries of Descartes to accept his general cosmolo-

gical views, his theory of generation was substantially dis-

missed. The primary particles were too few in number and

too simple in form to account for the complexities of dev-

elopment. Also, the laws of nature were too general to

account for the many diversities of embryology of the dif-

ferent species and to explain the extreme intricacies of

animal form. Thirdly, the Cartesian theory did not allow

the creation of any new organisms after the initial creation.

God's creative activity ended when he completed the creation

of the universe. Finally, many natural philosophers had

problems understanding the existence of thb soul if they

relied on Descartes' mechanical model for generation. 69

In spite of the rejection of the specific Cartesian

plan for generation, the general mechanistic interpretation

of natural phenomenon by Descartes was widely accepted.

The last part of the Seventeenth Century and early Eighteenth

Century were characterized by a position on generation

against the particular Cartesian sub-theory, but also by a

desire to save the more general Cartesian world-view. The

theory of preformation conditioned with emboitement served

to save this interpretation as well as to explain the phen-

omenal aspects of generation. In addition, pre-existence

satisfied the theoretical preconceptions of the philosophers

69
Ibid, p.140
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and was also corroborated by empirical research. However,

the strength of these theories was not empirically-based,

but was clue to their ability to resolve the pressing phi1-
70

osophical problems. First of all, up to this time, the

mechanical philosophers were unable to provide a satisfactory

account of generation in physical terms. Secondly, the con-

comitant revival of Augustinian thought re-emphasizing God's

role in creative activities, necessitated a model for gener-

ation in which everything was created at an initial Deus ex

machina operation. Any subsequent generation was the result

of the "coming into being" of preformed miniatures. Lastly,

preformation served to glorify the Diety by making him the

final cause and only creative force in the universe.

By understanding the Cartesian world-view of the

mechanical philosophers, it is often easier to understand

the speculations of these philosophers. For instance, Swam-

merdam had read Descartes and had subsequently accepted the

universal application of the mechanical explanation. Male-

branche was also deeply influenced by the Cartesian phil-

osophy and the rebirth of Augustinian thought. Malpighi,

Leeuwenhoek, Hartsoeker and Reaumur were educated in this

same tradition; they could be expected to generally accept

the same metaphysics for generation. The net result of the

Cartesian impact was that one could still understand organ-

isms as machines of great complexity and variety adapted to

70
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a particular environment as part of a Divine plan. More-

over, the natural philosophers amended generation theories

to again place God into a position of being an integral

figure in every day events.

God, who had seemed to early Cartesians an august
being governing the universe by a few general
laws of geometry and motion, became for the con-
temporaries of R6amur as ingenious mechanic
attemtive, as Buffon complained, to such trivia
as the correct folding of the wing of the beetle.

Despite the refinement of generation by the post-

Cartesian mechanical philosophers into a more credible

pre-existence scheme, there were still serious problems

with the emboltement concept of preformation that became

critical for the theory from about 1700 to 1740. The re-

generation of lost parts exhibited by amphibians, lizards,

crustaceans and polyps was hardly amenable to the earlier

conceptions of preformation. The intermediate character

of hybrids indicating biparental heredity caused problems

as the mechanical interpretation stressed the pre-existence

of the embryo either within the male or the female. Also,

because species were all created at an initial and total

world creation, the presence of species variation as a

result of breeding, created pitfalls for the emboftement

philosophers. Finally, the existence of novelties or

monstrous births was problematic as it implied there was

the possibility of imperfection in God's system.

71
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Accompanying these practical problems with preformation

was the rival philosophical system of Isaac Newton and a

concurrent emphasis on empiricism and reaction against gen-

eral systems or theories. Newton's major work, Philosophie

naturalis principia mathematica, was first released in 1686

and republished in 1713. It gradually became very popular

and influential primarily because of the dissatisfaction

among some of the natural philosophers using mechanical de-

scriptions. Newton stated that he did not feel everything

could be profitably reduced to speculative physics. To

remedy the problem of the Cartesian world-view, he replaced

its speculation with impressive mathematical arguments. The

new method consisted of incorporating the popular empiricism

by demanding inductive conclusions drawn from extensive ob-

servations and experimentation. The speculative character-

istics of the older Cartesian school was de-emphasized.

I have no hypothesis; for whatever is not deduced
from the_phenomena is to be called a hypothesis;
and hypotheses, whether metaphysical or physical,
whether occult qualities or mechanical, have no
place in experimental philosophy. In this phil-
osophy particular properties are inferred from the
phenomena and afterward rendered general by induction.72

Natural philosophy consists in discovering the frame
and operation of nature, and reducing them, as
far as may be, to general rules or laws establishing
these rules by observation and experiments and thence
deducing the causes and effects of things."

72
Isaac Newton as quoted from H.S. Thayer, Newton's

Philosophy of Nature (New York, 1953), p.45.
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Newton was offering an abstract, but rigorous mathematical

description of the laws of motion and their consequences,

in place of the more pictorial type of explanation or model

system favored by the mechanical philosophers.

Newton's mathematics were eventually incorporated into

natural philosophy at the expense of Cartesian geometry.

In the Principia, Newton demonstrated the inadequacy of the

Cartesian vortices in the description of celestial phen-

omena and the elliptical orbits of the planets by using his

mathematics. 74
This demonstration was very impressive, es-

pecially to the scientists of the Enlightenment. By the

middle of the Eighteenth Century, the acceptance of the

corpuscular view of nature was very evident. The natural

philosophers were also accepting the challenge and method

of Newton to discover the laws of nature.

I wish we could derive the rest of the phenomena
of Nature by the same kind of reasoning from
mechanical principles, for I am induced by many
reasons to suspect that they may all depend upon
certain forces by which the particles of bodies,
by some causes hitherto unknown, are either mut-
ually impelled toward one another, and cohere in
regular figures, or are impelled to recede from
one another. These forces being unknown, phil-
osophers have hitherto attempted the search of
Nature in vain; but I hope the principles here
laid down will afford somelight either, to this
or some truer method of philosophy.75
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Theories of generation was one of the areas where the

Newtonian philosophy was widely incorporated. Unlike the

mechanical Cartesian world-view which was in many ways con-

nected with the preformation theory of generation, Newton-

ian thought could he utilized by both the preformationists

and epigenesists. Albrecht von Haller was one of the many

biologists who looked for and posited the existence of

forces, after the Newtonian example, to explain physiolog-

ical forces. The twin forces of irritability and sensibil-

ity served to describe the mechanism of muscles and action

of nerves. Both forces were epistemologically related to

Newton's gravity; that is, they were used as an inexplica-

ble explicative device. These natural forces were also

used by Haller to provide for an explanation for the intri-

cacies of reproduction. Orgininally an epigenesist, he

used the same forces to explain the growth of the preformed

individual when he converted to preformation. For Bonnet,

the preformed germs aggregated and specialized by means of

the attractive force. Representing the epigenetic incor-

poration of Newtonian forces, Buffon used the same attrac-

tive force to describe the mechanism of the operation in

which the moule interieur organized the undifferentiated

and specialized organisms.

While Newtonian thought could be adopted by both pre-

formation and epigenesis, it did prove to be more benefi-

76
T.S. Hall explains the use of Newton by 18th Cent-

ury natural philosophers in "Biological analogs to Newton-
ian paradigms."
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cial to epigenesis. Prior to Newton, the weakness of this

was in delineating the method by which the embryo could

pass from an unstructured mass of cells to an highly inte-

grated animal. By introducing the concept of universal

forces in nature, Newton equipped his biological contemp-

oraries with a theoretical tool with which these forces

could be legitimately discovered, identified or postulated.

The attractive forces when adopted to generation, had the

advantage, according to the Newtonian example, of being

derived from forces, laws or principles whose actual origin

or cause did not and should not be speculated upon. Rather

Newton established the validity of assuming their existence

from the phenomenon.

The widespread application of Newton among both

schools of generation theory by 1750 was the result of a

loose, normal extension of the Newtonian paradigm. Primar-

ily because Newtonian thought was tremendously popular by

this time, many theorists borrowed from it "confidence in

the explanatory utility of terms deliverately left unex-

plained."77 It must be emphasized, however, that the new

emphasis on mathematical explanations did not necessitate

a complete destruction of the older views and a subsequent

reconstruction; rather, the new paradigm served to cut

across and modify the theories according to the newly

accepted epistemology, but did not completely restructure

them.

