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Cladistics, a method used to create a nested series of taxa based on homologous characters shared only by two or more
taxa and their immediate common ancestor, offers a means of reconstructing artifact lineages that reflect heritable
continuity as opposed to simple historical continuity. Although cladistically derived trees are only hypotheses about
phylogeny, they are superior both to trees created through phenetics, which employs characters without regard as to
whether they are analogous or homologous, and to trees created by using undifferentiated homologous characters. To
date, cladistics is an unused approach to constructing archaeological phylogenies but one that holds considerable
potential for resolving some of archaeology’s historical problems. For example, it has long been noted that the
southeastern United States exhibits the greatest diversity in fluted-point forms in North America—an observation that
prompted Mason (1962) to propose that fluted points originated in the Southeast and then spread to other areas.
However, because of a paucity of such points from well-dated contexts in the Southeast, it is difficult to ascertain
chronological, let alone phylogenetic, relations among the various forms. Evolutionary trees derived from cladistical

analysis are testable hypotheses about those phylogenetic relations.
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Introduction

rchaeologists have used changes in artifact
Aform—speciﬁcally, changes in character states

of artifacts—to measure the passage of time.
If evolved character states are ordered correctly, a
historical sequence of forms is created, although inde-
pendent evidence is needed to root the sequence—that
is, to determine which end of the sequence is older.
Ford’s (1962) illustration of change in the form of
ceramic vessels (Figure 1) is an excellent heuristic
device in this respect because it clearly and concisely
displays historical continuity (O’Brien & Lyman,
1998). One vessel form followed another, changing
ever so slightly, and when one form is stacked on top of
another in proper order, the forms create an historical
sequence. But Ford intended his graph to show some-
thing beyond mere historical continuity. Although
he was not explicit, he intended the graph to show
heritable continuity between chronologically adjacent
vessel forms; thus the sequence was a lineage of pottery
forms. Ford was preceded by other prehistorians who,
although they were interested primarily in chronologi-
cal matters, created orderings that implied heritable
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continuity between sequent forms (O’Brien & Lyman,
1999, 2000a).

The notion that formal similarity of cultural
phenomena can be used to indicate heritable continuity
originated with the use of the comparative method
in linguistic studies of the late 18th and early 19th
centuries (Leaf, 1979; Platnick & Cameron, 1977). As
Boas (1904: 518) observed, “Owing to the rapid change
of language, the historical treatment of the linguistic
problem had developed long before the historic aspect
of the natural sciences was understood. The genetic
relationship of languages was clearly recognized when
the genetic relationship of species was hardly thought
of. ... No other manifestation of the mental life of
man can be classified so minutely and definitely as
language. In none are the genetic relations more clearly
established.” Boas was speaking metaphorically
about the “genetic relationship of languages™, but his
point was solid: Linguistic similarity was the result of
transmission and heritable continuity.

Culture historians of the mid-20th century regularly
referred to general processes of cultural transmission,
but they rarely were explicit about what was trans-
mitted or why this might be important. For example,
Willey (1953: 368) remarked that ‘“theories of
culture change and continuity are fundamental to
[Americanist] archeological studies”, but he did not
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Figure 1. James A. Ford’s conception of culture change as manifest
in artifacts (after Ford, 1962). Note the consistent and gradual
change in each of the three forms through time. Not only is the
passage of time measured by the sequence of forms, but heritable
continuity and transmission are implied, indicating that each line of
vessels comprises a lineage.

elaborate on what those theories were, nor did he point
out that the notion of continuity had to rest on
heritability and transmission. Spaulding (1955: 14)
provided a brief but revealing insight into the theories
to which Willey was referring:

If we view the ultimate task of archaeology as the
development of the ability to explain the similarity or lack
of similarity of any two [archaeological manifestations],
the significance of [classifying those manifestations accord-
ing to their positions in time and space and their formal
resemblance] is easy to state. All [three—time, space,
and form—] can be related to the proposition that
culture change is systematic rather than capricious and
to the auxiliary proposition that an important basis for
the systematic behaviour of culture is its continuous trans-
mission through the agency of person to person contact.
(emphasis added)

Americanists seldom referenced Darwin’s (1859)
theory of descent with modification, although they
believed at least implicitly that if formal similarity were
taken to signify a historical relation between compared
items, then heredity or transmission of some sort must
be involved. Their belief was the result of using ethno-
logically documented mechanisms such as diffusion
and enculturation to account for typological simi-
larities in the archaeological record. Thus Willey’s
(1953: 363) statement that “typological similarity is an
indicator of cultural relatedness (and this is surely
axiomatic to archeology), [and thus] such relatedness
carries with it implications of a common or similar
history” was cause for little concern within the disci-
pline. It should have caused considerable concern
because the axiom falls prey to a caution raised by
palaeobiologist George Gaylord Simpson (1961), using
monozygotic twins as an example: They are twins
not because they are similar, rather, they are similar
because they are twins. This distinction was unclear in
archaeology, and thus archaeologists relied on general
artifact similarity to denote relatedness. Seriation
offered a means of escaping this pitfall, but pre-
historians overlooked the phylogenetic implications of
their chronological orderings (O’Brien & Lyman,
20004).

