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Abstract

Popper’s falsificationism provides the normative reference system in recent discussions regarding theory and methodology of
systematics. According to Popper, the falsifiability of a hypothesis represents a necessary precondition for its corroborability. It is
shown that cladograms, independent of “strict”, ““methodological” or “‘sophisticated” falsification, are not falsifiable in principle.
No present observation is prohibited by any tree hypothesis and, thus, no Popperian test of cladograms exists. It is shown that the
congruence test, which is commonly said to represent a Popperian test of cladograms, instead tests sets of apomorphy hypotheses.
Three different strategies that have been proposed to circumvent this problem are discussed and refuted: (1) referring to Popper’s
convention to renounce ad hoc maneuvers; (2) referring to Popper’s treatment of probability hypotheses; and (3) decoupling
corroboration from falsification. As a consequence, within a Popperian framework the unfalsifiability of cladograms implies that
cladograms cannot explain any present day observation and, thus, represent metaphysical hypotheses.

However, Popper’s falsificationism has been criticized and questioned by many philosophers before and it seems to be about time
that phylogeneticists develop their own philosophy of phylogenetics that meets their specific requirements of a historical science that

is not seeking for universal laws and regularities, but instead reconstructing particular historical events.

© The Willi Hennig Society 2007.

The theory of biological classification in general and
the methods of phylogenetics in particular have a long
history of controversial discussions, resulting in a
continuous improvement of theoretical concepts and
analytical methods—distinction between ancestral
and derived character states, application of algorithms
and computer techniques for tree reconstruction, mak-
ing explicit what evidence has been used by accounting
for it with a character matrix, increasing availability of
molecular data, to mention a few (see also O’Hara,
1997). Therewith, philosophical ideas often had a
significant impact. Outstanding is the strong influence
that Popper’s falsificationist approach had on these
discussions during the last three decades (for an over-
view see Helfenbein and DeSalle, 2005).

Interestingly, Popper’s falsificationism provides the
normative reference system that has not been questioned
seriously by biologists so far, although many philoso-
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phers have criticized it and even questioned its founda-
tions (e.g., Salmon, 1967, 1968, 1998; Lakatos, 1968,
1970; Kuhn, 1970; Putnam, 1974; Grunbaum, 1976;
Mackie, 1985; Sober, 1988, 2000; Howson and Urbach,
1989; Earman and Salmon, 1992; McGuire, 1992;
Stamos, 1996; Andersson, 1998; Schurz, 1998; Franklin,
2001; Spohn, 2001). This is even more surprising when
considering the divergent and sometimes contradictory
points of view phylogeneticists take in with respect to the
implications from falsificationism for phylogenetic meth-
odology (e.g., Farris, 1986, 1995; Kluge, 1997a, 2001a;
de Queiroz and Poe, 2001, 2003; Faith and Trueman,
2001).

The evaluation of the consequences and the premises of
a falsificationist approach to phylogenetic research rep-
resents an extensive and still ongoing discussion. Early
discussions were much concerned with competing types
of classifications and whether the theory of evolution and
biological classification meet Popper’s demarcation cri-
terion for empirical science (e.g., Bock, 1969, 1973; Wiley,
1975; Engelmann and Wiley, 1977; Kitts, 1977; Platnick
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and Gaffney, 1977, 1978; Cracraft, 1978; Settle, 1979;
Hull, 1980). Even by then different and partially contra-
dictory positions have been advocated, all arguing their
respective case with Popper. This holds true for recent
discussions as well, although these discussions rather
focus on the (philosophical) justification of the choice of
the best analytical method for phylogenetic tree inference
(Farris, 1986, 1995; de Queiroz and Poe, 2001, 2003;
Farris et al., 2001). In particular, the proponents of
cladistic parsimony extensively referred to falsification-
ism in order to defend the claim of superiority of their
method and to criticize other methods such as likelihood
as verificationist (e.g., Farris, 1983; Kluge, 1997a.b;
Siddall and Kluge, 1997). By applying a specific inter-
pretation of Popper’s concept of corroboration to phy-
logenetics they claim (among other things) that the most
corroborated tree is the tree with minimum length
because it requires the least amount of homoplasies,
which at their turn are understood to represent Popperian
ad hoc hypotheses whose amount has to be minimized
(e.g., Farris, 1983, 2000; Kluge, 1997a,b, 2001a, 2002).

As Popperian falsificationism takes in such a central
role within the respective theoretical discussions I will
take in the Popperian point of view throughout this paper.
Therewith, I will not discuss the drawbacks or advantages
of falsificationism itself and the practical and theoretical
problems that are involved with its actual application to
science in general and historical sciences in particular.
Instead, I will infer and discuss the consequences of
consistently applying falsificationism to phylogenetics.
Therefore, this paper represents a thought-experiment:
Let’s assume Popperian falsificationism is really the only
reasonable and justifiable way to do empirical research—
What would this imply for phylogenetics?

In the following I will demonstrate that with respect to
the common conditions of phylogenetic analyses phylo-
genetic tree hypotheses (i.e., cladograms) are not falsifi-
able in principle and, thus, cannot gain corroboration. As
tree hypotheses cannot gain corroboration and as each
tree transcends the observable, there is no strictly
Popperian approach for justifying the choice of the best
tree in light of present empirical evidence. I will argue that
the three different strategies that have been advocated to
circumvent this problem all are not consistent with
falsificationism. Consequently, sensu Popper’s demarca-
tion criterion of falsifiability, seeking phylogenetic trees
does not represent a scientific endeavor and cladograms
represent no scientific but metaphysical hypotheses.

Popper’s falsificationism

By referring to Hume’s problem of induction (Hume,
1748/1993), Popper concluded that empirical sciences
could only be demarcated from metaphysics if their
methodology of scientific inquiry exclusively rests on

deductive logic without requiring induction at all
(Popper, 1935/1994, p. 14f.). The reason for the restric-
tion to deduction is because deduction is the only truth-
keeping type of logical reasoning and is therefore free of
the problems that Hume identified regarding induction.