77
Ibid, p. 26.
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In addition to the influence of the two dominate phil-

osophies in the Seventeenth and Eighteenth Centuries, gen-

eration theories were also very subject to theological con-

ditioning. A clear example is the fact that most genera-

tion theories of the late Seventeenth Century involved some

form of embottement concept. Encasement theories very con-

viently explained the major issues of religion; that is,

original sin, Divine design and the finiteness of God's

creation. Forces invoked to explain embryological differ-

entiation were considered by these same theorists as here-

tical. The danger of such forces was that they could lead

to an explanation of natural events in terms of natural

forces and laws working independent of God. Later, Need-

ham relied on the same forces to provide a convincing

argument explaining the way God controlled epigenetic

movement. In most of these cases, the theological argu-

ments were very intimately related to the current philoso-

phical views.

A third impact upon theories of generation was the

development and refinement of the microscope. By enabling

the investigator to see and observe particles smaller than

those visible with the naked eye, it opened an entire new

world for the natural philosopher. The emboitement concept

of preformation was dependent upon the development of the

microscope and its expansion of the finite, visible world

into an infinite universe with infinitely small organisms

existing within it. Thus one could imagine the successive
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encasement of preformed miniatures one inside the other

ad infinitum.

At the same time microscopical work provided a certain

amount of support for preformation, it also pointed to the

serious deficiencies of the theory. While it did success-

fully "find" preformed miniatures of the butterfly, aphids

and other insects, it consistently failed to produce any

empirical support for the animaiculist or ovist encasement

position on a level above the insects. Moreover, as the

microscope was refined in the Eighteenth Century, animal-

culist and ovist "figures" existing before fecundation were

demonstrated to be illusions. At the same time, work on

regeneration failed to elucidate the organic molecules

controlling the regenerative process.

This review of the generation theories and the various

philosophical, theological and technical aspects influenc-

ing these theories, has shown that there was a tremendous

diversity of thought on the problem of generation from

1651-1760. As a result, I believe it would be hazardous

to state that any one opinion was the characteristic or

dominate view of generation. With Harvey and Descartes,

epigenesis became a very popular theory. However, the

post-Cartesians rejected, the Aristotelian regimen of

Harvey and the simplicity of Descartes to adopt the more

refined and sophisticated embo/tement concept. Pre-

existence, in this form, was also given support from the

theological community and from empirical evidence furnished,
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by the new microscope. Rut, it also encountered problems

when it attempted to explain the existence of monsters,

hiparental inheritance, hybrids and variation. With Newton,

epigenesis was provided with the methodology for postulating

the existence of forces to explain the developmental pheno-

menon. In addition, Newton was also utilized by the prefor-

mation school to explain certain properties or problems with

encasement. In spite of the apparent chronological develop-

ment of the theories, that is, epigenesis thriving soon

after the formulation of Newtonian forces in nature, they

did not metamorphosize in this manner. Both were very pre-

velant and influential throughout this period.



55

CHAPTER TWO

BIOGRAPHICAL SKETCH OF JOHN TURBERVILLE NEEDHAM

John Turberville Needham was born September 10, 17)3

in London, the eldest son of the barrister John Needham and

his wife, Margaret Lucas. The family descended from the

Catholic branch of the Needhams whose roots have been traced

to the county of Monmouthshire. Needham's father died at a

relatively young age, but due to his success while practicing

law, left the family well-provided for. The family was ex-

tremely devout and dedicated to the Catholic Church; of the

four Needham children, two, including John Turberville,

entered into the clergy.

Needham's earliest education began in London. When he

was nine, he was sent by his family to study on the continent

in France. He began his studies in 1722 at the English Cath-

olic college in Douay and, except for a one-year period between

1729 and 1730 when he returned to England due to poor health,

he remained in France until 1740. After finishing his studies

in Douay, Needham decided to enter the priesthood. In 1731,

he received his tonsure at Arras. Seven years later, in 1738,

with his training in the priesthood completed, he was or-

dained as a Catholic priest in Cambrai. He remained at the

English Catholic college there until 1740 as an instructor

in rhetoric.
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The Catholic mission recalled Needham to London in

1740 to become director of the school for Catholic youth at

Twyford, near Winchester. His duties were divided between

purely administrative details and teaching rhetoric and

philosophy, but he still found time to begin several inter-

esting investigations into natural history, including some

microscopical work. The mission again summoned Needham to

move in 1744, this time to the Roman Catholic English college

in Lisbon to instruct in philosophy. In Portugal, Needham

continued to pursue his interest in natural history. In

particular, he investigated the calamar, a squid found in

abundance in the estuarine waters of the Tagus River.

Needham believed that the calamar was the macroscopic analogue

of Trembley's polyp and therefore, could prove to be a

scientific discovery of equal magnitude to the polyp. Need-

ham had been looking for such an organism as he believed

in the "Micromegas fallacy" 78
; for almost all of the micro-

scopic creatures, there existed an analogous structure on

the macroscopic level. After fifteen months in Portugal,

Needham returned to England ostensibly because of health

problems, but more likely due to his extreme dislike to

the Portugese climate.79

78

S.F. Milliken, "Buffon and the British," an unpublished
Ph.D. dissertation (Columbia University, 1965), p.318.

79

C.E. Hughes, "Needham, John Turberville," Dictionary
of National Biography, (New York, 1909), Vol.14, p.159.



57

When Needham returned to London; he completely dedica-

ted himself to his microscopical investigations. The results

of this work, he published in his first hook in 1745, An

account of some new microscopical discoveries founded on an

examination of the calamary and its wonderful miltvessels,

etc. Within this hook, which he dedicated to the president

of the Royal Society of London, Martin Folkes, and the coun-

cil and fellows of the Society, Needham included a compre-

hensive discussion of his work on the calamar in Portugal,

the effect of water upon the plant Farina foecundans, the

existence of eels in blighted wheat when water was applied

to the wheat,.a short discussion of the eggs of the Thorn-

back fish, structural description of barnacles, an examin-

ation of "the supposed Embryoes of Soles, found upon a

Species of Shrimp" and microscopical observations on the

tongue of the lizard. 80
Folkes was very impressed with the

quality of Needham's work and subsequently recommended him

to his friend, the eminent French biologist, Buffon.81

Needham's experiments of 1745 were greeted by Buffon

with enthusiasm. Buffon was especially interested in

Needham's description of the spermatic animalcules of the

squid spermatophore as machines rather than animals and

80

John Turberville Needham, An account of some new
microscopical discoveries, etc. (London, 1745), p.104.

81

Milliken, "Buffon and the British," p.351.



58

also with Needham's hay infusion studies in which organisms

apparently developed spontaneously. The result of this

interest was that in 1747, Buffon invited Needham and his

microscopes to conduct experiments with him in Paris.

Buffon was extremely desirous to obtain microscopical evi-

dence supporting his view that the "pretended animals

[spermatic animalcules] were only living organic particles,

common to animals and vegetables." 82 All animal and vege-

table matter should he found to contain these organic par-

ticles which were obtained through feeding and nutrition.

Since the seminal fluid was the result of nutrition, it

sould also contain these organic molecules.
83

Needham travelled to Paris in 1746; one year later,

following Buffon's invitation, they began their joint

empirical studies. The experimental work they decided

upon included observations on spermatic animals in both

male and female seminal fluid and a tremendous number of

infusorial studies. On the strength of these experiments

and his numerous communications with the Royal Society on

scientific affairs in France, Needham was elected as a mem-

ber of the Royal Society of London in 1747.84 This honor

was especially impressive since Needham was the first

82
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Catholic clergyman to gain admittance to the exclusive

Society.

Needham stayed on the continent throughout most of the

late 1740's to continue his experimental work. In particu-

lar, he focused upon the apparent spontaneous generation of

organic molecules in hermetically sealed infusions. In 1748,

he wrote to the Royal Societ and communicated the results

of these experiments proving that spontaneous generation did

occur in nature. These results were also contained in

Observations upon the general composition and decomposition

of animal and vegetable substances, published in 1749. This

work provided the foundation for the physical and metaphysi-

cal systems which Needham was to maintain throughout his

life with little variation. A year later, he expanded these

views into his largest work, Nouvelles observations micro-

scopiques, avec des d6couvertes int6ressantes sur la comp-

osition et la decomposition des corps organises. Despite

the size of the work, it is not as important as several of

his other writings. His ideas are very difficult to under-

stand and sometimes are incomprehensible as they are often

put forth without any organizational coherency. The gener-

al thrust of the treatise was to develop the system of nature

as being endowed with a productive force, and that any organ-

ized substance, from the most simple to the most complex,

was formed by an expansive and a resistant force, and that

they degenerated upon death into vegetables.
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The publication of Nouvelles observations marked the

end of a decade of tremendous research and dedication to

the natural sciences. Prompted by a lack of money, he gave

up his experimental work and returned to England and became

a tutor to various aristocratic families. 85
In 1751, he

travelled abroad as the tutor to the Earl. of Fingall and a

Mr. Doward of Corbie. Later, he travelled with Lord Gar-

manston and a Mr. Towneley. In 1762, he was hired by the

Viscount Dillon to he the governor to his oldest son,

Charles. In breaking from empirical science, Needham

appeared to change the focus of his interests to geography

and subjects of antiquity. This change was reflected in

his publication of Observations des hauters faites avec le

barometre au mois d'Aoust, 1751, sur une partie des Alpes

in 1760 and De Inscriptione quadam aegyptiaca Taurini inventa

et Characteribus aegyptiis olim et sinin communibus, exerata

idolo cuidam antiquo, in regia Universitate servato, ad

utrasque Academia Londinensem et Parisiensem, rerum anti-

quarum investigationi et studio praepositas, data epistola

in 1761. The latter work provoked a minor intellectual

crisis amon antiquarian circles. Needham had attempted to

interpret the Egyptian inscriptions on a bust, supposedly

of Isis, by using Chinese characters. This ad hoc theory

85
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was completely rejected and disproved by other experts.

