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Part I: Analyzing Conceptual Change 

I. Introduction 

The problem of analyzing conceptual change in science has been substantially 
refined since its introduction by logical empiricists, particularly Karl Popper, and 
its radical critique by Kuhn. Recently, philosophers of biology have added to the 
growing wealth of conceptions of change through their studies of evolutionary 
biology. Those who study evolutionary theory recognize it as a very broad 
framework in which to characterize dynamic processes. Moreover, there have been 
numerous attempts to generalize evolutionary theories beyond organic adaptation to 
explain the origin of life (Eigen et al. 1981), the origin of moral systems (Darwin 
1871), the development of reasoning faculties (Campbell 1965, 1974), the origin 
and spread of culture (e.g., Boyd and Richerson 1985), as well as the dynamics of 
scientific communities and conceptual systems (e.g., Toulmin 1972; Hull 1975, 
1978, 1980, 1982, 1983, 1985, 1988; Richards 1977; 1981; see Bradie 1986 for a 
recent review). 

David Hull has contributed a number of central and influential views on the topic 
of conceptual change in science. Our aim in this chapter is to follow up and 
elaborate on some issues he has delimited, in the context of a case study of the 
evolution of diagrams of Weismannism. Hull has been a proponent of an evolution
ary analysis of change in science, but he also argues that application of this 
approach demands more than many of its advocates seem to suppose: in order to 
use evolutionary concepts to analyze scientific change, not only do we need to 
understand what biologists mean by evolution, but we must use their conceptual 
tools correctly. This means that a substantial amount of conceptual analysis of 
biological concepts and methods must go into an evolutionary theory of conceptual 
change, and that the metaphorical use of evolutionary language must not be 
considered a substitute for analysis. Hull has contributed most to the analysis and 
use of two of these conceptual tools: 
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1. his approach to generalizing Darwinian principles and 
2. his elaboration and advocacy of the type specimen method, which he has 

applied to the individuation of scientific communities and conceptual 
systems. 

Hull's contributions concern the conditions under which entities may function as 
units of selection and criteria for individuating those entities. In extending his 
views to the conceptual realm, Hull is led to characterize evolving scientific 
communities in terms of the changing views of their member scientists. We argue 
that, in addition to this evolution-of-organisms approach, there is a second impor
tant prong of evolutionary analysis, typical in population genetics, which concerns 
the quantitative analysis of character change as a function of evolutionary forces. 
An important modem version of this trait-evolution approach is the quantitative 
genetic analysis of changes in phenotype distributions due to selection (Mills and 
Beatty (1979) give a formal account of the relation between organism fitness and 
trait fitness relevant to the distinction we draw here; Falconer (1981) summarizes 
the mathematical apparatus used by quantitative geneticists to describe trait 
change). Moreover, once the tasks of individuating conceptual units and characteriz
ing their traits have reached a degree of success, it is important to combine the two 
in 'phylogeny reconstruction' . We suggest that consideration of the nature and 
distribution of conceptual characters among conceptual organisms is needed to 
elaborate Hull's fundamental contributions into a full evolutionary program. (Note 
that here 'conceptual organism' means a conceptual entity which has the properties 
of organisms: a life cycle including birth, growth, reproduction and death, not a 
biological organism which uses concepts.) 

After a brief consideration of Hull's contributions, we will develop a model of 
conceptual 'organisms' or 'characters' amenable to evolutionary analysis. The 
complex entities (organisms or characters) which concern us are representations of 
contexts in which problems are framed and discussed in scientific texts. (Whether 
these are best viewed as organisms or characters will be discussed below.) Develop
ing such a model is an important first step toward the development of quantitative 
models of character change among conceptual organisms (cf. Boyd and Richerson 
1985 for similar arguments about cultural evolution). We will argue that in some 
important cases, diagrams appearing in published scientific works are conceptual 
organisms because they exhibit properties of heuristics. Modeling these heuristics 
as conceptual characters is essential to make use of sophisticated tools of quantita
tive evolutionary analysis. 

Hull's analysis of the concept of historical individuals (Hull 1975) leads to a 
conception of the objects of evolutionary change which is readily generalized 
beyond the organic realm. His characterization of interactors (phenotype-like 
entities which are the objects of selection), replicators (gene or genotype-like 
entities which reproduce themselves and produce phenotypes whose selection and 
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differential replications mediates their transmission) and lineages (descent trees of 
replicators which evolve) provided the generalized tools for understanding grounds 
on which any individual might belong to a population subject to evolutionary 
change (Hull 1980; see also Lloyd 1988 for enlightening discussion). They provide 
crucial conceptual background for understanding how 'Darwin's principles' 
(Lewontin 1970) are to be applied to the important entities of an evolutionary 
analysis. 

Hull's introduction of the type specimen method into philosophical studies is his 
second major innovation, and it brings the disciplined use of population thinking to 
bear on historical analyses of scientific change. Evolution works on variable 
populations; without variation, there can be no evolution. Thinking of scientific 
communities or conceptual systems as populations which (potentially) vary is not 
as easy as it sounds (cf. Hull 1983; Mayr 1983). Operational problems of applying 
the type specimen method abound, but even after we succeed in thinking popula
tionally, it is by no means clear that conceptual evolution will be shown to be a 
fact What is clear is that conceptual change is a fact with as strong an evidential 
base as biological evolution. But if the appellation 'evolution' is to have more than 
metaphorical significance here, we must find the right kinds of objects and relations 
between them so that the structure of an evolutionary theory can be applied 
successfully to the process. And of course, given the differences between the 
biological and conceptual cases, this structure may itself require some modifica
tion. 

Hull's vision of the best way to study conceptual change in science is to delimit 
social groups of interacting scientists on the basis of genealogical descent relations 
and then to analyze variation in the style, content and structure of ideas and 
arguments within and among social groups (see, e.g., Hull 1985). We suggest that 
the latter task is clarified conceptually and operationally by thinking of components 
of representations of ideas in texts as conceptual organisms or characters. On this 
view, population thinking is itself just one simple model of variation within 
delimited social contexts: social groups consist of collections of individual 
scientists who differ in their conceptual 'characteristics'. The individually held 
ideas of the members of the group form a distribution which might ideally be 
characterized in terms of 'statistics' of conceptual variation; conceptual means (or 
norms) and conceptual variances (i.e., measures of the degree of acceptance or 
similarity of ideas in a population). Hull's approach to an evolutionary analysis of 
conceptual change is thus to develop a set of general dynamic principles and 
operational procedures for individuating the entities which may manifest those 
principles, and then to use these tools in case studies. We suggest that quantitative 
character analyses will play an important role in studies of scientific change, both 
for purposes of 'phylogeny reconstruction' and for describing patterns of character 
change among conceptual organisms. 

Hull's analysis of Darwinism is penetrating in the same way Darwin's analysis 



78 

of organic evolution was: the general account is compelling because it explains in a 
qualitative way a broad spectrum of features of scientific communities and 
conceptual systems, such as why cooperation rather than agreement is the fun
damental glue holding scientific communities together and why uninfluential 
precursors 'don't count', i.e., that precursors whose ideas did not playa role in the 
later genesis, rediscovery, or promulgation of the ideas should not be included in 
historical reconstructions, no matter how similar they may be. Most doubts about 
such evolutionary views do not, in fact, question their generality (except when 
generality is attacked as mere metaphor). Rather, critics question whether concep
tual evolution (if that is taken to mean anything more than conceptual change) has 
indeed occurred, and also whether a theory of conceptual evolution can be made 
sufficiently precise to make this an interesting claim. 

Doubts about whether conceptual change is evolutionary fall into two classes. 
First, as Hull admits, there are almost no data from the history of science easily 
suited to evolutionary treatment, and many argue that the reason is that conceptual 
evolution does not occur. Thus lack of data is taken to count against the truth of the 
theory. Hull's case study of Darwinism was motivated by the fact that the historical 
materials are unusually good (Hull 1985). But if the conceptual 'fossil record' is so 
much poorer than the organic, there would seem to be little hope for supportive 
evidence beyond a few fortuitous case studies. Second, social groups may not be 
the kinds of entities which can be subject to evolution. In particular, conceptual 
change seems to depend heavily on social groups which: 

1. are vastly more ephemeral than organic groups, 
2. engage in substantial inter-lineage borrowing that defeats attempts to 

individuate lines, 
3. exhibit messy modes of transmission of concepts across generations, and 
4. appear to be subject to inheritance of acquired variation. 

The frrst two observations raise questions about whether scientific communities 
and conceptual systems are sufficiently like organic groups to have resulted from a 
Darwinian evolutionary process. The last two may suggest that a conceptual 
'genetics' would be so different from anything resembling the genetics of biologi
cal organisms that conditions for evolution in a generalized Darwinian theory are 
unlikely to be met very often if ever. 

In brief, Darwin's principles (see Lewontin 1970; Wimsatt 1980) require that for 
evolution by natural selection to occur, individuals (at a given level of organiza
tion) must vary in their properties; those properties must have effects on fitness 
(i.e., the individuals must make differential contributions to the next generation 
based on their differing properties); and fitness differences must be transmissible to 
future generations (i.e., the fitness differences must be heritable). The truth of 
claims of conceptual evolution must thus be evaluated in terms of a set of prin-
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ciples which appear difficult to apply to social groups and conceptual systems. 
Questioning what fitness means or how conceptual or cultural characters can be 
transmitted in a way that satisfies claims about heritability, or other claimed 
conceptual problems are often substituted for an argument that an evolutionary 
picture is incorrect But this philosophical strategy of attacking an evolutionary 
view because it seems a priori impossible, or even because it is contrary to fact, has 
never been very effective against the scientific stance taken by· organic 
evolutionists. Evolutionary models of conceptual change are just that, models. Not 
only are such models likely to be false, but their developers typically recognize 
them to be false (Wimsatt 1987). The simplification of the models which makes 
them false, also make them analyzeable and, it is hoped, will point the way to 
increasing their realism. 

The precision issue, that a theory of conceptual evolution may be valid but so 
imprecise as to be useless, is the kind of charge which evolutionists should take 
seriously, and is the one which this chapter will address in a discussion of 
methodological problems involved in the individuation and evaluation of traits, 
characters, or characteristics of ideational structures which function as conceptual 
organisms. Darwin was concerned in On the origin of species to establish the fact 
of organic evolution and a theory of the mechanism(s) by which it occurs. Hull has 
argued that in order to begin the evolutionary analysis of conceptual change, we 
require population thinking to allow us to apply a generalized evolutionary 
framework. Hull has also made some attempt at characterizing a mechanism (Hull 
1978, 1988), which must be, as Hull would recognize, but one of many, given the 
diversity of relevant conceptual units and of their modes of transmission (see, e.g., 
Boyd and Richerson 1985, chapter 1, for an elaboration of the latter). But in
dividuating social groups and making the case that evolution is a plausible explana
tion of temporal change and spatial diversity is incomplete unless the particular 
features of those groups can be given adaptive explanations. Hull is well aware of 
this issue, and has distinguished between the problems of individuating social 
groups and describing character distributions. One point of individuating groups is 
so that the relevant character distributions can be studied, and it is to Hull's credit 
that he has not confounded these problems. 

Hull urges population thinking in order to elucidate the nature of conceptual and 
social structure in science. In an important sense, sensitivity to questions of 
assessment and measurement of variation is the mark of population thinking in 
biology. Application of the type specimen method is predicated on having a 
meaningful sample of specimens from a population. We raise issues in this chapter 
about the collection of conceptual specimens and the discovery and assessment of 
variation among those specimens. 
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II. Conceptual characters and their distribution in science 

In order to assess conceptual variation, we begin with a simple model of the 
structure of reasoning about problems presented in scientific texts. We assume that 
scientific publications present problems to be solved, attempts to solve them, and 
arguments that the attempts are successful (Griesemer 1984). The ways scientists 
choose to make such presentations depend in part on decisions they make about 
their audiences, what the latter expect and are likely to accept These decisions 
influence the structure of texts in manifold ways because scientists bring their 
varying histories as trained professionals to bear on the problems of communicating 
their work in public. 

Tracking the histories of interaction among scientists is critical to the individua
tion of social groups. The manifestations of those histories may surface in the form 
of variations in published scientific texts (as well as in other, less easily trackable 
places such as conferences and laboratories). To study this variation, we need a 
model of conceptual structures which may vary, and a strategy for comparing, 
measuring, and assessing the significance of the presence of variants in social 
groups. In the remainder of this section we will develop a model of conceptual 
maps, structures we expect to vary among scientists working in controversial 
domains, and consider the possibilities for operational measures of conceptual 
variation. Then, in part II of this chapter, we will make a case study of diagrams of 
Weismann's doctrine of the continuity of the germ-plasm as instances of actual 
conceptual structures which bear some of the elements of conceptual maps. 

Scientific texts present solutions to problems. In order to do this, problems must 
be framed and arguments must be given that the results presented actually solve the 
problems framed, whether from experimental, observational or theoretical investiga
tion. Problem-framing is an important issue for scientists because their shared 
background of exemplars, laws, theories, procedures and metaphysical commit
ments (Kuhn's disciplinary matrices; see Kuhn 1970) are never sufficiently explicit 
or clearly shared to frame problems in ways which heterogeneous audiences can be 
expected to accept. We use 'acceptance' here in a special sense to mean the 
cooperation of an audience in reading, and then citing and using the published work 
(see Hull 1988). The audience must accept, for the sake of argument, the problem 
as framed, or it will not be a problem at all; if the text is to be successful, some 
members of the audience must cite and/or use information in the text as well (cf. 
Latour 1987). In other words, acceptance is a component of cooperation rather than 
of agreement (Hull 1978, 1988). The audience may ultimately disagree with the 
author's arguments or results, but non-acceptance of the framing of a problem is in 
an important sense a refusal to cooperate. 

No matter how we look at background assumptions, as premises, as starting 
conditions or as constraints, they function as a conceptual 'environment' or context 
of a problem stated in a text. This environment must be fixed so that the problem 
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can be entertained by an audience as a problem, and its proposed solution judged in 
that context as to adequacy or correcbless. Differently put, scientific texts must 
manage the openness with which an audience reads the text. Readers may come 
from varying paradigmatic backgrounds, and it is important to specify concepts 
relevant to getting an intended audience to accept the presented work as solving a 
problem (and even, to accept the problem as legitimate, important, interesting). The 
concepts and work taken to count as relevant by any given audience, in conjunction 
with factors such as the effectiveness of the arguments presented and the authority 
of the authors will determine whether the work presented is judged a solution to the 
problem presented. 

Fixing the conceptual environment for a problem, in other words, means 
rendering a problem solvable by representing the world (including the disciplinary 
matrix deemed relevant) in such a way that the results presented solve the problem. 
To solve a problem, scientists have to do things (in their labs, in the field, in their 
heads). This activity sets a context in which they interpret what their actions mean. 
To get their work recognized as solving a problem, they have to limit the pos
sibilities of acceptable interpretation so that the work presented will likely be 
counted a correct, adequate, or good solution. In other words, scientists must close 
the conceptual world in order to make problems solvable (Fujimura 1987; Gerson 
and Star 1986). 

We can define a conceptual environment to be a model of a possible world in 
which the problem at hand is solved by the results presented. Fixing the conceptual 
environment is therefore following a reductionistic research strategy as described 
by Wimsatt (1980), but at the level of entire research projects rather than at the 
level of individual scientific problems, including problems of argumentation, 
presentation and communication as well as those usually deemed 'scientific' in a 
narrow intemalist sense. In general, reductionistic research strategies divide an 
organized phenomenon into a system and its environment and use heuristic rules to 
interpret the behavior of the system in relation to its specified environment, which 
is often then detached and ignored The latter is fixed in order to simplify modeling 
and to focus attention on what the author(s) wish the audience to take as 
problematic. A conceptual map, then, can be defined as an instance of a fixed 
conceptual environment relative to a problem which functions as a conceptual 
system. 