According to Popper, scientific hypotheses have to be
challenged constantly by experience. This can be
accomplished by deducing necessary predictions from
the hypothesis and subsequently testing the hypothesis
by comparing the predictions with actual observations.
These predictions usually have the form of prohibitions.
Therewith, the so-called hypothetico-deductive setting
plays a central role within Popper’s approach, consisting
of a temporarily accepted relevant background knowl-
edge b, an empirical hypothesis /1, and basic statements e
(e.g., Popper, 1935/1994, p. 311f; Popper, 1983, p. 236ff).
The hypothetico-deductive setting provides the basis on
which the empirical tests can be conducted. Basic
statements, which are observational statements or
empirical hypotheses of lower universality that have
been corroborated by tests against empirical statements
at a lower level of investigation (Rieppel and Kearney,
2002), serve as falsifiers in case their existence is
prohibited by the hypothesis in question (Popper,
1935/1994, p. 66ft, 771f; Popper, 1983, p. 2171f; see also
Grant and Kluge, 2003). Thus, falsification necessarily
requires the applicability of deduction (Grant and
Kluge, 2003), following the schema of modus tollens,
modus ponens and the use of transposition.

Modus tollens argument:
If (7 & b), then non-e.
non-e is false.
Therefore, (h & b) is false.

Modus ponens argument:
If (h & b), then non-e.
(h & b).

Therefore, non-e.

Popper’s use of modus tollens (in combination with
modus ponens and transposition):
If (7 & b), then non-e. (premise — material
implication)
If non-e false, then (h & b) (derived by transposition)
false.
non-e false. (premise)
Therefore, (h & b) is false. (derived by modus ponens)

From the first premise of modus tollens follows that
non-e is a necessary condition of the conjunction of
hypothesis and background knowledge—the hypothesis
prohibits the occurrence of e. Therefore, in case e is
given it follows that the conjunction of hypothesis and
background knowledge is necessarily false.

To be a Popperian test, potential falsifiers have to be
deducible from the hypothesis to guarantee the hypoth-
esis’ falsifiability—hypotheses must prohibit specific
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observations that are not prohibited by the background
knowledge, in order to be called scientific hypotheses in
the Popperian sense. As a consequence, following modus
tollens, the hypothesis would be falsified by the occurrence
of contradicting empirical evidence given that the evi-
dence and background knowledge were true. However, in
case an actual observation contradicts the prediction
“non-¢”’, we can only conclude that the hypothetico-
deductive setting as a whole is inconsistent and that at
least one of the three components—the background
knowledge including initial conditions and auxiliary
hypotheses, the falsifying basic statement, or the hypoth-
esis—necessarily has to be false. The hypothesis could be
considered to be falsified on/y under the assumption that
the background knowledge and the basic statement are
true, which cannot be known in principle (Duhem—Quine
Thesis; Duhem, 1906; Quine, 1951). This represents a well
known limitation of falsification and results from the
logical relations of the components of the hypothetico-
deductive setting: A hypothesis on its own cannot be
falsified in principle as its consequences/predictions
typically rest on background knowledge assumptions
and, thus, depend on them. This is the reason for the use
of the hypothetico-deductive setting in hypothesis test-
ing. According to the Duhem—Quine Thesis, only the
hypothetico-deductive setting as a whole can be falsified,
without knowing which of the three components of the
hypothetico-deductive setting is responsible for falsifica-
tion. Ignoring this limitation of falsificationism would be
to commit fallacy of naive “strict falsification”.

This limitation, however, does not affect Popper’s
criterion of falsifiability: a hypothesis is falsifiable in
principle if it prohibits observations that are not
prohibited by the background knowledge, although an
actual falsification of the hypothesis in the strict sense is
not possible as, according to Popper, basic statements
and background knowledge are not verifiable in princi-
ple (e.g., Popper, 1983, p. xxii). Thus, Popper’s falsifi-
ability refers to the logical and not the epistemological
status of the hypothesis (sometimes also referred to as
methodological or logical falsifiability as opposed to
strict or empirical falsification).

Popper developed the concept of logical probability
for his falsificationist approach—the more a hypothesis
prohibits, the higher is its amount of potential falsifiers,
its empirical content, and the more logically improbable
is the hypothesis (Popper, 1935/1994, pp. 78, 84).
Moreover, as testability of a hypothesis directly depends
on the amount of potential falsifiers of the hypothesis
and as potential explanatory power depends on the
testability of the hypothesis, according to Popper,
empirical content, degree of falsifiability, degree of
testability, potential explanatory power, and logical
improbability of a hypothesis all correlate (e.g., Popper,
1935/1994, pp. 78, 84). Consequently, the more improb-
able a hypothesis the more it potentially explains.

The severity of a Popperian test determines the degree
of corroboration a hypothesis gains when passing the test
successfully. Therewith, degree of corroboration desig-
nates the degree of acceptability of a hypothesis in the
light of our present experience (e.g., Popper, 1935/1994,
p. 771t; Popper, 1983, p. 217ff). According to Popper (e.g.,
Popper, 1935/1994, p. 771f; Popper, 1983, p. 220ff, p. 231),
the degree of severity of a test depends on the amount of
“different” falsifiers that the test potentially accredits.

The two concepts, falsification and corroboration, are
linked to one another via the ideas of degree of
falsifiability and degree of testability of a hypothesis
that determine the upper limit of the possible degree of
corroboration a hypothesis can potentially gain through
tests; in other words its corroborability. The degree of
explanatory power of a hypothesis always correlates
with its current degree of corroboration and provides
the basis for choosing among many possible hypotheses
the best hypothesis that is presently available in the light
of the results of empirical tests. Thus, in Popperian
falsificationism the inference to the best explanation for
given empirical evidence breaks down into inferring the
hypothesis with the highest degree of corroboration
among all possible alternatives. As corroboration can
only be gained by performing potentially successful
attempts of falsifying a hypothesis, only (methodolog-
ically) falsifiable hypotheses can qualify for the best
explanation.