Nevertheless, Needham was admitted to the Society of Anti-

quaries in London in 1761 primarily for his contributions

to that. science.

After sixteen years of extensive travel throughout

Europe, Needham retired to the English Catholic seminary at

Paris to once again dedicate himself to scientific pursuits.

By this time, his reputation as a microscopist was universal.

One of the main reasons for the wide recognition accorded

to Needham and his observations was the support and sys-

tematic treatment provided by Buffon. In his enthusiasm

for Needham's work, Buffon gave it considerable space in

his own publication (Histoire naturelle)and added his own

comments favoring spontaneous generation. 86
Together, they

proved to he strong support for spontaneous generation; it

also served to involve Buffon in a substantial debate with

Voltaire. In 1765, Needham began to publish a series of

pamphlets in the form of Lettres sur les Miracles in which

he stated that the essential unity in all life was marked

by imperceptible gradations between the animal and vegetable

world. To support this speculation, he used the empirical

results of experiments conducted by Buffon and himself

indicating microscopical animals sprang from decomposed

vegetables. Needham's views as published in the Lettres,

86
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were abhorent to Voltaire for two reasons. first, Needham

had attempted to establish the authenticity of spontaneous

generation and the existence of all life along a graduated

scale, each specie only slightly differing from closely-

related species. Voltaire was fearful that this system

could upset the fixity of species. That is, Needham was

formulating a theory that could lead to species transmuta-

tion. Secondly, Voltaire feared that Needham's experiments

might be used in defense of the accuracy of Biblical science.

Already, Needham had demonstrated that life came from decay-

ing matter; the Bible stated that seeds could not grow

unless they first rotted or decayed in the earth. 87
To

attack Needham, Voltaire used the experiments of Abbe Spall-

anzani showing that Needham's experiments were not conducted

under sterile conditions and, therfore, his speculations

based on the results of this work were invalid. 88

In spite of the effectiveness of Voltaire's arguments,

Needham's reputation was not effectively tarnished. The

two decades of fame he enjoyed from the collaboration with

Buffon served to establish him as a leading empiricist of

the mid-Eighteenth Century. In 1768, he was elected as one
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of only eight foreign correspondents of the l'Acadmip

roynle deg sciences. Shortly after this honor, he wa;

chosen as director of the new literary society, Societr;

litteraire in Brussels, founded by Marie-Therese of the

Austrian Netherlands in 1769. Four years later, in 1773,

the society was renamed the Academie imperiale et royale

des sciences et belles-lettres de Bruselles with Needham

as its director. Also, during this time he published, in

1769, Nouvelles recherches sur les decouvertes microscopiques

et la generatione des corps organises; ouvrage traduits de

l'italien de M. l'abbe Spalanzani [sicj; avec des notes,

des recherches physiques et metaphysiques sur la nature et

la religion, et une nouvelle theorie de la terre, par M. de

Needham which, from the title, included the French transla-

tion of Spallanzani's work refuting the existence of spon-

taneous generation. In rebuttal, Needham simply reiterated

the efficacy of his system of forces as implying the

existence of spontaneous generations as well as offering

a complete ad hoc speculative plan for the creation of the

world.

When Needham returned to the seminary in 1767, he

became very active in the affairs of the Church. The gov-

ernment appointed him to the canonry of the collegiate

church in Dendermonde. In 1773, he exchanged this position

for the canonry in the collegiate and royal church of

Soignies in Hainaut. His election to several learned soc-

ieties at this same time (l'Academie Royale Basque en
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Espagne, 1771; Societe d'Emulation de Liege, 1779; Society

of Antiquaries of Scotland, 1781) also implies that he had

the respect of a wide-range of people. 89

,Needham's last work, Idee sommaire ou vue_generale du

systeme physique et metaphysigue de M. Needham sur la gen-
1

eration des corps organises was published in 1776. In this

short work, Needham modified some of his ideas which appear-

ed to him to tend toward materialism. The revision was

caused by the fear that he might he criticized for intro-

ducing materialistic ideas into natural history.

Needham died on December 30, 1781 in Brussels. He

was buried in the vaults of the abbey at Coudenberg.

One of the most characteristic attributes of John

Turberville Needham was his tremendous humility and hon-

esty. The clearest example of this personal trait is con

tained in a rather lengthy extract from the Preface to An

account.

it is not material to the Learned World to be informed,
that when the Subjects, which are contained in this
Essay, were under Examination, the Author was much
indisposed, tho' it may be so to himself by way of
Apology to the Readers for any Mistakes that may
appear in the Course of the Performance. He wishes
therefore with all his Heart, that they had fallen
in the Way of a more able Observer; and it is in
this View, that he has prevailed with himseld to
publish his own Remarks, rude as they are and un-
fashioned, that Persons of more Experience may cor-
rect and finish what he has only begun, by pointing
out to them Subjects worthy of Examination...He can

89
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assure the Learned, that he has wrote Niel nothing
but plain Matters of Fact, as he has notHing more in
View than a simple Narrative; whatsoever goes beyond
this, and favours of an Hypothesis, he has, as may
he expected from a timorous Author, advanced with as
much Caution, as he thought necessary to convince
the world, that he endeavours not to derogate from
the Respect which may be due to the Sentiments of
those who are gone before him, but mostly expressed
his own surmises. if he has been mistaked, he is
sensible, that it is a Misfortune, from which Men
of Superior Talents, and much more Experience than
himself, cannot promise themselves to be exempt,
especially in Subjects of this Nature and consequently
is disposed to stand corrected, whenever his Mistakes
are pointed out to him, with all due Acknowledgement
to Friends, if this little Performance attains to a
Second Edition. He hopes therefore as an Author, that
he may meet with some Encouragment from the Learned
to pursue his Researches and promises, if his Essay
meets with Approbation, to do all that lies in his
Power to oblige the Publick hereafter with something,
if possible, in the same Way, that may claim their
attention with a better Grace, than this does, if it
be owing only to a more decent Dress, than he appre-
hends his present Thoughts appear in, for want of a
sufficient Acquaintance with Men of Learning which
he has just had the Happiness of beginning."

While such humility was often a standard stylistic tool in

the Eighteenth Century, in this case it can be linked with

Needham's character. An account was published in 1745 as

the first of his major scientific works. It is apparent

that Needham was making his debut into the scientific com-

munity as cautiously as possible. Constantly, he referred

to "more able" observers, "Persons of more Experience" and

"men of Superior Talents." That none of his subsequent

works were preceded by similar remarks made by a "timorous

Author" lends corroboration to this point. His honesty was

90
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so well-known that even his adversary, Voltaire, was im-

pressed enough to refer to him as "Honest Tub."

According to his biographer, Abbe Mann,9/ Needham was

a paragon example of piety, temperance and purity. He was

a passionate opponent to infidels, but was also so simple

and candid as to he often susceptible to becoming the

dupe of the dishonest. 92

Another interesting account of the personality of

Turberville Needham was written by James Boswell, an Eng-

lish gentleman who travelled widely in Europe and happened

to meet Needham in Italy in 1765. Selections from his

diary reveal Boswell's impressions of Needham and some

other personal characteristics of him.

After dinner I sat some time with Needham, who told
me he was in orders as a Catholic priest and had al-
ways lived with conscientious strictness. He said he
had many severe struggles to preserve his chastity,
but had done so, and was now quite serene and happy.
He had also been distressed with a downness of spirit
which impedes devotion...I was amazed to find a man
who had such parts and had seen so much of the world
and yet so strict and worthy as Needham.93

Needham enjoyed the reputation of being one of the

foremost microscopists of the mid-Eighteenth Century. He

was regarded as one of the most eminent virtuosi of the
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Royal Society of London.
94

Needham possessed an instinc-

tive grasp of the difficulties and precautions needed in

experimental work, as well as the need for constant re-eval-

uation or the experimental process. Because of his reputa-

tion, Buffon was favorably impressed. According to Buffon,

Needham was "a gentleman well known for his microscopical

observations."
95 Since Buffon had neither the excellent

microscopes not the manual dexterity of Needham, it is quite

easy to understand why Buffon secured his services for

the empirical observations on seminal fluids and infusions.