The motivation for calling these instances 'maps' stems from a consideration of 
the context in which differences between texts are most easily recognized: scien
tific controversies. The conceptual environment of a problem presented in a text 
marks the 'lay of the conceptual land' in such a way that participants in a con
troversy can identify and trace the history of differences of framework or problem 
solving strategy. In other words, scientists present maps of 'how they got to be 
where they are' in the nebulous, heterogeneous conceptual scheme presumed to be 
shared by the widest expected audience. Such maps depict not only the history of 
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the authors' work leading to their present considerations, but also re-representations 
of the work of others, including their environment-fixing and problem-solving 
activities (Griesemer 1983). This does not mean that scientists' depictions are 
correct or veridical, or even expressions of what the scientists actually believe. 
They are, simply, the data with which we are concerned. 

There is one other image intended in calling instances of fixed conceptual 
environments maps. Maps are typically thought of as diagrams of relationships 
(e.g., road maps which show relative spatial relationships of landmarks). The 
graphical image of a road map is useful for framing a discussion of a problem 
central to assessing conceptual variation: how can we think about measures of 
conceptual variation? If we think of conceptual environments as road maps of 
concepts, the spatial metaphor can help to address questions of assessment. 

III. Problems with finding appropriate conceptual units/or study 

In order to think about conceptual variation, we need to consider conceptual 
variants, i.e., structures which can (potentially) vary whether we conceive of them 
as conceptual units, as below, or as properties of scientists as in Hull's discussion 
of social groups. In philosophy, a host of conceptual structures are commonly 
discussed including concepts, propositions, arguments, and theories. But outside 
philosophy where canonical forms for conceptual structure have been developed, 
these structures are often hard to identify and individuate, and even harder to 
compare. Moreover, there are numerous conceptual structures of great importance 
in science which have not been given adequate philosophical consideration, such as 
citations, diagrams, charts, graphs, tables, maps, photographs and other visual 
displays of qualitative or quantitative information (but see Goodman 1976). 

In philosophy of science, the problem of how to represent (and hence talk about) 
conceptual structures has been limited to considerations of theories, models, and 
explanations. In part, expression of this bias has been an essentialist goal: there 
should be a single representation of a theory which captures its essence such that all 
variation between holders of 'the theory' are reduced to accidental differences of 
notation or to translatable differences in the use of terms. Logical consistency 
among canonical forms becomes a criterion through which variation among 
scientists is expunged from philosophical consideration. On such a view, scientists 
simply cannot knowingly maintain logically inconsistent views because it would be 
irrational to do so. Essentialism about theories makes the problem of representation 
one of getting 'the' theory right, and any disagreements among philosophers will be 
due to their not all having captured the essence of the theory in their representa
tions, rather than that they have discovered significant differences among concep
tual structures. This is to define out of existence the possibility of continuous 
rational scientific change by denying the existence of its basis in individual 
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variation among scientists. An evolutionary account from this starting point would 
look much more saltative, is likely to exaggemte the role of scientists expressing 
large conceptual variations which demand recognition as new, sepamte canonical 
fonns (or even styles of reasoning, see Hacking 1982), and leads natum1ly to a 
Kuhnian polarization of types of scientific change into the dichotomous 'nonnal' 
versus 'revolutionary' science. 

But if we are interested in conceptual differences among scientific products, this 
typological approach to representation becomes a hinderance. In order to focus on 
conceptual variation, we need a representational scheme which will alIow us to 
distinguish between errors in philosophical assessment of concepts and actual 
conceptual variation within and among the scientific products studied We need a 
canonical notation which can accommodate the variety of conceptual structures we 
expect to fmd in science. 

Let us focus on one dimension of this problem to illustrate the issues. Consider 
an imaginary continuum of quantitative analyses of scientific texts, along which the 
entities subject to analysis vary in complexity. At the simple end of this continuum, 
there has been a well known progression of 'citation analyses' which try to capture 
the organization of scientific fields through study of a single kind of conceptual 
structure - the bibliographic citation. The method has progressed from simple 
citation counts to co-citation studies to content analysis to co-word analysis (e.g., 
Small and Griffith 1974; Small 1977; Sullivan, White and Barboni 1977; Edge 
1979; CalIon, et al. 1983; CalIon, Law and Rip 1986). 

A sequence of conceptions of the structures being studied orders this progres
sion. In citation analysis, the basic datum is the citation of one published work by 
another. Co-citations are pairs of published works cited together. Content analysis 
recognizes that simple citation analyses lump together works being cited for 
different reasons, and so the basic datum is a work (or set of works) cited for a 
categorized reason, where the categories are imposed by the content-analyst. Co
word analysis takes pairs of significant words listed together in a keyword index as 
the basic datum in order to look at changing constellations of words in a database 
of keyword entries representing a scientific litemture over time. 

There are several virtues of these analysis which take very simple text com
ponents as 'data structures' (Gerson, in preparation). Citations and keywords are 
small in size (relative to the size of a whole published text) and abundant. If one is 
going to study variation, it is useful to be able to get large samples. Moreover, both 
citations and keyword lists can easily be counted and obtained in machine readable 
fonn, so that large samples can be studied quantitatively. Moreover, citation 
conventions are sufficiently standardized that there is very low probability of error 
in identifying and individuating citations compared with other sorts of conceptual 
structures. The tmde-off for the manageability and reliability of this data is that it is 
far removed conceptually on our hypothetical continuum from the sorts of struc
tures which interest historians and philosophers. The fact that much of the literature 
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on citation studies is devoted to arguing that the units are good indicators suggests 
that there are substantial problems of interpretation in this regard (see, e.g., 
MacRoberts and MacRoberts 1986). 

At the other end of the continuum would be the conceptual map structures 
outlined above. The structures of interest to a conceptual evolutionist presumably 
are the conceptual environments (problem-contexts), problems, results, and 
solutions usually expressed in scientific texts. These are much more complex 
structures than citations or occurrences of words in keyword lists, so the richness 
and meaningfulness of variation would appear to be of much more interest They 
may, for example, be interpreted as the text structures embodying scientific 
theories. The trade-off for the of intrinsic interest of such data is most importantly a 
loss of manageability, affecting both the complexity and reliability of procedures 
for the analysis of such units, and also the effort which must be devoted to the 
analysis of each case (Griesemer 1983), and secondarily a substantial decrease in 
sample size. Consider, for example, the graphical metaphor of a map either as a 
'data structure' or as an extension of co-word analysis. 

The graphical image of a map with links representing relationships and nodes 
representing concepts (like cities linked by roads on a roadmap) suggests ways to 
study and measure variation. For instance, the density of links connecting a node to 
others could be interpreted as a measure of the centrality of a concept in a system. 
Different connection densities for the same node in related systems could be a way 
to compare conceptual systems, especially when those concepts are central to the 
framing of problems. But it is not obvious how even so canonical a representational 
scheme as directed graph theory could be applied here since there is no known way 
to reliably code such features of conceptual systems specified in natural language 
in a knowledge base (see Griesemer 1983 for further discussion). In other words, 
one cannot tum natural language into node-and-arrow diagrams without an 
informed interpretation which really does all the hard, inferential work normally 
involved in reading a text from a particular point of view. 

It might be imagined that the difficulties of operationalizing the map metaphor in 
this way stems from its pictorial basis. But consider again the notion of co-word 
analysis, which uses the co-occurrence of pairs of words in keyword indexes to 
build indicators of conceptual changes in scientific literatures (via changes in the 
structure of key word usage over time). Suppose we were to generalize co-word 
analysis to occurrences of n-tuples of words, where the sets of words are just 
arbitrary text strings chosen from scientific texts. Then, in principle, we could build 
indices of any sized text structure, including whole texts. 

As the model structures get more complex (from citations to co-words to 
conceptual maps), the analytical machinery and theoretical justification needed to 
measure and compare them becomes more complex. Secondly, the available 
sample size goes down, both because there are fewer units of this larger size, and 
also because, with limited resources, the increased time required to analyze a unit 
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means that fewer can be considered. The elaboration of the models in terms of their 
structure and measurement generates complexity, uncertainty and unreliability in 
inferences about conceptual differences. The problem of representing conceptual 
structures in scientific texts thus presents a series of trade-offs between the interest, 
manageability, coding reliability, sample size, and measureability of simple vs. 
complex data. 

The upshot of this discussion is that in order to study conceptual variation, we 
need very simple model data structures which are: significant, potentially variable 
in some relevant population, have a significant number of instances, and are 
reliably coded. Neither current practices in text analysis, nor even attempts to 
characterize ideal conceptual structures present much of a guide to what we can 
reasonably hope to gain from empirical case studies. But there is a class of text 
structures, diagrams, which are fairly common in modem scientific literature and 
meet a number of the above criteria. 

Diagrams are often expressed in 'visual language' (Alpers 1983; Rudwick 1985; 
Tufte 1983; Varnes 1974) which is much more manageable than written text for the 
purposes considered here. In the sections to follow, we discuss some virtues of 
diagrams as units for studying conceptual variation. We will then go on to consider 
the case of 'Weismann diagrams', diagrams expressing relationships between the 
germinal and somatic cells of the body. August Weismann (1834-1914) is widely 
credited with discovering the significance of the polar bodies in meiosis, proposing 
the doctrine of the continuity of the germ-plasm, establishing the non-inheritance of 
acquired characteristics, and proposing with Wilhelm Roux a now discredited 
'mosaic' view of development. Like Lamarck before him, Weismann's views have 
been widely misinterpreted in the scientific literature. Lamarck's legacy seems to 
have been reduced to the view that acquired characters are inherited (see Hull 
1984). Weismann's legacy has been reduced to the opposing view that acquired 
characters are not inherited, plus his doctrine of the continuity of the germ-line. 
Both are important tenets of 'neo-Darwinism', the term coined by Romanes to 
characterize Weismann's view of evolution. 

We will trace the changing conception of Weismannism through an analysis of 
diagrams as conceptual maps which fix conceptual environments for a variety of 
problems about heredity and development. We wish to show not only that diagrams 
can be useful indicators of conceptual change in science and to illustrate their 
potential role for evolutionary analyses of scientific change, but to make the case 
that they are instances of a much more general conception of structured data which 
should be of interest to historians, philosophers, and sociologists of science 
interested in conceptual change. 
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W. Are the conceptual units of analysis 'traits' or 'organisms'? 

Above we spoke alternately of the units we wish to study as organisms or as 
characters. The choice of mode of description of these units has significant further 
implications. There are arguments favoring either decision, and it seems likely that 
in different contexts they may have to be viewed as one or the other or perhaps 
even both, from different perspectives simultaneously applied. This complexity is a 
product of at least three factors: 

1. The first is the probable existence in cultural evolution of a variety of 
different level units of transmission and selection. A similar problem arises 
in biology, for similar reasons. Thus, if both individual and group selection 
are affecting the evolution of a trait of an organism, that organism is 
simultaneously a whole phenotype (or interactor, in Hull's terms) with 
respect to organism level selection and a part or complex trait of the group 
phenotype with respect to group selection. 

2. With cultural evolution there is a greater difficulty in individuating these 
units, and less agreement on what the relevant units are. There are no well 
individuated universally applicable individual units which have the 
perceptual and causal unity, and relatively clear boundaries to provide the 
natural starting point for an evolutionary theory which organisms have 
provided for the biological theory. We argue below that diagrams have 
these features, but even if this is so, they are not common to all theories or 
theoretical contexts, and so lack the requisite generality as units. A conse
quence of this is that while diagrams may provide a particularly good 
example of the right kind of unit, they are one among many - while they 
might serve to demonstrate the utility and effectiveness in one case of a 
theory of cultural evolution, they do not provide a generally applicable unit 
which provides the structure for a general theory. (Nonetheless, we think 
that our treatment here provides many heuristics which will prove useful in 
the analysis of other kinds of cases.) 

3. Finally, the different modes of cultural inheritance provides some additional 
complexities which make it more difficult to individuate cultural genotypes 
and phenotypes than in biological cases, a problem which in consequence, 
makes it also harder to identify whether a given complex is to be regarded 
as a replicator, an interactor, or as a trait complex - a part of an interactor. 

The alternative pictures can be presented simply, but complications will follow: 

1. On the view of conceptual evolution as the evolution of the beliefs of 
scientists, it is natural to view conceptual structures as conceptual characters 
of the scientists' phenotypes. To be sure, then the mode of acquisition and 
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transmission of these characters then commits one to the view that cultural 
inheritance is Lamarckian, (roughly, that it involves the inheritance of 
acquired characters, but see Hull 1982, 1984, 1988, for more extended 
discussions on this point) rather than Weismannian, but this is a small price 
which almost every cultural evolutionist is willing to pay. (We ignore here 
those who believe that cultural variation is genetically determined to any 
significant degree, and thus that cultural inheritance is Weismannian at the 
biological level.) This is Hull's view, or at least the view which he most 
often advocates. 

2. An alternative view is possible however: Given the adaptive complexity of 
the conceptual structures which must be considered (certainly for theories 
or models, but also arguably for diagrams), it seems natural to regard them 
as kinds of conceptual organisms, with a wealth of co-adapted features 
designed to aid their acceptance, promulgation, and application. It fits better 
with the way many philosophers of science talk about theories as abstract 
entities, but theories require theorizers, and abstract entities, entifiers. On 
this view then, to take account of the fact that theories (unlike paradigmatic 
organisms) do not propagate or replicate themselves, these conceptual 
organisms have to be regarded as kinds of conceptual viruses or plasmids 
which can be transmitted between and infect scientists who then become 
agents of their further transmission and replication. The problem with the 
frrst view on this account is that it leads us to look to the scientist as the 
beneficiary of the adaptations of the conceptual structure, and indeed, Hull 
has ably exploited this feature. But it appears that there are adaptations of 
conceptual structures which can also be viewed as means to their own 
replication, and even more importantly, that there are gene and phenotype 
(orreplicator and interactor) analogues within conceptual structures. 

Biological genes both replicate themselves, and also produce an adaptive structure 
(the phenotype) which is acted upon by selective forces in the environment, and 
whose action mediates the differential reproduction of the genes which they carry. 
The self-replicating and other replicating activities of genes are called, respectively, 
their autocatalytic and their heterocatalytic functions. It is tempting, as many 
cultural evolutionists have (see, e.g., Dawkins 1976) to say that anything which is 
replicated is a gene analogue, but this will not do, since biological phenotypes are 
replicated as well as genotypes. The key in distinguishing the two is to note that the 
genotype plays a generative role in making the phenotype, but (with some complica
tions not to be discussed here!) not conversely, and that the genes (together with a 
minimal support part of the phenotype) are what is transmitted to the next genera
tion. 

To see how this model can apply to scientific change, we need only to suppose 
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1. that scientific theories have, in their application and development, a 
generative structure which is roughly hierarchical, 

2. that they are modified adaptively to improve their 'fit' with the environ
ment, and 

3. that they are transmitted or replicated by passing on a relatively small 
generative structure, from which the descendant theories are generated. 

This third element is the analogue, for conceptual structures, of the genotype. The 
genotype then is recognized (for cultural evolution), primarily in terms of its 
heterocatalytic function. Of these assumptions, the first is implicit, not only in the 
traditional formalist account of scientific theories, but also in the post-positivistic 
accounts which are advanced to replace it (see, e.g., Kuhn 1962, 1970; Lakatos 
1970; and Laudan 1977). The second assumption is common to all 'evolutionary' 
accounts of scientific change, and to many accounts which are not explicitly 
evolutionary. The third is based on an observation which perhaps explains the 
formalist's mistake of identifying a theory with its axiomatic basis. It is the simple 
observation that we often begin to teach theories by presenting the most basic laws 
or assumptions of that theory. The formalist in effect stops there, trusting that, 
when given the axioms, the rest of the theory and its applications will follow. But 
also important (as pointed out by Kuhn and largely missed by more formalistic 
accounts) is the fact that the meaning of these axioms and their use is conjointly 
taught through application to paradigmatic problems or examplars, which on this 
account would also have to be included among the generators or gene-analogues of 
the theory. Axioms are neither self-interpreting nor self-applying. 