Thus, according to Popper an observation is
explained by a hypothesis in case the hypothesis
successfully passed the most severe tests and the
corresponding observational statement is logically, i.e.,
deductively, entailed in the conjunction of hypothesis
and assumed background knowledge. This model of
explanation is known by many names, including the
covering law model, the Hempel-Oppenheim model, the
Popper—Hempel model, or the deductive-nomological
model of explanation (Niiniluoto, 1995).

Distinguishing falsifiability and falsification

Important for understanding Popper’s criterion of
falsifiability is his distinction of falsification and falsi-
fiability. According to Popper, falsifiability refers to the
logical status of a statement, whereas falsification refers
to the practical procedure of empirically testing a
hypothesis—he often uses the term logical falsifiability
and definitive, conclusive, demonstrable, or empirical
falsification to distinguish them (e.g., Popper, 1983,
p. xxii). Popper thereby outspokenly admits that while
the former is possible, the latter is practically impossible
due to the fallibility of both our observations and the
assumed background knowledge and the logical depen-
dence of the hypothesis and the background knowledge
within the hypothetico-deductive setting (see Duhem-—
Quine Thesis above).
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Both falsification and corroboration require falsifi-
ability, while falsifiability does not necessarily require
the possibility of actual falsification or corroboration.
Thus, before one investigates the possibilities of empir-
ically testing a hypothesis one first has to ascertain its
falsifiability. As a consequence, when discussing the
falsifiability of phylogenetic hypotheses for a start it is
not necessarily relevant whether they actually can be
falsified in practice.

According to Popper, a hypothesis is only falsifiable
in case its empirical content, i.e., the class of its potential
falsifiers, is not empty (Popper, 1935/1994, pp. 78, 84).
Otherwise, modus tollens is not applicable. Thus, a
falsifiable hypothesis has to prohibit observational
statements that are not prohibited by the background
knowledge. In order to guarantee the falsifiability of a
specific phylogenetic hypothesis one has to identify at
least one potentially falsifying observational statement,
i.e., a statement that is only prohibited by the hypothesis
but not by the assumed background knowledge. This is
an indispensable logical prerequisite—a necessary pre-
condition for the possibility of empirical tests in
phylogenetics and thus precedes any consideration and
discussion of the application of Popper’s concept of
corroboration in phylogenetics.

Are cladograms falsifiable?

What could serve as a basis for an empirical test and
which type of phylogenetic hypothesis is falsifiable has
already been discussed in the 1970s. For instance, Bock
(1973) proposes that hypotheses of sister group rela-
tionships as well as hypotheses of ancestral-descendent
relationships are testable in principle. However, proper
methods of testing still had to be developed. Bock
mentions the consistency test of Wilson (1965) as an
example for a possible test. By a procedure of disproving
more and more hypotheses of phylogenetic relationships
and thereby eliminating more and more alternative
explanations until only one is left, Bock (1973) predicts
that the application of the Popperian philosophy will
lead to a condition where relative weights of characters
will play no significant role anymore. From our present
day perspective, however, Bock’s appraisal of the future
impact of Popper’s approach has to be judged to be
rather enthusiastic.

In recent discussions opinions about potential mech-
anisms of falsification within phylogenetics are contra-
dictory. This holds true particularly for the aspect of
testing. Kluge (1997a, 2002) states that synapomor-
phies can be used to falsify cladograms. In the same
paper, however, Kluge (1997a, p. 86) concludes that in
the case of cladograms deduction would be “impossi-
ble, because a cladogram is logically consistent with all
synapomorphy distributions, congruent and incongru-

ent”, which renders cladograms unfalsifiable under
these circumstances.

Neither such background knowledge as for instance
“descent with modification”, nor any specific tree
hypothesis prohibits the occurrence of convergent evo-
lution. This allows for both apomorphy (throughout
this paper, I will use the term “apomorphy” to mean
structural sameness due to shared common origin and not
simply observational similarity) and homoplasy as pos-
sible explanations for the sameness of character states
and their distribution patterns. A given tree hypothesis
is logically congruent with any specific observable
evidence of character state distribution. In other words,
a given tree, in combination with decent with modifica-
tion as background knowledge, does not prohibit any
specific character state distribution pattern (Farris,
1983; Sober, 1983). As there is no deductive link
between any tree hypothesis and any specific character
state distribution there exists no direct empirical test of
hypotheses of monophyly (i.e., clades) sensu Popper
(Sober, 1988; Rieppel, 2003)—one cannot think of any
observation, which, in case it would represent a true
statement, would allow to conclude the falsity of a clade
or a given cladogram through modus tollens. As a
consequence, and this is independent of the distinction
of naive “strict falsification” and ‘““methodological” or
“sophisticated falsification”, hypotheses of phylogenetic
relationships are not falsifiable in principle as clado-
grams are not directly testable in the Popperian
sense—though they are fallible of course (see also Hull,
1983; Sober, 1983; Rieppel, 2003; contradicting: Bock,
1973; Cracraft, 1978; Farris, 1983, 2000; Kluge, 1997a.b,
2003; Farris et al., 2001; but see Kluge, 1999; Grant and
Kluge, 2003).

Testing cladograms with congruence

The criterion of congruence is commonly referred to
as a test of cladograms that is performed during
phylogenetic tree analysis and that requires a set of
character hypotheses as given (Patterson, 1982, 1988;
de Pinna, 1991; Kluge, 1997a; see also criterion of
coincidence, Wagner, 1986; consistency test, Wilson,
1965). Thus, it is not surprising that some authors try
to conceive this test as a Popperian test of cladograms
(e.g., Farris, 1983, 2000; Bryant, 1992; Kluge, 1997a,
1999; Grant and Kluge, 2003), although it was not
originally introduced in a Popperian context (see
Kearney and Rieppel, 2006).

