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Abstract The emphasis on testing phylogenetic hypotheses has been prominent since the English language introductions of Willi Hennig’s Phylogenetic Systematics
(1966) and Karl Popper’s (1959) Logic of Scientific
Discovery. While the mechanics of hypothesis and theory testing are well established in other fields of science, adherence to those prescriptions in biological systematics has rarely been formally recognized. The consequence has been the development of potentially contradictory approaches to empirically evaluating phylogenetic hypotheses under the guise of testing. In his brief
review of the topic, Assis (Cladistics, 30:240–242,
2014) identified five different views on phylogenetic
hypothesis testing: (1) total evidence, (2) taxonomic
congruence, (3) reciprocal illumination, (4) homology
assessment, and (5) taxa sampling. The present paper
examines the validity of these views against the actual
inferential steps required to infer hypotheses and subsequently engage in testing, i.e., abduction, deduction, and
induction (sensu stricto), respectively. It is shown that
none of the tests discussed by Assis are valid, and
while it is straightforward to outline what is required
to properly test phylogenetic hypotheses, the feasibility
of accomplishing such tests is operationally impractical
in most instances.
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BOnce we crawl inside a belief system, it can also
be hard to get out. We start to see reality from the
perspective of our belief system, and then a new
generation is raised taking the belief for granted.^
– Steven Novella

Introduction
The introduction of Willi Hennig’s (1966) perspectives on
biological systematics has played a pivotal role in the field
by raising awareness of at least one of the normative standards
of scientific inquiry: theory and hypothesis testing. The defeasible nature of science ensures that growth of knowledge is a
continual process and testing is a critical step that promotes
opportunities for increased empirical support for propositions,
or their eventual revision or replacement. But, the mechanics
of testing require more than just specifying that such an action
has occurred; it mandates outlining that a particular instance of
testing satisfies the necessity of critically evaluating the truth
of specific claims made by a theory or hypothesis. An instance
of testing is then open to critique following the intent of testing
being the investigation of occurrences of consequences that
are expected to be manifested given the truth of a theory or
hypothesis. The testing process is rather straightforward.
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Hypothesis or theory confirmation occurs when consequences
predicted from hypotheses or theories are compared with empirical test results. If those test data agree with predictions,
then the proposition is confirmed. If test data disagree
with predictions, the hypothesis or theory is disconfirmed
(Dawid 2013).
The recent systematics literature contains numerous assertions that phylogenetic hypotheses are readily and routinely
tested, e.g., Wiley (1975), Gaffney (1979), Eldredge and
Cracraft (1980), Rieppel (1988), Faith and Cranston (1992),
Kluge (1997a, b, 1998, 1999, 2001), Grandcolas et al. (1997),
Siddall and Kluge (1997), Wenzel (1997), Schuh (2000), de
Queiroz and Poe (2001, 2003), Farris et al. (2001), Faith and
Trueman (2001), Faith (2004, 2006), Wheeler (2004, 2010),
Franz (2005), Helfenbein and DeSalle (2005), Egan (2006),
Grant and Kluge (2008), Schuh and Brower (2009), Faith et
al. (2011), Wiley and Lieberman (2011), Brower and de Pinna
(2012), de Queiroz (2014), and Wheeler and Hamilton (2014).
Yet, it is rare to encounter any formal treatments of the nature
of testing explanatory hypotheses in the context of systematics
that would substantiate the view that phylogenetic hypotheses
are successfully tested by way of evaluating valid test consequences predicted from those hypotheses (Fitzhugh 2005a,
2006a, 2008a, 2010, 2012). This tendency to accept that testing is routine in systematics is reflected in a recent paper by
Assis (2014) which summarizes five purported approaches to testing: total evidence, taxonomic congruence, reciprocal illumination, homology assessment,
and taxa sampling. With no attendant critiques of these
approaches by Assis (2014), the presumption is that all
of them are suitable alternatives consistent with the uniform view of testing that exists throughout the sciences
(Peirce 1931, 1932, 1933a, b, 1934, 1935, 1958a, b;
Popper 1971, 1988; Mayo 1996, 2005; Cleland 2001,
2002, 2009, 2011, 2013; Tucker 2004, 2011; Turner
2007; Jeffares 2008; Dawid 2013). Assis’ (2014) list is
not inclusive, as it does not consider the formal analyses of the subject of testing offered by Fitzhugh (2005a,
b 2005a, b, 2006a, b, 2008a, 2010, 2012), wherein
some of the testing procedures acknowledged by Assis
(2014) were shown to be logically invalid. This paper will
assess the merits of hypothesis testing outlined by Assis (2014)
relative to what is required to engage in testing as recognized
beyond the bounds of systematics.

From observation statements to inferences
of hypotheses
To characterize testing phylogenetic hypotheses, what first
should be acknowledged are the relations that connect observation statements to why-questions and the nature of inferences that lead to answers-as-hypotheses in response to those
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questions. Those relations establish the basis for hypothesis
testing and critiquing the common claims of testing that pervade systematics.
We are continually confronted with perceptions of
objects and events. The goal of the sciences is to acquire descriptive and, more importantly, causal understanding of those percepts (Hanson 1958; Hempel
1965; Rescher 1970; Popper 1983, 1992; Salmon
1984a; Van Fraassen 1990; Strahler 1992; Mahner and
Bunge 1997; Hausman 1998; Thagard 2004; de Regt
and Dieks 2005; Nola and Sankey 2007; de Regt et
al. 2009; Hoyningen-Huene 2013). It is typically the
perceptions of surprising or unexpected effects that lead
to asking causal or why-questions for the purpose of
seeking explanations. Contrary to colloquial expressions
of the form BWhy is y the case?^ or simply BWhy y?^;
the form of why-questions is contrastive, BWhy (is) y
(the case), in contrast to x?^ (Salmon 1984b, 1989;
Sober 1984, 1986, 1994; Van Fraassen 1990; Lipton
2004; Fitzhugh 2006a, b, c, 2008b, 2009, 2016;
Lavelle et al. 2013). In other words, the question is
asked because observed effects of type y were either
not anticipated or already explained, thus not already
part of some expected explanatory framework that has
already been applied to effects of type x. The alternatives, x and y, comprise what is known as the Bcontrast
class,^ such that effects in need of being explained are
called the Bfacts^ in contrast to what has previously
been explained, as the Bfoil.^ There are two interrelated
requirements for the sensibility of why-questions: The
presupposition that the observation statements to which
why-questions refer is true (Bromberger 1966; Sober
1986, 1988; Marwick 1999; Sintonen 2004; Schurz
2005), and in consequence of that presupposition,
why-questions would be answered by way of common
causes (Sober 1986; Barnes 1994; Tucker 2004, 2011;
Turner 2007; Cleland 2009, 2011, 2013). Operating under the alternative presupposition that we cannot trust
our perceptions would either immediately preclude inquiry or call into question what observation statements
require emendation to meet the requirement of truth
(Fitzhugh 2012). Answering why-questions with common causes ensures that the presupposition of truth that
applies to observation statements is extended as fully as
possible to explanatory accounts that are answers to
those questions. For instance, the accepted view with
respect to sequence data that rates of substitution must
be factored into inferences of phylogenetic hypotheses
is contrary to the presupposition of truth. Rectifying that
problem comes not within the structure of the phylogenetic inference, but at the earlier instances of inferring
observation statements. That ensures the necessary relations between observation statements, why-questions,
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and inferences to explanatory accounts as answers to those
questions. Within the phylogenetic inference itself (see
below), a common-cause theory would be required per
the why-questions asked. Fitzhugh (2006c) pointed out
that the contrastive quality of why-questions is reflected
in data matrices used to infer phylogenetic hypotheses,
where Bingroup^ and Boutgroup^ refer to fact and foil,
respectively, and each column in the matrix implies
separate why-questions. That a data matrix implies one’s
implicit or explicit why-questions is called for if phylogenetic inference is to be consistent with the goal of
scientific inquiry and graphic devices such as cladograms
are to imply at least some of the causal conditions
accounting for differentially shared characters.
The mode of reasoning employed to provide at least
tentative answers to why-questions is known as
abductive inference or abduction (sensu Peirce 1878,
1931, 1932, 1933a, b, 1934, 1935, 1958a, b; Hanson
1958; Harman 1965; Achinstein 1970; Fann 1970;
Reilly 1970; Curd 1980; Nickles 1980; Thagard 1988;
Ben-Menahem 1990; Josephson and Josephson 1994;
McMullin 1995; Baker 1996; Hacking 2001; Magnani
2001; Douven 2002; Psillos 2002, 2007, 2011;
Godfrey-Smith 2003; Norton 2003; Lipton 2004;
Walton 2004; Aliseda 2006; Schurz 2008; see Fitzhugh
2005a, b, 2006a, b, c, 2008a, b, c, 2009, 2010, 2012,
2014, 2015, 2016 for considerations of abduction in
relation to biological systematics and evolutionary biology). While formal logic texts traditionally segregate
reasoning under the headings of deduction and induction
(e.g., Salmon 1967, 1984b; Copi and Cohen 1998),
where any form of reasoning that does not conform to
the rules of deduction is by default inductive, there has
been a movement since the nineteenth century to recognize that characterizing inquiry requires a more nuanced
approach. At a minimum, scientific inquiry involves the
following actions subsequent to the formulations of observation statements and why-questions (Peirce 1878,
1931, 1932, 1933a, b, 1934, 1935, 1958a, b; Fitzhugh
2006a, 2008a, 2010, 2012, 2014): (1) inference of a
tentative explanatory hypothesis or theory, as answer
to a question; (2) predicting consequences (potential test
evidence) from that hypothesis or theory that should be
observed given the presumed truth of the causal conditions presented in the proposition; and (3) putting oneself, as the act of testing, in a position to witness the
conditions that allow for observing whether or not predicted consequences derived from (2) are manifested or
not. The mode of reasoning involved in (1) is
abductive, that in (2) deductive, while (3) is inductive
sensu stricto.
Abductive reasoning [action (1) above] is represented by
the schematic form,
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[1]