The third assumption gives us one way of recognizing the 'gene-analogues' in 
scientific evolution, though in cases where the axioms are not easily delimited or 
there are significant generators which are not included in the axiom sets (such as 
problem solving heuristics or experimental paradigms). It is better to characterize 
the gene analogues as any elements which are significantly generatively 
entrenched - that is, any elements which play an important role in generating the 
adaptive or phenotypic structure of the theory (see Wimsatt 1981a, 1986b, 1986c, 
and 1988 for further discussion). The phenotype analogue here is the generative 
apparatus of axioms or principles, the heuristics for formulating problems and 
applying them, and the theoretical and experimental paradigms of their application, 
(comprising the genotype analogue), together with the generated theoretical 
structure of principles, generalizations, results and applications (which comprise 
the rest of the adaptive structure of phenotype of the theory). It is ultimately 
through its applications that a theory realizes its fitness, and through a powerful and 
broadly applicable structure with many applications that it achieves high fitness by 
solving many problems and thus winning many adherents and displacing its 
competitors. This entire structure is its phenotype. (Here, as in biology, the 
genotype or generative structure is properly considered as an aspect or part of 
phenotype.) 
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One remarkable consequence of this way of framing the genotype-phenotype 
distinction in this context, is that a good part of conceptual transmission can be 
regarded as Weismannian in character: theory-phenotypes do not directly make 
more theory-phenotypes in the scientists which they infect. Rather what is passed 
on is a relatively compact generative structure which, in the right conceptual and 
social environment, generates the theory-phenotype of the next generation. 
Wilson's diagram of Weismannism, to be discussed further below in section VIII, 
captures this mode of transmission for conceptual structures as well as for biologi
cal structures (Wilson 1896, figure 3). The fact that conceptual transmission can 
take place serially at separate successive times in a scientist's conceptual ontogeny 
complicates the description of this process, since successive layers of increasing 
sophistication in the understanding and application of a theory may be transmitted 
during the education of a scientist, but it seems possible in each of these cases to 
argue that what is passed is a generative structure which further ramifies (for the 
later transmissions, in the context of the theory already elaborated to receive these 
additional generators) to complicate and elaborate the phenotypic structure of the 
theory-application complex which constitutes the conceptual phenotype. Because 
of the generative role of the gene-analogues, and the fact that only the generators, 
not the whole of the phenotypic structure is transmitted, conceptual inheritance is 
also Weismannian. Because multiple generators are transmitted, to fit into the 
appropriate place in an elaborating conceptual-phenotypic structure, we have a kind 
of hierarchical multi-level Weismannism which has no parallel in the case of 
biological inheritance (see Figure 1). 

In the context of what will follow below, we argue that Weismann diagrams 
have been transmitted, both with and without modifications, and that they, and 
diagrams in general, play a significant generative role in the transmission, under
standing, and elaboration of theory. 

This important parallel with the biological case, the possibility of making a 
genotype-phenotype distinction, is missing from most evolutionary accounts of 
scientific change. This distinction is important for at least two reasons: 

1. It is implicit in and essential for the further development of analogues to 
population genetics for scientific and cultural change, such as those of Boyd 
and Richerson (1985). This distinction was not present in Darwin's theory. 
Making it not only enormously increased the power of the biological theory, 
but removed important conceptual confusions. In the present context, it 
gives an important new way of identifying conceptual 'genes' - through 
their generative role. 

2. Making it brings a number of developmental phenomena within the scope 
of the theory, phenomena which have often been ignored in the absence of a 
theoretical perspective for their analysis. Most striking is an explanation of 
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Fig. 1. Inheritance and evolution of scientific theories. Inheritance in scientific theories is via 
a kind of hierarchical Weismannism. The primary generators (axioms, heuristics, exemplary 
problems, represented by 5 unfilled circles) are transmitted to a scientist and provide the 
initial basis for the elaboration of a theory (represented by other (black) nodes) which is 
generated from them. Some of these consequences provide a natural context or receptor site 
(the semicircle) for the incorporation of other generators (the smaller circle with 3 unfilled 
circles) which may be transmitted later from other sources, but subsequently transmitted and 
taught as part of the theory. (l'hey may, as here, remain separate from the primary generators 
of the theory, either because they are thought of as part of a separate subject matter, or 
because they cannot be taught until after other things are taught fIISt.) Some consequences 
(the unfilled circle at the bottom) may be sufficiently noteworthy that they may themselves 
be transmitted independently (with or without modification) either to later generations of that 
theory, or exported to other lineages. Thus, think of Darwin's principles, as applied to 
organisms as the primary generators, Mendelian genetics as the imported secondary 
generative complex at the top, which becomes population genetics, and the idea that 
selection maximizes fitness at the generative node at the bottom (revised in the second 
generation, with input from population genetics) to become maximization of inclusive 
fitness. This diagram is grossly oversimplified. and cannot, at this level of magnification 
capture the fme structure of historical detail. Three kinds of inheritance are represented here: 
1. derivational linkages within the theory, by the thinnest lines, 2. the inheritance of the 
primary generators by the thickest lines, and 3. transmission of secondary generators, both 
within and across theoretical lineages by medium lines. All kinds of inheritance can be 
multi-parental. since a consequence may be derived from the conjunction of several others 
and the generative complexes may be derived from a variety of sources. Also represented in 
the diagram is the production of new consequences (denoted by grey nodes) in the second 
generation, and loss of problematic consequences. Not represented in the diagram is the role 
of the conceptual environment (both intra- and inter-theoretical) in selection, mutational 
changes in the meanings of key elements, and perhaps most importantly, major changes in 
the structure of the theory. Thus, e.g., it is arguable that popUlation genetics has in many 
contexts replaced or become co-equal with Darwin's principles as the primary generators of 
the modem theory. This complexity should be compared with the simplicity of Wilson's 
diagram of Weismannism (below), but the point of both is the same: what is transmitted is 
generators, not the whole phenotypic structure of the theory. 

the differential effects and rates of evolution of characters expressed at 
different stages of development which has direct application to the predic
tion and explanation of rates of scientific change of different sorts. (See 
Wimsatt 1986b, 1986c, Rasmussen 1987, and Schank and Wimsatt 1988 for 
further elaboration and a variety of applications of this claim and the 
'developmental lock' model upon which it is based. The last paper cited 
applies this model specifically to scientific change.) 

In spite of this extended explication and defense of the 'organismal' approach, 
we do not at this stage consider the two views of diagrams, as organisms or as 
complex characters, as alternatives. Which way they should be viewed depends 
upon the level and the perspective of the analysis. For some problems (e.g. Hull's 
(1988) application of the concepts of conceptual inclusive fitness and the demic 



92 

structure of science to the explanation of the behavior of scientists), it seems most 
natural to regard their theories as complex conceptual characters of scientists, and 
diagrams as complex sub-traits within these complexes. Or for other purposes, it 
might be appropriate to view theories or models as conceptual organisms which 
exhibit differential replication, in which case, the diagrams associated with them 
are complex traits of these theory-organisms. At our level of analysis, and par
ticularly because the diagrams are exported and modified in different theoretical 
and dydactic contexts - often to contexts where their original parent-theory is under 
critical examination or attack, and they are employed in the service of a competitor, 
it seems more natural to treat the diagrams as conceptual organisms, and the 
theories which they serve as part of the conceptual environment Finally, whether 
the organismallevel is taken to be at any of these levels (a scientist, his theory, or 
the diagrams he takes to illustrate and to argue a part of that theory) the diagram 
will have traits, and can be treated as a trait-complex. Indeed, taxonomists often 
treat species as if they were trait-<:omplexes, and talk. about the evolution of trait 
complexes as if they were organismallineages. 

V. Diagrams as good 'model organisms' for studying cultural evolution 

It has often been observed that in biology, the solution to a particular problem is 
facilitated, and in some cases only made possible through the right choice of an 
organism for study or experiment. In such cases the organism in question becomes 
a 'model organism' or paradigm for the study of that problem. If we are to argue 
that 'conceptual maps' meet the conditions for units of selection in cultural 
evolution, we must identify properties which make them useful entities to study 
through time for tracking evolutionary change. One problem which has infected 
earlier attempts to do so, however, is the need to develop a canonical mode of 
representation for them (Griesemer 1983). Such a canonical mode of representation 
would ideally: 

1. be readily extracted from the text, 
2. have a significant degree of inter-coder reliability, 
3. have easily and unambiguously scored properties or characters whose 

stability and change provide the data for an evolutionary analysis, and 
4. would also be such as to allow the assignment of a metric to its properties 

so as to allow the application of theories similar in form and intent to those 
of quantitative genetics. 

There are at least two kinds of cultural objects which meet the first 3 desiderate 
directly without need for further analysis, and which have characteristics which are 
scored with relative ease. They therefore provide ideal 'model organisms' for the 
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study of cultural evolution. These are equations and diagrams, both of which can be 
thought of as special kinds of conceptual maps, and which have the advantage that 
they are already explicitly demarcated in (and thus do not need to be extracted 
from) the texL We do not plan to discuss equations as objects subject to cultural 
evolution here, though many of the claims made for diagrams below apply to them 
as well. 

A. Properties of diagrams as good units 

Diagrams have the following useful properties which, when compared with other 
ideational entities, make them particularly perspicuous objects of study for cultural 
evolution: 

1. Locality. Unlike ideas, concepts, or even propositions, diagrams are paradigmati
cally well-bounded and local in character. Anyone can tell the boundaries of a 
picture, and where it is delineated from text. By contrast, representations of 
important ideas or concepts usually occur in a variety of places or contexts in a 
text, and are used for a variety of ends and in a variety of applications. These 
contexts are often crucial to the understanding of an idea. and an apparently 
monolithic concept may have multidimensional and often conflicting meanings. In 
one particularly well studied example, Masterman (1970) documented 22 uses or 
senses of 'paradigm' in Kuhn's Structure of scientific revolutions, which she 
clustered into two main families, and argued that confusion between which of these 
meanings was intended in any particular case had caused considerable confusion in 
the discussion of this central idea. 

This multiplicity of uses and meanings, and the inevitable role of judgement in 
abstracting and individuating them, makes it difficult to get unambiguous and 
widely accepted characterizations of them, and theoretical disputes often turn on 
arguments as to how key concepts are to be defmed and interpreted. Even when 
authors take care to present explicit definitions of key concepts, unless other 
authors cite them explicitly, it is difficult to tell whether subsequent developments 
in the concepts take their work as a starting point or use other perhaps different 
(and too often implicit, rather than explicit) partial characterizations or definitions 
in the literature. Moreover, the same idea, concept, or proposition may be ex
pressed by the same or by different authors in different words, and the same word 
may for the same or for different authors denote, on different occasions of use, 
different ideas or different variants of the same idea. This fact further complicates 
the task of identifying, individuating, and tracing changes in concepts. Doing this, 
as historians of science are well aware, often requires analysis of a large portion of 
an author's work, and continuing and often contentious judgements as to whether 
variant expressions at different times represent different partial slices through the 
same, largely unchanged concept, or whether they signal changes in the author's 
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views. (Furthermore, most authors probably overestimate and do Whiggish 
rewriting of their train of thought to demonstrate the constancy, or at least the 
continuity, of their ideas, further complicating the theoretical task of analysis.) The 
locality of diagrams is by contrast refreshingly simple and clear, and suggests 
several further properties: 

2. The clarity of the 'organism/environment' boundary. The preceding complexity 
and non-locality of meanings gives the conceptual evolutionist a much more 
difficult task than the biologist in distinguishing between the 'organism' under 
study and its environment. Biological organisms give at least the appearance of 
being well-bounded (sometimes misleadingly so), and it becomes correspondingly 
easier to determine what are characters of the organism and what are properties of 
the environment. Characters of the organism are things which must be traced and 
evaluated for evolutionary changes, and characters of the environment are aspects 
of the niche of the organism which are crucial for evaluating their fitness and 
determining the selection pressures governing their evolution. The well-bounded
ness of a diagram (or an equation) gives this clarity to the conceptual evolutionist. 
The icon is itself clearly well bounded, though the boundaries of the system 
necessary for interpretation of the diagram usually extend a little further into the 
text. The relevant unit must be taken to include both any figure labels, and any 
explication of them in the text if we want to know as well the significance of the 
diagram. Both of these however tend to be relatively well bounded, and it is rare 
that one must look any further than the surrounding page or two of text for the 
necessary explication. Even where references occur elsewhere in the text, the very 
modularity of the figure facilitates their unambiguous identification: figures and 
equations, unlike ideas, are usually numbered, and characteristically referred to by 
number. 

3. Easy scoring, evaluation, and comparison of characters. While one may need to 
reach into the text (however locally) to understand the interpretation of a diagram, 
the vast majority of the character traits of the diagram as organism can be read off 
from the diagram as icon itself. At most, a general knowledge of the intended 
significance of a diagram's properties are needed to score and interpret it. In the 
case of diagrams of Weismannism, one can easily count nodes or connections, or 
analyze the topology and arrangement of the components of the diagram. Another 
way of putting this is 10 note that the vast majority of characters of a diagram are 
intrinsic properties of it - whereas, by contrast, most of the characters of an idea, 
even where intrinsic, must be evaluated by looking at the relational properties of 
the idea. (This is in part one of the reasons for the popularity of functional theories 
of meaning - cf. e.g., Putnam 1975.) An analysis of the diagrams of Weismannism 
has so far revealed over 20 characters which are easily read off from the diagrams 
alone. Scoring of these characters is for the most part unambiguous and highly 
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reliable, and there are enough of them that it would not be unreasonable to use 
numerical taxonomy to analyze their descent relationships. We doubt whether this 
would be possible for any of the conceptual entities normally studied by conceptual 
evolutionists - and, to our knowledge, no-one has even tried. 

4. (Relatively) easy determination of ancestry. The determination of ancestry for 
diagrams is much easier than for ideas, for several reasons. Before going into them, 
we need to distinguish different kinds of evidence for descent, from stronger to 
weaker: 

- The strongest possible evidence is the reoccurrence of the diagram in identical 
form down to arrangement and type face, together with explicit citation of the 
ancestral source. 

- The same evidence, without a citation is nearly as strong, since it makes it 
virtually certain that the diagram is a lineal descendant of the fIrst diagram of 
that type, though if that diagram has been replicated elsewhere in the litemture, 
it is unclear whether the diagram in question is an immediate descendant, or 
through one of the other copies. Sometimes diagrams are redrawn, and here the 
evidence, while still strong, (and mediated by high degrees of similarity) is 
somewhat weaker. 

- Citation to a text which contains no identical diagram is very strong evidence, 
with the only qualifIcation being, that sometimes only an author is given, and 
the identifIcation of the text is left up to the reader. In some cases, the bibliog
mphy disambiguates the reference, but with either multiple possible source 
works by a given author, or multiple possible source diagrams in the cited text, 
ambiguity of ancestry is still a real problem - one that has limited our determina
tions of ancestry in several cases. 

- Similarity in degree r (0 < r < 1). With readily scored and individuated charac
ters, this could be made quite quantitative, in the spirit of numerical taxonomy, 
with greater similarity taken as evidence for relatively recent evolutionary 
divergence. Here (as in numerical taxonomy) the question of the relative 
importance of different characters in determining similarity arises, and the 
answer is the same in both cases: theoretical considemtions and background 
information (in this case, about the ideas represented) provides whatever basis 
we have for weighting some characters more strongly than others. Thus, for 
example, to even count as a diagram of Weismann ism, a diagram must contain a 
representation of the continuity of the germ line, but it is less important, for 
these purposes, exactly how the soma or phenotype is represented. 

There are two special features of diagrams which give these studies of ancestry a 
special advantage even over comparable cases in biological evolution. The fIrst is 
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the obvious one that dating of diagrams is almost always relatively unambiguous, 
and normally not itself the subject of theory-mediated determinations. Since 
ancestors cannot occur later than their offspring, this gives a strong constraint on 
determinations of ancestry, and one which is not as open to argument as it is in 
biology, where common ancestors are inferred from contemporaneous organisms, 
or from fossil remains whose relative age is sometimes in doubt (This advantage of 
course holds for published text as well as for diagrams.) The second is that citations 
(indicating ancestry) are much more commonly given for the sources of diagrams 
than for ideas, and we have no comparable data for organisms over evolutionarily 
significant spans of time. 

Citations are commonly given for two reasons: 

1. Ideas are not copywriteable, but diagrams are. (In this way, they are similar 
to text.) Thus writers are compelled (under the threat of legal action, at least 
since the origins of copyright conventions) to give citations for diagrams 
drawn from other sources. 