Authors that conceive the congruence test as a
Popperian test usually assume a hypothetico-deductive
setting consisting of a phylogenetic tree as the hypoth-
esis to be tested, descent with modification as assumed
background knowledge, and a set of synapomorphy
hypotheses as basic statements. As has been shown
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above, in case ‘“‘synapomorphy” is understood as a
purely observational statement of the distribution
pattern of same traits shared by different taxa, the
congruence test does not represent a Popperian test—
at least on the basis of the above-mentioned hypothetico-
deductive setting (contradicting Kluge, 1997a; Grant and
Kluge, 2003). On the other hand, in case ‘“‘synapomor-
phy” is understood to represent a distribution pattern of
same traits that originated from a common ancestor,
“synapomorphy’’ cannot serve as Popperian basic state-
ment. Statements about distribution patterns of charac-
ter states (i.e., putative apomorphies) do not represent
statements that directly refer to observations as they
represent hypotheses of homology. Hypotheses of
homology go beyond observational statements as they
imply the assumption of a common causal origin to the
observable sameness of structures of different organisms.
The corresponding distribution patterns of homologous
states, as they themselves represent hypotheses, can only
serve as basic statements in the congruence test in case
they gained corroboration by already having passed a
Popperian test against observational statements before-
hand (Vogt, 2002, 2004a; Rieppel and Kearney, 2002). If
this is not the case, the congruence test merely represents
a purely formal test of the logical relation of statements
without any empirical ground or correspondence (Vogt,
2002, 2004a; see also Rieppel, 2005; Kearney and
Rieppel, 20006).

Irrespective of this result it can be questioned whether
the congruence test tests phylogenetic tree hypotheses at
all. In order to better understand the actual test
mechanism of the congruence test one has to consider
the asymmetrical relation between the concept of
apomorphy and the concept of monophyly. In case a
specific hypothesis of apomorphy could be falsified one
could not deduce that the corresponding hypothesis of
monophyly is necessarily falsified as well since another
organismic structure may exist that represents an
apomorphy in its own right and that exhibits the same
distribution pattern therewith coding for the same
specific monophylum. This is due to the fact that one
cannot conclude from the falsification of the presence of
particular evidence for the falsification of the presence
of any evidence at all for the corresponding hypothesis
of monophyly (analog to ‘“‘absence of evidence is not
evidence of absence’). On the other hand, if one could
falsify a hypothesis of monophyly one could logically
conclude that all possible corresponding hypotheses of
apomorphy are necessarily falsified as well. Following
this asymmetrical relation one can say that falsifying an
apomorphy hypothesis does not at the same time falsify
its corresponding monophyly hypothesis, but if a
specific monophyly hypothesis or a combination of such
is prohibited, the corresponding apomorphy hypothesis
or a combination of them is necessarily prohibited as
well.

This point is very important for the understanding of
the mechanism of the congruence test: From the
assumption of a bifurcating mode of speciation follows
necessarily that clades (i.e., monophyla) are prohibited
to overlap one another. Not all possible monophyletic
groups can exist simultaneously. This allows for the
testing of sets of hypotheses of apomorphy on Popperian
grounds: during the congruence test sets of distribution
patterns of hypotheses of apomorphy are compared
against all theoretically possible sets of congruent
monophyletic groupings of the corresponding opera-
tional taxonomic units. This test can only be performed
if specific sets of monophyla are prohibited a pri-
ori—those that are incongruent, i.e., that overlap each
other. From the a priori exclusion of all the sets of
monophyla that contradict the necessity of an encaptic
hierarchy, the falsification of the corresponding sets of
hypotheses of apomorphy is deduced. This provides the
basis for the congruence test. It would be logically
circular to deduce the possibility to falsify specific
hypotheses of monophyly from the congruence test as
the test can only function by assuming that specific sets
of monophyly are prohibited as sets beforehand.

In case of incongruence we only know that not all of
the hypotheses of apomorphy of the tested set can
represent true apomorphies—at least one of them has to
represent a homoplasy (Wiley, 1975; Kluge, 1997a;
according to the Duhem—Quine Thesis we would even
have to consider that our assumed background knowl-
edge or the basic statements can be responsible for the
incongruency). Unfortunately, the congruence test does
not indicate which specific hypothesis of apomorphy has
been falsified—it only tells us that the set as a whole is
incongruent. This is a consequence of the structure of
this test in which single hypotheses of apomorphy
cannot be tested on congruence with some external
parameter but only a sef consisting of at least two such
hypotheses.

As a consequence, the congruence test as a Popperian
test can provide corroboration only to sets of hypoth-
eses of apomorphy and not hypotheses of monophyly or
phylogenetic trees (contradicting Kluge, 1997a, 2002;
Farris et al., 2001; Grant and Kluge, 2003). Therewith it
is necessary that the basic statements of this test, i.e., the
corresponding distribution patterns of the putative
apomorphies of the tested set of hypotheses, successfully
passed a Popperian test beforehand. Otherwise, the
distribution patterns used in the congruence test do not
qualify for Popperian basic statements and the congru-
ence test is no Popperian test at all.

Cladograms and corroboration

Regarding Popperian falsificationism, the unfalsifi-
ability of phylogenetic tree hypotheses has far reaching



L. Vogt | Cladistics 24 (2008) 62-73 67

consequences: the degree of testability and the degree of
corroborability of clades necessarily equal zero. Clades
and cladograms have no explanatory power at all.
Following Popper, this implies that cladograms do not
represent scientific hypotheses.

However, although some authors agree with the lack
of a deductive link between observations and tree
hypotheses, they still want to assign degrees of corrob-
oration to tree hypotheses. For this reason they neces-
sarily have to ‘‘re-interpret” Popper’s concept of
corroboration. In the following I will discuss three
different strategies that follow this goal.