That Needham was a careful, keen and judicious observer

can hardly be disputed. However, his greatest liability

was his propensity to formulate unwarranted generalizations

from experimental data that was, in no way, conclusive. As

a result, much of his writing "was neither remarkable for

fecundity nor method; his writings are rather the great

lines of a subj-ect expressed with energy and thrown upon

paper in a hurry than finished treatises.
06 The Abbe

Mann father describes Needham's published work:

...his philosophical views were presented to the
public exactly as they had first presented them-
selves in his thoughts, without method and without
order. In speaking and in wiriting, he almost in-
variably failed to convey a true impression of the
extent and depth of his knowledge. I have often
tried to persuade him to recast his works, to re-

95
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duce them to an orderly system contained within a
single volume, and to publish a complete edition of
everything that merited preservation: I offered to
assist him in the work, but my efforts were unavail-
ing: he confessed that it demanded a greater effort
on his part to put his ideas in order and to present
them iq a systematic manner than it did not produce
them.

Despite his problems as an author, which are quite

obvious from even a quick perusal of his works, Needham

was a very well-known scientist during the mid-Eighteenth

Century. In addition, his speculations on generation theory

were widely read and were also quite influential. Most

notable, the epigenetic doctrine of Buffon was clearly pre-

judiced by both Needham's experimental work and his gener-

alizations from his work.

97
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NEEDHAM'S EXPERIMENTAL WORK, 1743-1749

Needham's first recorded experiments were conducted

in Twyford and communicated to the Royal Society in 1743.

In this letter, he related observations made on an infusion

of the Farina foecundans (pollen) of the Lilium rubrum flore

reflcxo (red lily) with the microscope. He was led by these

studies to theorize that the fertilizing material of the lily
98

"ejaculated with some Force from within." He also appended

some observations on the "small black Grain of smutty Wheat."

I dropped a Globule of Water upon it, smutty wheat in

order to try if the Parts, when separated, might be
viewed more conveniently; when, to my great surprise,
these imaginary Fibres, as it were, instantly separated
from each other, took Life, moved irregularly, not

with a progressive, but twisting Motion; and continued
so to do for the Space of Nine or Ten Hours, when I
threw them away, I am satisfied they are a Species of
aquatic Animals, and may be dominated Worms, Eels, or
Serpents, which they much resemble.99

Needham was impressed by what appeared to be the generation

of real "aquatic Animals" from vegetable material. This pre-

sented a real problem as Redi had earlier demonstrated that
100

spontaneous generation did not occur in nature.
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Shortly after these investigations, Needham was moved

by the Catholic mission to Portugal. Apparently influenced

by the close analogy he had seen between the microscopical

animals and the visible organisms in the blighted wheat

experiment, he began to search for an analogue of Trembley's

polyp.

Some general Reflections of this nature succeeding
to those wonderful. Discoveries of the Properties
of the Fresh-Water Polype, for which the World is
obliged to the ingenious Mr. Trembley, induced me
to examine, if no Species of Fish could be found
in the Sea, which hearing a new Resemblance to it,
might be almost in large, what this is in Miniature,
and serve by Induction to clear up those Phaenomena
at least which escape an Apprehension upon accord
of the Minuteness of the Object.101

At first, he thought he had found the analogue in the cal-

amary, a small squid. However, after intensive anatomical

investigations he became convinced that it shared "at most

but a distant analogy." 102

The examination of the calamary also led him away from

any interest in polype-analogues. Looking into the milt-

vessels of the calamary, Needham noticed small mobile bodies

interior of which was a barrel activated by a spring and

supplied with two valves. When the little pumps were

immersed in seminal fluid, they filled up. Needham then

removed them from the body of the calamar, placed them in

water, and they immediately expelled the opaque seminal

globules. By observing this phenomena, Needham was con-

101
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vinced the "Action of the whole Machine "03 could he ex-

plained in mechanical terms. Furthermore, the machine-like

quality of the mile-vesselsof the calamary might be analo-

gous to the spermatic animalcules of higher organisms.

To conclude, if I had ever seen the supposed Animal-
cules in the Semen of any living Creature, I could
perhaps he able to determine with some Certainty,
whether they were really living Creatures, or might
possibly be nothing more than immensely less Machines
analogous to these Milt-vessels...Now in the Hypo-
thesis, that what has been hitherto taken for
Animalcules are only Machines, exerting themselves,
as they do at different times 104

What I have advanced in the precedent Chapter con-
cerning the Analogy between the Milt-vessel of the
calamarK, and the supposed Animalcules in Semine
Mascullno, will, I believe, appear to be something
more than a mere Surmise...JOS

Needham did not discontinue his speculation at his

point. Rather, returning to the studies of the pollen in-

fusion, he showed that the method of expulsion of the

fertilizing material of the lily was very similar to the

expulsion of the seminal globules of the calamar milt-

vessels. Thus, he was offering a further analogy between

the vegetable and animal world.

In effect, if my Conjectures prove agreeable to
Truth, which in process of Time more exact
Observations may determine, the Analogy between
the Vegetable and Animal World in this Particular
will appear to be still greater than has been
hitherto imagined, as the Nature of the Farina

103 Ibid, p. 50.

104 Ibid, p. SO.

105 Ibid, p.56-57.
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foecundans, and its Action upon the Application
of Water, not unlike that of the Milt-vessels
mentioned above, imply something of a similar
Mechanism within the Globules contrived for the
same Purpose.106

Returning to London from Portugal in 1745, Needham

resumed his investigation on the "eels" in blighted wheat

since he did not know "how these Eels subsist, whence they

come, what they convert into, if they suffer Change, or how

they propogate."
107 Dissections of the eels, accomplished

with Mr. .James Sherwood, a London Physician, revealed that

the eels contained living young within the visceral cavity.

"From this it is plain, that these Eeels are viviparous;

and consequently cannot favour the common Opinion among

Naturalists, that all kinds of Animalcules are produc'd by

minute eggs floating in the Air and falling into different

Matrices and Pabula, that sustain each Kind.
"108 Coupled

with the blighted wheat experiments of 1743, these results

provide Needham with a real basis for suspecting that

spontaneous generation did occur in nature, contrary to

Redi's findings.

Prior to going to Paris in 1746, Needham conducted

more infusion studies. John Hill (1716-1775), a well-

known botanist, invited Needham to examine several seed

infusions he had been observing as well as some fresh

preparations of the spermatic animalcules in dog semen.

1" Ibid, p. 62.

107 Ibid, p.86-87.
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Largely conditioned by his speculations on the analogy be-

tween spermatic animalcules and machines, Needham interpre-

ted Hill's experiments accordingly. The animalcules of the

infusions and the semen, though exhibiting spontaneity and

movement were only "compound Bodies in Nature, not rising

above the Condition of Machines."109

Shorthand after he arrived in Paris, Needham came into

contact with Buffon, an occasion arranged by Martin Folkes.

Buffon was extremely eager to meet Needham, as they both

shared the idea that the spermatic animalcules were not

real animals. Buffon hoped that by combining Needham's

mechanical explanation for the animalcules, with his system

of organic particles, they could, together effectively

demonstrate that the spermatic animalcules were mechanistic

bodies. Such a proof would completely destroy one of the

basic premises of the preformationists; that the spermatic

animalcules were real animals and that they contained the

preformed embryo.

Their first experiements, in 1746, were on vegetable

infusoria. Buffon desired to find the organical parts,

while Needham was concered mainly with determining whether

the moving bodies of the infusions were actual animals

or machines.

109
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The results of our first ObserVations was that
tho' the Phials had been close stopp'd and all
Communication with the exterior Air prevented
yet, in about fifteen Days Time, the Infusions
swarm'd with clouds of moving Atoms, so small
and so prodigiously active; that the' we made
use of a Magnifier of not much above half a
line focal Distance, yet I am persuaded nothing
but their vast Multitude render'd them visible
....They did not seem to be enascent Embryo Ani-
mals, from a Deposition of any extraneous Spawn;
for the Phials had been clos'd with Corks; nay
they were the very Seed or the Almond-Germ
Particles themselves.11U

The results enabled Needham and Buffon to distinguish be-

tween organized bodies and animated bodies. Spermatic and

infusorial animalcules were considered to be organized,

mechanical bodies formed by active forces in their own

fluids as evidenced by the various infusions, the calamary

machines and fish milt. Ordinary microscopical animals

were the animated bodies, characterized by spontaneous and

animated bodies, characterized by spontaneous and animated

motion and by being produced from a parental generation.

Needham remained unconvinced by the distinction and

decided to discover whether the mechanical bodies of the

infusions came from outside the infusion or if they were

spontaneously created in the infused material.