In systematic biology in the 1940s and 1950s, formal
similarity was used to create evolutionary taxonomies
(e.g., Dobzhansky, 1951; Mayr, 1942; Simpson, 1945)
that were intended to reflect not only patterns of
ancestry and descent but also the degree of divergence
between and among taxa. Evolutionary taxonomy was
based on the same axiom that underlay any approach
to understanding evolutionary pathways: Similarity
of phylogenetically related organisms is a result of
replication through genetic transmission. During
reproduction, organisms transmit genetic material,
creating either an offspring that is an exact copy of
the parent (asexual reproduction) or an offspring that
has characteristics of both (sexual reproduction).
Over time, because of transmission errors, mutation,
and/or recombination, the organisms comprising a
population (or species) change. These changes might
not be detectable from one generation to the next,
but after sufficient time we notice that the two ends
of the lineage comprise dissimilar individuals whereas
individuals adjacent to one another in the lineage are
virtually identical. Despite close adherence to this
axiom, evolutionary taxonomies were problematic be-
cause the two features of the evolutionary process
that were being shown—pattern of descent and de-
gree of divergence—did not always follow the same
patterns and rates (e.g., Eldredge & Gould, 1972,
1977, 1997; Gould & FEldreidge, 1977, 1986, 1993).
Thus it became difficult, if not impossible, to incor-
porate both the relative time of lineage splitting and
the rate of change since the split into a consistent
classification (Brown & Lomolino, 1998: 326). The
end result was widespread subjectivity, with each



systematist arguing for his or her own idiosyncratic
taxonomy.

Overall similarity in terms of formal characters
(traits) was used to group like with like in descending
order of specificity, but overlooked was the notion that
there were different kinds of formal similarity, each
created by different processes. Biologists were not
ignorant of the differences between homologous and
analogous characters (nor were archaeologists, for that
matter)—the former the result of genealogy and the
latter of parallelism or convergence—and they cor-
rectly ignored analogous characters and focused only
on homologous characters in their taxonomies. But
they ignored the fact that there are different kinds of
homologous characters and that it matters greatly how
those different kinds of characters are handled during
phylogenetic analysis. Another complication was the
fact that despite the recognized distinction between
homology and analogy, it often was difficult to label a
specific character found in two or more taxa as a
homologue or analogue without knowing the phylo-
genetic history of the taxa—the very thing the charac-
ters were being used to construct. Thus an alternative
to evolutionary taxonomy made its appearance in the
1960s—numerical taxonomy, or phenetics (Mayr,
1981), which clusters objects or groups of objects on
the basis of a large number of morphometric characters
(Sokal & Sneath, 1963). The approach side-stepped the
homology—-analogy issue by incorporating any and all
characters into analysis, but many evolutionary
biologists ignored it for the simple reason that it
overlooked phylogeny in favour of producing
“natural” groups (e.g., Gilmour, 1937).

In the late 1940s German entomologist Willi Hennig
devised a phylogenetic method that has come to domi-
nate other approaches—an approach that he termed
phylogenetic systematics (Hennig, 1950) but which in
the years following publication of his treatise in
English (Hennig, 1966) came to be known simply as
cladistics. On the one hand, the method is identical in
purpose to evolutionary taxonomy—the creation of
phylogenetic trees that show evolutionary relationships
between and among taxa. On the other hand, it differs
from other methods of reconstructing evolutionary
relationships in that it employs only a subset of
homologous features—shared derived characters as
opposed to shared ancestral characters—to create
relationships between and among taxa. These are dis-
cussed in detail in the following section; here it is
sufficient to state that shared derived characters are
homologous traits held in common by two or more
taxa and their most recent common ancestor but by no
other taxa. In contrast, shared ancestral characters are
homologous traits that, as the name implies, occur
farther back in a lincage than in the most recent
common ancestor.

Cladistics is a powerful tool for constructing phylo-
genetic histories of anything that evolves over time,
including material remains found in the archaeological
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record (O’Brien & Lyman, 20005). To date, its major
use has been in the biological realm, but the basic
approach is identical in logic and similar in method to
tracing historical patterns of descent in languages
(Platnick & Cameron, 1977; Ross, 1997). The logical
basis for extending the use of cladistics into archae-
ology is the same as it is in biology: Artifacts are
complex systems, comprising any number of parts that
act in concert to produce a functional unit. The kinds
of changes that occur over generations of, say,
projectile-point manufacture are highly constrained in
that new structures and functions usually arise through
modification of existing structures and functions as
opposed to arising de novo. Thus, “the history of these
changes is recorded in the similarities and differences in
the complex characteristics of related [objects]—in the
extent to which the characteristics of their common
ancestors have been modified by subsequent additions,
losses, and transformations” (Brown & Lomolino,
1998: 328).