Minimizing ad hoc hypotheses of homoplasy and the
congruence test

To provide a rational criterion for the choice of a
presently preferred cladogram out of the plethora of
alternative possible cladograms some cladistic phylo-
geneticists (e.g., Farris, 1983, 2000; Kluge, 1997a,b,
2001a, 2002) follow the strategy to shift the attention
from the condition for corroborability, which is test-
ability/falsifiability, to a methodological convention
that Popper himself suggested in addition to his ideas
of falsifiability, falsification, and corroboration—to
renounce all ad hoc maneuvers (Popper, 1935/1994, p.
50f). Popper (1935/1994, p. 51) argues that only those ad
hoc hypotheses should be accepted that do not decrease
the falsifiability of the system. It has been argued that
hypotheses of homoplasy represent phylogenetic ad hoc
hypotheses in the Popperian sense. Therefore, choosing
the minimum-step tree on grounds of parsimony as an
optimality criterion would, in case one applies an equal
weighting scheme, correspond with choosing the tree
hypothesis that implies the minimum amount of ad hoc
hypotheses and therewith the highest degree of corrob-
oration (e.g., Farris, 1983; Kluge, 1997a,b). The idea is
that tree hypotheses can gain corroboration in principle
and that they do so not through the evidential weight of
characters.

By referring to the congruence test and an asymmet-
rical relationship between (syn-)apomorphy, homoplasy
and cladograms, Kluge (1997a) claims that a cladogram
alone does not imply that congruent character states
necessarily represent true apomorphies, but it does
imply that incongruent character states are homoplas-
ious. Although the author recognizes that the “test of a
cladistic hypothesis cannot be a matter of deduction”
(Kluge, 1997a, p. 86) and that the refutation of a specific
cladogram, following the maxim of minimizing the
requirement of homoplasies, must be understood as
non-deductive (Kluge, 1997a, p. 87), he rates the lack of
a deductive link irrelevant to testability in phylogenetic
systematics as the “falsehood of a hypothesis can never
be proven, even where deductive logic applies, because
the falsifying observational proposition may itself be

false”. Kluge concludes that one should prefer “the
hypothesis that requires the ad hoc dismissal of the
fewest falsifiers” (Kluge, 1997a, p. 87). In other words,
by implicitly referring to the general impossibility to
verify observational statements (in part resulting from
the assumption of the theory dependence of observa-
tion) and the Duhem—Quine Thesis, Kluge argues for
the dismissal of the criterion of falsifiability in favor of
the convention to renounce all ad hoc maneuvers, simply
because we can never truly falsify a given hypothesis in
the strict sense of naive “strict falsification”.

However, referring to the impossibility of strict
practical falsification cannot compensate for the lack
of falsifiability of cladograms, as falsifiability represents
a necessary logical prerequisite for Popperian testability
and corroboration, no matter whether one seeks for
strict naive, methodological, or sophisticated falsifica-
tion (e.g., Popper, 1983, pp. 241, 245). Morecover,
Popper himself acknowledged that the claim to
renounce ad hoc maneuvers represents a methodological
convention that is independent of falsification and
corroboration (Popper, 1983, p. 133ff, p. 232; Popper
1935/1994, p. 16, 48ff, p. 105). As a consequence one
cannot refer to the convention to renounce all ad hoc
maneuvers as a compensation for the lack of falsifiabil-
ity in order to guarantee the corroborability of tree
hypotheses, as Popper’s approach provides no logical
relation between corroborability and the convention
that would justify this compensation.

Do homoplasy hypotheses represent Popperian ad hoc
hypotheses?

Besides the problem that tree hypotheses cannot gain
corroboration in principle, Kluge’s approach may seem
right on the first glance as homoplasy hypotheses are not
testable in principle and should be avoided within a
falsificationist framework whenever possible. Kluge
(2001b, p. 202) gives the following summary of Popper’s
convention to renounce all ad hoc maneuvers: “Ad hoc
hypotheses are usually introduced a posteriori into a
discussion for the sole purpose of saving a cherished
hypothesis from the threat of disconfirming evidence or
theoretical inconsistency”.

Another principal problem of Kluge’s application of
Popper’s claim of renouncing all ad hoc maneuvers in
phylogenetics lies in the fact that hypotheses of homo-
plasy do not qualify as ad hoc hypotheses in the
Popperian sense. Nobody seriously denies that, when
“descent with modification” is assumed as background
knowledge, there are in principle two (with plesiomor-
phy even three) alternative possible types of explanations
to the empirical phenomenon of indistinguishable traits
between representatives of different species. These
alternatives can be specified a priori the phylogenetic
analysis—after all, this is one of the reasons why
cladograms are not falsifiable in principle. On the one
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hand, one possible explanation for the sameness of traits
in different organisms and species and their distribution
pattern is that they represent an apomorphy, going back
to a single transformation event in their last common
ancestor. On the other hand they can represent the result
of several independent transformation events, in which
case they represent a homoplasy. Both are consistent
with the background knowledge of ‘“descent with
modification” and both have the potential to explain
every possible distribution pattern of identical struc-
tures. Therefore, these two interpretations represent true
alternative putative explanations (de Queiroz and Poe,
2003; contradicting Kluge, 2001b) and with respect to
falsification one has to evaluate, which is more corrob-
orated. The principle possibility of homoplasies is
known before the numerical tree inference and is a
necessary consequence from ‘“‘descent with modifica-
tion” as background knowledge. Furthermore, one
cannot decide only on the basis of the structure itself
whether the structure represents an apomorphy, a
plesiomorphy, or a convergence.

Thus, hypotheses of homoplasy do not represent
ad hoc hypotheses of the type Popper is talking about,
which are conceived after falsification takes place, with
the sole purpose of saving the hypothesis in question.
According to Popper ad hoc maneuvers represent
a posteriori modifications of the hypothetico-deductive
setting. Often, such a modification comes in the form of
additional conditions and auxiliary hypotheses that
either changes the hypothesis itself, the background
knowledge, or the basic statements and therewith saving
the hypothesis from the attempt of falsification. The
ad hoc reinterpretation of hypotheses of apomorphy to
hypotheses of homoplasy in case of a falsification of a
set of hypotheses of apomorphy during the congruence
test does not save the tested set of hypotheses: the set of
hypotheses of apomorphy that did not pass the congru-
ence test remains falsified as a set, no matter how many
characters are subsequently “‘reinterpreted”” as homo-
plasies. In fact, such a “reinterpretation” of one or more
apomorphy hypotheses would represent a decision in
favor of the alternative explanation of convergence or
plesiomorphy because the alternative, a set of apomor-
phy hypotheses, has been falsified.