For my Purpose, therefore, I took a Quantity
of Mutton-Gravy hot from the Fire, and shut
it up in Phial, clos'd up with a Cork so well
masticated, that my Precautions amounted to as
must as if I had sealed my Phial hermetically.
I thus effectually excluded the exterior Air,
that it might not be said my moving Bodies

110
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drew their Origin from Insects, or Eggs
floating in the Atmosphere. T would not
instil any Water, lest, without giving it
as intense a Degree of Heat, it might he
thought these Productions were conveyed
through that Element. Seeds or Plants were
for this Reason improper, because they might
have been previously adjering to these Plants
or Seeds; I neglected no Precaution, even as
far as to heat violently in hot Ashes and
Body of the Phial; that if anything existed
even in that little Portion of Air which
filled up the nect, it might he destroy'd
and lost its productive Faculty. Nothing
therefore could answer my Purpose of excluding
every Objection, better than hot roast-Meat
Gravy secur'd in this matter, and exposed for
some Days to the Summer Heat; and as I conclude
whether, by its own Principles, it was productive
of any thing, I allow'd sufficient Time for that
purpose to this unmix'd Quintessence, if I may
so call if, of an animal Body. 111

Four days later, the flasks were filled with microscopical

animals, forcing Needham to admit that these animals had

their origin in the dead material. Also, since they were

clearly real animals, he had to abandon the distinction

he had made with Buffon between the mechanical and animated

bodies. In addition, Needham admitted that he could no

longer regard the spermatic animalcules as machines as he

had in his essay of 1745.
112 An additional eighty experi-

ments were conducted with different animal and vegetable

materials under differing conditions, but all serving to

confirm the findings of the mutton-gravy infusions.

The two naturalists also utilized microscopical exam-

inations of the seminal fluids of male (semen) and female

111
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112
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(liquid portion of the Graafian follicles) animals. Roth

fluids were found to contain similar animalcules, believed

to have originated in the seminal fluid.

It was then plain how these Animals were to he
class'd; their Origin was clearly to he deriv'd
from Principles contain'd in this Matter, either
by an Evolution of organical Parts, as Mr. de
Buffon supposed, or by a real Vegetation, as I

thought, of the same kind with those I had before
observed in my Infusions; tho' more prompt,
because the Matter was more exalted; consequently
the spermatic Animals were of the same Kind as
all other microscopical Animals, their Origin the
same, their Influence nothing more in Generation
nor any otherwise conducting to its Cause, then as
Effects of these Principles in the Semen, which
alone are the true and adequate Cause of it. 113

From this moment on, Needham had to depart from the specific

ideas of Buffon. For Buffon, the spermatozoa were organic

molecules; for Needham, they were real animals born by a

vegetative force.

A final series of experiements were begun by Needham

shortly before his departure to England and continued after

he arrived in London. These were conducted upon a concoc-

tion of crushed wheat and proved to confirm, once again,

the existence of the vegetative force.

To the naked Eye, or to the Touch, it appear'd a
gelatinous Matter, but in the Microscope was seen
to consist of immeasureable Filaments; and than it
was that the Substance was in its highest Point of
Exaltation, just breaking, as I may say, into Life.
These Filaments would swell from an interior Force
so active, and so productive, that even before they
resolved into, or shed any moving Globules, they were
perfect Zoophytes teeming With Life, and Self-movingi 14

113 Ibid, p. 644.

114
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Thus, by 1749, Needham had finished a series of experiments

which successfully demonstrated to him that there was an

underlying unity in nature produced by a vegetative force.

This force could spontaneously generate the microscopical

animalcules of the plant and animal infusions, produce and

ejaculate the animalcules from pollen and generate the sper-

matic animalcules in both male and female seminal fluid.

Subsequent microscopical examination of all of these animal-

cules determined that they were all real analogous animals

and not merely mechanical bodies or organic molecules.

The wheat infusoria marked the culmination of Needhams'

creative empirical work and his collaboration with Buffon.

The realtionship was very beneficial and influential to

both naturalists. Needham's work very definitely illustra-

ted this as he admitted to accepting Buffon's concept of

forces acting in nature and recognized that they shared the

same principles.

I am obliged the more particularly to observe this...
that there is a real productive Force in Nature; in
which we had both long since agreed, however, we may
have differed in explaining that Action: For whether
it be by an Evolution and Combination of organical
Parts, as Mr. de Buffon supposes, or by a real veg-
etating Force residing in every microscopical Point
may be probably far beyond the Power of the Micro-
scope to determine. But as the Principle from which
we depart is intirely the same, it must necessarily
lead to similar thoughts, and similar consequences.115

115 Ibid, p. 645.
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Despite the recognition of sharing the same principles,

Needham was convinced that Buffon's explanation of the

force as inherent in organic molecules was much too sim-

plistic. As a result, he spent the remainder of his life

expanding the concept of a "vegetating Force residing in

every microscopical Point" into a complete physical and

metaphysical theory.
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NEEDHAM'S THEORY OF GENERATION

At the beginning of Observations upon the generation,

composition and decomposition of animal and vegetable sub-

stances, Needham offered a clear and systematic refutation

of the preformation doctrine. In the 1740's, this theory

consisted of a belief in the pre-existence of germs within

either the male sperm or the female egg, a view Needham

found reprehensible and fallacious.

First of all, the pre-existent embryo-theory demanded

that the preformed organism existed either in the animalcule

or in the egg. But, numerous examples of monsters, hybrids

and natural biparental heredity, proved that the fetus must

take part of the "Nature, Quality, Constitution, Form, and

Features of both Parents; even as far as their Defects and
116

Diseases, which are too often hereditary." The preform-

ation theory was tantamount to insisting on the division of

the embryonic material before fecundation; this was clearly

contrary to reason.

Needham also seriously objected to the animalculist

position of Leeuwenhoek because it implied that nature was

extremely wasteful. Such waste would derogate from an All-

wise and Omnipotent Creator.

And of the Animalcule, why is the Process attended
with so vast an Expense, so great a Waste of
Millions of Entities, each containing within itself

116
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a Series of the most Perfect and most wonderful
Productions in Nature, when only one of then
Millions of Millions is alone to take place?1 17

Thirdly, if the animalcule did contain the preformed

embryo, there would be a serious material problem. Needham

did not think it was reasonable for an infinitely small min-

iature to serve as the complete substratum for the adult

animal that would be, comparatively, infinitely more immense.

This absurdity was analogous to 'insisting that a mountain
118

was the superstructure built upon a grain of sand.

Recent regeneration experiments also gave Needham further

grounds for considering the pre-existence position untenable.

Since the pre-existent germs were considered to be diffused

throughout the body, a regenerated structure would imply

that the pre-existent germs were also regenerated. Clearly,
119

this was a contradiction.

Experimental work by Needham, Buffon, Hill, Trembley,

Sherwood and others, demonstrated that the spermatic animal-

cules of Leeuwenhoek, which were thought to be only present

in the seminal fluid and to contain the preformed embryos,

were not confined to the generative fluid. On the contrary,

these animalcules were demonstrated to be widely diffused

117
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throughout the natural world and even to be spontaneously

generated.

Needham's last major objection to preformation was

that it required a tremendous complexity that was "unlike

that beautiful Simplicity, which Nature exhibits in all its
120

Production."

IS it not much more reasonable to say, that so
many secretory Ducts, so many Strainers, so many
preparatory Vessels in Animals, and such a curious
Disposition in Plants for the Continuation of every
Species, implying a Digestion, Secretion and Prep-
aration of Principles invariably, univocally productive
in every Individual, when they fall into their res-
pective Matrices, and find Aliment proper to be ass-
imilated? Are not these Principles contained in the
Nourishment taken by the Parent Plant or Animal, the
same that continually vegetate within it, and furnish
it with Materials for its own Increase, continue to be
distributed till it becomes adult, then plentifully
exuberate, whilst it is, by new Preparation, fitted
to propogate invariably in a proper Matrix its res-
pective Kind?121

In other words, the digestive structures of animal bodies

indicated that this system existed to create the nutriment

for growth and reproduction, from the material in the in-

gested food. Why would the Creator have produced such a

complicated system if the embryo resided originally within

pre-existent germs? To Needham, it was much more reasonable

to assume that the structures implied the function; that is,

digestion took place in order to form the seminal fluid.

As a result of these objections, Needham concluded that

there were simply too many irreconciliable problems with

120
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preformation.

The numerous absurdities which exist in the opinion
of pre existent germs together with the impossibility
of explaining on that ground the birth of monsters
and hybrids, made one embrace the ancient system of
Epigenesis, which is that of Aristotle, Hippocrates
and all the ancient philosophers as well as of
Bacon and a great number of modern savants. My
observations also led me directly to the same result.122

Not only did he embrace the "ancient system of Epigenesis",

but it is also evident he was heavily influenced by Aristotle

and Harvey to the extent of directly incorporating several of

their ideas.