As a consequence of observing surprising or unexpected
effect ey, one applies theory X to infer that ey is a consequence
of some past causal condition(s) that is consistent with X.
Indeed, observation statements themselves are abductively
derived hypotheses that causally account for one’s sense
perceptions (Peirce 1934: 5.182–185; Hanson 1958;
Hoffmann 1999; Burton 2000):
[2]

In the context of a field such as biological systematics, relevant theories would be those that have successfully withstood past testing, e.g., natural selection and
genetic drift. As consequences of differential perceptions
of the properties of objects, why-questions are
prompted. The following exemplifies the simplest instance of relations between why-questions and abduction
to phylogenetic hypotheses1:
[3]

Why-question: BWhy do individuals to
which species hypotheses x-us and y-us
refer have ventrolateral margins with
appendages in contrast to smooth as
seen among individuals to which other
species hypotheses (a-us, b-us, etc.)
refer?^

1
For other classes of why-questions applicable to systematics and answered by way of abduction, see Fitzhugh (2012: Table 1, 2013: Table 1).
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[4]

Note that because of the presupposition of truth that applies to
observation statements in the why-question in [3], the answer
inferred (causal conditions) in [4] would be by way of a
common-cause theory (phylogenetic theory; what is often,
though incorrectly termed a Bmodel^ in systematics). Other theories, as used in Bmaximum likelihood^ and BBayesian^ approaches do not refer to common cause since rates of evolution
are given consideration, and this would be inconsistent with the
why-questions that abduction seeks to answer (Fitzhugh 2012).
At a minimum, the answer to the why-question entails the conjunction of two hypotheses: novel character origin/fixation
among members of an ancestral population and subsequent population splitting event. These are the events implied by a cladogram, albeit details of those past causes are notably vague, which
is consistent with the fact that computer algorithms do not consider causal specifics. Reference is made in [4] to species hypotheses. The abductive inferences of these hypotheses are independent of the inferences of phylogenetic hypotheses and would have
preceded those latter inferences (Fitzhugh 2005b, 2009, 2013).
The example in [4] is the simplest instance of inference to a
phylogenetic hypothesis. With the inclusion of additional
observation statements and why-questions, the structure of
abductive reasoning remains the same except for the increased
conjunctions of theory and effects in the premises, and the
possibility of obtaining conclusions in the form of ad hoc
hypotheses, i.e., instances in which not all shared characters
can be explained by way of a common cause (qua homoplasy).
Consider the following summary of observations:
[5]

Each column not only refers to observation statements but also
implies the following why-questions (Fitzhugh 2006c, 2008c,
2016):
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[6]

Why-question, Q1: Why do individuals to which
species hypotheses a-us through g-us refer have
property 1(1) in contrast to 1(0)?
Why-question, Q2: Why do individuals to which
species hypotheses b-us through g-us refer have
property 2(1) in contrast to 2(0)?
Why-question, Q3: Why do individuals to which
species hypotheses b-us and c-us refer have property
3(1) in contrast to 3(0)?
Why-question, Q4: Why do individuals to which
species hypotheses d-us through g-us refer have
property 4(1) in contrast to 4(0)?
Why-question, Q5: Why do individuals to which
species hypotheses e-us through g-us refer have
property 5(1) in contrast to 5(0)?
Why-question, Q6: Why do individuals to which
species hypotheses f-us through g-us refer have property 6(1) in contrast to 6(0)?
Why-question, Q7: Why do individuals to which
species hypotheses b-us, c-us, f-us, and g-us refer
have property 7(1) in contrast to 7(0)?

Why-questions Q1 through Q7 lead to the abductive inferences that produce tentative answers to those questions:
[7]
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Hypothesis1 of homogeny2: individuals to which
species hypotheses a-us through g-us refer have
property 1(1) because that property originated within a reproductively isolated population with 1(0)
and 1(1) eventually became fixed (h1), subsequent
to which this population was split into the two reproductively isolated populations (s1) to which species hypotheses a-us and h2 refer.
Hypothesis2 of homogeny: individuals to which species hypotheses b-us through g-us refer have property 2(1) because that property originated within a
reproductively isolated population with 2(0) and
2(1) eventually became fixed (h2), subsequent to
which this population was split into the two reproductively isolated populations (s2) to which species
hypotheses h3 and h4 refer.
Hypothesis3 of homogeny: individuals to which species hypotheses b-us and c-us refer have property 3(1)
because that property originated within a reproductively
isolated population with property 3(0) and 3(1) eventually became fixed (h3 partim), subsequent to which this
population was split into the two reproductively isolated
populations (s3 partim) to which species hypotheses b-us
and c-us refer.
Hypothesis4 of homogeny: individuals to which species hypotheses d-us through g-us refer have property 4(1) because that property originated within a
reproductively isolated population with property
4(0) and 4(1) eventually became fixed (h4), subsequent to which this population was split into the
two reproductively isolated populations (s 4 ) to
which species hypotheses d-us and h5 refer.
Hypothesis 5 of homogeny: individuals to which
species hypotheses e-us through g-us refer have
property 5(1) because that property originated within a reproductively isolated population with property 5(0) and 5(1) eventually became fixed (h5), subsequent to which this population was split into the
two reproductively isolated populations (s 5 ) to
which species hypotheses e-us and h6 refer.
Hypothesis 6 of homogeny: individuals to which
species hypotheses f-us and g-us refer have property
6(1) because that property originated within a reproductively isolated population with property 6(0) and
6(1) eventually became fixed (h6 partim), subsequent to which this population was split into the
two reproductively isolated populations (s6 partim)
to which species hypotheses f-us and g-us refer.

