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which can be reconstructed from evi-
dence provided by independent charac-
ter sets?

OTHER CONSIDERATIONS

Corrective feedback and the growth of
knowledge. Tests provide new empirical
observations which tend to falsify, sup-
port, or suggest extending the tested
model. Whatever the “favorable” or “un-
favorable” import of the observations for
the model being considered, these new
data increase the information content of
the domain of the explanation which in-
cludes the observations by giving a more
complete view of the world than existed
previously (Popper, 1970, 1972c). A
methodology which does not take ad-
vantage of this input is less than fully
effective. Where some assumption of a
model has been proven false, the obvious
response is to find another explanation
for the available data which does not
depend on this assumption. If this cannot
be done, perhaps the problem is poorly
defined and the new data may suggest a
clearer formulation of the research ques-
tion, further data collecting, and/or look-
ing at the available case histories in new
combinations. Predictive or reconstruc-
tive tests automatically provide new data
which can be entered in the cross correla-
tion analyses to improve their inductive
precision, and the evidence provided by
the new data should clearly indicate the
strengths and weaknesses of the tested
model. Assuming that a model has at least
some contact with reality, this feedback
should lead through successive ap-
proximations of data gathering, testing,
and revisions to ever more realistic
understandings of the fundamental laws
governing the processes modeled

(Popper, 1972).1

1See Lakatos and Musgrave [eds.] (1970) for a
debate between Popper, Kuhn, and their various
followers and critics about their respective ideas
concerning how scientific “knowledge” grows and
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Semantics and syntax. The final
epistemological difficulties of a method-
ology for the comparative study of evolu-
tionary problems concern the precision
of its tools. Since the comparative ap-
proach seeks to understand processes
which cannot be manipulated readily in
the laboratory, information and specula-
tions concerning them must be ab-
stracted through several levels of lan-
guage before they can be manipulated
logically in building and testing explana-
tory models. The logical sequences of
abstracting inductively from reality to
formulating a model, and reflecting de-
ductively back to reality for testing the
model, both depend on the precision of
the symbols used for these manipula-
tions. The conclusion of any logical
argument of this nature can be no
stronger than the weakest or foggiest de-
finitions used in the chain of reasoning.
(Note that this is a very different problem
from determining the “essential” mean-
ing of a word; cf. Popper, 1976.) Many
proposed explanations of non-allopatric
speciation are unrealistic because of
logical problems introduced by using
common words with semantically or
syntactically faulty definitions. These
faults are easily made by using as de-
scriptors of nature (i.e., “facts”) terms
which were originally defined on the
basis of some unsubstantiated model of
nature. As Popper (e.g., 1970, 1976) and
others (e.g., Kuhn, 1962; and others in
Suppe [ed.], 1977) have shown, all words
are theory laden, so the problem is un-
avoidable to some degree; but the utmost
should be done to minimize it, and it is
certainly unwise for an investigator to
forget that it exists. Another reason for
the confusion of proposals cited in my
introduction results from inconsistent
use of terms in discussing speciation
phenomena between the different

can be defined through its contacts with empirical

reality.
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“scientific communities” (Kuhn, 1970:
176) concerned with the problems of
species and speciation.

Thus, although many before me have
discussed these definitions, I think it
essential for the following papers in this
series to redefine much of the vocabulary
concerned with geographic and genetic
relationships of populations and species,
and with isolating mechanisms and their
failures. A glossary of these definitions
will be provided later in this series.

CONCLUSIONS

Solving the problem of speciation. To
understand realistically how new species
form is probably the most difficult task
evolutionists have attempted to achieve.
Besides confronting the unresolved prob-
lem of what species are, these attempts
confront the fundamental epistemologi-
cal problem of determining how realistic
the explanations are, when speciation
cannot be directly manipulated or ob-
served. I propose that the comparative
methodology described above answers
the epistemological problem and pro-
vides an efficacious approach towards
explaining how species are formed, and
thus also, what they are. Many evolution-
ists claim to use comparative method-
ologies but few appear to understand
clearly the epistemic power of the ap-
proach; so far as I know, none have ade-
quately formulated or justified the logical
methodology. From this, and my own
experience with the approach, I conclude
that it is sufficiently novel to be ex-
plained in detail and justified philo-
sophically. Therefore, in the present
paper I have presented and justified
epistemologically the logical schemata I
have followed in my own attempts to
solve the problem of how species are
formed. These schemata offer seemingly
novel tools, both for discovering causally
related effects of historical processes
hidden among the noise of unrelated
events, and for empirically testing the
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realism of any models proposed to ex-
plain the process and its causally related
effects. In justifying these schemata I
confront and tentatively answer two ma-
jor problems in the philosophical founda-
tions of scientific methodology: 1) Is
there an inductive logic which can be
used to infer realistic generalizations
about nature from specific observations
of nature, and if so what is the epistemic
value of this logic? 2) How can one test
the empirical realism of generalizations
about historical processes, when the
processes cannot be observed or manipu-
lated experimentally? The answers to
these questions provide a methodology
which appears to be effective for under-
standing speciation, and a surprisingly
wide diversity of other historical prob-
lems ranging from cosmology through
economics and possibly even to funda-
mental particle physics. The approaches
to answering these questions also seem
to indicate the way to solutions of some of
the foundation problems of the philoso-
phy of science.