We anticipate objections to the applicability of
cladistics to archaeological phenomena. Such objec-
tions might take several forms. First, it might be
argued that artifacts do not breed, akin to Brew’s
(1946: 53) oft-quoted statement that “phylogenetic
relationships do not exist between inanimate objects”.
Thus any attempt to use a method designed to recon-
struct phylogeny is reductionism at its worst. Our
response is that there certainly are phylogenetic rela-
tionships between inanimate objects; if it were other-
wise, palaeontologists would be out of work. Our view
(O’Brien & Lyman, 2000q) is that things found in the
archaeological record—projectile points, ceramic pots,
and the like—were once part of human phenotypes and
were therefore shaped by the same evolutionary pro-
cesses that shape somatic characters. This makes arti-
facts part and parcel of any discussion of human
phylogeny. Tools do not breed, but tool makers do
breed, and they do transmit information to other tool
makers, irrespective of whether those other tool
makers are lineal descendants. Cultural transmission is
a different kind of transmission than what is produced
intergenerationally by genes, but this is irrelevant as far
as phylogeny is concerned. It also is irrelevant for
reconstructing phylogenetic history except insofar as
we suspect cultural phylogenies are sometimes more
difficult to construct than are purely biological ones.
Clarke (1978: 181) well understood the importance
of transmission to maintaining heritable continuity
among cultural items when he remarked that “it is the
artefact maker who feeds back into the phenotypic
constitution of the next generation of artefacts the
modified characteristics of the preceding population
of artefacts, and it is in this way that the artefact
population has continuity in its trajectory and yet is
continuously shifting its attribute format and distri-
bution”. Continuity is ensured by transmission, lead-
ing over time to fool traditions, or what we refer to as
tool lineages. It seems naive, given what we know of the
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archaeological record, not to believe that tool forms
are modelled on pre-existing tool forms. If so, then
they carry inherited characters.

Second, it might be argued that although there are
tool lineages, they are almost impossible to discover
archaeologically because of the kind of process—
cultural evolution—that produced them. The tempo of
cultural evolution is much faster than that of biological
evolution, as is the primary mode—reticulate for cul-
tural evolution and branching for biological evolution.
Thus it has been argued (Moore, 1994a, b; Terrell,
Hunt & Gosden, 1997) that these factors, together with
diffusion and its attendant processes, swamp all traces
of phylogenetic history and reduce the cultural land-
scape to little more than a blur of hybrid forms. We,
like Bellwood (1996), find it difficult not to agree that
cultural differentiation can be reticulate; similarly, we
do not view that as being particularly problematic to
archaeological (or linguistic) analysis. Goodenough
(1997: 178) makes an excellent point with respect to
language: “Contact between Japan and the United
States has resulted in considerable borrowing in
language and culture by Japan and some reverse
borrowing by the United States, but their languages
and cultures retain their respectively distinct phylo-
genetic identities”. Further, linguists do not flip a coin
to determine whether two or more languages share a
phylogenetic history. Innumerable case studies have
provided the basis for deciding which linguistic char-
acters might be derived characters—bound morphemes
and vocabulary, for example—and which might be
something else—syntax, for example (see Nichols,
1996). Thus Ross (1997: 183) can state, as a biologist
would, that the comparative method used in linguistics
“subgroups languages not on the basis of shared
similarities but according to the distribution of shared
innovations relative to a reconstructed protolanguage
ancestral to the whole family” (emphasis added). This
is nothing more than separating shared derived char-
acters from ancestral characters and using the former
to construct a phylogeny.

In the following section we describe the cladistic
method, paying particular attention to the problem of
distinguishing between homologous and analogous
characters and, in the case of the former, distinguishing
between derived and ancestral characters. In the
subsequent section we present an example of how
cladistics can assist in reconstructing phylogeny, here
the phylogenetic history of Palaeoindian-period
(c. 11,500-10,000 BP) projectile points from the south-
eastern United States. We stress that our discussion of
cladistics is not intended to replace standard texts on
the subject (for readable accounts see Brooks &
McLennan, 1991; Kitching ez al., 1998; Ridley, 1996;
Wiley, 1981; Wiley et al., 1991); rather, we view it as
a brief introduction to the logic behind, and key
methodological elements of, cladistics. The basics of
cladistics are simple enough, although there is a set of
specific terms and concepts that goes along with them.

To date, most archaeological discussions of cladistics
(e.g., Moore, 1994b; Terrell, Hunt & Gosden, 1997) use
the term indiscriminately to refer to any kind of
branching phylogeny. Although such usage might be
proper semantically—the Greek word klados means
“branch”—archaeologists appear unaware (Foley
[1987] and Harmon et al. [2000] are exceptions) that in
the natural sciences cladistics refers to a very specific
method of reconstructing phylogeny.

Cladistics and Reconstructing Phylogenetic
History

We view the ultimate goal of cladistics as assisting in
the reconstruction of the branching pattern of evol-
utionary descent—a view shared by most, but certainly
not by all, biologists (Carpenter, 1987; Eldredge &
Cracraft, 1980; Hull, 1979, 1984; Mayr, 1982). Regard-
less, it often is overlooked that cladistics in and of itself
makes no claims about phylogeny. Logically it cannot
make phylogenetic claims; rather, it produces only state-
ments about similarity. This was not Hennig’s original
intent, nor is it the intent of most cladistically inclined
biologists and palacobiologists, but the fact remains that
all a cladogram does is summarize a pattern of character
distribution. It is then up to the analyst to place the
distribution in correct historical sequence and then to
explain the pattern. This is done through reference to
Darwinian evolutionary theory (descent with modifi-
cation), but this is a far cry from saying that descent with
modification provides independent support for any kind
of systematics, including cladistics. If we could get away
with such epistemological sleight-of-hand, then we
would be assured that descent “explains pattern simi-
larity, modification explains pattern differences, and
their combination can explain any pattern that might be
observed” (Brower, 2000: 151). Such a notion is both
metaphysical and unverifiable (Popper, 1974). The
strength of cladistics is its non-reliance on evolutionary
theory (or any other theory) as a necessary ontological
basis (Brady, 1985; Lee & Doughty, 1997; Platnick,
1979, 1985; Rosen, 1982).