2
The use of homogeny instead of homology follows Lankester’s (1870;
Fitzhugh 2006a) suggestions, discussed later (Homology assessment).
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Fig. 1 Schematic representations of the three classes of hypotheses
implied by cladograms: species (e.g., a-us); events of novel character
origin/fixation among members of ancestral populations (hx); and
population splitting events (sx). See examples of relations between

observation statements, why-questions, and abductive inferences to
phylogenetic hypotheses in [5] through [7], respectively. Note that prior
to inferences to phylogenetic hypotheses, species hypotheses are
separately inferred

Hypothesis7 of homoplasy, i.e., ad hoc hypothesis of
parallelism: individuals to which species hypotheses bus and c-us refer have property 7(1) because that property
originated within a reproductively isolated population
with property 7(0) and 7(1) eventually became fixed (h3
partim), subsequent to which this population was split
into the two reproductively isolated populations (s3
partim) to which species hypotheses b-us and c-us refer,
and individuals to which species hypotheses f-us and g-us
refer have property 7(1) because that property originated
within a reproductively isolated population with property
7(0) and 7(1) eventually became fixed (h6 partim), subsequent to which this population was split into the two
reproductively isolated populations (s6 partim) to which
species hypotheses f-us and g-us refer.

deductive and inductive inferences would have the respective
forms:
[8]

As the subject of this paper is the testing of phylogenetic
hypotheses, it is worthwhile to reiterate that all of the hypotheses in [7], as in all cladograms, are quite vague in presenting
past causal conditions. The implications of these limited explanatory accounts are discussed next in relation to testing.
[9]

Mechanics of hypothesis (and theory) testing
The nondeductive character of abductive reasoning, as indicated by the double line separating premises from conclusions
in [1] and [4], indicates that the inferred explanatory accounts
are probable as opposed to certain, given the required assumption that premises are true. It is that uncertainty that warrants
the pursuit of empirical evaluations of hypotheses and theories
in the form of testing. The act of testing connotes that if a
hypothesis or theory is true, then specific consequences
should follow, wherein observing those consequences offers
either confirming or disconfirming evidential support. There
is a two-part process of inferring potential test consequences
or evidence (deduction) and testing proper (induction).
Pursuant to the abductive inference of hypothesis hx in [1],

The act of testing, i.e., [9], imposes the requirement
that one witness test conditions that lead to confirming
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or disconfirming test evidence. To ensure the greatest
severity of such a test, the evidence sought ideally
should have the lowest possible probability of occurrence if the hypothesis being tested is not true (Peirce
1958a: 7.182; Mayo 1991, 1996; Cleland 2001, 2002,
2009, 2011, 2013; Jeffares 2008; Fitzhugh 2012), thereby offering the strongest test support. What is especially
critical is that test evidence be effects not only temporally extending from the hypothesized causal conditions,
but that evidence should be as narrowly associated as
possible to those conditions (Fitzhugh 2006c, 2010,
2012: Fig. 4). This means that the nature of test evidence will not be the same as the original observations
that went into inferring the hypothesis (abductive evidence, cf. minor premises in [1] and [4]; Worrall 1989;
Mayo 1996; Lipton 2005). As noted by Cleland (2002:
480, emphasis added; see also Jeffares 2008),
BTraces provide evidence for past events [i.e. hypotheses] just as successful predictions provide evidence for the generalizations [i.e. theories] examined in the lab. Instead of inferring test implications from a target hypothesis and performing a
series of experiments, historical scientists focus
their attention on formulating mutually exclusive
hypotheses and hunting for evidentiary traces to
discriminate among them. The goal is to discover
a ‘smoking gun.’ A smoking gun is a trace(s) that
unambiguously discriminates one hypothesis from
among a set of currently available hypotheses as
providing ‘the best explanation’ of the traces thus
far observed…^
The effects serving as test evidence ideally should be
so specific as to only be products of the causal conditions of the hypothesis being tested, fulfilling the requirement of having the lowest probability of being observed if those conditions did not manifest themselves.
This is a perspective recognized by Peirce (1958a:
7.206, emphasis added), anticipating Popper’s (1959,
1962, 1992) notion of Bseverity of test,^
BHaving, then, by means of deduction, drawn
from a hypothesis predictions as to what the results of experiment will be, we proceed to test
the hypothesis by making the experiments and
comparing those predictions with the actual results of the experiment. Experiment is very expensive business…; so that it will be a saving of
expense, to begin with that positive prediction
from the hypothesis which seems least likely to
be verified. For a single experiment may absolutely refute the most valuable of hypotheses,
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while a hypothesis must be a trifling one indeed
if a single experiment could establish it.^
Considering the phylogenetic hypothesis inferred in [4] (as
well as [7]), in answer to the why-question in [3], testing
would not be immediately possible. It was pointed out earlier
in relation to [4] that the Causal Conditions (phylogenetic hypothesis X-us) present virtually no specifics given that the Phylogenetic Theory is a vaguely worded
common-cause theory. The traditional willingness to
claim that phylogenetic hypotheses are routinely tested
in systematics has overlooked a strategic limitation of
such explanatory constructs. Cladograms imply a minimum of three classes of causal events (Fitzhugh 2012:
Fig. 1): (1) novel character origin/fixation among members of an ancestral population,3 (2) population splitting
events, and (3) novel character origin/fixation among
reproductively isolated populations to which species hypotheses would have been separately inferred from (1)
and (2). None of these hypotheses, as implied by cladograms, detail the causal specifics that would be required to infer potential test evidence (cf. [8]) or proceed with testing (cf. [9]). Cladograms are what Hempel
(1965: 238, emphasis original) referred to as “explanation
sketches”:
BWhat the explanatory analyses of historical events
offer is, then, in most cases not an explanation…,
but something that might be called an explanation
sketch. Such a sketch consists of a more or less
vague indication of the laws and initial conditions
considered as relevant, and it needs ‘filling out’ in
order to turn into a full-fledged explanation.^
For testing of hypothesis X-us to be possible, per [8]
and [9], both phylogenetic theory and hypothesis would
have to be substantially supplemented with explicit
causal details. In the absence of such details, it would
not be possible to infer potential test evidence ([8]) of
such narrow scope to ensure a useful test ([9]). A start
toward fleshing out inferences to potential test evidence
and subsequent testing of hypotheses in [4] would require the respective forms,

3

In those instances in which a common cause theory is not used in lieu of
substitution rates factored into the theoretical make up of an abductive
inference, one would have to take into account all additional instances of
novel character origin/fixation Balong branches.^ This would necessitate
considering the individual testing of each and every hypothesis of events
making up such Bbranch lengths,^ which is likely to be operationally
unfeasible given what is required to properly test those hypotheses.
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[11]

What is apparent in [10] and [11] is that the testing
of explanatory hypotheses can present inherent
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difficulties. Especially with the span of time that can
separate hypothesized causal events from the present
effects that are required to serve as test evidence, the
opportunities to find that test evidence with the lowest probability of being observed if the events did not
occur might be so onerous as to make testing unfeasible. This is a perspective vastly different from the
standard view in systematics that hypothesis testing is
a routine matter.
The discussion thus far has alluded to an intended
distinction between the roles of theories and hypotheses, which deserves clarification, especially in light of
the mechanics of testing. A theory is a spatiotemporally unrestricted concept that asserts general cause-effect
relations (Reynolds 1971; Hull 1974: 47; Cleland 2002;
Fitzhugh 2008a). For instance, the theory of general
relativity states causal relations between objects and
the space-time continuum; the theory of natural selection outlines causal relations between organismal features and differential fitness. Neither theory stipulates
specific instances of such cause-effect relations, whether in the past, present, or future. Hypotheses on the
other hand present spatiotemporally localized causal
events that offer at least initial understanding of unique
effects. Theories are the conceptual tools that can, in
concert with background knowledge, be applied to observed effects for the purpose of inferring hypotheses
that enable retrodictive inquiry spanning the present
into the past (e.g., [1], [2], [4], [7]), as well as the
predictive actions of anticipating what might transpire
from causes in the present to future effects (e.g. [8],
[10]).
The contrasting structures of theories and hypotheses
signify that their being tested not only have some basic
similarities but also notable differences. Since a theory
asserts particular cause-effect relations, testing has the
character of an experiment, whether contrived or under
natural conditions. The requirement is that both causal,
or initial conditions, as well as subsequent effects be
witnessed. It is under such experimental conditions that
the investigator strives to control as much as possible
circumstances under which the cause is manifested in
order to minimize the chances of incurring spurious effects, especially in relation to acknowledged auxiliary
theories. In other words, one attempts to limit the possibilities of witnessing effects that lead to Bfalse
positive^ or Bfalse negative^ results (Cleland 2002),
which is consistent with the preference for test evidence
with the lowest probability of occurrence if the theory is
not true. The schematic structure for inferring potential
test evidence and subsequently testing a theory would
have the respective forms,
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[12]

[13]

Comparing the testing of hypotheses ([9] and [11])
and theories ([13]) indicates distinct similarities and differences. Testing hypotheses and theories both rely on
observations of effects predicted from causal conditions.
But in the case of hypotheses, those causal conditions
refer to past events that no longer exist, whereas testing
a theory requires witnessing causal conditions in the
present and subsequent effect(s).