Needham's epigenetic system was based on his observations

upon the microscopical animalcules of infusoria and the sper-

matic animalcules of seminal fluids. Both were real animals

produced by a vegetative force acting upon either animal or

vegetable semen. This semen was "exalted" matter, or matter

that had been purified by nutrition to some degree. The

purification of matter was accomplished by reducing it to

its simplest and most pure form; by decomposition or digestion

to the universal semen. Hence, seed or meat-broth infusoria

122
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Philosophes de Bacon & d'un gran nombre de Savans parmi
les moderns. Mes observations m'ont conduit directement au
mgme but.
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provided the semen upon which the vegetative force could

spontaneously generate animalcules. In contrast to infusoria,

seminal fluids were more highly-exalted semen and, therefore,

the vegetative force could produce the animalcules much more

rapidly. In summation, the vegetative force could act to

produce animalcules in any material; the length of time and

extent of production was determined by the exalted nature

of the semen.

This same vegetative force was also responsible for the

generation within animals. Again, it worked upon exalted

semen to produce by the many "Strainers, Receivers, Ducts,

123
and Valves". However, unlike the action of the vegetative

force on seminal fluids that would spontaneously generate

animalcules, this force acted upon semen in a very specific

and controlled manner.

I suppose all Semen of any kind to be an exalted
Portion of animal or vegetable Matter, secreted
from the aliment of every generating Subject, when
it is adult, and no further Demand is made for its
Increase and Growth; this I suppose to be endowed
with a proportionable vegetative Force; to be various
in various Circumstances, and heterogenous in dif-
ferent Subjects; but to be uniform in its Productions,
when it falls into a proper Matrix, when it finds Matter
to assimilate, of a Quality and a Quantity sufficient
to form that specific Being .124

Generation was accomplished by combining the male and female

semen during copulation. Needham's conception of the semen

12)
Needham, "A summary", p.625.

124
Ibid, p.663.
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was different from other epigenesists. He did not consider
125

it to be, after Maupertuis, a particulate or atomistic

substance. Rather, the semen closely resembled the abstract

Aristotelian nutriment prepared by the body for reproductive

purposes.

Without really defining how the semen combined, Needham

then resorted to Harvey's system of generation. The uterus

of the female received the combined semen of the male and

female. It then provided the "proper Matrix" for the seminal

mixture to assimilate material and to be acted upon by the

vegetative force. As a result of this action, an organized,

specific being was produced from the undifferentiated material.

To completely refute preformation, Needham stated that

if the semen was allowed to be acted upon outside the uterus,

it will,

if it extravates, by the same vegetating Force,
yield all the several Phaenomena I have above
taken notice of. And thus, if I am not mistaken,
I have obtained what I first intended to make out,
that the spermatic Animalcules are not the efficient
Cause of Generation, but only a necessary Consequence
of Principles in the Semen which Principles are
necessary for Generation.1d6

The spermatic animalcules of Leeuwenhoek, were only the

result of the vegetating force residing in the semen and

acting upon it outside the required matrix. The same

force also produced the same animalcules from vegetable

125
Gasking, Investigations into Generation, p.71

126
Needham, "A summary", p.663.
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semen. Spermatic animals, crucial in the animalculist

version of preformation, were no different than those pro-

duced by vegetable semen and, therefore, could not be re-

garded as containing any unique preformed material.

Needham's system provided a reasonable explanation for

biparental heredity by means of the equivalent mixture of

male and female semen. Variety within a species was account-

ed for by minute differences in the nutritive production of

semen within the same species. Monsters, hybrids and imper-

fect fetuses were, according to Needham, rare instances of

resistances encountered by the vegetating force within either

the digestive process or within the uteral matrix. All these

examples served to explain and illustrate that there was "in

Nature a real productive Force given it at its Creation; and

that animal or vegetable Production are not the Consequences
127

of pre-existent Germs."

The productive force inherent in all matter explained

the tremendous diversity of nature. This did not imply a

strict materialism. Instead, the world was limited in its

range of diversity, and in this manner illustrated the way

God controlled the tendency of matter toward infinite variety.

I see the Whole indeed, but confusedly; yet do I
see the Source of a Variety; which, boundless as
it were, if permitted to expatiate at full liberty,
is nevertheless invariably confinld, by Him who
made and rules the Universe, to a certain determinate

127
Ibid, p.656.
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Number of Species; Time, Action, Season, Quantity
of Forces, Quantity of Resistance, fixing Principles,
Affluence of assimilated Matter, Direction and number-
less other Variations, are all employ'd for His Pur-
poses, and modelled by ttiatAINIOHTYPower, which forms
and directs the Whole.120

Needham was intent upon not allowing his physical theory

of generation to deteriorate to the point at which all natural

phenomena could be reduced to simple explanations based upon

natural laws, principles and forces. While to a certain ex-

tent one could understand nature in these terms, there were

numerous other intricacies in nature that could only be ad-

equately explained by recourse to the Divine plan. In the

tradition of the EighteenthlDentury theologian practicing

science, Needham still visualized God as occupying an in-

tegral and active place in the universe.

The major drawback implicit in explaining generation

on the basis of a universal semen, was that it could suggest

equivocal generation and the transmutation of species in

nature. Voltaire stringently criticized Needham on these

grounds. However, Needham adamantly dismissed Voltaire's

critique since Needham insisted that each specific semen

had properties and principles that were different from the
129

semen of another species. These differences, which were

so subtle as to be beyond microscopical detection, were

128

129

Ibid, p.655.

Ibid, p.654.
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linked to the specific preparatory process within a species,

producing the semen. The particular "Nature, Solidity, Ten-
130

acity, Quantity and Resistance" of the nutritive process,

resulted in a vegetative force and semen that was species-

specific. Hence, the semen of one animal could never give

rise to another. organism or could not be used by another

organism to produce its own species.

Up to this Juncture, Needham had only defined the spec-

ificity of production in terms of the vegetative force act-

ing through a pre-determined specific matrix on the universal

semen. This served adequately as a physical explanation for

generation. In Nouvelles observations (1750), inspired by

the Newtonian view of divisible matter, he extended his system

to include a metaphysical foundation for matter.

Needham assumed matter to be composed of two simple

agents, forces or principles that acted together. In fact,

it was the action of these two principles on themselves,

though they were not divisible, that formed the divisible

matter in nature. The two forces, Needham referred to as

la force resistance and la force productive, la force

vegetative, la force inferieure expansive, llagent moteur,

llactivite motrice or le principe de vitalite materiel.

The two antithetical principles or forces of movement

and resistance were never present in matter in a balanced

130
Ibid, p.655.
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state and were, additionally, always in opposition. All

matter in nature contained a combination, in varying degrees,

of both forces. The material realm of nature, then, could

be rationally explained as a continuous scale, grading im-

perceptibly upward from a point where resistance prevailed,

through intermediate levels of resistance and movement to

the point on the scale where only movement existed. Needham

theorized that gold and mercury occupied the lower echelons

of the scale; at the other extreme were the more volatile

materials of fire, electricity and ether.

On the living scale, since such beings contained many

different types of matter, the ladder of gradations was much

less distinctly defined. However, Needham felt that by ob-

serving the organic decomposition visible through the micro-

scope, one could observe the grading from one degree to the

next. In decomposition, the first beings observed were spon-

taneously animated while the last ones were analogous to

natural machines. Thus, the living chain progressed from

the most simple (primarily movement) to the most organized

(primarily resistant). Needham recognized that the organized

being represented a certain state of complexity in which the

resistance principle had modelled, tempered, directed and

fixed the expansive movement in matter.

Needham was, then, supposing a complete system in which

all matter was described according to the inherent force re-

siding within it. On a higher level, he developed an entire
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31Chnin of Being 1
based upon the degree of organization of

the matter within the body. While this system was, admit-

tedly, highly speculative, Needham attempted to defend it

by following from Newton and deriving it from phenomenon.

For tho', as a modern Author observes very well,
Nature seems every-where to hold itself,
and go off by an almost imperceptible Gradation.... 132

In Ides sommaire (1776), Needham offered a further

refinement that could be superimposed over the graduated

scale of being in nature and could also define the relation-

ship between the inanimate, animate and spiritual materials.

Needham stated that God created the scale with four ideas

or types (titres) of matter in mind. The lowest class was

the minero-vegetal consisting of the metals, crystals and

rocks. This type of matter could form itself by augmenta-

tion or mineralization in the form of vapors that condensed

due to exterior action or reaction. In this sense, the

minero-vegetal-only appeared to exhibit vegetative growth.