2. It seems likely that in most cases, authors have more invested in claiming 
originality for ideas than for claiming originality for diagrams. (It also 
seems likely that false claims for originality of diagrams would be more 
easily detected, because of the relatively ready and unambiguous scoring of 
characters. False claims for the originality of quotes or text are also easy to 
uncover). 

For both of these reasons, the lines of descent for diagrams are less likely to be 
hidden than those for ideas, since there is seldom a reason for, and too great a risk 
in, doing so. 

5. (Relative) context-independence. We have already commented on the relative 
ease in interpreting diagrams, when compared with ideas. This flows in two ways 
from their relatively small and well-delimited dependence on context: 

1. The vast majority of character traits of diagrams are intrinsic properties, 
which can be read off from the icon itself, without reference to context at 
all, or at most to the generic context of diagrams of that type. (Thus the 
conception of a diagram as a cellular descent tree is sufficient to read off a 
large number of the properties of most diagrams of Weismannism. While 
this is contextual knowledge, it is not knowledge that is specific to the 
context to anyone of the diagrams.) 

2. The relevant context for interpreting specific diagrams is generally much 
smaller and more compact than the relevant context for interpreting ideas. 
The only situations where this would be expected to break down is where 
the interpretation of a feature of a diagram is itself strongly dependent on 
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the interpretation of an idea or ideas about which there is some argument. 
Thus what is said to be continuous, and the criteria for continuity may be in 
need of further explication in understanding the evolution of Weismann's 
doctrine of the continuity of the germinal material but that a diagram 
depicts continuity of something germinal is not. 

While the interpretation of the diagrams may be quite context-independent, the 
fitness of the diagrams to illustrate the points in question, or their correctness when 
placed in a new context, is not. (This would parallel the observation that traits of 
organisms may be readily observed and scored in a variety of contexts, but their 
adaptive significance in these different contexts may vary considerably.) This 
variability of fitness or correctness in different contexts can induce strong selection 
pressures, or reasons for evolutionary changes in the diagrams. This last fact points 
to an important role for context in the evaluation of such diagrams, for it is the 
context, particularly the problem context which leads to the introduction of the 
diagram, which determines and should be used in evaluating its fitness. It provides 
relatively direct explanation for changes made in the diagram to accomplish new 
purposes of the context. Thus, after the rediscovery of Mendelism, a modified 
diagram of Weismannism was introduced to illustrate the principles of Mendelian 
segregation operating in gametogenesis (Thomson 1908, p.344, fig. 35). The 
modifications in this diagram are easily understood in the light of the different aims 
of this discussion. The contexts of the diagrams thus provide the relevant features 
of their ecology to identify the selection pressures affecting their evolutionary 
change. Desiderata of clarity and salience in argument lead authors to mark these 
selective factors much more clearly than one would find in nature, where the 
identification of the salient selective factors is often the most difficult and hotly 
contested part of an adaptationist analysis (see Gould and Lewontin 1979). 

6. Easy portability. So far, we have focused on how the relative context-indepen
dence of diagrams and equations makes them ideal objects for study. But there is a 
deeper reason why they are worth our attention which also springs from this 
context-independence. These same properties which confer context-independence 
and make diagrams easy things to study also make them easy and useful things to 
borrow. If a diagram is more readily extracted from a text than an expression of an 
idea in order to study it, it is also more readily extracted from a text to borrow it. 
Similar but not identical considerations render equations as readily borrowed 
elements. Equations are easily localizeable, and though not as readily understan
dable as diagrams, are almost invariably items of high importance since they both 
are central reflections of the assumptions and structure of a theory or model, but are 
also crucial tools for its application to new problems. If an element is less context
dependent, it is easier to understand, which can provide a differential motivation 
for taking it. To draw the organic analogy (misleading here for the active voice, 
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since diagrams do not move themselves), it has a greater potential for migrating 
out of its context. (One is hopefully more likely to borrow things which one 
understands, or thinks one understands, than things which seem more obscure or 
difficult to tease out) If it less context-dependent, there is also a greater chance that 
it will prove to be useful in other contexts - i.e., it has a greater chance of being 
able to migrate into and successfully colonize new contexts. In other words, its 
heritability of fitness is higher. These two consequences of context-independence 
naturally make diagrams good conceptual organisms - they should both serve to 
increase their reproductive rates. and also to increase their probability of evolution 
through adaptive radiation into ~ contexts. 

A parallel process occurs for ideas which are imported through quotation, (which 
stylistically isolates the quote and provides warning that the quoted material is not 
in its natural context) but quotation is frowned upon as a way of expressing one's 
own ideas (as opposed to accurately expressing the ideas of others - particularly if 
they are about to be attacked.) It is interesting that no similar onus appears to be 
attached to the borrowing of diagrams, except perhaps by the publishers of 
profusely illustrated elementary textbooks, who no doubt are strongly influenced by 
images of large royalty costs, and perhaps also by desires for a unity of style. For 
these reasons, such books are probably the biggest single source of redrawn 
illustrations, with journals having strong style requirements a likely close second. 
(See, e.g., the redrawn version of Wilson's (1896, figure 5) as figure I, page 243 of 
Gilbert's (1985) textbook on developmental biology.) 

B. Properties as heuristics - heuristics as generalized adaptations 

Diagrams can be effective means of communication as is attested to by the old saw 
that • A picture is worth a thousand words'. Furthermore, they are also effective 
tools for thought, and as tools for visualization can provide handles for a mode of 
conceptualization which language lacks. Until relatively recently, the role of visual 
means of communication has been virtually ignored by philosophers of science. 
(But see Hanson 1970). Philosophers of science have traditionally been concerned 
primarily with questions of logical structure, justification, logical deduction and 
proof, and truth-preserving algorithms. Along with this has gone a conception of 
theories as linguistic structures, and an emphasis on defineability and deriveability 
relations holding among elements of these structures. Since no-one has proposed a 
way in which these relations could be explicated for pictorial representations, they 
have simply been ignored. 

Several new currents in psychology and philosophy of science have facilitated a 
change in perspective. During the heyday of linguistic philosophy. that which could 
not be expressed linguistically was held to be meaningless. and it was supposed 
that verbal or written language was also the form of thought. But since Roger 
Shepard's classic work in 1971. it has become increasingly clear that a great deal of 
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thinking in at least some of us is visually, rather than linguistically mediated 
(Shepard and Metzler 1971). This still didn't solve the problem of how to analyze 
meaning relations, and defineability and derivability relations for visual representa
tions, but another trend has made these relations seem to be less than all-important. 
In the last decade there has been a rapid growth of interest in tools of discovery and 
problem-solving techniques which are not readily amenable to analysis from this 
perspective (see Nickles 1980). These heuristic tools are quite unlike the former 
ones in that heuristic procedures, unlike truth-preserving algorithms, do not 
guarantee correct results, even when they are correctly applied. In spite of this, they 
are used because they generally or frequently produce correct answers with far less 
effort or computational demands, and are thus cost-effective solutions (Wimsatt 
1980). This is particularly (but not exclusively) the case for dealing with ill
structured problems, for which there may be no algorithmic solutions. 

It is also important that these heuristics are conceived of as procedural rather 
than propositional in form, with an emphasis on the activity of using them and on 
the transformations which they produce. (The fact that they do produce transforma
tions means that in many cases they can be studied propositionally, but, most 
importantly, there is no canonical need to do so. They are most fundamentally 
conceived of as tools for achieving given ends, and one can, for example, recognize 
that a diagram may be an effective means for communicating an idea, and be able 
to explain why this is so, without being able to analyze its propositional structure.) 

Wimsatt (1980, 1981b, 1986a) has analyzed and provided a list of general 
features of these heuristic procedures, of which the following is a slight elabora
tion. (See also Lenat 1982 for a penetrating discussion of heuristic procedures). 
Although these properties are expressed in propositional mode, the talk of solu
tions, or correct solutions (which suggest that the end product is a proposition) can 
also be reconceptualized as actions or adaptive (or maladaptive) behaviors. The 
most important properties of heuristic procedures are as follows. 

1. Properties of heuristics. (1) By comparison with truth-preserving algorithms or 
with other procedures for which they might be substituted, heuristics make no 
guarantees (or if substituted for another heuristic procedure, weaker guarantees) 
that they will produce a solution or the correct solution to a problem. A truth
preserving algorithm correctly applied to true premises must produce a correct 
conclusion. But one may correctly apply a heuristic procedure to correct input 
information without getting a correct output. 

(2) By comparison with the procedures for which they may be substituted, 
heuristics are very 'cost-effective' in terms of demands on memory, computation, or 
other limited resources. (Ibis of course is why they are used.) 

(3) The errors produced by using a heuristic are not random, but systematically 
biased. Talk of systematic bias should be taken to imply two things: a) The 
heuristic will tend to break down in certain classes of cases and not in others, but 
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not at random. Indeed, with an understanding of how the heuristic works, it should 
be possible to predict the conditions under which it will fail. b) Where it is 
meaningful to speak of a direction 0/ error, heuristics will tend to cause errors in a 
certain direction, which is again a function of the heuristic and of the kinds of 
problems to which it is applied. These systematic biases can be useful in two ways: 

- Their analysis provides a 'calibration' of the heuristic; an evaluation of the 
conditions under which it can be safely used. 

- If different heuristics leave characteristic 'footprints' (heuristic-specific biases), 
the detection of systematic biases can provide clues as to the heuristic reasoning 
processes which produced them. This procedure was pioneered by Tversky and 
Kahneman (1974) in their classic study of biases in probabilistic reasoning, and 
has been discussed and applied further in Wimsatt (1980, 1986a). 

(4) The application of a heuristic to a problem yields a trans/ormation of the 
problem into a non-equivalent but intuitively related problem. This means that 
answers to the transfonned problem may not be answers to the original problem, 
even though, if the new problem fannulation leads to an adaptive solution, various 
cognitive biases operative in learning and science may lead us to ignore this. A 
problem fannulation which yields a solution where none was before possible may 
be taken as the correct fonnulation of the problem. Even if different, we may say 
that 'this is what they were looking for all along' • 

(5) Heuristics are useful/or something - they are purpose relative. Tools which 
are very useful for one purpose may be very bad for another. This often gives a 
useful way of identifying or predicting their biases: one would expect a tool to be 
relatively unbiased for the applications it was designed for, and perhaps quite 
biased for others. One might also expect that increases in performance in one area 
will be accompanied by decreases elsewhere. 

We wish to argue that diagrams are heuristic tools for the effective communica
tion of visual information, and as such, exhibit all of these properties. (We will 
provide specific examples of each of them below, when we discuss the use and 
evolution of diagrams of Weismannism.) It is interesting also to note that the six 
advantages for diagrams listed above may be viewed as heuristics for the identifica
tion of objects for study of cultural evolution. In addition, some of them can be 
lh:0ught of as heuristics to facilitate communication and understanding of the 
subject matter (e.g., locality, ready identification of characters in the diagrams, and 
ready identification of selection pressures in their conceptual environments - i.e., 
the reasons for choosing and modifying the diagrams). Other features of the 
diagrams, e.g. relative context-independence and portability of diagrams may be 
thought of as heuristics to aid in their propagation. We do not suppose that these 
heuristics will be consciously applied in the design of the diagrams (in this they are 
more like biological adaptations). However, they may be functional side effects of 
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other choices or strategies which are consciously applied. 
The five properties of heuristics listed above not only provide useful handles for 

the analysis of the uses (and misuses) of diagrams, but they also provide a direct 
link between the analysis of cognitive tools and the analysis of adaptations, and 
thus forge an immediate connection between the study of heuristics and a general 
model of evolution of the sort advocated by Campbell, Hull and others. This link is 
direct in two ways, because both biological adaptations and cognitive adaptations 
have all of the above properties, and can thus be regarded as special kinds of 
heuristics. Campbell (1974) describes a special class of biological, psychological, 
and cultural adaptations which he calls 'vicarious selectors', which are crucial to 
his account of evolutionary epistemology. Wimsatt (1980, 1981a, 1981b, 1985) has 
elsewhere argued that vicarious selectors have all of the properties of heuristics, but 
they will not be further discussed here. We will provide however a summary 
argument that biological adaptations have these properties. The following claims 
are numbered so as to correspond to the preceding list of properties of heuristics. 

2. Properties of adaptations. (I') It is widely accepted that the proper performance 
and use of an adaptation, even in its normal environment, does not guarantee the 
survival of an organism or its production of viable offspring. 

(2') Adaptations are however cost-effective ways of contributing to that end, 
which it is assumed (on the 'adaptationist program') is the reason for their selective 
incorporation and maintenance. 

(3') Any adaptation can be made to malfunction under the appropriate cir
cumstances, and the conditions under which an adaptation will fail to confer its 
advantage are systematic. In fact the use of experimental conditions to cause 
malfunctions is one of the most powerful tools for discovering how a system 
functions, providing not only clues as to how the system is organized and works, 
but also an analysis of what conditions are required for it to function properly. 

(4 ') This condition is easiest to demonstrate for sensorimotor functions, but a 
recognition of how it applies in these cases suggests that it is indeed generalizeable. 
Consider the problem of how to detect seasonal changes in species whose morphol
ogy or behavior must change to allow survival or proper functioning in the changed 
environment. As Levins (1968) observes, this is characteristically done by sensing, 
tracking, or responding to an indicator variable which is a reliable predictor of the 
oncoming change. It may be that tempernture change or food availability may be 
the survival-relevant parameter which necessitates the change in an organism, but it 
is far easier to detect changes in day length. This change is only contingently 
correlated with the adaptively relevant variables, a correlation which may break 
down under unusual circumstances, either in nature or as deliberately produced in 
the laborntory, but it use as an indicator to generate the appropriate changes 
transforms and enormously simplifies the problem of 'deciding' when to make the 
appropriate changes. 
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(5') Adaptations are clearly adaptations to or adaptations for something -
ultimately for maximizing fiUless and its heritability, but more specifically for 
detailed tasks which are determined by the role of that adaptation in the functional 
organization of the organism. These are what we describe as its functions. Adapta
tions can acquire other tasks through evolutionary time (they are then called 
'exaptations', Gould and Vrba 1982), but in doing so, they are commonly dif
ferently elaborated and pruned under the new selection pressures, indicating that an 
adaptation designed for one purpose is not generally good (and must be modified 
for) other purposes. 

These properties of heuristics and of adaptations as heuristics fmd frequent 
parallel instantiations in the use and modifications of diagrams of Weismannism, as 
will be illustrated further below. 

c. Properties as units of selection 

We have already discussed 'Darwin's principles' (Lewontin 1970), which are 
widely agreed by biological and conceptual evolutionists to playa central role (for 
many as separately necessary and jointly sufficient conditions) in the characteriza
tion of entities which can act as units of selection which are undergoing evolution
ary change. The units in question must show 1. variation 2. which is heritable, and 
this heritable variation must induce 3. heritable differences in the fiUlesses of the 
variants. 

The variety of diagrams of Weismannism which we will discuss (and the much 
larger variety that we have found whose discussion must be deferred to a later 
occasion) clearly meet these conditions. There is obvious and readily characterized 
variation among the diagrams. These diagrams have descendants. Sometimes these 
descendants are exact copies (descent without modification) and sometimes they 
are significantly modified in a variety of minor and major ways (descent with 
modification), demonstrating total or partial inheritance of their characters. Finally, 
different diagrams have different numbers of descendants, and it is usually quite 
clear from context why the diagrams are replicated exactly or changed selectively. 
Thus Moore (1972) and Gilbert (1985) replicate E.B. Wilson's diagram of Weis
mannism exactly (literally, as a photographic copy in the first case, and redrawn in 
the second) for reasons of historical accuracy. The occurrence of the diagram in 
Moore is in the context of a reprint collection which includes the relevant extract 
from Wilson's book. (Interestingly, the text, including the legend of the figure, was 
reset by the publisher so that all of the reprinted materials would occur in a 
consistent typeface, but the diagram was not redrawn, indicating possibly different 
standards for what counts as accurate replication for diagrams and text (a standard 
weakened still further in Gilbert's textbook, where the diagram too was redrawn). 
The occurrence of the diagram in Gilbert's (1985) textbook on developmental 
biology is more complex, for we need to know not only why the figure was 
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~wn, but also why Gilbert should have chosen Wilson's diagram as repre
sentative of Weismannism. This latteL question almost certainly has to do with the 
signal role that Wilson's book had in the education of three generations of 
geneticists, cytologists, and developmental biologists. Alternatively, this diagram 
might simply have been the easiest one to fmd, given the number of exact replica
tions of it, not only in the 2 later editions of Wilson's book, but also in many other 
books which took over the diagram. 