The inductive power of the compara-
tive approach is most effective if it can be
applied to a compact phylogenetic
radiation which can be subdivided into a
series of genetically and ecologically
related cases, some of which serve as
“natural experiments” to demonstrate
the phenomenon to be explained, and
others which serve as “controls” because
they are similar to the “experiments” in
most respects, but do not show the ex-
perimental phenomenon. The 120+
species of the sceloporine radiation of the
lizard family Iguanidae provide an ideal
radiation for this comparative approach.
The radiation involves at least two quali-
tatively different modes of speciation
which may be compared and contrasted
by the comparative methods to help iso-
late specific features that help to explain
the differences. I abstract my research
program on the comparative cytogene-
tics, speciation, and evolution of the
sceloporine lizards to illustrate how the
comparative methodology has actually
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been used in my own research program.
Thus, the present paper serves to intro-
duce the series of papers to follow, which
will present in detail the results of the
research program on sceloporine specia-
tion. It also serves as a methodology sec-
tion for this program.

Modes of speciation: where we stand.
To illustrate and recapitulate the epis-
temological problems the present paper
faces and attempts to solve, 1 offer the
following quotations as a necessary
background to the attempt to understand
sceloporine speciation:

It is rather discouraging to read this perennial
controversy because the same old arguments are
cited again and again in favor of sympatric specia-
tion.... In the last analysis, all the various
schemes make arbitrary postulates that at once
endow the speciating individuals with the attri-
butes of a full species. They attempt thus to by-
pass the real problem of speciation. One would
think that it should no longer be necessary to
devote so much time to this topic, but past ex-
perience permits one to predict that the issue will
be raised again at regular intervals. Sympatric
speciation is like the Lernaean Hydra which grew
two new heads whenever one of its old heads was
cut off. There is only one way in which final
agreement can be reached and that is to clarify
the whole relevant complex of questions to such
an extent that disagreement is no longer possible.
(Mayr, 1963: 451)

False facts are highly injurious to the progress
of science, for they often endure long; but false
views, if supported by some evidence, do little
harm, for everyone takes a salutory pleasure in
proving their falseness; and when this is done,
one path toward error is closed and the road to
truth is often at the same time opened. (Darwin,
1889: 606, as quoted in Ghiselin, 1969—
emphasizing the importance of distinguishing
syntactically between observations and explana-
tions)

For evolutionary biology ... history ... pro-
vides the needed key to scientific knowledge.
Our approach to evolutionary and population
problems should involve historical reconstruction
as well as more traditional camparative and ex-
perimental techniques. We must account for what
actually has occurred: what might take place
under ideal conditions will never do. Otherwise
we shall justify our conceptions of things from
our ideas, rather than letting the way things are
determine how we shall conceive of them. [Italics
mine] (Ghiselin, 1974: 27, stressing the impor-

tance of not begging the conclusion by working
logically from unrealistic initial assumptions [i.e.,
to avoid the error of petitio principii])

Two alternatives seem open to us at this junc-
ture: either revert to a hypothetic-inductive
model of science or argue that evolutionary
theory after a century is still inadequately formu-
lated and that in a more finished form will con-
form to the H-D model. The problem with the
first alternative is that there is no H-I model.
Thus, this alternative reduces to the admission
that there is no reconstruction of science appro-
priate to evolutionary theory as it now stands.
Biologists are currently working on the second
alternative. Some are attempting to reformulate
macro-evolutionary theory more rigorously so
that deductive confirmation or disconfirmation is
possible. Others find evolutionary theory in terms
of organisms and their interactions too crude to
permit an adequate formulation of evolutionary
theory. Instead, they call for a molecular version
of evolutionary theory, hoping in this manner
to fulfill the requirements of the H-D model. . ..
(Hull, 1973: 34-35)

I would claim that the comparative
approach outlined in this paper is as logi-
cally rigorous both for making inductive
generalizations and for deductively test-
ing them as is possible, given a funda-
mentally stochastic reality. It remains to
demonstrate the utility of the method-
ology, as will be attempted in the follow-
ing papers.
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