The vegeto-vegetal were the plants and trees. This class

consisted of organized bodies that could nourish themselves,

but did not show any visible signs of animation. The

vegeto-vital referred to the zoophytes that had the faculty

of movement, but were, in actuality, purely vital beings.

131

Arthur Lovejoy offers an excellent discussion of
the Aristotelian impact on the Seventeenth and Eighteenth
Century in the Chain of Being (Cambridge, 1936).

133
Needham, "A summary," p.618.
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The last class of matter, sensitif, resided only within

purely immaterial souls. As it was only sensory. the sensi-

tif was a quality of sensitive and intellectual beings, or

man.
133

The mincro-vegetal, vegeto-vegetal and vegeto-vital

were all purely material conceptions with an inherent force

residing in them. In accordance to this force, they were

able to exalt themselves on a graduated level according

to a pre-determined design that was also inherent. Matter

was active only in its own fashion by the interior vegeta-

tive force. The force could. never carry material beyond its

material sense. Man differed from other animals in that

God endowed him with the sensitif matter. Only organisms,

such as man, initially furnished with this quality of

matter, could attain to the ultimate position in nature.

And now I think I have nothing more to add, only
that I would be understood, when I speak of a
productive Force in Nature, etc. to mean only a
force, which, tho' modell'd by the SUPREME CREATOR,
goes no further than the mechanical and material
parts of Man. I well know that we are composed of
two very different Principles; and no one more
philosophical Truth whatsoever presents itself to
me with more evidence or Conviction than the Spirit-
uality of our immortal Soul. All have ever allow'd
Man in his Origin to be a kind of Plant or Vegetable
before he is animated; and all rational Men have de-
riv'd his Animation immediately from the Fountain
of Life, the true Source of all spiritual Substances.
I think I have said no more; and thus only would be
taken and explain'd.

133
Needham, Idee sommaire, p.2-3.

134
Needham, "A summary," p.664-65.
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In examining Needham's metaphysics, it appears as if

he developed it in a progressive manner. In 1719, he ex-

plained generation in terms of a vegetative force residing

in and acting upon every microscopical point in creation.

In 1750, he divided the force into an active and resistant

element. Again, these twin forces resided in all material

in various combinations according to a graduated scale.

The Idee sommaire was his final word on metaphysics. 135
In

all the other formulations, there was hardly a distinction

between man and the rest of creation. But, by endowing

man with the special sensitif material, Needham was convinced

he could separate man from the material machines, thereby

eliminating any vestiges of materialism from the system.

135
Needham was specifically reacting against Voltaire

and Ilolbach. Both, he felt, had misinterpreted his works
in materialistic terms.
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NEEDHAM AS AN EIGHTEENTH-CENTHRY SCIENTIST

Perhaps what makes Needham an extremely interesting

figure in the preformation-epigenesis debate and one worthy

of intensive study, is that the science he practiced was

definitely in the mainstream tradition of Eighteenth-C&Itury

science. His speculative metaphysics can not, therefore,

he dismissed as the product of an anomalous figure in sci-

ence; it must he evaluated in light of its commonality with

other biological systems.

Needham was typical of many Eighteenth Century natural

philosophers who incorporated Newton's concept of forces in

nature into their science. This was probably the area in

which Needham was most influenced by Buffon. Together, they

formulated the concept of a "real productive Force in Nat-

ure. 136 For Needham, the use of the concept of forces was

due to "confidence in the explanatory utility of terms deli-

berately left unexplained. ,137 Reasoning from appearances,

he posited the force as an innate quality of matter, capable

of acting in an organized and controlled manner when contained

within a matrix system (la force resistant) of a body.

Along with the concept of forces, Needham also accepted

the Newtonian corollary of the emphasis on empiricism. The

new methodology required that one perform observation upon

136

137

Needham, "A summary, p.645.

Hall, "On biological analogs," p.26.



91

nature. From the empirical work, conclusions could be drawn

by mathematical induction. Needham's microscopical studies

reflected the new emphasis in the Eighteenth Century upon
138

experimentation and induction.

At the same time, Needham did not completely reject or

abandon the Seventeenth Century Cartesian claims to the value

of devising probable mechanical models or machines for nature.

Again, this was characteristic of many of the Continental

scientists; while Newton effectively revolutionized scientific

investigation by demanding empirical foundations to systems,

many investigators accepted the new methodology within a

modified extension of Cartesian speculation. Descartes was

especially attractive to Needham since he stated that man

was able, in a limited way, to form idealized schemas to ex-

plain the actual method in which God controlled nature. This

gave Needham support in developing his speculative metaphysics.

The exact metaphysical system of Needham was heavily

conditioned by the Eighteenth Century renaissance of interest

in ancient sources. In particular, the wide diffusion and

acceptance of the Aristotelian concept of the Chain of Being,

was especially influential. Very popular among natural phil-

osophers, the Chain overtly suggested that a principle of

continuity existed in nature. All organisms were organized

along a scale of being, from the most simple to the most

138
Guerlac, "Where the statue stood", p.322.
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complex. The change between species on the Chain was not

one of marked differences; similar species varied only by

minute and inappreciable characteristics. The passage up

the scale was one of graduated nuances. The effect of the

continuity principle on Eighteenth Century biology was to

de-emphasize the distinctness of species and to stress the

relatedness of God's creation.

The Chain of Being was also strongly supported by many

Enlightenment scientists from an argument of design in nature.

Many natural philosophers displaced God from an active role

in the affairs of the world;.for them his action was indirect.

The Chain was proof that God had designed an originally pef-

feet world at the creation. Consequently, God did not need

to be actively intervening in the everyday affairs of life.

Needham accepted the concept of the Chain of Being and

the continuity principle.

Nature under the Direction of its Creator, tho'
prolifick beyond the reach of Imagination, and
ever exerting its Fecundity in a successive Evo-
lution of organized Bodies, boundless in Variety, as
well as Number, has yet so much of Uniformity in all
its Productions, that not only the specifick Ascent,

or Descent throughout the whole Scale of visible Beings,
is easy, and gentle by almost imperceptible Gradations.139

By utilizing the lineal concept of the chain, Needham was

able to arrange all the living organisms, vegetable and

animal, along a soale of being.

139
Needham, An account of some, p.l.
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During the Eighteenth Century, many natural philosophers

were convinced that they could explain all the phenomena of

nature in strict mechanical and mathematical terms. Since

God created a rational and good universe, wholly comprehen-

sible to human understanding. Following Leibniz, there was

the subsidiary feeling that to actually understand nature,

the naturalist must extend any explanation beyond the phys-
140

ical, to the metaphysical order of the substance. Needham

was very much in this tradition. He utilized the theory of

a material and understandable universe, arranged on a grad-

uated scale and conditioned by dissimilar quantities of

la force resistant and la force productive to provide the

foundation upon which the phenomenal aspects of nature could

be elucidated.

Typical of other theologians practicing science in the

Eighteenth Century, Needham's work exhibited his strong re-

ligious convictions. He said to Boswell that "the Catholic

religion was proved as a general system like the Newtonian

philosophy, and, although we may be perplexed with partial
141

difficulties, they are not to shake our general beliefs."

Since Catholicism was proven, he was persuaded that it was

justifiable to include religious dogma, as he did in develop-

ing the idea of sensitif material, into scientific metaphysics.

140
Cussirer, Philosophy of EnliOtenment, p.82.

141
Brady and Pottle, Boswell on Grand Tour, p.34.



94

He adhered to the real feeling among the philosophes that

they could he both scientists and Christians and could be-

lieve in the Bible or dogma and in observation and experi-

ments, even if they were contradictory.

In our capacity as Catholics, we represent the
authority of the holy books, and we submit without
analogies to whatever faith supposes; but as
physicists we believe oursleves entitles to venture
our conjectures. And however contrary they may
be to the sacred texts they nevertheless appear
to us to be probable.142

It was out of his religious convictions that Needham

constantly recoiled at the accusations of developing a mat-

erialistic metaphysics. In Idee sommaire, he attempted to

refute the criticism of Voltaire and the false interpreta-

tion of his experiments by Holbach by the inclusion of the

vitalistic concept of the "Spirituality our our immortal

Soul" that was endowed to man by the "Fountain of Life, the

true Source of all spiritual Substances." 143 Thus, man was

not, like the rest of creation, purely a material substance,

but shared an immortal nature with God by virtue of his

sensitif nature.

From this brief review of Needham as an Eighteenth-

Century scientist, it has been illustrated that the science

he practiced was indicative of science during this period.

142

Daniel Mornet, French Thought in the Eighteenth
Century (New York, 1969), p.1319.

143
Needham, "A summary," p.665.
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In addition, his expansion of his experimental results into

a speculative explanation for generation was also charac-

teristic of investigators examining generation problems.