Critiques of hypothesis testing in systematics
Assis (2014) recognized five approaches to testing phylogenetic hypotheses. This section will examine each of these to determine if any are consistent with testing explanatory hypotheses
as expected in scientific inquiry, e.g., [8]–[9] and [10]–[11].
Requirement of total evidence Regarding the requirement
of total evidence (RTE), Assis (2014: 240, emphasis
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original) associated it with testing as a matter of introducing new character data and comparing old and new
phylogenetic hypotheses: BTotal evidence (Kluge 1989):
including more characters in a previous data matrix
from which the early evolutionary hypothesis was supported, and subsequently conducting a new phylogenetic
analysis to check whether the relationships are the same
or different.^ A somewhat similar view was expressed
by Wheeler (2012: 73), BThe idea of Total Evidence
Analysis, for instance Kluge (1989), is grounded in severity of test. The greater the amount and diversity of
evidence brought to bear on a question, the greater the
opportunity for falsification and the more severely the
hypothesis is tested.^ To assess whether or not the RTE
is a type of testing or has any relation to testing will
require considering the meaning of the concept beyond
systematics.
The RTE was first formally recognized by Carnap
(1950: 211): “in the application of inductive logic to a
given knowledge situation, the total evidence available
must be taken as basis for determining the degree of
confirmation.” The concept was, however, acknowledged as far back as the nineteenth century (e.g.,
Peirce 1883, 1932). Carnap’s (1950) emphasis on the
relation between evidence and confirmation (see also
Hempel 1962, 1965, 1966, 2001; Barker 1957; Salmon
1967, 1984a, b, 1989, 1998; McLaughlin 1970; Sober
1975; Fetzer 1993; Fetzer and Almeder 1993; Fitzhugh
2006b; Kelly 2008) only applies to instances of testing—induction sensu stricto, cf. [9], [11], [13].
Regardless of the type of inference, however, the term
Bevidence^ refers to all premises that allow for a conclusion(s) (Carnap 1950; Longino 1979; Salmon 1984b;
Achinstein 2001; Fitzhugh 2006a, b, 2012, 2014). To
engage in a practice of excluding relevant evidence
would impinge on the rationality of one’s acceptance
of conclusions, compromising belief in a hypothesis
given that evidence:

BWhen two sound inductive arguments thus conflict, which conclusion, if any, is it reasonable to
accept, and perhaps act on? If the available evidence includes the premises of [two different] arguments, it is irrational to base our expectations
concerning the conclusions exclusively on the premises of one or the other of the arguments; the
credence given to any contemplated hypothesis
should always be determined by the support it receives from the total evidence available at the
time… What the requirement of total evidence demands, then, is that the credence given to a hypothesis h in a given knowledge situation should

K. Fitzhugh

be determined by the inductive support, or confirmation, which h receives from the total evidence e
available in that situation^ (Hempel 1966, 2001:
42).
The RTE requires no consideration in deduction, as
the rules for valid deduction ensure that the premises
include all necessary evidence, and deduction from
true premises only allows for a single conclusion that
must be true. Early writers such as Carnap (1950) and
Hempel (1962, 1965, 1966) identified the RTE as an
important part of induction sensu stricto only for the
fact that abductive reasoning was not regarded as a legitimate part of logic or recognizable in scientific reasoning (Hempel 1966; Popper 1959; critiques of this
view include Hanson 1958; Rescher 1978; Niiniluoto
1999; Paavola 2012, among others):

“There are… no generally applicable ‘rules of induction’, by which hypotheses or theories can be
mechanically derived or inferred from empirical
data. The transition from data to theory requires
creative imagination. Scientific hypotheses and theories are not derived from observed facts, but
invented in order to account for them. They constitute guesses at the connections that might obtain
between the phenomena under study, at uniformities and patterns that might underlie their occurrence” (Hempel 1966: 15).
With the subsequent widespread acceptance of the
importance and logical validity of abductive reasoning,
the RTE applies to it just as in the case of induction,
such that the characterizations offered by Carnap (1950)
and Hempel (1962, 1965, 1966) are better replaced with
the more general description by Neta (2008: 91): BAll
that the requirement of total evidence says is that one’s
confidence in a hypothesis must be proportional to the
support that that hypothesis receives from one’s
evidence....^ Once again, evidential support refers to
relations between premises and conclusion(s). Valid deductions invariably present conclusions with complete
support, whereas support for abductive and inductive
conclusions can vary depending on the content of premises. From a Bayesian perspective, abductive support
equates with the prior probability of a hypothesis, P(h),
while inductive support refers to the posterior probability, P(h | e), subsequent to observations of test evidence
e. The RTE applies to both abduction and induction,
and rational acceptance of conclusions from either is
determined on the basis of all relevant evidence. The
RTE is not synonymous with testing; it is a guide to
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ensure rational acceptance of hypotheses that are products of either abduction or induction:

“The requirement of total evidence is not a principle of inductive logic, which is concerned with
relations of potential evidential support among
statements, i.e., with whether, or to what degree,
a given set of statements supports a given hypothesis. Rather, the requirement is a maxim for the
application of inductive logic, it might be said to
state a necessary condition of rationality in
forming beliefs and making decisions on the basis
of available evidence” (Hempel 1962, 2001: 114).
The idea that the RTE can be equated with testing
phylogenetic hypotheses derives from Kluge’s (1989)
adherence to the view that character data that are “congruent” on a cladogram, i.e., synapomorphies denoting
“groups,” offer confirming instances, while “incongruent” or homoplasious characters are disconfirming. The
greater the number of congruent characters, the better
the support [sic] for phylogenetic hypotheses. Under
this conception, albeit incorrect, it makes sense to be
as inclusive as possible regarding characters, hence the
appearance that the RTE can be linked to testing and
characters serving as test evidence. But, this view is
founded on several misconceptions. The first is that
the RTE only applies to induction, as conceived by
Carnap (1950) and Hempel (1962, 1965, 1966). This
incorrectly denies that the RTE transcends all nondeductive reasoning, such that the RTE cannot be equated
with testing. A more fundamental misconception is that
character data have the capacity to serve as test evidence for phylogenetic hypotheses, a view that can be
traced as far back as Hennig (1966: 122):
BThus the question of whether kinship relations
based on a single character or a single presumed
transformation series of characters correspond to
the actual phylogenetic relationships of the species
is tested by means of other series of characters by
trying to bring the relationships indicated by the
several series of characters into congruence. In the
final analysis this is again the method of
‘checking, correcting, and rechecking’ [i.e. ‘reciprocal illumination’]….^
The idea was then embellished in the early 1970s by
associating it with Popper’s (1959) views on falsification, which has survived to the present (cf. Fitzhugh
2010, 2012). Thinking that character data can serve as
test evidence suffers from conflating the inferences of
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hypotheses with their being tested, as well as a failure
to actually present the formal inferential structure of
phylogenetic reasoning that would enable simultaneous
accommodation of inferences of phylogenetic hypotheses and their being tested. Whether one is a follower of
Popper’s falsificationist viewpoint or accepts that historical sciences tend to focus on seeking confirming evidence (Cleland 2001, 2002, 2009, 2011, 2013; Fitzhugh
2012), the act of testing occurs separately from the inferences of the hypotheses to which testing is directed.
The structure of abduction in [4] and [7] recognizes
character data as premises that contribute to explanatory
hypotheses, represented as cladograms that causally account for those data. To proceed with testing the various
hypotheses implied by cladograms, as shown in
[10]–[11], could not involve characters that contribute
to abduction. Alternatively, it might be argued that cladograms offer opportunities to deduce additional character distributions that would serve as potential test evidence, e.g., [8]. This suffers from not recognizing the
intent of testing. What is of concern in testing phylogenetic hypotheses is the truth of specified past causal
events that account for shared characters. The evidence
required for such tests could not be additional characters
but instead must be deduced effects directly associated
with only the causal events in question (Fitzhugh 2006a,
2008a, 2010, 2012). New characters cannot be deduced
from cladograms, much less the detailed causal events
implied by those diagrams (Sober 1988; Fitzhugh 2010).
Advocates of character congruence have never demonstrated that the actions of phylogenetic inference can
fulfill the requirements of testing much less that conflating abduction and induction can successfully proceed as
per the established tenets of scientific inquiry.
The emphasis on character congruence as a product of phylogenetic inference misses the point of the process of inquiry.
Since abduction is intended to offer explanatory hypotheses
for differentially shared characters, the basis for such inferences traces back not only to our observation statements but
more importantly to the why-questions, cf. [3] and [6], which
provide the basis for seeking causes of observed effects. The
structure of why-questions is such that they seek commoncause answers that retain as much as possible the presupposition that observation statements of similarity are true.4 This is
4
This presupposition is often violated when sequence data are considered
because rates of substitution are introduced as part of the phylogenetic
theory. This is an instance of interjecting background knowledge at the
incorrect juncture in inquiry. Consideration of rates of substitution would
have to be applied at the point one considers their observation statements.
What might appear to be shared characters would require reinterpretation
per the assumption that evolutionary rates can obfuscate perceptions.
Once those corrections are made, revised observation statements of
shared similarities would lead to why-questions that are again answered
by use of a common-cause theory similar to that shown in [4].
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the basis for use of a common-cause theory, e.g.,
Bcommon ancestry^ or Bdescent with modification^ (cf.
Phylogenetic theory in [4] and [7]), in abduction to
phylogenetic hypotheses. What has been referred to as
character congruence is more aptly regarded as the compilation of explanatory hypotheses (i.e., novel character
origin/fixation and population splitting events: Fig. 1)
that ensue from the conjunction of Phylogenetic theory
and Observations (effects) in [4] and [7] for the purpose of
acquiring causal understanding of differentially shared
characters.
Taxonomic congruence The approach known as taxonomic congruence, or cladogram comparisons, is the
antithesis of character congruence (Kluge 1989), and
in that regard, the former immediately suffers from violating the requirement of total evidence and compromises one’s ability to rationally accept phylogenetic hypotheses (Fitzhugh 2006b, 2014). Assis (2014: 240) described taxonomic congruence as Bcomparing the early
hypothesis with other hypotheses generated from phylogenetic analyses of other kinds of data.^ The practice
does not stand as a form of testing for it is an action
that does not follow the prescribed requirements for
testing discussed earlier.
Taxonomic congruence relies on comparisons of cladogram topologies as products of inferences intended to
explain respective sets of character data. The two most
common types of comparisons are between cladograms
inferred from Bmorphological^ characters and sequence
data, or comparisons between different sets of sequence
data (oftentimes including additional comparisons with
morphological cladograms). Some notable problems preclude such comparisons from having epistemic value.
These include the fact that cladograms are not the objects of interest in systematics. Cladograms are nothing
more than graphic devices that imply several classes of
extremely vague past causal events (e.g., [4] and [7],
Fig. 1) that account for differentially shared characters
among organisms. This is a necessary characterization
given the structure of abductive reasoning shown in
[1], [4], and [7] and the goal of scientific inquiry.
Taxonomic congruence suffers from the reification of
cladograms at the expense of the pursuit of causal understanding. Since cladograms are compilations of explanatory hypotheses relevant to those characters used
to infer the hypotheses, a cladogram topology for one
set of characters cannot be compared to another cladogram topology for another set of characters. Such comparisons signify violation of the requirement of total
evidence, acknowledging that rational acceptance of either set of hypotheses has been compromised. There
also is a popular, epistemically unfounded tendency to
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draw comparisons between morphological cladograms
and sequence data cladograms under the assumption that
the latter can be used to judge the veracity of the former. Separately inferred sets of explanatory hypotheses
offer no basis for judging the truth of the respective sets
of hypotheses.
Reciprocal illumination In the previous section, critiquing
the requirement of total evidence as equivalent to testing,
Hennig (1966: 122) was quoted as saying that phylogenetic
hypotheses are tested via the introduction of additional, congruent characters, and this represents an instance of “the method of ‘checking, correcting, and rechecking,’” or “reciprocal
illumination.” Assis (2014: 240) paraphrased Hennig’s interpretation of reciprocal illumination as, Bchecking the early
hypothesis in light of additional, relevant evidence (e.g., ontogenetic, anatomical, behavioral, molecular, biogeographical, ecological, physiological, or other).^ As already noted,
the introduction of additional characters, be they “morphological,” “ontogenetic,” “anatomical,” “molecular,” “physiological,” or of any other class that are intrinsic to the organism,
cannot serve as test evidence. Those additional observations
are effects in need of explanation by way of the classes of
hypotheses typically employed in systematics (cf. Hennig
1966: Fig. 6; Fitzhugh 2008b: Fig. 1, 2009: Fig. 5, 2012:
Fig. 1, 2013: Fig. 1), and the hypotheses are products of
abductive inferences. With the inclusion of new character
data and abductive inferences to new sets of hypotheses, the
previous hypotheses are no longer germane, such that there is
no epistemic basis for comparing past and present cladograms.
The ongoing process of adding new observations to produce
new sets of explanatory hypotheses is not indicative of
reciprocal illumination. Where reciprocal illumination is
manifested is the process of reevaluating observation
statements subsequent to the inferences of explanatory
hypotheses implied by cladograms. Fitzhugh (2012) noted
that pursuant to ongoing descriptive activities and abductive
inferences of hypotheses offering initial causal understanding
of observations in systematics, testing of phylogenetic hypotheses, qua [10] and [11], is virtually nonexistent. In lieu of
proceeding to testing phylogenetic hypotheses, practitioners
invariably use those hypotheses to reevaluate observations
regarding properties of organisms. That is an instance of reciprocal illumination. It is, however, conceivable that biogeographic or ecological information might be considered in the
process of testing (cf. [10], [11]) if they are related to evaluating any of the various causal events implied by cladograms.
For instance, if a population splitting event in a cladogram is
sufficiently filled out as an explanatory scenario that stipulates
a vicariant event involving tectonic activity, the test evidence
to be sought would be of a geologic nature. And, subsequent
to the proper testing of phylogenetic hypotheses, there are
further opportunities for reciprocal illumination regarding
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observations of characters. But, reciprocal illumination is not
a surrogate for testing.
Homology assessment The association of testing and homology in systematics has been prominent since the introduction
of Patterson’s (1982) “tests of homology.” Assis (2014: 240)
characterized “homology assessment” as “assessing whether
the statements of sameness between parts are right or wrong in
relation to a particular causal criterion (e.g. anatomy, ontogeny, genetics, or other). In the case of DNA regions, checking
the quality of sequences alignment….” To evaluate the nature
of testing in relation to homology first requires that the terms
homologue and homology be understood. The literature on
the topic is voluminous, though no consensus has been
attained. It is not within the scope of this paper to review the
homology literature, but what seem to have contributed to
disagreements among biologists are misunderstandings of
Owen’s (1843, 1847, 1848, 2007) original meanings of
homologue and homology. And, part of the difficulty is that
it has become fashionable to treat homologue and homology
as synonymous, when in fact Owen (1847, 1848) was clear
that the terms hold very different meanings. Following
Owen’s intent in this paper will be useful in addressing the
topic of testing homologue and homology hypotheses.
In the glossary of his Lectures on the Comparative
Anatomy and Physiology of the Invertebrate Animals,
Owen (1843: 379) gave his definition of homologue:
“The same organ in different animals under every variety
of form and function.” The term homology is not defined. The same definition was provided in Owen’s
(1847: 175, see also 1848) Report On the Archetype
and Homologies of the Vertebrate Skeleton. Owen’s
(1843) definition is, however, commonly conflated with
homology (e.g., Patterson 1982; Rieppel 1988, 2007; de
Pinna 1991; Brower and Schawaroch 1996; Minelli
1994: 21; Hawkins et al. 1997; Nixon and Carpenter
2012: 160, 168; Brower and de Pinna 2012; Laubichler
2014: 65; cf. Moritz and Hillis 1996: 7), when in fact
Owen (1847, 1848) went to some length to distinguish
the terms. Regarding homology, Owen (1847: 175)
pointed out that BRelations of homology [to homologues]
are of three kinds^: special homology, general homology,
and serial homology. For the purpose of addressing homology beyond Owen’s conception, special and general
homology will be examined here, whereas serial homology can be accommodated within special and general.
Owen (1847: 175, emphasis added) described special homology by first relating it to his definition of homologue: B…the correspondency of a part or organ, determined by its relative position and connections, with a
part or organ in a different animal [i.e. given the definition of homologue]; the determination of which homology indicates that such animals are constructed on a
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common type....^ In other words, upon observing homologues, special homology refers to the causal relations of
those homologues to an unspecified Bcommon type^ or
archetypal form. Owen (1847: 175) gave the following
example of special homology: B…when, for example, the
correspondence of the basilar process of the human occipital bone with the distinct bone called ‘basioccipital’
in a fish or crocodile is shown, the special homology of
that process is determined.^ The correspondence of the
basilar process and basioccipital indicates that the two
bones are causally related. This is especially apparent
when Owen then described general homology: BA higher
relation of homology is that in which a part or series of
parts [homologues] stands to the fundamental or general
type, and its enunciation involves and implies a knowledge of the type on which a natural group of animals…is
constructed.^ In other words, general homology denotes
the direct causal relations of homologues to the archetype. Continuing with his example of the human occipital bone, Owen said, BThus when the basilar process of
the human occipital bone is determined to be the ‘centrum’ or ‘body of the last cranial vertebra,’ its general
homology is enunciated.^ Owen followed the view that
the vertebrate skull is a series of four highly modified
vertebrae that can be traced back to the serial repetition
of vertebrae that typifies the vertebrate archetype (Owen
1849: plate 1). Rather than asserting an agnostic common cause in the case of special homology, general homology presents a specific causal link from homologues
to the archetype-as-cause: BIf the special homology of
each part… [is] recognisable…, shall we close the
mind’s eye to the evidences of that higher law of archetypal conformity on which… the lower and more special
correspondences depend?^ (Owen 1847: 301). More generally, homologues denote our observation statements of
similar parts shared among a group of organisms, while
homology (special or general) presents the hypothesis
causally accounting for the presence of the similar characters or homologues. In their discussion of Owen’s use
of homologue and homology, Williams and Ebach (2008)
came close to the distinction made here but did not pursue the inferential and causal relations between homologues as effects and homology as the explanation of
homologues intended by Owen (1847, 1848). And,
Williams’ and Ebach’s (2012: 223, emphasis added) take
on homology is at direct odds with the interpretation of
Owen (1847, 1848) given above:

BPrior to the general acceptance of cladistics as a theory
[sic] of taxonomy, and after the Darwinian paradigm in
biology, homology has been discussed mainly in terms
of its evolutionary implications rather than in its
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original context as ‘the relations of the parts of animal
bodies’ (Owen 1849, p. 2). Seen as a product of an
emergent property of some process or processes, homology gained an explanation generally acceptable to most
biologists: homology is caused by common ancestry.^
What Williams and Ebach (2012) did not acknowledge is
that the Brelations^ referred to by Owen are causal, between
homologues and homology, not similarity relations among
homologues. By extension, homology is not Bcaused by common ancestry.^ Homology is the hypothesis of common ancestry, or common cause, regardless of evolutionary connotation or otherwise.
Not surprisingly, subsequent to 1859 homology was readily usurped by early Darwinians; the theoretical basis for the
term was easily converted from that of the archetype to natural
selection/descent with modification as the relevant common
cause. Note that by recognizing the explanatory role of homology, both Owenian and Darwinian connotations can be
characterized as instances of abductive reasoning, i.e., [1]
and [4]; the principle difference between the two being the
alternative theories used for concluding causal accounts for
the presence of homologues. With the introduction of the theory of natural selection, Lankester (1870: 42) recognized
Owen’s distinction between homologue and homology, as
perceptual and explanatory, respectively, but noted that the
one term Bhomology^ fails to distinguish between instances
of common cause, e.g., descent with modification/common
ancestry as opposed to separate causes:

B…under the term ‘homology,’ belonging to another
philosophy, evolutionists have described and do describe two kinds of agreement – the one, now proposed
to be called ‘homogeny,’ depending simply on the inheritance of a common part, the other, proposed to be
called ‘homoplasy,’ depending on a common action of
evoking causes or moulding environment on such homogenous parts, or on parts which for other reasons
offer a likeness of material to begin with… In
distinguishing these two factors of a common result
we are only recognizing the principle of a plurality of
causes tending to a common end....^
Owen’s archetype theory could offer explanations of homologues that are uniformly common causes that trace back to
the Creator’s archetype. The introduction of the theory of natural selection necessitated considering both common and
separate causes. To accommodate this difference, Lankester
(1870) suggested that the term homology be replaced with two
new terms, homogeny and homoplasy, the former referring to
explanatory hypotheses accounting for shared similarities by
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way of common ancestry, the latter being hypotheses of separate causes. Associated with these two classes of hypotheses,
those characters explained by homogeny would be called
homogens, and characters explained by homoplasy called
homoplasts. Unfortunately, Lankester’s use of homogen and
homoplast was also intended to replace the one term homologue, which in the strict sense of acknowledging shared characters prior to inferring hypotheses of homogeny or homoplasy would result in no initial term being available (Fitzhugh
2006a). But, what is important in the present discussion is that
Lankester understood the explanatory nature of Owen’s homology and the replacement terms homogeny and homoplasy,
and that Owen’s homologue and Lankester’s homogen and
homoplast refer to observations of shared characters. Ideally,
had Lankester retained the term homologue to indicate shared
characters and replace homology with homogeny and homoplasy, with references to characters as homogens or
homoplasts relative to the respective classes of explanatory
hypotheses, the long-standing confusion over use of homologue and homology might have been avoided.
Homology, and Lankester’s homogeny, refers to explanatory hypotheses accounting for differentially shared
characters, homologues. Such hypotheses cut across all
of systematics and are more accurately referred to according to the variety of hypotheses used in association
with particular theories, e.g., tokogenetic, sexual dimorphic, cyclomorphic, intraspecific, specific, and phylogenetic (Hennig 1966: Fig. 6). Since these latter hypotheses already entail hypotheses of homology, as per the
conjunction of a common cause theory with effects to
be explained, e.g., [4] and [7], maintaining an emphasis
on homology becomes superfluous. The same cannot be
said for homoplasy. In the contexts of abductive reasoning and the requirement of total evidence, ad hoc hypotheses are necessary in instances where shared characters cannot be explained by way of the common cause
theory used in the inference (Farris 1983), as shown in
[7: Hypothesis7]. Unlike the term homology, homoplasy
remains a useful explanatory label (contra Nixon and
Carpenter 2012).
Having identified homologues and homology as
abductively derived hypotheses of observation statements
of shared characters and the explanatory hypothesis for
occurrences of shared characters, respectively, consideration can be given to the testing of those hypotheses. It
was noted earlier (From Observation Statements to
Inferences of Hypotheses, cf. [2]) that observation statements are products of abduction from one’s sense perceptions, accounting for those perceptions by way of the existence of objects that instantiate particular characters. The
premises and conclusion in [2] also provide the basis for
inferring homologue hypotheses:
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Performing the test of a homologue hypothesis is then a
matter of investigating the presence or absence of the predicted components expected of such homologues:
[16]

Predicting potential test evidence is a process that considers
subsidiary features of the hypothesized characters and topographic relations with other characters:
[15]

In the context of phylogenetic hypotheses, homology refers
to a hypothesis accounting for the presence of a character
among individuals to which two or more species hypotheses
also refer; identical to the abductive inferences depicted in [4]
and [7]. As a consequence, testing that hypothesis would have
the forms shown in [10] and [11]. But as mentioned above, the
requirement of total evidence obviates such testing of independently inferred hypotheses. The inferential structures
shown in [4], [10], and [11] would have to involve all relevant
characters, such that the pursuit of testing would involve all
phylogenetic hypotheses implied by cladograms, i.e., at a minimum all hypotheses of character origin/fixation and population splitting events (Fig. 1).
The recent approaches developed in systematics to test homology [sic]5 hypotheses have been muddled for the fact that
such testing pertains to homologues, not homology, and the
dynamics of such testing have not been given due
5