Figure 2(a) is a cladogram that classifies four taxa. It
tells us that based on a certain character distribution,
taxa C and D are more similar to one another than
either is to any other taxon. It also says that taxa B, C,
and D are more similar to one another than any of the
three is to Taxon A. This information could easily be
written as a Venn diagram or in parenthetical notation
without changing any of the information. Darwinian
evolutionism, however, tells us that taxa do not
spontaneousaly appear but rather evolve from other
taxa. Thus Figure 2(a) could be read as a historical
statement that tells us that Taxon A is ancestral to taxa
B-D and thus is older than its descendants.

We know that taxa A-D evolved from one or more
ancestral taxa, although at this point we know little or
nothing about those ancestors except that with respect
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Figure 2. Two ways of illustrating formal relations of four taxa (A-D): (a) as a cladogram; (b) as a phylogenetic tree showing ancestral taxa

x—z (open circles) and terminal taxa (filled circles).

to certain characteristics taxa C and D look more like
their immediate common ancestor than they do the one
that unites them with Taxon B. Likewise taxa B, C,
and D look more like their common ancestor than they
do the one that unites them with Taxon A. Convention
is to place nodes at the points where branches meet and
to refer to the nodes as ancestors that produced the
terminal taxa (those at the branch tips) (Figure 2(b)).
In our tree, taxa C+D, together with their hypothetical
common ancestor (node x), form a monophyletic group,
or clade. Taxa D+C+B, together with their common
ancestor (node y), form another, more inclusive clade,
and taxa D+C+B+A, together with their common
ancestor (node z), form yet another, and the most
inclusive, clade.

Distinguishing among kinds of characters

Day-to-day changes in the composition of a taxon,
rendered as turnover in the individuals comprising its
population(s), not only drives the evolution of that
taxon but leaves traces—manifest as morphological
variation—that allow us to reconstruct the evolution-
ary pathway of the taxon. Piecing together lineages,
measuring rates of evolutionary change, and trying to
understand the processes that create change are part
and parcel of the worlds of biology and palaeobiology.
At their core, the specific methods and techniques that
have been devised to trace historical lineages revolve
around identifying similarities and differences in
character states of organisms. At any particular time
all organisms in a species might have, for example, four
digits, but in a suceeding generation some might have
five. Such an appearance constitutes a change in the
state, or condition, of the character “number of
digits”. The same problems, and methods of solving
them, apply in archaeology.

The issue then becomes whether the characters under
consideration are analogous or homologous. Analogues
are functionally similar characters (or character states)
that evolved separately in two or more lineages after
those lineages diverged. Thus they are of no utility in
reconstructing lineages. Homologues are useful for
tracking heritable continuity because they are hold-
overs from a previous time when two lineages were a

single lineage. Darwinian evolutionary theory provides
the explanation for homology, but it does not tell us
how to identify it. Although “similarity is the factor
that compels us to postulate homology” (Cracraft,
1981: 25), simple similarity in form is not a particularly
useful criterion for homology. The reason for this is
clear: Similarity can result from convergence. Thus
whereas similrity is factual, homology must remain an
hypothesis (Patterson, 1988: 604). But if it is an
hypothesis, then it is testable (e.g., Brady, 1985;
McKitrick, 1994). Extensive treatment of how anal-
ogous characters are differentiated from homologous
characters is beyond the scope of this paper, and we
refer interested readers to Lyman (2001), who (1)
compares the methods used by cladists and evolution-
ary taxonomists and (2) discusses parallel strategies in
archaeology.

Phylogenetic trees constructed through cladistics
use only a subset of all homologous characters; they
are referred to as derived characters, or apomorphies.
Figure 3 shows the evolution of a projectile-point
lineage that begins with Ancestor A. For simplicity we
are tracking only a single character, fluting, for which
two character states are possible, fluted and unfluted.
Over time, Ancestor A, which is unfluted, gives rise to
two lines, one of which, like its ancestor, is unfluted
and the other of which is fluted (Figure 3(a)). Thus the
character state “fluted” in Taxon 2 is apomorphic,
meaning it is derived from the ancestral character state,
“unfluted”. Ancestral characters or character states are
termed plesiomorphies. In Figure 3(b), Ancestor B (old
Taxon 2) gives rise to two new taxa, 3 and 4, each of
which carries the derived character state, “fluted”. At
this point “fluted”” becomes a shared derived character
state, or synapomorphy, defined as a character or
character state shared only by sister taxa and their
immediate common ancestor. Characters in sister taxa
that have been inherited from an ancestor more distant
than the common ancestor are ancestral characters. In
Figure 3(c), in which two descendent taxa have been
added, fluting is now an ancestral character relative to
taxa 5 and 6 because it is shared by three taxa and two
ancestors. But relative to taxa 3, 5, and 6, fluting is a
derived character state because it is shared by three
taxa and their immediate common ancestor, B. Thus
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(a) (b)
Taxon 1 Taxon 2 Taxon 1 Taxon 3 Taxon 4
Unfluted Fluted Unfluted Fluted Fluted
Fluting appears %ﬂf&s&]or B (old Taxon 2)
Fluting appears
Ancestor A Ancestor A
Unfluted Unfluted
(c)
Taxon 1 Taxon 3 Taxon 5 Taxon 6
Unfluted Fluted Fluted Fluted
Ancestor C (old Taxon 4)