Part n: Analysis of the Diagrams of Weismannism 

VI. The ancestry of Weismann's diagram 

In a number of essays throughout the 18808 August Weismann developed a 
theoretical picture of development and heredity which explained both the process 
by which genetically transmissible determinants cause the differentiation of the 
soma and the means by which they are passed to the genn-cells (collected in 
Weismann 1889). His views are much more complex than, and touch on a number 
of topics and issues which are not included in, the representations one"fmds of them 
today (see also Churchill 1968; Mayr 1985). One feature left out of modern 
discussions is that Weismann advocated a mosaic or 'dissection' view of differentia
tion, in which the qualitative division or dissection of germinal material (Nageli's 
idioplasm) led to the presence of one kind of determinant in each mature somatic 
cell. 

To explain regeneration, Weismann supposed that some detenninants of distal 
structures were carried in a dormant state (called 'accessory idioplasm' after 
Nageli's term) in the not-quite-so-distal cells, ready to be transmitted to newly 
dividing cells to replace the loss of the original material. Likewise, idioplasm 
which was to be transmitted to offspring would be passed unaltered through a 
sequence of somatic cells via cell division until it reached primordial genn cells. 
Offspring resemble their parents because there is a continuity of germplasm 
preserved through the process of development from fertilized zygote to mature 
gametes. 

Weismann's doclrine of the continuity of the germ-plasm explained why 
acquired characteristics could not be inherited. Effects on the cells of the soma are 
not transmitted to the gennplasm lying donnant in the nuclei of somatic cells on 
their way to differentiating into genn cells. Weismann's mosaic theory led him to 
distinguish between nuclear material responsible for differentiation of the soma 
through qualitative separation of determinants, and nuclear material which does not 
engage in that process and which is not divided. His view that germ-plasm is a 
material substance passed through a series of somatic cells distinguished his view 
of the continuity of the genn-plasm from a view common in the mid 1880s of the 
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continuity of the germ-cells. e.g. Jfiger and Nussbaum. The process of differentia
tion separated the germ-cells of one generation, the egg and sperm which fuse to 
form a zygote, from the germ-cells which emerge from a process of differentiation 
from mesodermal and/or endodermal precursors in the offspring. 

In his famous book of 1892, Das Keimplasma, which appeared in English a few 
months later, Weismann presented the fullest treatment of his views, including a 
historical treatment of the field and discussions intended to show the differences 
between his views and those of contemporaries like Hugo de Vries (1889). A 
noteworthy feature of Weismann's book is his use of diagrams to illustrate his 
theories. These diagrams abstracted selected features of his views and presented 
them in pictorial form. 

We contend that subsequent interpretations of Weismann's views depend 
critically on readings of Weismann's doctrine through diagrams patterned after his 
diagrams or their descendants, and that changes in the diagrams are indicative of 
important conceptual change in biological research. Not only do conceptions of 
Weismannism change, but the use of Weismann diagrams to frame problems 
changes as Weismann's problems are transformed by consideration of Mendelian 
transmission genetics and the separation of problems of heredity and development. 
The conceptual changes marked by the diagrams are thus indicative of changes in 
what we called conceptual maps above, and their analysis can help explain 
important problem-shifts associated with the changing conceptual picture. 

We can find no diagrams in Weismann's works before 1892 which are sugges
tive of the sort of abstract theoretical treatment which is characteristic of Weismann 
diagrams, and so we will focus on the 1892 work. Before considering the paradig
matic Weismann diagram, figure 16 on p. 196 (1893 English translation), we will 
discuss several diagrams preceeding it in the text. A consideration of the sequence 
of figures 3, 13, 14 and 15 suggests a presentation of abstract, separable features of 
Weismann's view which are combined in figure 16 to illustrate his central doctrine 
of the continuity of the germ-plasm. On p. 102, Weismann presents figure 3, 
'Diagram of the cell-generations in the fore-limb of a triton' (see Figure 2). This 
diagram is a cellular descent tree which shows a pattern of differentiation of cells in 
the limb of a particular species. Differentiation is indicated in the figure by labels 
indicating the state of histological differentiation (e.g., 'radiale Metacarpus + 
Digiti'). But more significantly, Weismann illustrates his theory of mosaic 
development by listing a set of hypothetical determinants supposed to be present in 
each cell and the successive separation of these determinants in subsequent cell 
generations. 

The association of the state of histological differentiation with the extent of 
qualitative division of determinants is shown by the progressive separation of 
histological labels. The cell labelled 'radiale Metacarpus + Digiti' with deter
minants 8-20 is shown to have divided into two cells labelled (respectively) 
'radiale Mittelh', with determinants 9-11 and 'radiale Digiti' with determinants 
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FIG. 3. - DIAGRAM OF THE CELL-GENERATIONS IN THE FORE-LIMB OF A TRITON. 

Fig. 2. Diagram of the cell-generations in the fore-limb of a triton (Weismann 1893; Figure 
3, p. 102). 

12-20. Detenninant 8 was not passed on because it is the unique detenninant of the 
parent cell's histological state. Because cells developmentally 'upstream' retain a 
greater proportion of detenninants (in our example the parent cell contained 8-20), 
regeneration can occur by sending the right detenninants into new daughter cells, 
should the old ones be lost due to amputation, disease or other damage. 

Figures 13 through 16 appear in the section 'The genn-tracks' of Weismann's 
chapter on fonnation of the genn-cells. Figure 13 is a standard developmental stage 
diagram for three early stages in the development of a particular species. The 
diagram is reproduced from a textbook by Lang, who fashioned it after a diagram 
of O. Rertwig (according to Weismann's figure caption). The time scale of the 
diagram is short, showing three successive cell divisions in which the number of 
genn cells goes from 2 to 4 to 8. The diagram clearly shows the differentiation of 
genn cells from endodenn and their subsequent division and separation in relation 
to cells of different genn layers. Weismann uses this diagram to illustrate the 
continuity of the genn-cells by their relative positions in the side-by-side sub
diagrams. More importantly, the widely discussed notion of the continuity of the 
genn-cells is demonstrated with a conventional stage diagram borrowed from 
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another biologist. When Weismann presents his own views (figure 16), he il
lustrates them with his own novel diagram. 

Figure 14 is also a borrowed developmental stage diagram for another species 
(from a textbook by Korshelt and Heider, patterned after Grobben). The time scale 
is much longer than in the previous figure, showing a 32 cell stage embryo, a 
blastula, and a gastrula. Again, the germ cells are marked in each stage subdiagram, 
and the notion that the germinal material packaged into germ cells is continuous 
throughout development is shown by the consistent labelling. This figure, when 
considered along with the previous one, presents the case that there is continuity of 
the germ-cells through later developmental stages where the cells are too numerous 
to count 

6. ___ -= __ 

FIG . IS . - Stares ill tile s~rl1t('''· 
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Fig. 3. Stages in the segmentation of the ovum and fonnation of the genninal layers in 
Rhabditis nigrovenosa (Weismann 1893; Figure 15, p. 195). 

Figure 15 is also a developmental stage diagram, but more abstract than the 
preceeding two figures, showing only the formation of the three germinal layers 
(see Figure 3). Again, the figure is borrowed (this time from GOtte), and depicts 
embryonic stages from a particular species, Rhabditis nigrovenosa. Since germ 
cells are not shown, unlike the preceeding two figures, Weismann is probably 
trying to highlight different information than in the others. Unlike the previous two, 
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figure 15 labels all three germinal layers (endoderm, mesoderm and ectoderm). 
While figure 13 indicated that the germ-cells in the species represented there arose 
from endoderm, no indication of the origin of germ-cells is given in figure 15. 
Since the following figure 16 is a diagrammatic re-representation of stages in the 
same species, we suggest that figure 15 functions to orient the reader to the major 
developmental features of the important figure 16. 

Figure 16 shows • ... the genealogical tree of the cells and the germ-track' 
diagrammatically (Weismann 1893, p. 195). This figure differs from the others in a 
number of interesting ways (see Figure 4). First, it is more explicitly genealogical, 
showing lines connecting cells represented by circles. Each generation of cells 
(through generation 9 when primitive germ-cells appear in the organism) is labelled 
with a number. Moreover, the differentiation of all three germinal layers shown in 
the previous figure are shown in their genealogical, as opposed to histological, 
relationship to one another and to the cells of the germ-track. Additionally, the 
description of the diagram in the figure caption gives the meanings of symbols in 
the diagram whereas the captions to the previous figures indicate structures whose 
diagrammatic representation is taken for granted. Weismann clearly knew he was 
introducing something novel and of great theoretical significance in figure 16. He 
takes pain to note what each pictorial feature - open, solid, dotted circles, arabic 
numbers, thick and thin lines - means and what the limitations of the diagram are, 
e.g., that cells are only delimited as to germinal type and are only shown up to 
generation 12. 

One of the most important features of this diagram, and the one which is usually 
lost in subsequent borrowings from Weismann's views via diagrams, is his idea 
that the relevant link between development and heredity stems from the fact that 
germ-plasm is continuous but germ-cells are nol Germ-cells are not continuous in 
Weismann's diagram because germ-cells are products of differentiation of the 
soma, like any other cells of the body. He writes, 

So much is certain, and does not depend on any hypothesis. Opinions may differ 
as to whether the cells situated in the germ-track are to be described as real 
somatic cells. I have called them so, because in many cases the germ-tracks 
extend far beyond the period of embryogeny into the fully-developed functional 
tissues, and because it can be proved that even cells which are histologically 
differentiated may produce germ-cells under certain circumstances . 

. .. it is certain that real somatic cells are situated along the germ-tracks; in all 
cases the cells of the germ-track are not germ-cells from the first, and they 
always take part in the construction of the body. 
(Weismann 1893, p. 197, emphasis in original.) 

Germ-cells fuse to form zygotes which produce the histologically differentiated 
cells of the germ-track which, in turn, are the carriers of the material substance of 
heredity, the complete complement of determinants inherited from the parents 
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FIG. 16. - Dia[{ram 0/ tlu [{erm-track of Rhabditis ,zi'[{rovenosa. - The various 
generations of cells are indicated by Arabic numbers, the cells of the germ-track 
are connecled by thick lines, and the chief kinds of cells art: distinguished by vari
ous markings: - the cells of the germ-track by black nuclei, those of the meso
blast (.I/t'S) by a dot in each, those of the ectoderm (Ekt) are white, those of the 
endoderm (Ellt) black; in the primitive germ-cells (ur Kz) the nuclei are white. 
The cells are only indicated up to the twelfth generation. 

Fig. 4. Diagram of the genn-track of Rhabditis nigrovenosa (Weismarm 1893; Figure 16, 
p.196). 

ready to be passed on to the offspring. Just as the characteristic of being a cellular 
descent tree is an important property for identifying Weismann diagrams, the 
depiction of the germ-cells differentiating from somatic cells is an important 
property which distinguishes Weismann's diagrams from those of most his 
successors_ In subsequent years the interest in the germ track lost its developmental 
focus and emphasized instead its hereditary role - the continuity of germinal 
material or, in modem terms, of genetic information. It is likely that this change in 
the diagrams occurs because it no longer mattered for this latter interest what the 
somatic form of this information was at different stages of development. 

It is also significant that Weismann's diagram illustrates the continuity of the 
germ-plasm during a single generation within a single organism. The origin of the 
zygote in a process of sexual reproduction is probably not depicted because that 
would represent transgenerational information not germane to Weismann's attempt 
to explain hereditary continuity as it is mediated by development. The continuity of 
the germ-plasm is represented with respect to a particular species because the 
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pathway of the germ-track in development is species-specific. We suggest, in short, 
that the significant features of Weismann's abstract diagram stem from his interests 
in material problems of the process of development. We will see that the re
representations of Weismann's doctrine with still more abstract diagrams change 
the conceptual context of discussion of his doctrine by transforming the problems 
formulated within that changing context. However, before we do that, we will 
briefly consider a precursor to Weismann's own diagrams in the work of Geddes 
and Thomson. 

VII. Geddes and Thomson: is the first Weismann diagram an ancestor? 

In their book, The Evolution of Sex, Geddes and Thomson 'take up an altered and 
unconventional view upon the general questions of biology' (Geddes and Thomson 
1889, p. v). They acknowledge their purpose is both to present a novel view to 
specialists and to popularize a field. Their intention is thus to offer an early 
textbook in evolutionary biology as a field of natural knowledge. In this context, 
they take up Weismann's views as presented in his 1889 collection of essays titled 
Essays upon heredity and kindred biological problems. In a section discussing the 
history of views on the nature of the ultimate sex elements, Geddes and Thomson 
summarize ideas on the separation in development of body cells and reproductive 
cells. They trace the idea to Balbiani and consider the views of Owen, Haeckel, 
Brooks, Jllger, Galton, and Nussbaum as well as Weismann. 

In presenting Weismann's view of the continuity of the germ-plasm, Geddes and 
Thomson give what is probably the flfSt diagrammatic representation of Weis
mann's doctrine (see Figure S). The figure flfSt appears on page 94 in the context 
described above, and is reprinted in a different orientation with the figure caption 
rearranged but otherwise unchanged on page 261, in a section on organic immor
tality from the chapter on the physiology of sex and reproduction. The figure has a 
number of interesting features, some of which appear in Weismann's own diagram 
three years later and some which do noL It is clear from Weismann's 1893 text that 
he had read Geddes and Thomson's account of his views because he disputes their 
interpretation that Jllger and Nussbaum had the same idea independently. 

The Geddes and Thomson diagram is, like Weismann's figure 16, a cellular 
descent tree, although in the former descent is indicated by direct cell contact along 
a continuous time dimension rather than by connecting lines. Geddes and Thom
son's diagram is midway in abstraction between Weismann's developmental stage 
diagrams (figures 13-1S) which clearly depict the histological relations among 
germinal layers and his genealogical tree showing the germ-track within the 
abstract topology of cellular descent (figure 16). Among developmental properties, 
Geddes and Thomson indicate germ cell differentiation; ova are large stippled 
circles in the diagram and sperm are small ovals with a dot and a 'tail'. After 
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Fig. 5. The relation beween reproductive cells and the body (Geddes and Thomson 1889; 
p.94). 

fertilization, a sequence of open circles indicates the genn-track cells extended 
through time and from which a new ovum appears. Somatic cells of the abstractly 
pictured body branch to the right in the diagram and overlap the next fertilization 
event temporally, perhaps indicating that the soma is mortal but extends into the 
next generation a short way. 

The differentiation of genn-cells from the soma is a key feature of Weismann's 
doctrine. The depiction of sexual reproduction (gamete fusion) in a multi-genera
tional diagram represents two important features which do not appear in Weis
mann's diagram. Since the context of Geddes and Thomson's verbal discussion is 
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the larger picture of evolutionary theory, they have apparently used Weismann's 
earlier conceptual map, also presented verbally, as a problem-context for their 
problems about the role of sex in evolution. 

Geddes and Thomson's diagram also indicates evolution. At the bottom of the 
diagram, the succession of single-celled protozoa depicts the direct continuity of 
reproductive cells in which there can be no distinction between soma and germ
line, because the body is the germ in a single-celled organism. But the separation of 
reproductive and somatic cells in evolution is shown by the emergence of multicel
lular organisms with a soma and reproductive tract. Note that evolutionary and 
ontogenetic temporal scales are indicated in the same diagram. In the latter part of 
the diagram, the somatic 'bodies' change over time by getting larger and changing 
shape, presumably indicating morphological change over evolutionary time. 

The figure caption is also revealing. None of the figures in Geddes and Thom
son's book are numbered. Figures are not referred to in the text, but serve to 
illustrate points made nearby. The title of the figure in the caption reads, 'The 
relation between reproductive cells and the body', and is thus ambiguous in picking 
out developmental, hereditary or evolutionary relationships, since in its hybrid, 
abstract conventions the diagram picks out all three. In this respect it is reminiscent 
of some of Haeckel's tree diagrams, though Haeckel had a more direct theoretical 
reason for conflating ontogenetic and phylogenetic time scales (Robinson 1979, 
pp. 65-fJ7, discusses plate 81 (reproduced on her p. 66) from Haeckel's (1876) Die 
Perigenesis der Plastidule). 