For the remainder of this section, references to the testing of
Bhomology^ will be replaced with what is the appropriate term, homologue, to avoid perpetuating conflation of the two terms.
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consideration to ensure that the mechanics of testing (cf.
[8]–[9], [10]–[11], [15]–[16]) are satisfied. Patterson (1982)
suggested three tests of homologues: similarity, congruence,
and conjunction. The test of similarity pertains to such aspects
as structural composition, development, and topographic relations to other parts of the organism. This test is essentially the
same as the formal test of homologues in [15] and [16]. The
congruence test, as discussed earlier in Requirement of total
evidence, is the view that homologues are confirmed as such
when characters are in agreement in discerning monophyletic
groups. Congruence is not, however, a valid test of homologues. Proceeding from observation statements as homologues to abductive inferences of phylogenetic hypotheses
that causally account for those homologues presents no structure that can be interpreted as formal tests of any homologue
hypotheses. Patterson (1982) considered conjunction, the
presence of two or more characters in the same organism, as
a disconfirming instance of homologues. Conjunction also is
not a valid test since one must necessarily defer to the test of
similarity (cf. [15]–[16]) to actually assess observation
statements.
In his critiques of Patterson’s (1982) tests, de Pinna (1991)
argued that only congruence is a valid test but provided no
inferential structure as presented in [8]–[9], [10]–[11], and
[15]–[16] to warrant that claim. De Pinna suggested that homologues be distinguished as Bprimary^ and Bsecondary,^ to
a c k n o w l e d g e t h e r e s p e c t i v e Bg e n e r a t i o n ^ a n d
Blegitimization^ of homologue hypotheses. This is, for instance, in contrast to Rieppel’s (1988) Btopographical
homology^ and Bphylogenetic homology,^ or Brower’s and
Schawaroch’s (1996) Btopographic identity/character state
identity^ and homology, or Nixon’s and Carpenter’s (2012)
Bhypothesis of homology^ and homology. These characterizations appear vaguely similar to the homologue–homology distinction introduced by Owen (1847, 1848) and appropriately
modified by Lankester (1870), but this is not the case. Since
homology is treated as synonymous with homologue among
recent authors, the distinction is not one of Bhomologues as
observation statements^ (which are abductively inferred hypotheses, cf. [14]) and Bhomology as explanatory hypothesis^
(also abductively inferred, cf. [4] and [7]), but instead
Bhomology [sic] as observation statements^ and Bhomology
[sic] as tested homology hypotheses.^ For instance, Brower
and de Pinna (2012: 537, emphasis original) offered this definition: BHomology is the relationship among parts of organisms that provides evidence for common ancestry.^ On the
contrary, remaining consistent with Owen’s (1847, 1848)
and Lankester’s (1870) intent, it is homologues that provide
evidence, as premises, for the inferences of homology hypotheses (cf. [4], [5]–[7]).
In removing the distinction between homologues and homology as observed effects and explanatory hypothesis of those
effects, and replacing use of homologue with homology, the
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emphasis on testing became limited to just hypotheses of observation statements. But among Patterson’s (1982) three Btests
of homology,^ the only valid test of observation statements of
shared characters would be his test of similarity, as depicted in
[14]–[16]. Instead, the congruence test has become the accepted
view, as noted by Brower and de Pinna (2012: 529–530):
BFew modern systematists would disagree that the identification of homologous features involves multiple
steps or stages. Initially, features that evidently share
similarity of form and ⁄or position among taxa are
conjectured to be manifestations of the same character.
These observations are then recorded as character states
in a data matrix, which formalizes the hypotheses of
correspondence and state identity. Whether these initial
state identity hypotheses are corroborated as synapomorphies (character state transformations that support
clades) is tested by assessing their distribution on a
most-parsimonious tree. If a character fits that tree perfectly (i.e. without homoplasy), its hypotheses of character state identity are corroborated, and, once the tree is
rooted, its states are interpreted as synapomorphy or
symplesiomorphy with respect to one another. If the
character does not fit the tree perfectly, then one or more
of the initial hypotheses of character state identity are
falsified and some states in some taxa are considered to
represent independent gains or reversals (homoplasy).^
Critiques of the character congruence approach as a
form of hypothesis testing were given earlier
(Requirement of total evidence), but additional issues
need to be raised in relation to the subject of homologue and homology. Congruence as a test does not
pertain to homology hypotheses since those hypotheses
are separately inferred from homologue hypotheses. But,
since homology hypotheses are erroneously inferred
without consideration of the requirement of total evidence, such hypotheses have no merit. It is only when
all relevant character data, as homologues, are included
as part of the premises (cf. [5]–[7]) of an abductive
inference to phylogenetic hypotheses (Fig. 1) that those
homologues are explained, and the term homology becomes unnecessary. The relations between homologues
as premises and the resultant phylogenetic hypotheses
that explain those observations cannot be characterized
as instances of testing. The notion of congruence is
immaterial. Either homologues are tested as shown in
[15]–[16] or not at all. Instances of homoplasy play
no role in disconfirming homologue hypotheses. As
shown in [7], homoplasy refers to ad hoc explanatory
hypotheses that must be invoked beyond the conjunction
of a phylogenetic theory and homologues. Such hypotheses only present the tentative suggestion that some
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shared characters cannot be explained by way of a common cause in contrast to the presumption that homologues are the same properties. That conclusion has no
standing to ameliorate homologue hypotheses.
Having addressed the misconception that character congruence presents instances of confirmation of either homologue
or homology hypotheses, the only consequence of inferring
phylogenetic hypotheses is that vague causal conditions are
offered to account for homologues. It is at the point that phylogenetic hypotheses are inferred that the next step is to consider what would be required to proceed with testing each of
the components of those hypotheses as shown in [8]–[9] and
[10]–[11]. None of the purported Btests of homology^ in systematics would suffice to meet those requirements.
Taxon sampling Taxon sampling is a popular theme in systematics because of the view that the Baccuracy^ or truth of
phylogenetic hypotheses can be better determined with the
inclusion of more taxa (e.g., Felsenstein 1988; Kim 1993;
Hillis 1995; Wiens and Servedio 1997; Rannala et al. 1998;
Desper and Gascuel 2002; Zwickl and Hillis 2002; Guindon
and Gascuel 2003; Poe 2003; Heath et al. 2008; Nabhan and
Sarkar 2011). For instance, Heath et al. (2008: 240) point out
that B…accurate molecular phylogenetic estimates (estimates
that represent true historical relationships among species) are
dependent on four primary factors…: (1) appropriate selection
of target genes for analysis; (2) collection of enough sequence
data to obtain a robust and repeatable estimate; (3) use of
accurate analytical methods; and (4) sufficient taxon sampling
for the problem of interest.^ Assis’ (2014: 240) inclusion of
Btotal evidence^ is similar to criterion (2) of Heath et al.
(2008), but it is criterion (4) that is treated as an additional
form of testing: Bincluding additional terminals in an existing
analysis.^ To be shown in this section is that the conception of
accuracy applied to phylogenetic hypotheses under criteria (2)
and (4) of Heath et al. (2008) rests on the erroneous application of statistical consistency. And, in relation to abductive
reasoning, criteria (1) and (3) are automatically satisfied when
the nature of why-questions is correctly answered by abduction. None of the criteria of Heath et al. (2008) serve to judge
the veracity of phylogenetic hypotheses for the fact that the
criteria are not considered in relation abduction (cf. [1], [4],
[7]) or subsequent testing (cf. [8]–[9], [10]–[11]).
The acts of making observations of differentially shared
characters among organisms that lead to implicitly or explicitly asking why-questions that are answered by abductive inferences to explanatory hypotheses do not entail any conception of sampling. Sampling has undisputed importance when
considering the testing of statistical hypotheses regarding features of populations; it is not a procedure applicable to abduction to explanatory hypotheses. Systematics, on the other
hand, deals with explaining all observations that stand as surprising or unexpected effects or are in need of being fitted into
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a more general causal nexus. One might have a single individual to which a species hypothesis applies, and explaining by
way of phylogenetic inference the more generally distributed
characters that that individual shares with other individuals is
necessitated by our desire to causally account for phenomena.
Sampling is an unnecessary consideration given that all observations of characters are amenable to being explained. What
matters is what theories will be used to infer the different
classes of hypotheses commonly used in systematics.
Regarding criteria (1) and (3) of Heath et al. (2008), wherein accuracy depends on Bappropriate selection of target genes
for analysis^ and Buse of accurate analytical methods,^ both
are matters that are only relevant within abduction, not hypothesis testing. Determining what character data to include
in abduction is contingent on the why-questions asked in relation to one’s background knowledge. Not all abductive inferences are phylogenetic in scope. It is the why-questions that
determine how inclusive inferences are intended to be. Hennig
(1966: Fig. 6; see also Fitzhugh 2008b: Fig. 1, 2009: Fig. 5,
2012: Fig. 1, 2013: Fig. 1) recognized at least seven classes of
explanatory hypotheses considered in systematics: ontogenetic, tokogenetic, sexual dimorphic, cyclomorphic, intraspecific, specific, and phylogenetic. Each class of hypothesis requires consideration of different sets of background knowledge and theories relative to why-questions, and consideration
of what background knowledge and theories to be used are
what determine applicability of each inference for providing
answers. Those choices lead to hypotheses that offer initial
causal understanding, or in Bayesian terms, the prior probabilities, P(h). But, initial belief in or prior probability of a
hypothesis is contingent on the accepted background knowledge, theories used in the abductive inference, and presupposition of truth of observation statements. Assessing accuracy
or truth of the hypothesis is by way of subsequent testing, not
within the abductive inference to that hypothesis.
Heath et al.’s (2008: 240) criteria (2) and (4), Bcollection of
enough sequence data to obtain a robust and repeatable
estimate^ and Bsufficient taxon sampling for the problem of
interest [i.e. obtaining a ‘true tree’],^ rely on the assumption
that the principle of consistency is applicable to phylogenetic
inference. According to Felsenstein (1981; 2004: 107, emphasis original), BAn estimator is consistent if, as the amount of
data gets larger and larger (approaching infinity), the estimator
converges to the true value of the parameter with probability
1.^ This is an accurate representation of consistency, but only
applicable to induction, not abduction (Peirce 1902, 1932;
Rescher 1978; Fitzhugh 2006c, 2012, 2014). The schematic
representations of induction in [9], [11], and [13] depict instances of the iterative process of testing. With the introduction of new potential test evidence via deduction (cf. [8], [10],
and [12]), the subsequent induction can lead to conclusions of
increased or decreased belief in hypotheses. Consistency
operates under the view that with repeated instances of testing
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Bin the long run,^ each leading to positive test evidence, belief
in the hypothesis potentially reaches closer to certainty. In the
case of abduction, however, the introduction of evidence does
not result in changes in belief in a given hypothesis. As shown
in [1], [4], and [7], the evidence used in abduction includes
observations of effects as differentially shared characters
among organisms in need of explanation. An abductive inference concludes a set of past causal conditions (Fig. 1). Upon
the addition of more observed effects, whether in the form of
new characters or additional organisms/taxa, the subsequent
conclusion(s) is an entirely new, independent set of hypothesized causal conditions. This new hypothesis(es) offers no
basis to judge the earlier hypothesis; they are separate hypotheses from distinct sets of abductive premises. Consistency
does not apply to abduction, aptly pointed out by Peirce
(1902: 427, 1932: 2:777, emphasis added),
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consider consistency or accuracy, each of these classes of
events would have to be associated with every instance of
testing each of the hypotheses implied by a cladogram. But,
since the hypotheses that can be discerned from cladograms
are not full explanatory accounts [cf. earlier reference to
Bexplanation sketches^ sensu Hempel (1965: 238) in
Mechanics of Hypothesis (and Theory) Testing], testing is
not immediately possible. The emphasis on cladogram topologies also ignores the fact that a topology produced from one
set of premises can be identical to topologies from other sets of
premises. For instance, given character data D1 + theory T1,
topology a-us(b-us (c-us, d-us)) is produced; with additional
data, D1 + D2, the topology remains unchanged. The similarity
of topologies does not connote consistency or accuracy because the underlying hypotheses (cf. Fig. 1) are not the same.