Ancestor A

Unfluted

Fluted

Ancestor B (old Taxon 2)
Fluted

Fluting appears

Figure 3. Phylogenetic trees showing the evolution of projectile-point taxa. In (a), fluting appears during the evolution of Taxon 2 out of its
ancestral taxon. Its appearance in Taxon 2 is as an apomorphy. In (b), Taxon 2 has produced two taxa, 3 and 4, both of which contain fluted
specimens. The appearance of fluting in those sister taxa and in their common ancestor makes it a synapomorphy. In (c), one of the taxa that
appeared in the previous generation gives rise to two new taxa, 5 and 6, both of which contain fluted specimens. If we focus attention only on
those two new taxa, fluting is now a plesiomorphy because it is shared by more taxa than just sister taxa 5 and 6 and their immediate common
ancestor. But if we include Taxon 3 in our focus, fluting is a synapomorphy because, following the definition, it occurs only in sister taxa and

in their immediate common ancestor.

depending on where in a lineage one begins, a trait can
be apomorphic or plesiomorphic.

The use of shared derived characters to determine
phylogenetic relations is founded in the notion of
evolutionary descent with modification. Such charac-
ters “are nested. From the point when a feature first
appears in phylogenetic history, it will be passed along
in some guise (i.e., in the same or transformed version)
to descendent taxa. [By] mapping the distribution of
such attributes[,] monophyletic taxa—branches of the
tree of life—are delineated, defined, and recognized”
(Eldredge & Novacek, 1985: 67). Such taxa comprise
“actual historical units” (Eldredge & Novacek, 1985:
66). The question is, how does one actually distinguish
between ancestral and derived character states—
termed character polarity—in order to plot the course
of evolution relative to those taxa? The issue is com-
plex, but one commonly used method is outgroup
comparison, with an outgroup being defined as a
closely related taxon that is known to be phylo-
genetically outside the clade being investigated. The
character state in that outgroup, then, is likely to have
been ancestral relative to the taxa under investigation.

Ridley (1996: 476) makes an important point: “Out-
group comparison works on the assumption that
evolution is parsimonious”—a reasonable assumption
given that evolution is improbable to begin with. This
means that when faced with the problem of character
polarity, we choose the option that requires the fewest
evolutionary events. For example, in Figure 3 it is
more parsimonious to assume that fluting arose once
and only once as opposed to having arisen twice in
separate lineages.

A degree of circularity often is built into the cladistic
technique of outgroup comparison because it presumes
that we know a priori that the chosen outgroup is no
more closely related to one group than it is to any other
group under consideration. In other words, it assumes
something about what it is we are trying to discover.
This has resulted in observations such as Eldredge &
Novacek’s (1985: 68) that “cladistics is no panacea. It
is hard to do a good piece of systematics research using
cladistics—indeed, harder than ever before. The system
is logically much more rigorous, requiring every avail-
able item of evidence”. Available items of evidence
now regularly used to lessen the circularity include (1)
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1 3 4 2 4 3 1 2
ABCDE
(a) (b) (c)
Character States
Taxa 1 3 4 1 2 3 4
1 A B C D E 1 - 2 4 3 1 - 2 1 0
2 Al B C D FE 2 - 1 0 2 - 1 0
3 A B C D E 3 - 4 3 - 0
4 A B C D E 4 Z 4 _
(d) (e) H

Figure 4. Comparison of two phenograms (a and b) with a cladogram (c), based on hypothetical states of five characters in four taxa (d). Both
phenograms can be constructed from the total character states shared by any pair of taxa (e). The cladogram is constructed from only the
derived character states (marked by primes) shared by pairs of taxa (f). Changes in character state are marked in the cladogram. Note

the differences between (a) and (b) compared with (c).

the congruence criterion—multiple characters suggest-
ing the same phylogenetic tree (Rieppel, 1994); (2) an
assumption of parsimony—that particular innovations
will appear a minimum number of times (Sober, 1988);
and (3) independent temporal data, such as that
derived from superposition, to test indications of which
character states are ancestral and which are derived
(e.g., Donoghue et al., 1989).

Stratocladistics is a relatively new approach that
involves the use of temporal data, such as might be
derived from superposition, to assist in the construc-
tion of phylogenetic trees (e.g., Benton & Hitchin,
1997; Benton, Hitchen & Wills, 1999; Fisher, 1991,
1992, 1994; Fox, Fisher & Leighton, 1999; Polly, 1997;
Smith, 1994; Wills, 1999). Some cladists, however,
argue that the temporal polarity of two apparently
related characters—such as might be suggested by their
order of appearance in a stratigraphic column—may
be misleading as a result of the way in which the fossil
record was formed or sampled (e.g., Stevens [1980]
and references therein). Thus they argue that one
should completely ignore the apparent temporal pos-
itions of characters and instead focus solely on the
distribution of the characters in question across differ-
ent taxa. We agree that assigning temporal polarity on
the basis of superpositional information might lead to
incorrect results, but we are not inclined to discard
stratigraphic or other temporal information. What we
would do is search for recurrent temporal patterns, our
thinking being that such patterns support the initial
assignment.