Geddes and Thomson's diagram is clearly a precursor of Weismann's. It 
illustrates some of the most important features of Weismannism: continuity of the 
germ-plasm without continuity of germ-cells, and by implication, the non
inheritance of acquired characteristics. The diagram does not illustrate Weismann's 
mosaic theory of development, though this is described in Geddes and Thomson's 
text two pages earlier. But Geddes and Thomson's diagram also illustrates 
processes (sexual reproduction and evolution) not addressed in Weismann's 
diagram, which leads us to raise the interesting and difficult question of the 
parentage of Weismann's own diagram: is Geddes and Thomson's diagram an 
ancestor of Weismann's or not? In their preface, Geddes and Thomson discuss 
Weismann's book of essays on heredity which appeared the same year, 1889, as 
their book. But Weismann's views trace back at least to his paper of 1883 ('On 
heredity'). It seems plausible that Geddes and Thomson had read the earlier paper 
and were citing the 1889 book rather than the original as a convenience. 

Thus, on the one hand, if we accept the claim that Weismann diagrams function 
as conceptual maps by supposing that Weismann's earlier verbal discussion and 
later diagram are parts of a single historical sequence, then it is plausible to 
consider Geddes and Thomson's diagram a descendant of Weismann's conceptual 
map presented between 1883 and 1889. This leaves the interesting and likely 
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unresolvable question whether Weismann's 1892 diagram is a descendant of 
Geddes and Thomson's diagram, with simplifications removing the sex and 
evolution elements. On the other hand, if Weismann developed his diagrams 
independently of Geddes and Thomson, perhaps both their diagram and Weis
mann's should be considered descendants of Weismann's original verbal concep
tual map. Finally, it is conceivable though not likely that Geddes and Thomson's 
diagram was developed independently of Weismann's earlier views and that they 
applied it in discussion of the latter. Thus, it is unresolved whether both diagrams 
trace directly to Weismann's earlier work or whether Geddes and Thomson's 
diagram is the descendant of Weismann's textual map and is the ancestor of 
Weismann's diagram. 

VIII. E.B. Wilson's diagram ofWeismannism 

In the two decades following its fJrSt publication in 1896, there was probably no 
book more influential to the relevant community than E.B. Wilson's The cell in 
development and inheritance. Even after the publication in 1915 of the Morgan 
school's textbook, The mechanism of Mendelian heredity, on what later came to be 
known as transmission genetics - a book which served to move students of heredity 
away from developmental concerns - the influence of Wilson's book continued 
unabated, though its audience gradually changed. Wilson's book went through two 
later editions, in 1900, and in 1925, and numerous printings in between. Indeed, it 
is still sold today, now as a classic reprint. Through the period while the fused 
study of heredity and development was differentiating into the separate disciplines 
of genetics and embryology, Wilson was read by practitioners of both. Mter the 
development of transmission genetics, Wilson was no longer read in genetics 
courses, but continued to be read in cytology and histology courses, as well as in 
many embryology courses. (My father used it as a student in courses in embryology 
and in histology in 1940, and continued to assign it for selected readings and as a 
reference in his histology course until he died in 1985 - WW.) It served fJrSt as the 
authoritative text, and later as the classic review (incomplete perhaps, but not 
incorrect) for three generations of biologists in a variety of sub-disciplines. 

Wilson's representation of Weismannism (figure 5, on page 13 of the 1st and 
2nd editions) occurs in the introduction, imbedded in unchanged text through the 
first two editions (see Figure 6). In the third edition of 1925, the diagram, labelling, 
and surrounding text are all changed, in various ways indicating the change in 
status of Weismann's ideas. This third diagram shows an additional cell generation, 
and extended lines indicating further descent in the soma, and the label (contra 
Weismann) marks the diagram as 'the Nussbaum-Weismann theory of heredity' - a 
label applied also in the textual discussion of the view. In this edition also, 
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Weismann's views have been demoted from manifesto (see quotes below) to a 
historically important given, and followed by a further review of the development 
of cytology along the path from the discovery of mitosis, through the development 
of Mendelism and beyond. The diagram of the ftrst two editions had many 
descendants - that of the third edition, none that we have found. 

----. 0 Line of inheritance. 

G G G G 
Fig. 5. - Diagram illustrating Weismann·s theory of inheritance. 

G. The germ-cell. which by division gives rise to the body or soma (S) and to new germ-cells 
(G) which separate from the soma and repi!at the process in each successive generation. 

Figure 6. Diagram illustrating Weismann's theory of inheritance (Wilson 1896; Figure 5, 
p.13). 

From the beginning, Wilson recognizes the controversial nature of Weismann's 
views, many of which were later rejected (e.g., Weismann's views on the architec
ture of the genome, and the Roux-Weismann hypothesis of mosaic development). 
These are neither diagrammed nor talked about in the introduction. The diagram 
Wilson gives us is an enormously simplifted presentation of selective aspects of 
Weismann's views, and is a paradigmatic conceptual map (in the fullest sense of 
Griesemer 1983) which explicitly sets the context for the text which follows. As 
Wilson says in the 1896 and 1900 editions (but not in the 1925 edition), in the text 
immediately following discussion of the diagram: 

... aside from the truth or error of his special theories, it has been Weismann's 
great service to place the keystone between the work of the evolutionists and 
that of the cytologists, and thus to bring the cell-theory and the evolution-theory 
into organic connection. It is from the point of view thus suggested that the 
present volume has been written (Wilson 1900, pp. 13-14). 

Which aspects of Weismann's views did Wilson choose to emphasize, and to 
illustrate in his diagram? Wilson's target is the theory of the inheritance of acquired 
characters, as discussed by Lamarck, Darwin, Brooks, and Weismann - the 
Weismann of the 1883 inaugural lecture 'On heredity' (Uber Vererbung) - is his 
oft quoted and paraphrased point man: 
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IT we turn to the facts, we find, Weismann affinns, that not one of the asserted 
cases of transmission of acquired characters will stand the test of rigid scientific 
scrutiny. It is a reversal of the true point of view to regard inheritance as taking 
place from the body of the parent to that of the child. The child inherits from the 
parent germ-cell, not from the parent-body, and the germ-cell owes its charac
teristics, not to the body which bears it, but to a pre-existing germ cell of the 
same kind. Thus the body is, as it were, an off-shoot from the germ-cell (Fig. 5). 
As far as inheritance is concerned, the body is merely the carrier of the germ
cells, which are held in trust for coming generations (Wilson 1900, p. 13). 

In keeping with this delimited focus, Wilson's diagram of 'Weismann's theory of 
inheritance' is no more complex than it needs to be - a direct and iconic representa
tion of the continuity of the germ plasm (whose continuous path is emphasized by 
straightening it out into a 'line of inheritance' which runs from left to right directly 
across the page) and of the 'line of succession' (a visual misnomer, since it is 
neither a line, nor a causal succession). Wilson in effect visually accuses those who 
believe in the inheritance of acquired characters of mistaking correlation for 
causation, for in this diagram neither material particles (such as Darwin's gem
mules) nor causal influences (forbidden by the Roux-Weismann hypothesis of 
mosaic development) pass from somatic cells to affect the content of the germ line. 

What is the ancestry of this diagram? It is Wilson's own creation, but it seems 
likely that Weismann's figure 16 from The germ-plasm is a major source, as judged 
by consideration of the following ten characteristics: 1. It is the only one of two 
ttee diagrams of cellular descent (the other being figure 3 from the same essay) 
which 2. shows the germ-track. The only other possible ancestor of which we are 
aware, on which is in fact iconically and conceptually closer, is the 1889 figure of 
Geddes and Thomson, from pages 94 and 261 of The evolution of sex, which 
Wilson has obviously read and cites elsewhere in his book. Unlike Weismann's 
diagram, but like Wilson's, 3. their diagram is transgenerational, 4. the germ line is 
represented as linear 5. with the soma as 'offshoots', and 6. the germ line appears 
to be represented as a continuous line of germ cells. (This last is ambiguous in the 
diagram of 1896 and 1900, but clear in the diagram of 1925.) Unlike Wilson's 
diagram, 7. they include sex (at least after it evolves) and 8. their 'trans
generationality' is deliberately ambiguous between a micro-evolutimary time scale 
of successive generations (like Wilson's) and a macro-evolutionary time scale on 
which morphological evolution becomes detectable. 9. This suggests (like Weis
mann's figure 16, but unlike Wilson's) a significant species-specifIC phenotypic 
pattern of complexity. 10. A final complexity is that the Geddes and Thomson 
diagram shows cellular descent in the germ line, but not (at least not clearly) in the 
soma - moving it in this respect further from the Wilson diagram than the latter is 
from Weismann's figure 16. 

Surely in this last case, one might reason, all of these writers believed in the cell-
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theory (that all cells come from cells) and in the monozygotic origin of soma and 
germ line (the latter is represented in all three figures), so perhaps we should give 
Geddes and Thomson the benefit of the doubt on this score, and attribute to them 
cellular descent in the soma. But this charity is misplaced: it is not what these 
authors believe, after all, which is at issue, but what they choose to represent in 
their diagrams. We are tracking icons, not ideas - except later, beloW, where we 
shall consider whether ideas may change as a result of cross-context borrowing of 
the icons used to represent earlier ideas. In the latter case, the inheritance of ideas 
is through an icon-lineage, so a consideration of what writers believed before and 
after is legitimate. The charity proposed above would not be legitimate here 
however, for it would be to treat the icons as epiphenomenal to the ideas of the 
authors - much as some modern writers have (mistaJcenly) taJcen Weismann to be 
asserting that the soma is epiphenomenal to the germ line. All things considered, it 
is thus unclear whether the ancestry of Wilson's diagram is biparental or asexual 
(and if the latter, which of the earlier diagrams is the parent.) Given the similarities 
among the possible parents and Wilson's offspring, perhaps the only things that can 
be asserted are: 

1. that there seem to have been no other possible parents, and 
2. that, as in modern biology, spontaneous generation, no parentage at all, 

seems unlikely. 

IX. Simplification in E.B. Wilson's diagram ojWeismannism 

Monophyly is an almost universal assumption among taxonomists (occasional 
exceptions are recognized, but they are clearly marked as such), "ut it should be far 
less common for conceptual evolution. (Few people, or diagrams have a single 
source of inspiration - see Boyd and Richerson (1985) for a discussion of modes of 
inheritance in cultural evolution.) Nonetheless, we suggest, that Wilson's diagram 
of the 1896 and 1900 editions provides as close to a monophyletic ancestor of a 
large fIaction of the subsequent diagrams ofWeismannism as we are likely to find 
anywhere in conceptual evolution. It is, at least nearly, a bottleneck in the concep
tual phylogeny of such diagrams. We have already seen some of the reasons why 
this should be so in the pervasive and extended influence of Wilson's text 
throughout at least the English speaking world, and the focal importance of this 
diagram and the text which explains it to the architecture of Wilson's text. 

Another important pair of reasons is to be found in the centtality of the two 
themes (the non-inheritance of acquired characters, and the continuity of the germ
plasm), which Wilson chose to extract from Weismann's cluster of ideas and 
hypotheses, and consequent simplicity of the doctrines (and the diagrams) which 
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were the resulL This modular simplification and packaging enormously facilitated 
the presentation and acceptance of what was to come to be called Weismannism 
pure and simple. In the next sections we will first outline the simplifications of 
Wilson's diagram. After the next 30 years, in which various parts of Weismann's 
doctrine came under discussion and attack, it was, with relatively few exceptions, 
Wilson's streamlined, simple, and attractive doctrine which was passed to subse
quent generations as Weismannism or neo-Darwinism. 

The following simplifications of Weismannism are made in Wilson's diagram, 
and became instrumental in producing other misunderstandings when the diagram 
and simplified ideas were exported to other contexts: 

1. Wilson's diagram would be accurate only for asexual reproduction, since the 
next generation organism is derived solely from the germ line of a single organism. 
(Weismann made fundamental contributions to our understanding of meiosis and 
would never have diagrammed his theory in this way except perhaps for this 
limited purpose. See the diagram of Weismannism in Geddes and Thomson (1889) 
which includes sex, in the form of a sperm introduced at each generation.) A better 
representation is found in Walter (1922), figure 3, where both sexes (and their 
phenotypes) are represented symmetrically, and no germ line is represented as a 
straight line (see Figure 7). (In other respects, the simplicity of Walter's figure 
suggests the influence of Wilson's diagram, even though cells and cellular descent 
are not represented explicitly.) A diagram by Thomson (1908, figure 35), 
represents segregation, and Conklin (1915, figure 41), represents the formation of 
gametes (but without making reduction division explicit) but neither of these are 
trans-generational, so their effects on the continuity of the germinal material are not 
represented. Net effect: the continuity of the germ plasm is exaggerated by ignoring 
reduction division and sexual recombination. 

2. Wilson's diagram schematizes the phenotype/soma as 3 cells which are 
identical from generation to generation. Net effect: the pattern of the phenotype, 
which is clearly apparent in Weismann's original diagram, (see also his figures 3 
and 13-15) is ignored. Weismann has different diagrams for different species, and 
probably would have recognized differences even for different individuals within a 
species.) This is even more extreme in Maynard Smith's diagram (1965, 1975, 
figure 5) which however serves a somewhat different purpose. Here the stability of 
phenotypic pattern, through inheritance, is ignored, leading to the mistaken 
conclusion, expressed by Williams (1966) and Dawkins (1976) that the phenotype 
is not inherited and cannot be a unit of selection. 

3. Since the environment is not represented in any of these diagrams (the only 
exceptions being Maynard Smith's figures 2 and 3, pp. 39 and 40), neither are its 
effects, thus suggesting not only that the pattern of the phenotype arises geneologi
cally, through cellular descent in ontogeny, but that that is the only cause of the 
phenotypic pattern. This suggests in various ways a strong nativist position, one 
which (given the Roux-Weismann hypothesis of mosaic development) Weismann 



FIG. S.-Scheme to illustrate the continuity 
of the germplasm. Each triangle repre
sents an individual made up of germ
pla,m (dotted) and 8omatoplasm (un
dotted). The beginning of the life cycle 
of each individual is represented at the 
apex of the triangle where germplasm and 
somatoplasm are both present. As the 
individual develops each of these compo
nent parts increases. In sexual reproduc
tion the germplasms of two individuals 
unite into a common stream to which the 
somatoplasm makes no contribution. The 
continuity of the germ plasm is shown by 
the heavy broken line into which run col
lateral contributions from successive sex
ual reproductions. 

117 

Fig. 7. Scheme to illustrate the continuity of the germ-plasm (Walter 1922; Figure 3, p. 14). 

might have favored, but one which is in any case incorrect. (Interestingly, in 
Konrad Lorenz's fIrst expressions of the innate-acquired distinction, he drew on 
this hypothesis, and regarded innate traits as products of mosaic development) 

4. Since this is a diagram of heredity, not of evolution, the operation of selection 
(through differential reproductive rates and differential viabilities of phenotypes) is 
not represented. (Compare Maynard Smith's 1972 diagrams of heredity, figure 2, 
p. 39, and of evolution, figure 3, p. 40.) The former includes the effect of environ
ment on the development of the phenotype, and the latter includes selection, 
though, revealingly, selection is treated as if it acts directly on genotypes.) Net 
effect: selection is treated as if it acts on genes rather than on phenotypes. 
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5. The effects of mutation are ignored, further overemphasizing the stability of 
the germ plasm. (Mutation is not depicted in any of the diagrams we have found, 
and is at best implied by the diagrams of Geddes and Thomson and of Garstang.) 