His wide-recognition in the scientific community can be

understood as resulting from his position in the main

current of Eighteenth-Century science.
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CONCLUSION

EVALUATION OF NEEDHAM

In Chapter One of the present study, it was shown

that there were two viable theories of generation, preform-

ation and epigenesis, co-existent in the Seventeenth and Eight-

eenth Centuries. Due to their irreconcilable nature, they

were continuously at loggerheads during this time period.

Indeed, it was earlier stated that the situation involving

these theories could best be explained in terms of Kuhn's

conception of pre-paradigm science. At this stage in the

emergence of scientific theories, before the establishment

of universally accepted theory, competing theories are art-

iculated in an attempt to achieve the paradigm stature by

gaining the approval of the scientific community.

Preformation and epigenesis were both clearly formulated

as definitive systems in the Seventeenth Century, accompanying

an interest in problems of generation and in solutions to those

problems. Through 1760, while each theory may have enjoyed

a wider popularity at the expense of the other theory at

any given time, neither achieved universal acceptance. In

fact, much evidence exists to support the position that either

theory had a popular audience from 1651 until 1760.

The thesis of this paper is that John Turberville

Needham can be evaluated in terms of an Eighteenth-Century

scientist practicing science during the pre-paradigm period.
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Kuhn has established several traits that are indicative of

practitioners of science during these periods. By examining

Needham's relationship to these characteristics, this thesis

can be positively supported.

The first distinction is, in the absence of a paradigm,

the scientific theories will not be based on any firmly

accepted metaphysical foundation. Instead, each competing

theory or, in Needham's case, each theoretician, will form-

ulate a unique metaphysics. An inspection of Needham, re-

veals that in supporting epigenesis, he postulated a meta-

physical system exceptional and different from other current

metaphysical supports for epigenesis. Despite the close

collaboration with Buffon, a most highly-regarded Continental

naturalist as well as an epigenesist, he did not accept or

incorporate the whole of Buffon's metaphysics. What he did

propose was an unusual synthesis of Newtonian forces resid-

ing in nature, the Aristotelian Chain of Being and its com-

ponent principle of continuity, an argument from Design,

the vitalistic dogma of a practicing Catholic clergyman and

an high-order of speculative thinking. The end result was

a system of matter endowed with contradictory principles of

force, la force resistant and la force productive, arranged

by infinitesimal gradations along a Chain of Being from the

simple to the complex. In order to distinguish and elevate

man above a purely material entity, Needham hypothesized

that God endowed man with the quality of sensitif. This
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provided the explanation for man's intellectual and sen-

ettive nature which the rest of the creation did not possess.

The lack of a paradigm also implies that the science

does not have a common, accepted corpus of scientific knowledge

upon which scientific theories must be based in order to be

considered scientific. Needham, lacking this structure, was

able to construct his complete physical and metaphysical

theories upon an almost exclusive knowledge of microscopical

animalcules, without resorting to any other knowledge. From

these observations on animalcules, he elaborated a complete

system through speculative reasoning.

This generation theory was not innately weak from an

empirical point of view, and it was not only the experimen-

tation that was to become problematical. Needham was con-

vinced hiS experiments were conducted under very controlled

situations. In fact, each observation was confirmed by in-

numerable other observations. However, the issue was that in

constructing an entire ad hoc, speculative system only on the

study of microscopical animalcules from infusions and sem-

inal fluids, he was inviting empirical challenge that, if

contrary, would destroy the whole metaphysics. This, in

fact, was the eventual fate of his theory. Spallanzani was

to offer empirical evidence demonstrating that Needham's

experiments were not controlled properly. Furthermore, by

carefully regulating analogous studies, he demonstrated

that animalcules did not spontaneously generate from the
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"universal nemen". It wan on the etrength of the demon-

ntration that the vegetative force did not produce animaln

In all semen that Needham's theory was to be disproved.

Before a paradigm is established, scientists are able

to use facts arbitrarily and indiscriminantly, according to

their personal discretion. Needham elected to include in

his theory of generation only those facts amenable to ex-

planation in terms of his interpretation of epigenesis.

Hence, he ignored, though he was aware of, the regenerative

work of Trembley and Reaumur (used to support preformation)

and the impressive and influential investigations of embryonic

development by Malpighi and Haller (also supporting pre-

formation). Also, he usually discredited any empirical

evidence the preformationists offered in support of the

theory of pre-existent germs, with little or no evidence on

which to base this refutation. Needham was a paragon example

of the manipulation of factual information to support or

undermine a particular theory.

Conflict between competing pre-paradigm theories is

often exemplified by personally-directed criticism. While

Needham emphatically denied the efficacy of pre-existent

germs throughout his career and appeared to direct himself,

in general, against the whole theory of preformation, his

major remarks concerning the theory were projected against

the animalculist position of Leeuwenhoek.
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I shall only observe, that Lewenhoek [sic had discover'd
this vegetating Power in the Semen and had like Mr. de
Buffon and me, seen the Filament;; from whence the sperm-
Hilo Animals spring; he even calls them Nerves and Ar-
teries; and in one of his letters to Mr. Oldenty-,.,ra says,
that he saw more in one Minute than the most accurate
Anatomist could discover by dissection in a Day: But
when he afterwards chang'd his System, false as it was,
of Nerves and Arteries for another, I believe, as false,
that of pre-existing germs in the spermatic Animals,
he neglected to improve his Observation as he might
have done; nay he afterwards took no farther Notice of
it, but barely to say, that it was to be neglected ...
the difference therefore betwixt Mr. Lewenhoek and
Dr. Harvty. wn, that the first had an Hypothesis to
maintain. 1"

The Observations (1749), while ostensibly written to demon-

strate the validity of epigenesis, appears to have been com-

posed to show that Leeuwenhoek's animalcules in the semen

containing the preformed parts were, in fact, a universal

phenomena accounted for by a productive force acting upon

any decomposing matter. It is also unusual that he hardly

ever mentioned, in opposition, the name of Haller or Bonnet,

two of the leading preformationists. Instead, he chose to

dedicate himself to overthrowing the animalculist position

of preformation, championed by Leeuwenhoek.

Lastly, Kuhn states that ad hoc elaborations are often

common characteristics of scientific theories offered in

the absence of an established metaphysics, common knowledge
145

and a body of facts. These speculative explanations are

usually propounded to provide a plausible elucidation of a

144
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particularly crucial phenomenon. The clearest example of such

an elaboration in Needham's metaphysics was his incorporation

of the sensitif quality of matter. The real problem for his

generation scheme and for his graduated scale of being was

that he could not explain, on scientific grounds, the unique

position of man in God's creation. By positing the real

existence of sensitif material, an ad hoc speculation, Need-

ham felt he could effectively provide the means by which God

separated man from the rest of the creation.

The thesis of this study states that there were two

competing theories for generation that created an atmosphere

during Needham's life of pre-paradigm conflict. Additionally,

the above examination of Needham has revealed that he embodied

many of Kuhn's characteristics of a scientist during the pre-

paradigm stage. . It is in light of such a scientific crisis

that Needham's explanations for the problems of generation,

and subsequent speculations upon the same topic, must be

understood.

Furthermore, the utility of using a Kuhnian interpre-

tation for Eighteenth-Century theories of generation is that

it allows one to make sense of the multiplicity of speculative

theories during this time and their popularity among the

scientific community. During the mid-Eighteenth Century Haller

offered an explanation utilizing sensitive and irritable forces,

Maupertuis' posited a particulate theory of generation, Buff on

speculated on the existence of the moule interieur to guide
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the developmental process and Bonnet theorized that there

were pre--existent germs. Needham's system of vegetative

forces residing in all matter was developed in the same tra-

dition of these other natural philosophers. Each theory

shared the common property of being an ad hoc explanation

for generation phenomena. It is interesting to note that

all the theories were widely distributed and accepted by a

given body of scientists, but none of them achieved the

universal status of a paradigm. According to Kuhn, this

situation is best described by that state in the emergence

of a scientific theory where there is a great number of

theories being promulgated, attempting to satisfactorily

solve some problematic aspect of the natural world. At this

time, any credible theory may be accepted as a viable system;

that this was the case during the Eighteenth Century can

not be disputed.

John Needham should not be considered to be an anomalous

scientist during the Eighteenth Century on the virtue of

his speculative theory of generation and his metaphysical

system. In addition to the aforementioned evidence that he

exhibited a marked tendency to follow the major traditions

in science during this time, he was also very typical of

a scientist responding to a pre-paradigm crisis. His ad

hoc explanation for generation can not be considered to be

dissimilar in its formulation from that of Haller, Mauper-

tuis, Buffon or Bonnet. The only real difference was that
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his system did not have a sufficiently broad base. The

work of Spallanzani tended to refute the sole basis for a

vegetative force in nature; thereafter, Needham's theory

lost its credibility and adherents.
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