As a consequence, hypotheses of homoplasy cannot
be interpreted as ad hoc hypotheses in the Popperian
sense, and, thus, this procedure cannot be justified on
Popperian grounds—neither in reference to testability
nor to Popperian ad hoc maneuvers. Furthermore,
referring to Popper’s convention of renouncing ad hoc
maneuvers does not represent a valid argument in favor
of cladistic parsimony and against maximum likelihood
approaches in phylogenetics either (contradicting, e.g.,
Farris, 1983, 2000; Kluge, 1997a,b, 2001a, 2002).

A good example for a true Popperian ad hoc
maneuver would be dismissing the assumption of a

bifurcating mode of speciation in case of incongruence.
In this way one could “save” a set of incongruent
apomorphy hypotheses from falsification during the
congruence test by changing the background knowledge:
without the assumption of a bifurcating mode of
speciation monophyletic groups would be allowed to
overlap each other and apomorphies would be allowed
to be incongruent.

Referring to Popper’s treatment of probabilistic
hypotheses

A different strategy has been advocated by de Queiroz
and Poe (2001, 2003). They claim that likelihood would
not only be ‘“consistent with Popper’s concept of
corroboration” but that it is, ““as is evident in Popper’s
own writings, the foundation of Popper’s concept [of
corroboration]” (de Queiroz and Poe, 2001, p. 308).
According to de Queiroz and Poe (2001, 2003), the tree
with the highest likelihood is the most corroborated tree.
However, Popper (1935/1994, p. 343) himself unequiv-
ocally states that, because of formal as well as intuitive
reasons, an equation of degree of corroboration with
probability as well as with likelihood would be
absurd—the equation would lead to a logical contra-
diction (see also Kluge, 2001a). Besides that, there are
other issues with the approach of de Queiroz and Poe.
de Queiroz and Poe (2003, p. 362f) address the question
of falsifiability of tree hypotheses by referring to
Popper’s treatment of probabilistic hypotheses (e.g.,
throwing coins, Popper, 1935/1994, p. 145), therewith
claiming that phylogenetic hypotheses represent proba-
bilistic hypotheses like Popper had in mind.

Popper argues that, although no evidence e can be
found that could falsify a given probabilistic hypothesis
h in the sense that p(e,hb) equals zero (Popper, 1983,
p. 242), for some evidence scientists are well able to
decide whether a particular probabilistic hypothesis
ought to be rejected as “practically falsified” (Popper,
1935/1994). By equating phylogenetic tree hypotheses
with the probabilistic hypotheses specified by Popper, de
Queiroz and Poe (2003) argue for the general possibility
of assigning degrees of corroboration to cladograms in
dependence of the likelihood values they obtain irre-
spective of the fact that no evidence can be specified that
could methodologically falsify a given tree hypothesis.

Besides the fact that de Queiroz and Poe thereby refer
to one of the rather disputed parts of Popper’s
approach—the testing of probabilistic hypotheses (e.g.,
Schroeder-Heister, 1998)—it is questionable that clado-
grams represent the kind of probabilistic hypotheses
that Popper had in mind. Popper’s probabilistic hypoth-
eses are of the kind “p(a,b) = r’—a probability state-
ment of the type “when b then a with a probability of r”.
Thus, the probability value is part of the probabilistic
hypothesis itself and it is this value that is tested in
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Popperian probabilistic hypothesis testing. Popper real-
ized that the problem of such probabilistic hypotheses
with respect to falsifiability is that one would need an
infinite conjunction of basic statements in order to be
able to refute or falsify them, which is practically
impossible (Popper, 1935/1994, p. 144ff). In order to
save the scientific status of such probabilistic hypotheses
Popper introduced another methodological convention
based on a decision as to whether the observed
frequency of events that are employed as evidence in
the test is representative for the infinite set of all past
and future events that in theory would be required for
falsification (Schroeder-Heister, 1998).

Unfortunately, although likelihood values can be
assigned fo phylogenetic tree hypotheses, tree hypotheses
themselves do by no means represent probabilistic
hypotheses of the kind Popper described. This is true
because even an infinite number of characters would not
provide the required logical basis for the falsifiability of
tree hypotheses. That likelihood analyses result in the
designation of likelihood values, which assign a proba-
bility to the evidence in the light of a given tree hypothesis
and background knowledge, is irrelevant under these
circumstances, as the likelihood values themselves are not
subject to tests during tree inference. They rather
represent the result of a likelihood tree inference and do
not represent hypotheses that are tested. de Queiroz and
Poe (2001, 2003) make the mistake to mix up the
likelihood term p(e,hb), with a given phylogenetic tree
hypothesis % to be tested—but p(e,hb) # h. It would also
be circular to understand the likelihood term as provid-
ing the probabilistic basis that guarantees the falsifiabil-
ity of tree hypotheses and at the same time understand
likelihood as providing a measure for the degree of
corroboration of a tree resulting from a Popperian test.

Decoupling corroboration from falsification

Another strategy that has been propagated is to take
some degree of goodness-of-fit as the relevant evidence
for phylogenetic hypothesis testing. For instance,
Cracraft and Helm-Bychowski (1991) advocate that
independent data corroborate a tree when it is congru-
ent with the most parsimonious or most likely tree that
has been obtained from other data. In some respects, a
similar strategy has been advocated and justified in
reference to Popperian falsificationism by Faith (1991,
1992, 1999, 2004, 2006), Faith and Cranston (1992), and
Faith and Trueman (2001). These authors introduced
the argument that degree of corroboration of a phylo-
genetic hypothesis is primarily indicated by the improb-
ability of data as fit-as-evidence, rather than some count
of the number of times the tree hypothesis could not be
“falsified” (Faith and Trueman, 2001, p. 332). As a
consequence, instead of character state distributions
they understand goodness-of-fit as the source for basic

statements of Popperian hypothesis testing of phyloge-
netic tree hypotheses. Instead of emphasizing falsifica-
tion and falsifiability, the authors demand that one
should emphasize on Popper’s concept of corroboration
for which evidence does not necessarily involve any
demonstrable falsification, but for which the improba-
bility of the evidence in the absence of the hypothesis,
i.e., p(e,b), is highly relevant.