Features of cladistically derived trees

We highlight two important aspects of cladograms.
First, although all phylogenetic trees are hypotheses, a
cladistically derived tree should be a more realistic
hypothesis than a tree produced using undifferentiated
homologous characters (unless all the characters just
happen to be derived). Figure 4 illustrates three
possible historical patterns—two evolutionary trees
(phenograms) constructed using undifferentiated
homologous structures (Figure 4(a) and 4(b)) and one
tree (a cladogram) using only derived characteristics
(Figure 4(c))—for four taxa (1-4) and five characters
(A-E). As shown in the matrix in Figure 4(d), for each
taxon the five characters are in one of two character
states, with derived character states designated by a
prime sign and ancestral character states by lack of a
prime sign. The matrix in Figure 4(e) shows the
number of shared character states, regardless of
whether they are ancestral or derived, between pairs of
taxa. Which pattern best depicts phylogeny? Perhaps
the tree in Figure 4(a) is optimal because it denotes a
close relationship between taxa 1 and 3 which have
four character states in common, but then again, it
splits out Taxon 4 which has these states in common
with Taxon 1 and four with Taxon 3. Maybe the tree in
Figure 4(b) is better in that it minimizes the distance
between taxa 4 and 3 and shows that Taxon 1 is closer
to taxa 4 and 3 than any of them is to Taxon 2. Taxon
2 shares no character states with Taxon 4—thus we
maximize the distance between them—one state with
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Taxon 3—thus we place 3 closer to 2—and two states
with Taxon 1—thus we minimize the distance between
them.

On the face of it, the tree in Figure 4(b) is far
superior to the tree in Figure 4(a), a result that we
probably would have obtained by plugging the data
into most clustering programs. Clustering algorithms
search all the data to find the most equitable solution
in terms of minimum-maximum distances (similarity
rendered as shared character states) between pairs. But
does the tree in Figure 4(b) configure the historical
evolutionary relationships among the four taxa cor-
rectly? Maybe, but we would bet against it because
we made no attempt to discriminate between ancestral
characters and derived characters. The tree in
Figure 4(c)—the cladistically derived tree—illustrates
the evolutionary history of the four taxa based solely
on an analysis of shared derived character states,
shown in Figure 4(f). Now taxa 1 and 3 share little in
common, whereas before they were placed closer to-
gether simply because of the total number of character
states they had in common. But three of them were
ancestral states, not derived states. Analysis of shared
derived character states alone indicates that Taxon 3
split off from the ancestral form that produced 1 and 2
at some point when Taxon 2 had not yet come into
existence.

The second point to keep in mind with respect
to cladistically derived trees is that although in the
examples presented thus far all characters and
character states evolved only once, such a neat package
is rarely encountered in real-world situations. More
likely a tree will contain multiple character states
that show up in lines not related directly through
one common ancestor. These are referred to as homo-
plasies. One kind of homoplasy results from character-
state reversals—meaning, for example, that character
state A changed to state A" and then at some later
point in the lineage reverted to state A. We view this
kind of homoplasy more as a classification problem,
meaning that rarely if ever will precisely the same
character state reemerge after it disappears (Dollo’s
Law). More likely, the classification system (measure-
ment) being used makes it appear as if the new
character state is a homoplasy. Another kind of
homoplasy results from parallelism or convergence—
organisms, perhaps because of anatomical and/or
environmental constraints (the first the result of com-
mon history, the second because of similar environ-
ments), independently evolve the same character state.
All but the simplest cladograms contain homoplasies,
and the task of the analyst is to reduce their influence
on phylogenetic reconstruction—one of, if not the,
most difficult problems in cladistic analysis.

Homoplasy leads to multiple solutions—usually
thousands if not millions—to arranging taxa, and it is
up to the analyst to sort through the solutions (there
usually will be more than one optimal solution) and
defend why one of them is chosen as the working

phylogenetic hypothesis. Myriad procedures have been
proposed for dealing with homoplasy, and our brief
discussion is only a synopsis of general procedures.
Borrowing an example from Brooks & McLennan
(1991), suppose we have the data matrix shown in
Figure 5, which shows the distribution of ancestral
(labelled as 0) and derived (labelled as 1) character
states for seven characters and three taxa (B, C, and D)
plus an outgroup (A). The matrix shows us that (1)
taxa B+C+D form a monophyletic group (based on
characters 1 and 2), (2) taxa B+C form a monophyletic
group (based on characters 5-7) (Figure 5(a)), and (3)
taxa D+C form a monophyletic group (based on
characters 3 and 4) (Figure 5(b)). Here we have a
problem in that statements 2 and 3 cannot both be
correct—either that or we have disproved the first
principle of phylogenetic analysis, namely, that there is
only one true phylogeny. We immediately suspect
homoplasy is clouding the issue.