6. The distinction between the continuity of the germ-plasm and the continuity of 
the germ-cells is ignored, Wilson's diagram misrepresents the fundamental fact of 
development that germ cells are differentiated somatic cells. By simplifying 
Weismann's complex diagram to emphasize the non-inheritance of acquired 
characters, Wilson's diagram fails to capture what is arguably Weismann's central 
point. Weismann took pains to distinguish germ-cell continuity from germ-plasm 
continuity because, developmentally speaking, the former would only hold in the 
special case (which Weismann discusses in some detail) in which the flI'St cell 
division separates a germ cell from a somatic cell. Continuity of germ cells had 
already been claimed and Weismann's more subtle doctrine was often confused 
with it Weismann's fundamental contribution was to show that hereditary con
tinuity can only be explained by an analysis of development. That is, the continuity 
of the germ-plasm is maintained despite the discontinuity of the germ-cells through 
the course of development of the soma. Weismann's figure 16 distinguishes these 
doctrines by clearly marking the appearance of germ-cells in Rhabditis nigrovenosa 
only in cell-generation 9, while the germ-plasm's continuity is indicated by 
highlighting the somatic cells of the primoridal germ-track. Without the continuity 
of the soma, there could be not continuity of germ-plasm because germ-cells are 
products of development like any other differentiated somatic cells. 

These simplification and the conceptual biases they introduced were un
problematic for the functions served by Wilson's diagram in his text. Their effects 
have not been so benign in recent contexts however. We will now turn to a 
discussion of some of the most interesting examples of the enormous adaptive 
radiation of species of Weismann diagram in the years that followed. 

X. The subsequent evolution oj diagrams ojWeismannism 

The importance of Wilson's diagram is reflected directly in the diagrams we have 
found and in the plausible phylogenetic relations we have been able to infer. Of the 
41 diagrams we have found and analyzed to date, 7 of them (the various diagrams 
of Weismann and Geddes and Thomson) antedate Wilson's diagram, so this leaves 
33 possible descendants. Of these, 5 are clearly in other 'phyla' so different as to 
suggest independent invention, 5 trace an alternative lineage (through a diagram by 
Conklin) back to Weismann's figure 16, and 2 are copies of the Geddes and 
Thomson diagram. One case (a diagram from Wells, Huxley, and Wells 1930) 
represents an iconic organismal metaphor for a Weismann diagram, and is very 
difficult to classify: though it suggests most strongly either the Geddes and 
Thomson or the Wilson diagram, it could also be classified as an independent 
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invention. Virtually all of the rest are traceable to Wilson's diagram, as direct 
copies (5 cases), or slight modifications (3 cases), or with larger modifications but 
with features of the diagrams and sometimes their context that strongly suggest a 
lineage tracing back to Wilson (13 cases). 

Of the 5 diagrams classified in other phyla, all but the first look quite different 
from 'main line' Weismann diagrams: 

1. A diagram from Jordan and Kellogg (1907) looks superficially like a Weis
mann diagram (indeed, quite like that of Conklin 1915), but is derived from Boveri, 
and designed to illustrate homologies between the ontogenies of male and female 
gametes. It looks like a Weismann diagram, and might well be said to include 
Weismannism as a constraint on its mode of representation (though even this is not 
uncontestable), but it is clearly not functioning as a diagram which either illustrates 
or applies Weismannism, and one could draw this diagram without presupposing 
anything more than the cell theory and sexual dimorphism in the differentiation of 
gametes. (One might for example (though the authors did not) consistently include 
this diagram while believing in the inheritance of acquired characters.) This 
classification reflects Hull's injunction that we consider descent rather than 
similarity (in cases where the two conflict) in the construction of lineages, since the 
diagram is remarkably like many later Weismann diagrams, e.g., those of Conklin 
(1915), or Wilson (1925, figure 135), though its function and cited ancestry are 
quite different. The classification could be changed if it turned out that Boveri's 
diagram was traceable back to that of Weismann, Wilson or another early Weis
mann diagram. ('This question is presently unanswerable without a great deal of 
further work, since through a numbering error, references to this chapter are deleted 
in the bibliographic appendix. Sometimes there are gaps in the record of conceptual 
fossils as well!) 

2-4. The remaining diagrams are very different in character from other diagrams 
of Weismanism. Three are from James Mark Baldwin (1902), in which he seeks to 
illustrate the differences among 'Neo-Darwinism or Weismannism', 'Lamarckism 
or Neo-Lamarckism', and his own theory of 'Orthoplasy', a culturally mediated 
form of bio-cultural evolution. In these three, he does not distinguish germ line and 
soma, and indeed does not use cellular representations at all. Instead, the theories 
are represented from a quantitative (biometrical or 'quantiative genetic') perspec
tive on the evolution of the phenotype, with phenotypic characters partitioned into 
genetic and environmental contributions. These diagrams appear to represent a 
wholly independent invention (with possible ancestry in diagrams of Galton, 
Pearson, or the biometrical school, though we have not looked), and as far as we 
can tell, left no replicates or modified descendants. 

5. The last, figure 14 from Walter, 1922, (which is a rich stratum, as it includes 4 
of the other diagrams) is a high level representation of 'the theoretical results, in the 
offspring, of parental acquisitions'. In this rich and highly confusing diagram, 
Weismannism appears (unnamed as such, but described only as 'the non-in-
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heritance of acquired characters) as the second of 5 theoretical alternatives which 
are compared and contrasted in the diagram.ln each of the alternatives, germ and 
soma are represented with 2 pairs of linked inclusive circles in parental and 
offspring generations with a variety of confusing lines and arrows representing 
descent and causal influence. Walter's text was not particularly influential, and this 
diagram, though very interesting and packed with information, was apparently not 
at all influential, as it left no visible descendants or influences of any kind. In its 
complexity, it violates a condition of easy exportation, since it is almost impossible 
to understand. One is tempted to say that it is maladapted even in its original 
context. 

Of the remaining 28, two are exact replicates (with citation) of the original 
Geddes and Thomson diagram: Thomson (1908, figure 43) copies his own diagram 
(with a slightly changed legend which makes the interpretation of the diagram 
slightly more abstract and general), and Herbert (1910) copies it (from Geddes and 
Thomson). This leaves 26. 

One branch is extremely interesting, since it is a lineage which appears to trace 
back directly to Weismann's figure 16. This is Conklin's (1915) figure 41, which 
rearranges Weismann's somatic lineages somewhat, and extends the germinal 
lineages further to show the differentiation of gametes of both sexes in another 
species - that of a hermaphroditic worm (see Figure 8). This diagram in turn has 
two further descendants (by explicit citation), in Walter's (1922) adaptations of it to 
illustrate the differences between Weismann's and De Vries's theories of the 
determination of somatic characters (figures 79 and 80). Here the general features 
of what we have been calling a Weismann diagram are further elaborated to 
illustrate another component of Weismann's theory (also illustrated in Weismann's 
figure 3), that different determinants are passed to different somatic descendants, 
and to contrast it with the alternative (and now widely accepted) theory of De 
Vries, which was the ancestor of our modem theories of differentiation. Both 
diagrams are cellular descent trees, with factors represented as present in both the 
nucleus and in the cytoplasm of the cells. In the diagram illustrating De Vries' 
theory, all nuclear factors are passed on to all cells, and it is the cytoplasmic factors 
which are divided among somatic cells, causing differentiation. In this, even 
Weismann's critics are represented within the constraints of a Weismann diagram! 

Conklin's diagram, or its ancestor, Weismann's figure 16, also has two other 
possible descendants. Walter's (1922), figure 58, is similar to Conklin's, but adds 
the fusion of the gametes to produce the zygote of the next generation. Walter does 
not credit Conklin for this figure, and without access to the 1913 edition of 
Walter's work, independent invention, influence from Weismann's figure 16, or 
even the prior parentage of Walter's diagram cannot be ruled out. Wilson's 1925 
edition adds a new diagram (figure 135, p. 311) which resembles Conklin's very 
strongly, though sperm and egg come from two different organisms, rather than 
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Fig. 8. Diagram showing the 'cell-lineage' of the body cells and genn-cells in a wonn or 
mollusk. Reprinted from Heredity and Environment in the development of men by Edwin 
Grant Conklin (2nd ed., 1920; Figure 41, p. 126) with the pennission of Princeton University 
Press, Princeton. Copyright 1915, 1943 (©) renewed by Princeton University Press. 
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from a single hennaphroditic one, as with Conklin. In the surrounding text, Wilson 
cites Weismann, 1892, and not Conklin, and in the introduction he states that all 
figures not credited (this one is not) are his own or from his earlier papers. Thus it 
is possible that Wilson's diagram is descended directly from that of Weismann, 
though in virtue of the strong similarity it seems also quite possible that it was at 
least influenced by that of Conklin. 

This leaves 21 diagrams. Most of these are either direct copies of Wilson's 
diagram (5 cases), or slight modifications of it (3 cases, including that of Wilson, 
1925), or larger modifications which, in terms of their form and force strongly 
suggest a parentage from Wilson's diagram (13 cases). These cases, especially 
those in the last category, demand more analysis than can be presented here. We 
will shortly discuss just a few of the ones indicating more important themes. 

An important variant (in this case, very likely descended from Wilson, but 
possibly also from Weismann's figure 16) is Thomson's (1908) figure 35, which 
represents Mendelian inheritance for dominant and recessive traits, with segrega
tion in the germ line and De Vries' theory of somatic differentiation in the soma, 
whose cells are clearly represented as having both characters (see Figure 9). It 
represents the cytological basis of Mendel's theory, in a book on heredity which is 
full of non-cytological diagrams of Mendelian inheritance, and is a nice example of 
the exploitation and modification of a Weismann diagram for a different purpose in 
a different conceptual niche. Here the Weismann diagram provides almost a 
canonical scheme for the representation of other ideas, including, as with Walter's 
figure 80, ideas with which Weismann would have disagreed. Its date and structure 
make it a possible partial parent of Conklin's (1915) diagram discussed above, 
though that is at best an uncertain conjecture. 

A further complex modification of a Weismann diagram to exploit another 
conceptual niche is due to Garstang (1922, figure I), who takes the basic idea 
behind Wilson's trans-generational diagram (or perhaps that of Geddes and 
Thomson, which it also resembles in depicting phyletic evolution) and adapts it to 
the criticism of Haeckel's recapitulationist 'biogenetic law' (that 'ontogeny 
recapitulates phylogeny'). This is a particularly significant move since it uses the 
central theme of Weismannism to forge an explicit contradiction with one of the 
major ideas behind an alternative approach to the study of heredity and develop
ment - one which lost popularity soon after the rise of the new genetics which 
fundamentally presupposed Weismann's ideas of the continuity of the germ plasm 
and the non-inheritance of acquired characteristics. In its abstraction and in its 
major features, it is closer to Wilson's diagram than to any other. The diagram is 
arranged to shOw a zygotic lineage and a phylogenetic lineage, with causal arrows 
clearly indicating that phylogenetic succession is the causal (and in effect, 
epiphenomenal) result of a succession of ontogenies (see Figure 10). In it, as with 
Wilson's diagram, the hereditary lineage bypasses the adult phenotypes, and as a 
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Fig. 9. Diagram illustrating segregation of germ-cells (Thomson 1908; Figure 35, p. 344). 

result, it is readily seen that ontogeny is in no sense the product of phylogeny. This 
diagram is copied exactly in the second and third editions of De Beer's book, 
Embryos and ancestors (1945 and 1958), but does not appear in the frrst (1930) 
edition. 
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Fig. 10. Diagram of the relations between ontogeny and phylogeny. Reprinted from W. 
Garstang (1922. Journal olthe Li.nnean Society 01 London: Zoology 35: 81-101; Figure I, p. 
83) with the permission of Academic Press Incorporated, Ltd., London. 

Also particularly interesting in Garstang's figure is the explicit diagrammatic 
representation of the somatic character and morphological discontinuity of the 
germ line, which is represented as branching off from the soma at midstream in 
each generation of ontogeny to fund the next generation's zygote. As a mor
phologist, Garstang could be expected to be particularly sensitive to this point -
more so than the evolutionists and students of heredity who were more interested in 
emphasizing the continuity of the hereditary material. As noted above, this is left 
out of Wilson's diagram and subsequently out of virtually all other diagrams of 
Weismannism. 

For an amusing exception to this generalization which serves to further reinforce 
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the impact of this misrepresentation of Weismann's views, see McLaren (1981). 
Her diagram of Weismannism (in figure 2) is like that of Wilson. Her figure 3, 
which presents her alternative theory, combines a correct representation of 
Weismann's view on this score with a denial of the mosaic theory of inheritance of 
the Roux-Weismann hypothesis. This mutation of Weismann's view as represented 
in Wilson's diagram has apparently become sufficiently well established that 
another view which represents Weismann's view correctly (in this respect) is 
presented as a competitor! 

XI. Modern representations ofWeismannism 

By contrast with most of the diagrams of Weismannism up through about 1930, all 
of the modem diagrams of Weismannism seem starkly simple - even simpler (for 
comparable parts) than Wilson's diagram, and all preserving the two fundamental 
ideas of his representation - the continuity of the germ line and the non-inheritance 
of acquired characters. Most of them also represent a further idea suggested 
iconically in his representation but not explicitly in his text or in those of Weis
mann's contemporaries - that of the discontinuity of the soma. They represent 
specialized further simplifications of Wilson's representation of the core ideas of 
Weismannism in a context where cellular descent and developmental concerns are 
no longer at issue. In this context, we have Maynard Smith's (1965, 1975, figure 8) 
representation of parallels between Weismannism and the central dogma of 
molecular biology, which is thereby giving the latter a Whiggish but honorable 
ancestry (see Figure 11). Just as Weismann's germ line perpetuates itself and also 
makes the phenotype, so also DNA reproduces itself and also makes proteins. In 
neither case is there flow of information or causal influence from phenotype to 
genotype or from protein to DNA. In both of his two parallel diagrams, germinal 
continuity is emphasized, and the whole of the phenotype has been reduced to an 
unstructured dead-end. McLaren (1981) and Arthur (1987) give similar diagram
matic representations of Weismann's views, and all three represent iconically the 
major features and arrangement with further abstractions and simplifications of 
Wilson's diagram of Weismann's views. 

Two other diagrams by Maynard Smith represent a theory of heredity (1972, 
figure 2), and a theory of evolution (1972, figure 3), and are more complex than his 
earlier representation because they add roles for the environment in phenotypic 
expression, and in differential selection (see Figure 12). They nonetheless retain the 
essential simplifications of Wilson's diagram in that they ignore sex, and show no 
structure or patterning in the phenotype, which is represented as an unstructured 
circle branching off from the hereditary line. Maynard Smith's latter diagram adds 
a crucial further modem abstraction (and misrepresentation!) in the presentation of 
selection as acting on the genetic material rather than on the phenotype. This is a 
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Figure 8. Weismann and the central dogma 

Fig. 11. Weism8JUl and the central dogma. Reprinted from TIu! tlu!ory of evolution by J. 
Meynard Smith (2nd ed .• 1965; Figure 8. p. 67) with the pennission of Penguin Books Ltd •• 
London. copyright (@) Jolm Meynard Smith 1958. 1966. 1975. 

common. and indeed perhaps the predominant modem heresy, one advocated 
widely among modem genetic reductionists (who have included George Williams 
(1966) and Richard Dawkins (1976) as well as Maynard Smith). It has been 
criticized by many authors - see, e.g., Brandon (1982), reprinted in Brandon and 
Burian (1984). Williams and Dawkins both pay hommage to Weismann for the 
origin of their perspective, but neither text includes a diagram of Weismannism, 
though in a recent paper, Williams (1986, figure 2, p.182) represents the 
phenotypes as leaves ('temporary manifestations of the activity of genetic informa
tion ') on the tree of genetic descent All of these show an illegitimate extension of 
Weismann's ideas to support a genetic reductionism in evolutionary theory. 

These last simplifications provide strongly seductive suggestions indeed for the 
view that selection acts on the genes and that the phenotype is a temporary spin-off 
of genetic activity which does not have the stability or continuity to act as a unit of 
selection. As noted above, these simplifications, emanating from Wilson's original 
diagram which was designed for another purpose, serve to overemphasize the 
continuity of the genotype or genetic material (by ignoring sex, mutation and 
recombination), and to mask the continuity of the phenotype (by schematizing its 
structure so severely that its heritable patterns are not represented), and its role in 
evolution as the object of selection. Indeed, not only does Maynard Smith represent 
selection as acting on the genes, rather than on the phenotype, but the structure of 
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Figure 3. Diagram of a theory of evolution 
Fig. 12. Diagram of a theory of evolution. Reprinted from John Meynard Smith on evolution 
by 1. Meynard Smith (1972; Figure 3, p. 40) with the pennission of Edinburgh University 
Press, Edinburgh. 

his diagram (figme 3) would make it difficult (without substantial increases in 
complexity which would reduce the desired parallels with his other diagrams) to 
represent selection as affecting hereditary transmission through action on the 
phenotype. 