According to Faith and Trueman (2001) one could
differentiate between a “falsification” and a ‘“‘corrobo-
ration/severity” interpretation of Popperian philosophy,
and the requirement of improbability of evidence in the
absence of the hypothesis would represent a ‘“‘key
defining property for Popperian corroboration” (Faith,
2004, p. 2). Applied to phylogenetics, Faith and
Trueman call their approach the “inclusive framework”.
In the “inclusive framework™ the improbability of
goodness-of-fit as evidence is understood to significantly
contribute to the corroboration of phylogenetic tree
hypotheses. Evidence e for a tree hypothesis / is
typically given by a measure of the goodness-of-fit of
the observed character data to the tree hypothesis
(obtained, e.g., with parsimony or likelihood) while
corroboration of a tree hypothesis is given by the
improbability of that goodness-of-fit (Faith, 2004).

Faith and Trueman (2001) argue on grounds of
Popper’s concept of logical probability, from which
follows that a low logical probability of a hypothesis
implies high empirical content for the hypothesis and
vice versa. Taking p(e,h) as a statement implying degree
of fit of hypothesis with evidence, it would follow that
for good fit, p(e,i) would be high and the content of e
low given h. According to Faith and Trueman (2001),
high content of the hypothesis is indirectly indicated by
finding low p(e,b) values for any evidence that follows
from the hypothesis. As a consequence, good evidence
would imply a low p(e,b) value and would indicate high
content of the hypothesis. In other words, Popperian
corroboration would require a low p(e,b) (Faith and
Trueman, 2001, p. 336; Faith, 20006).

Unfortunately, Popper provides no evidence for the
decoupling of falsification/falsifiability and corrobora-
tion/testability that Faith and Trueman propose.
Instead, quite the contrary, Popper consistently links
corroboration to falsification. For instance does Popper
(1983, p. 231) closely relate degree of corroboration to
testability, while claiming that testability can be mea-
sured by the content of the theory, which can be
measured by the absolute logical improbability of the
theory, which is defined as a measure of the class of its
falsifiers. As according to Popper corroborability is
inversely proportional to absolute logical probability,
corroborability equals testability, which equals empiri-
cal content, which is measured by the amount of
potential falsifiers of the hypothesis and thus its degree
of falsifiability (Popper, 1935/1994, pp. 87, 84; Popper,
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1983, p. 245). One can unambiguously deduce from
Popper’s definition of corroborability and falsifiability
that in case a hypothesis is not falsifiable it has no
corroborability either!

Popper also claims that “only if e is the result of
genuine or sincere attempts to refute /4 can e be regarded
as supporting 4” (Popper, 1983, p. 235), and that
“[t]here are two attitudes, two ways of looking at the
relations between a theory and experience: one may look
for confirmation, or for refutation. (...) Scientific tests
are always attempted refutations’ (Popper, 1983, p. 243).
It seems that Faith’s demand of a less falsification-
centered framework is, to say the least, questionable
(Rieppel, 2003). After all, Popper’s approach has been
called falsificationism and not corroborationism for
good reason and Popper himself states: “I may mention
here in passing that the idea of the empirical content of a
theory, as a measure of the class of its falsifiers, was
perhaps the most important logical idea of [Logic of
Scientific Discovery]. It plays a decisive role in the
theory of degrees of testability; of simplicity; of logical
probability and improbability; and of corroboration.”
(Popper, 1983, p. 231).

Another critical point of the “inclusive framework” is
its use of goodness-of-fit as evidence for testing phylo-
genetic tree hypotheses. Evidence in Popperian hypoth-
esis testing represents what Popper -called basic
statements. Therewith, Popper sets up specific criteria
that have to be met to qualify as a basic statement. The
most central criterion is that basic statements have to
refer to observational events/occurrences (Popper,
1935/1994, p. 68). Moreover, they must be the result
of a genuine test (Popper, 1983, p. 254), which means
that they have to be testable themselves (Popper,
1935/1994, p. 21). However, as I have already discussed
with respect to de Queiroz and Poe’s approach, good-
ness-of-fit of data and cladogram, independent of
whether likelihood or parsimony is used, cannot be
tested and, thus, cannot serve as source for basic
statements. (Faith himself states that the application of
goodness-of-fit is not in itself corroboration; Faith,
1992, 2004.). Therefore, although their approach may
represent a reasonable method outside of Popperian
falsificationism, goodness-of-fit does not meet Popper’s
criteria (for a different argument against the use of
goodness-of-fit as evidence in hypothesis testing see
Farris et al., 2001).

Final thoughts

In theoretical discussions the congruence test is
usually assigned a central function in phylogenetic
methodology. I have shown above that the interpreta-
tion of the congruence test as a Popperian test has its
limitations and requires the matrix (i.e., a set of

character and character state hypotheses) to successfully
have passed Popperian tests beforehand in order to
qualify as basic statements for the congruence test. It
has been claimed before that a test of character
hypotheses is required that is situated within the
character analysis, and similarity has been suggested as
a suitable test criterion (Rieppel and Kearney, 2002).
However, similarity does not allow for Popperian
hypothesis testing as it lacks the necessary deductive
link between hypothesis and observational data. Only
the criterion of identity as a test of character state
hypotheses (Vogt, 2002, 2004a,b) and the criterion of
conjunction as a test of character hypotheses (Patterson,
1982; Freudenstein, 2005) may provide a suitable basis
for a Popperian testing of character state hypothesis in
the former case and character hypotheses in the latter (it
goes beyond the scope of this paper to discuss these two
tests). Unfortunately, knowing that hypotheses of char-
acter states and of characters represent falsifiable
phylogenetic hypotheses does not automatically equal
having a Popperian rational for the inference of the best
tree in the light of the present evidence (especially as the
congruence test does not test cladograms but instead
sets of hypotheses of apomorphy).