Character distributions can be portrayed in several
ways: Either the states of characters 3 and 4 arose
independently in taxa C and D (Figure 6(a)), or they
arose in the common ancestor of B+C+D and were
subsequently lost in Taxon B, meaning that they
reverted to the ancestral states (Figure 6(b)). Exami-
nation of characters 5-7, which were left off the
tree in Figure 5(b), produces a similar pattern of
homoplasy: Either the states of characters 5-7 arose
independently in taxa B and C (Figure 6(c)), or they
arose in the common ancestor of B+C+D and subse-
quently reverted to the ancestral states in Taxon D
(Figure 6(d)). How do we choose among the various
options? One answer is to fall back on Hennig’s
principle that homology should always be assumed in
the absence of contrary evidence. In other words,
search for the tree that includes the greatest number of
homologies and the fewest number of homoplasies.
The trees in Figure 6(a) and 6(b), which share a
common topology, contain seven derived character
states each; the tree in Figure 6(a) also contains two
instances of parallelism (or convergence), and the tree
in Figure 6(b) contains two instances of trait reversal.
The trees in Figure 6(c) and 6(d), which also share a
common topology, contain seven derived character
states each; the tree in Figure 6(c) also contains three
instances of parallelism (or convergence), and the tree
in Figure 6(d) contains three instances of trait reversal.
Therefore we would choose the trees in Figure 6(a) and
6(b) over the trees in Figure 6(c) and 6(d). The trees in
Figure 6(a) and 6(b) have a length of nine (the sum of
derived character states plus homoplasies), and the
trees in Figure 6(c) and 6(d) have a length of 10.
Importantly, although the trees in Figure 6(a) and 6(b)
are more parsimonious accounts of true phylogeny
than the trees in 6(c) and 6(d) are, meaning they have
shorter lengths, they are by no means surely correct.
They are merely phylogenetic hypotheses.

The last topic we need to introduce before turning to
a case example is perhaps the most important of all: the
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(a) (b)

Characters and Character States

1 2 3 4 5 6 7
A (outgroup) 0 0 0 0 0 0 0
B 1 1 0 0 1 1 1
C 1 1 1 1 1 1 1
D 1 1 1 1 0 0 0

Figure 5. Two logically incompatible trees (a and b) for four taxa (A-D) and the character-state matrix used to generate the trees (0=ancestral
state, | =derived [apomorphic] state). Tree (a) places taxa B and C in a clade; tree (b) places taxa C and D in a clade. Together (a) and (b) violate
Hennig’s principle that there is only one correct phylogeny (adapted from Brooks & McLennan, 1991).

(a) (b)

(¢) (@

Figure 6. Alternative hypotheses for the relationships of taxa B-D (see Figure 5) that result from homoplasy. With respect to the states of
characters 3 and 4, they could have arisen (a) independently in taxa C and D or (b) in the common ancestor of B+C+D but then reverted to
the ancestral states in Taxon B. With respect to the states of characters 5-7, they could have arisen (c) independently in taxa B and C or (d)
in the common ancestor of B+C+D but then reverted to the ancestral states in Taxon D (adapted from Brooks & McLennan, 1991). &,
apomorphic character state; 22, parallel or convergent evolution; [, reversal to ancestral state.
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means by which we judge the overall robustness of our
cladistically derived trees. Calculations of robustness
are easy to perform when only simple examples are
involved, but in complex examples that contain
numerous taxa and characters, computers are required.
However, the basics are the same, irrespective of how
they are carried out. A consistency index, which ranges
from 0 (complete homoplasy) to 1-0 (no homoplasy), is
calculated by dividing the number of characters in the
data matrix by the number of characters on the tree.
For example, the CI for trees in Figure 6(a) and 6(b) is
0-78 (7/9), and the CI for trees in Figure 6(c) and 6(d)
is 070 (7/10) (see Figure 5 for the matrix). Even
without calculating the CIs we know that the trees in
Figure 6(c) and 6(d) will have a lower score than the
trees in Figure 6(a) and 6(b) because of the greater
number of homoplasies relative to apomorphies.

Palaeoindian Points in the Southeastern
United States

The first comprehensive study of eastern United States
Palaeoindian artifacts, dating ¢. 11,500-10,000 BP, was
an article by Mason (1962), who, after surveying the
distribution of fluted points in the East and adjacent
portions of the Midwest, concluded that fluted points
were not a western invention that had been diffused to
eastern parts of the country, perhaps as Plains groups
escaped the drying effects of the terminal Pleistocene.
Rather, it was the other way around:

the distributional and some of the typological evidence,
as currently understood, would not seem to favour the
proposed western origin for the development of Clovis
points and the Llano complex. On the contrary, fluted
points of every description except Folsom are far more
numerous in the East, particularly in the southeastern
United States, than they are in the Southwest or on the
High Plains; and this area also has produced the greatest
diversification in fluted point styles. On these grounds,
then, it is defensible to suggest the southeastern United
States, and not the West, as a possible “homeland” of the
Clovis complex. (Mason, 1962: 234-235)

Mason’s proposal subsequently was endorsed, either
tentatively or wholeheartedly, by Bryan (1991),
Meltzer (1988), Stanford (1991), and others (e.g.,
Griffin, 1977), and demonstrated empirically by
Anderson (1990, 1991); Anderson & Faught, 1998,
2000; Anderson & Gillam, 2000; Faught, Anderson &
Gisiger, 1994).