Discussion
B[Abduction] is the only kind of reasoning which supplies new ideas, the only kind which is, in this sense,
synthetic. Induction is justified as a method which must
in the long run lead up to the truth, and that, by gradual
modification of the actual conclusion. There is no such
warrant for [abduction]. The hypothesis which it problematically concludes is frequently utterly wrong itself,
and even the method need not ever lead to the truth; for
it may be that the features of the phenomena which it
aims to explain have no rational explanation at all. Its
only justification is that its method is the only way in
which there can be any hope of attaining a rational
explanation.^
The emphasis on consistency, accuracy, and robustness in
systematics are results of conflating inferences of hypotheses
with the testing of those hypotheses, coupled with a fundamental misunderstanding of what constitutes test evidence.
No amount of character data or taxa can ameliorate belief in
hypotheses by way of abduction, and certainly, no amount of
character data can lead to Brobust^ hypotheses. Increasing
belief Bin the long run^ is only possible when testing via
induction is performed (cf. [8]–[9], [10]–[11]), and that requires test evidence that could not be of the same type used
in abduction.
There are several additional points regarding erroneous use
of consistency and accuracy in relation to phylogenetic inference and resultant hypotheses. The perception of truth that has
been the focus of consistency and accuracy has been limited to
cladogram topologies. But, a cladogram is not a hypothesis in
itself. It is, as noted earlier (Fig. 1, [5]–[7]), a diagram that
implies at least two classes of hypotheses, in addition to separately inferred species hypotheses: novel character origin/
fixation among members of an ancestral population and subsequent population splitting events. In order to correctly

For all the discussion of testing that has consumed systematics since the introduction of cladistics, the literature has been largely devoid of actual treatment of the
formal inductive process required for testing. Instead,
uncritical treatments of testing have resulted in the diverse approaches summarized by Assis (2014), all of
which incorrectly equate abductive evidence, in the
form of character data, with test evidence. What has
been offered is testing in name only at the expense of
accurately representing the procedure of seeking empirical test evidence as required of all fields of science.
Unlike the experimental approach that characterizes testing of theories (cf. [12], [13]), testing explanatory hypotheses is faced with inherent difficulties since past
causal conditions no longer exist, and evidence required
to evaluate those causal claims can be exceptionally
difficult to obtain. This is a problem faced by phylogenetic hypotheses contrary to the implied ease of testing
so commonly presented in the systematics literature.
Adding to this difficulty is the tendency to focus on
cladogram or Btree^ topologies rather than the different
classes of hypotheses that are entailed by phylogenetic
hypotheses (Fig. 1, [7]), coupled with the fact that the
hypotheses that are implied by cladograms are too incomplete to be considered for testing.
The specific critiques presented in this paper of common
approaches thought to emulate the testing of phylogenetic
hypotheses reinforce the more general perspective on the
limits of acquisition of causal understanding identified by
Fitzhugh (2010, 2012). Fitzhugh (2012) applied Mayr’s
(1961, 1982, 1993, 1994; see also Beatty 1994; Ariew 2003;
Laland et al. 2011) view that understanding in biology can be
distinguished as three types: descriptive, proximate, and ultimate. Descriptive understanding was characterized earlier (cf.
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[2]) as the abductive inference from sense perceptions that
give understanding of those perceptions by way of the existence of objects with specifiable properties. Proximate understanding pertains to intraorganismal causes that account for
features during the span of an organism’s lifetime; a process
of linking by way of ontogeny one’s observations of
semaphoronts (sensu Hennig 1966). Ultimate understanding,
such as intraspecific, specific, and phylogenetic hypotheses,
refers to explaining shared features among organisms by way
of evolutionary processes. Fitzhugh (2012) pointed out that
the actions of testing perceptual hypotheses in the form of
observation statements and proximate hypotheses are straightforward and frequently accomplished. Ultimate hypotheses,
such those as shown in [7], are on the other hand rarely if ever
tested because the Bexplanation sketches^ initially inferred in
the form of cladograms are not expanded into full explanations from which test consequences are sought. Instead, subsequent to being inferred, the further pursuit of enhancing
ultimate understanding by way of testing is bypassed in lieu
of reverting to testing previous observation statements and
laying more focus on proximate understanding. These maneuvers of proceeding from ultimate hypotheses back to descriptive and proximate understanding then provide revisions or
additions to previous premises used in inferences to ultimate
hypotheses for the purpose of engaging in new ultimate-level,
phylogenetic inferences. While the goal of causal understanding does proceed in systematics, the inherent difficulties of
testing phylogenetic hypotheses mean that the pursuit of ultimate causal understanding is severely limited, contrary to the
availability of testing opportunities suggested by Assis (2014).
There is an added dimension to the misunderstanding
of what constitutes test evidence in relation to phylogenetic hypotheses that deserves mention. In addition to
speaking of hypothesis testing, there is the alternative
view that the Bevidential support^ relative to cladograms
can be acquired to determine belief in the groups or
Bclades^ delimited on cladograms. Such a notion of
support has no relation to the actual hypotheses implied
by cladograms. These Bsupport^ metrics are most often
determined from the noncomparable methods known as
the bootstrap (Felsenstein 1985, 2004; Efron 1979;
Efron and Tibshirani 1993; Efron et al. 1996; Holmes
2003; Soltis and Soltis 2003), jackknife (Farris et al.
1996; Miller 2003), and Bremer index (Bremer 1988,
1994; Davis 1995). These methods only rely on the
character data which in part is used to infer the cladograms to which support is sought, making the strength
of belief in groups on cladograms an exercise akin to
circular reasoning (Fitzhugh 2006c, 2012). As with the
testing Bmethods^ reviewed in this paper, these alternative approaches to Bgroup support^ are in stark contrast
to seeking test evidence for the actual hypotheses implied by those diagrams, i.e., Fig. 1 and [7].
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