Owing to the fact that there is no criterion for
deciding which of the hypotheses of apomorphy
represent the falsifying instances in case a set of
apomorphy hypotheses fails to pass the congruence
test, it would be necessary to quantify the degrees of
corroboration of all those apomorphy hypotheses that
passed the identity and the conjunction test to be able
to quantify the degrees of corroboration that all
congruent sets of hypotheses of apomorphy gained by
successfully passing the congruence test. This would
equal weighting of phylogenetic characters for which,
hitherto, no solution has been found on Popperian
grounds.

Thus, there is no practicable Popperian approach for
the justification of a preference among theoretically
possible phylogenetic tree hypotheses due to the fact
that no method exists for quantifying the degree of
corroboration for cladograms. Moreover, even if one
could quantify the degrees of corroboration that char-
acter and character state hypotheses gain in the identity
and the conjunction test, it is more than questionable
whether one can justify a preference for a particular tree
among all possible trees on the basis of degrees of
corroboration of apomorphy hypotheses. One would
have to interpret the degree of corroboration of a
character hypothesis as degree of support for or
evidence against a given tree hypothesis. If the choice
of a best tree would be based on this rational, it would
not at all be based on the result of a Popperian test of a
tree hypothesis. Strictly speaking, the interpretation of
corroborated hypotheses of apomorphy to provide a
measure of empirical support for cladograms represents
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an inductive step and is incongruent with Popper’s
approach as cladograms are not falsifiable in principle
and, thus, cannot gain corroboration. Consequently,
assigning degrees of support to tree hypotheses does not
seem to be consistent with Popper’s philosophy.

With regard to likelihood or parsimony one has to
conclude that asserting, empirical data better supports
one specific tree (i.e., the most parsimonious or most
likely tree) than all possible alternatives, is not the same
as attempting to refute tree hypotheses by contradicting
evidence. Therefore, parsimony and likelihood methods
pick the tree merely according to their specific goodness-
of-fit criterion, which is not based on Popperian
falsificationism.

All the conclusions presented here rest on the premise
that Popperian falsificationism is the only valid scientific
theoretical approach. This is highly questionable and
might turn out to be wrong, especially with respect to
historical sciences—and phylogenetics represents a his-
torical science. The reason for my doubts refers to the
fact that it is in principle impossible to predict future
observations to test historical hypotheses, which repre-
sents the initial idea of Popper’s hypothetico-deductive
setting—to test necessary predictions (non-e¢) against
future observations (e: falsification of /; non-e: corrob-
oration of /). This rationale is obviously designed for
sciences that use experiments in which they control a set
of critical conditions in order to generate the deduc-
tively predicted necessary effect in order to test a
universal causal hypothesis. Perhaps it is time that
phylogeneticists develop their own philosophy, a phi-
losophy of phylogenetics that meets the specific require-
ments of our scientific field (Rieppel, 2003; Helfenbein
and DeSalle, 2005), instead of trying to apply a
philosophy like Popper’s falsificationism that has been
developed for experimental sciences such as physics,
which is seeking for universal laws and regularities
instead of the reconstruction of particular historical
events. However, this problem cannot be dealt with
here.

Independent of my concerns regarding the general
relevance of falsificationism for phylogenetics, in any
science theoretical approach, deduction and hypothesis
testing has to take in a central role. Therewith it is
important to note that hypothesis testing is not unique
to Popperian falsificationism, and not applying falsifi-
cationism does not necessarily mean that hypothesis
testing does not take in a central methodological
function. This holds true for the attempt of reconstruct-
ing phylogeny as well. In order to test phylogenetic
hypotheses one necessarily has to abstract from the
particularity of a specific historical process to be able to
apply more general concepts, which, in turn, allow for
deduction and for hypothesis testing, the evaluation of
putative supporting evidence, and the elimination of
misleading evidence.

The result of this study might be disappointing for all
those who want to rest phylogenetic methodology on the
seemingly consistent and seemingly invulnerable
methodological position of Popperian falsificationism.
However, the foundations of falsificationism have been
questioned and criticized before and the limits of its
practical application are well known (e.g., Salmon, 1967,
1968, 1998; Lakatos, 1968, 1970; Kuhn, 1970; Putnam,
1974; Grunbaum, 1976; Mackie, 1985; Sober, 1988,
2000; Howson and Urbach, 1989; Earman and Salmon,
1992; McGuire, 1992; Stamos, 1996; Andersson, 1998;
Schurz, 1998; Franklin, 2001; Spohn, 2001). It seems to
be very difficult, if not impossible in principle, to apply
falsificationism consistently within the historical sciences
such as phylogenetics. Thus, there exists a need for a
sound epistemological foundation for phylogenetics
independent of Popperian falsificationism. In this
respect, phylogenetics proves to be a challenging scien-
tific enterprise. This is not at all surprising—no one
should expect that the reconstruction of single transfor-
mation events that took place millions of years in the
past within the ancestral lineages of representatives of
our recent species is an easy task that involves no
methodological problems. In phylogenetics we cannot
rerun evolution—we cannot test statements of universal
evolutionary laws. Instead, we want to give explanations
for particulars that are the result of a specific sequence
of causal events that we call phylogeny. The epistemic
situation we come across in phylogenetics constitutes the
uniqueness of phylogenetic research within the biolog-
ical sciences but is also responsible for the specific
methodological problems and the inevitable necessity of
making assumptions whose testability is limited and
who nonetheless affect the outcome of phylogenetic
analyses significantly.
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