In this lineage of diagrams, from Wilson's depiction of the continuity of the 
germ-plasm and the non-inheritance of acquired characters, we see diagrams 
which, in a changing conceptual context acquire a new significance as these 
original points move from foreground issues which must be illustrated and argued 
for to background assumptions which are taken for granted. A diagram originally 
representing the continuity of the germ-plasm comes to convey as its primary 
message the mistaken idea of the discontinuity and mortality of the phenotype, and 
provide iconic support for the views of Williams and Dawkins. (Even if one 
accepts that the soma, or 'phenotoken', is discontinuous and mortal, the phenotype 
- the pattern of the soma - is not thereby shown not to be inherited. Indeed, 
evolution requires heritability of fitness, which in a stable environment in turn 

requires heritability of the phenotype. No evolutionist can consistently deny its 
substantial stability and heritability; see Wimsatt 1981a.) We have here a case in 
which a diagram which is marvelously adapted to its original niche, becomes the 
dominant variety, and is taken as the canonical representation of Weismann's 
views. These views are taken up in a new context by Williams and Dawkins in 
which the diagram has new and different implications than it did originally -
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incorrect implications which lend illegitimate support to a modem reductionistic 
misinterpretation of the force of Weismann's doctrine. 

XII. Summary and conclusions 

We have discussed the characteristics of a significant sample of the diagrams of 
Weismannism found in texts between 1889 and 1987. Different lineages of these 
diagrams show a number of interesting evolutionary patterns, including: descent 
without modification, descent with modification, differential prolifemtion, adaptive 
mdiation, extinction, relict survival in a changed and specialized niche, and 
successive simplification for efficient specialization to a simplified niche. As 
conceptual organisms, diagrams of Weismannism have been extremely successful. 
Our discussion, however, only begins the task of evolutionary analysis. In order to 
present a full evolutionary account of these diagrams, we would need to: 

1. develop a precise, quantitative analysis of the character states of the 
diagrams (work currently in progress) and, 

2. incorporate the character analysis in selective explanations and a 
'phylogeny reconstruction' showing the relationships among various 
lineages of representations of doctrines concerning theories of heredity, 
development and evolutions. 

Our work on diagmms of Weismannism suggests that at the turn of the twentieth 
century, as problems of heredity and problems of development began to diverge, 
diagrams of Weismannism began to converge on diagmms depicting the structure 
of Mendelian genetic principles. The relation between diagrams of Weismannism 
and Mendelism would not only provide an interesting context in which to explore 
the divergence of problems of heredity and development, but may also serve as an 
appropriate focus for the search for a 'common ancestor' of both sets ofrepresenta
tions and problems - probably in 19th century tree diagrams of phylogenetic 
descent. In any case, we believe that our focus on diagrams in this chapter serves to 
illuminate the complex problem of understanding the sepamtion of problems of 
heredity and development. 

We have argued that diagrams have a number of advantages over other concep
tual structures as 'model organisms' for the study of conceptual evolution. These 
stem in various ways from three crucial properties which allow diagrams to 
function as heuristics: 

1. the clarity of the boundary between diagram and environment, which 
renders them readily localizeable, simplifies the identification of selection 
pressures in their textual environments, and renders them easily exportable 
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to new contexts; 
2. the relative ease of scoring their characters, arising from readily understood 

iconic conventions which serves to generate a multiplicity of easily 
identifIable features; and 

3. a variety of factors which makes the construction of reliable geneologies a 
relatively straightforward task. 

These properties would make diagrams worthy objects of study even if they were 
epiphenomenal to the processes of conceptual evolution - they could then be useful 
'marker genes' for tracking the evolution of 'functional loci'. But the evidence 
presented here suggests that diagrams are much more than that; the particular array 
of properties which diagrams share with other heuristics permit diagrams to 
function as conceptual maps. The visual and conceptual diagram/text boundary also 
serves to demarcate a problem-context for reasoning about germinal continuity - in 
short. the diagrammatic features function as a set of boundary conditions for what 
the reader is meant to take as germinal continuity. It is plausible to say that usually 
a great deal of thought goes into the design, adaptation, and selective borrowing of 
illustrations. They are usually well adapted to their cognitive tasks. Often, as with 
the crafting of Weismann's figure 16 and the selective simplifications involved in 
the synthesis of Wilson's figure 3, they have played a crucial role in aiding and 
directing the conceptualization of a theory or doctrine. Finally, we have seen that in 
new contexts, these diagrams were ingeniously adapted to serve new functions, and 
even that, in the context of modem reductionistic views of evolutionary theory, the 
'genetic inertia' of a singularly popular variety of diagram tended to predispose 
subsequent thought in an unfortunate direction. In this last case, if we are right, a 
lineage of diagrams has not only accurately reflected the conceptual lineage of an 
important theory, but may even have influenced its evolution in a certain direction. 

Finally, the properties adduced in section 5 which make diagrams good 'model 
organisms' for the study of conceptual evolution provide more specific kinds of 
criteria or desiderata which can be used as heuristics in the search for other fruitful 
objects to study in tracing and documenting the fact of conceptual evolution. Are 
there other objects of study which meet these conditions? We think so, and on the 
basis of our analysis we think that there are some new questions which deserve 
close attention in this search: 

1. Just as in biology, we expect there to be a variety of levels of entities which 
undergo transmission, are differentially selected, and evolve as a result. Some of 
these are bound to be more readily analyzed than others. Thus, rather than looking 
at whole theories, or even the smaller models adduced in their support and elabora
tion, the identification of selection pressures on diagrams was simplified by their 
local presence in the text - as often explicitly specified problem-contexts. Are there 
other units of analysis of parts of theories which have this feature? As suggested 
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above, we think that equations may provide one such example. David Hull 
(personal conversation) has suggested that explicit defmitions may provide another. 

2. The issue of how to conceptualize the units of conceptual evolution remains 
an important and unfmished task. Part of this is accomplished in Boyd and 
Richerson's masterful delineation (in chapter I of their 1985) of modes of cultural 
transmission. Another part of the task, concerning how to delineate, both theOl'eti
cally and operationally, conceptual genotypes and phenotypes, is begun in section 
5, but this task is far from fmished. If theories are not transmitted whole, but 
successively, during a scientist's conceptual ontogeny, in smaller units (such as the 
diagrams of Weismannism), is there anything more general to be said about these 
units, and how they act as generative structures to make the theory-application 
complex which is the conceptual phenotype? 

3. What aspects of a theory are likely to be more readily communicated, and how 
does this differential proliferation affect its evolutionary transformation? Perhaps 
most importantly, are there systematic strategies to be followed in the presentation 
and packaging of a theory which aid in its reliable propagation? Are there optimal 
strategies to be followed in learning a theory? Most complicated scientific theories 
are learned through successive recapitulations at increasing levels of sophistication 
over a number of years. Is there anything to be said about the order in which 
principles and topics are or should be introduced? Can the parts of a theory be 
made more modular (either in conception or in presentation) to aid in its propaga
tion? 

4. Philosophers tend to think of the evaluation of theories in terms of the 
traditional scientific norms - predictive and explanatory power, simplicity, 
fruitfulness, etc. But the obvious importance of ready exportation, a product of 
locality, context-independence, and ease of understanding, raises additional 
desiderata not considered in the standard list How often is a better theory less 
successful than one of its competitors simply because it fails on one of these latter 
considerations? Provine (1986) documents how Wright's mathematical theory 
failed to spread rapidly because few evolutionary biologists had the mathematical 
ability to understand it, or to understand Wright's self-taught mathematics, often 
idiosyncratic notation, and sometimes torturous derivations. The substantial 
influence it had (through Dobzhansky and a few others) was often propagated 
without transmission or understanding of its mathematical apparatus, and this led 
many evolutinary biologists to believe incorrectly that the evolutionary synthesis 
was accomplished without need or benefit of the mathematical theory, or led them 
to often bowdlerized and incorrect renditions of Wright's views. How often do 
inadequate popularizations (or other re-representations) of theories lead to their 
misunderstanding and impede their acceptance, and how often, conversely, might 
the work of a talented popularizer and advocate push the outcome of a scientific 
debate in directions which it would not otherwise have followed? How does the 
audience of a theory or a part of it aid or impede its promulgation? How do theories 
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win allies (or spawn enemies) in related disciplines? (See Gerson 1987 for an 
important start on this problem.) 

Many of these are new questions, though perhaps more so to philosophers than 
to historians, but they also point to an important role for psychologists, educational 
psychologists, social psychologists, and the new sociologists and anthropologists of 
science in the future forging of a broader evolutionary synthesis of the tree of life, 
embodiments of mind, the evolution of science, and the elaborations of culture. The 
resulting tree is likely to make Darwin's tangled bank seem simpler than an arctic 
lichen. We must hope, when the task is finished, that the familial resemblance will 
still be detectable. 

Request 

We would appreciate communication from readers who have discovered additional 
Weismann diagrams. References and if possible, photocopies of diagrams and the 
relevant few pages of surrounding text, should be sent to Bill Wimsatt. 
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Bibliography of Diagrams of Weismannism 

Arthur W. (1987). Theories of life: Darwin, Mendel, and beyond. Middlesex: Penguin. 
Figure 9, p. 63: a. Organisms as lines through time. b. The Weismannian view. Figure 19, 
p. 135: A morphogenetic tree showing the distinction between germ-line and soma. 
Figure 20, p. 137: A nested morphogenetic tree system of insect development. 

Conklin E. (1920). Heredity and environment, 2nd ed. Princeton: Princeton University Press. 
(1st ed. 1915.) Figure 41, p. 126: Diagram showing the 'cell lineage' of the body cells 
and genn cells in a wonn or mollusk. 

Conn H. (1906). The method of evolution. New York/London: G.P. Putnam. Figure 10, 
p. 167: Diagram illustrating the principle of heredity. 

De Beer G. (1958). Embryos and ancestors, 3rd ed. London: Oxford University Press. Figure 
1, p. 10 (copy from W. Garstang 1922) (also in 2nd ed., 1945, but not in 1st ed., 1930). 

Dendy A. (1928). Outlines of evolutionary biology. New York/London: Appleton. (1st ed. 
1912.) Figure 83, p.200: Diagram to illustrate the contrast between Darwin's Theory of 
pangenesis and Weismann's theory of the continuity of the germ-plasm. 

Garstang W. (1922). The theory of recapitulation: a critical re-statement of the biogenetic 
law. JourMI of the LiTllll!an Society of London: Zoology 35: 81-101. Figure 1, p. 83: The 
relations between ontogeny and phylogeny. 

Geddes P., Thomson 1. (1889). The evolution of sex. London: Walter Scott. Unnumbered 
figure, p. 94: The relation between reproductive cells and the 'body' (vertical). Unnum
bered figure, p. 261: The relation between reproductive cells and the 'body' (horizontal). 

Gilbert S. (1985). Principles of embryology. Sunderland: Sinauer. Figure 1, p. 243 (redrawn 
from Wilson, 1896). 

Goldschmidt R.B. (1929). Die Lehre von der Vererbung. Berlin: Springer. Abbildung 18, 
p. 67: DarstelllDlg der Unsterblichkeit der Keimzellen. 

Herbert S. (1910). The first principles of heredity. London: A&C Black. Figure 36, p.61 
(copy of Weismann 1892, fig. 16). Figure 37, p.62 (copy from Geddes and Thomson 
1889, p. 94). 

Jordan D., Kellogg V. (1907). Evolution and animal life. New York: D. Appleton and Co. 
Figure 151, p. 266: at left, diagram illustrating the development of the spermatazoon; at 
right, diagram illustrating the development of the egg. (After Boveri.) 

Kerr J.G. (1926). Evolution. London: MacMillan. Figure 28, p. 109: Diagram to illustrate the 
continuous strand of gonad associated with an ancestral chain of individuals. 

Lock R.H. (1906). Recent progresss in the study of variation, heredity and evolution. New 
York: Dutton. Figure 1, p.68: Diagram illustrating Weismann's theory of inheritance. 
(Copied from Wilson, 1896.) 

Lull, R.S. (1917). Organic Evolution. New York: MacMillan. Figure 17, p.I44: Diagram to 
illustrate the continuity of the genn-plasm. (Copied from Walter 1913, fig. 3.) 

Maynard Smith 1. (1958). The theory of evolution, 1st ed. Middlesex: Penguin. Figure 5, 
p. 63: Chains of causation for three kinds of inheritance in which the egg cytoplasm is 
important: A. Delayed gene action B. Transmission of environmentally induced changes 
C. Cytoplasmic inheritance. (Not in 2nd or 3rd editions.) 

Maynard Smith 1. (1965). The theory of evolution. 2nd. ed. Middlesex: Pengm. (3rd ed. 
1975). Figure 8, p. 67: Weismann and the central dogma. (Not in 1st ed., 1958.) 

Maynard Smith J. (1972). John Maynard Smith on evolution. Edinburgh: Edinburgh 
University Press. Figure 2, p.39: Diagram of the theory of heredity. Figure 3, p.40: 
Diagram of a theory of evolution. 

McLaren A. (1981). Germ cells and soma. New Haven: Yale University Press. Figure 1, 
p. 2: Two contrasting views of the relation between germ cells and soma. Figure 2, p. 4: 
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An alternative view of the relations between germ cells and soma. 
Moore J. (1972). Readings in heredity and development. London: Oxford University Press. 

Figure 5, p. 79 (reprint from Wilson 1896). 
Thomson J. (1908). Heredity. London: John Murray. Figure 9, p. 43: Diagram illustrating the 

idea of germinal continuity. (copied from Wilson, 1896.) Figure 35, p.344: Diagram 
illustrating segregation of germ cells. Figure 43, p. 434: The relation between reproduc
tive cells and the 'body'. (From Geddes and Thomson 1889.) 

Walter H. (1922). Genetics. New York: MacMillan. (lst ed. 1913.) Figure 3, p. 14: Scheme 
to illustrate the continuity of the germ-plasm. Figure 14, p. 91: The theoretical results in 
the offspring of parental acquisitions. Figure 58, p. 224: Diagram to show typical 
maturation and fertilization. Figure 79, p.256: Differentiation in somatogenesis 
according to Weismann. (After Conklin.) Figure 80, p.258: Differentiation in 
somatogenesis according to De Vries. (After Cronklin.) 

Weismann A. (1892). Das Keimplasma, Eine Theorie der Vererbung. Jena: Gustav Fischer. 
English translation (1893) by Parker W., Ronnfeldt H. The germ-plasm, A theory of 
heredity. New York: Charles Scribner's Sons. Figure 3, p.l02: Diagram of the cell
generations in the forelimb of a Triton. Figure 13, p. 193: Three early stages in the 
development of Sagitta. Figure 14, p. 194: Three early stages in the development of the 
summer eggs of Moina. Figure 15, p. 195: Stages in the segmentation of the ovum and 
formation of the germinal layers in Rhabditis nigrovenosa. Figure 16, p. 196: Diagram of 
the germ-track of Rhabditis nigrovenosa. 

Wells H., Huxley J., Wells G. (1929). The science of life. New York: The Literary Guild. 
Figure 164, p. 458: The continuity of the generations. 

Williams G. (1986). Comments by George C. Williams on Sober's 'The nature of selection'. 
Biology & Philosophy 1: 114-122. Figure 2, p. 117: ... leaves on the phylogenetic trees 
... represent recurring physical effects of the continuity of information. 

Wilson E.B. (1896). The cell in development and inheritance. London: Macmillan. (2nd ed. 
1900.) Figure 5, p. 13: Diagram illustrating Weismann's theory of inheritance. 

Wilson E.B. (1925). The cell in development and heredity. 3rd ed. New York: MacMillan. 
Figure 5, p. 13: Diagram illustrating the Nussbaum-Weismann theory of heredity. Figure 
135, p. 311: General diagram of the germ-line in animals. 
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