The Southeast is literally awash with fluted-
point types that have been devised over the years to
encompass the tremendous variation noted in what are
termed Palaeoindian projectile points. One of these is
the Cumberland point (Lewis, 1954), so named because
of its occurrence in significant numbers in and around
the Cumberland and Tennessee drainages of Tennessee
(e.g., Breitburg & Broster, 1994), although it occurs
across most of the eastern United States (Anderson &
Faught, 2000). Cumberland points (Figure 7) are dis-

tinguished by their narrowness and greater thickness
relative to Clovis points (Figure 7) and by the presence
of recurved blade edges and flaring “ears’ at the basal
corners that are accentuated by incurving blade edges.
They also exhibit fluting, usually made by removal of a
single flake that on most specimens runs from the
concave base almost to the tip—a feature analogous to
the fluting on Folsom points. Other Palaeoindian
projectile-point types in the Southeast include
Suwannee (Bullen, 1968), Simpson (Bullen, 1968), and
Hazel (Van Buren, 1974), all of which have indented
bases and basal thinning, which often takes the form of
fluting. Specimens of all these types share morphologi-
cal characteristics with Clovis points and in our view fit
into sister taxa with Clovis. The problem is, how do
they relate to each other phylogenetically?

There are numerous proposed chronological
sequences of projectile-point forms for the Southeast.
Anderson, O’Steen & Sassaman (1996), for example,
illustrate a hypothetical sequence that begins approxi-
mately 11,500 B with Clovis points, proceeds to
Cumberland, Suwannee, and Simpson forms, then to
Beaver Lake and Quad forms, and then to Daiton
forms at approximately 10,000 Bp (Figure 7). The
rooting of the Anderson, O’Steen & Sassaman
sequence in Clovis points is traditional in North
American archaeology (e.g., Morrow & Morrow,
1999), but that tradition is based entirely on radio-
carbon dates and stratigraphic evidence from the
Plains and Southwest. There is no a priori reason to
believe that the rooting is correct for the Southeast, as
Anderson, O’Steen & Sassaman (1996) point out.
Stanford (1991), in fact, speculated that Simpson/
Suwanee points are slightly older than Clovis points.
Ignoring for a moment the rooting of the chronological
sequence, there are several hints that other aspects of
the sequence might be incorrect. One hint comes from
closer examination of specimens placed in the Dalton
type. Specimens assigned to this type exhibit such wide
variation that a host of type names and subtype names
have been used, such as Holland (Perino, 1971),
Colbert (DelJarnette, Kurjack & Cambron, 1962),
Greenbrier (Lewis & Kneberg, 1958), Meserve (Bell &
Hall, 1953), and Hardaway-Dalton (Coe, 1964).

The dating of Dalton points has long been
problematic because of the almost total absence of
secure radiocarbon-dated contexts (Goodyear, 1982;
O’Brien & Wood, 1998)—a problem that plagues the
Southeast in general relative to all the projectile points
discussed here. The overall shape, flaking charac-
teristics, and presence of haft-area grinding—features
that many Dalton points share to greater or lesser
degrees with Palaeoindian points such as Clovis (con-
cave and thinned base; ground base and blade edges
in the haft area)—led archaeologists early on (e.g.,
Chapman, 1948; Mason, 1962; Wormington, 1957) to
argue in favour of a “cultural continuity” between
early Palaeoindian tool complexes and Dalton. If
the points were technologically similar, so the
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Figure 7. One possible historical sequence of Palaeoindian projectile-point types in the southeastern United States (after Anderson et al., 1996).

reasoning went, then they should be fairly closely
related temporally. This reasonable proposition re-
ceived support from the fact that many of the other
tools—wedges, gravers, end scrapers, and bone needles
(Coe, 1964; Delarnette, Kurjack & Cambron, 1962;
Goodyear, 1974; Lewis & Kneberg, 1958; Morse,
1973)—found in Clovis and Dalton tool kits are
similar,

Based on morphological criteria, it seems likely that
Dalton points evolved directly out of Clovis points
(Anderson, O’Steen & Sassaman, 1996; O’Brien &
Wood, 1998)—a proposition supported by Bradley’s
(1997) examination of 146 complete Dalton specimens
from the Sloan site in northeastern Arkansas (Morse,
1997). His conclusion that “the data currently point to
an in situ technological development of Dalton points
directly out of a Clovis technology’ (Bradley, 1997: 57)
is written in clear evolutionary language. Bradley is not
speaking metaphorically when he says that Dalton
points developed out of a Clovis technology, any more
than we are speaking metaphorically when we say that
one biological species developed out of another species
or that the Pentium® chip developed out of the 486
processor. Lineages of projectile points or computer
chips are the products of cultural rather than genetic
transmission, but this does not make them less real
than biological lineages. Bradley’s language is the

result of careful examination of technological variation
as manifest in morphological characters—the features
that provide the basis for a cladistical analysis of
projectile points from the Southeast.

Analytical units

One of the numerous methodological issues in
cladistics is the suitability of quantitative versus
qualitative data and continuous versus discrete data.
There is a tendency to favour qualitative and discrete
data, but many so-called qualitative characters—for
example, a side-notched projectile point—are in reality
characters that have a quantitative base filtered
through what Stevens (1991: 553) referred to as “‘reified
semantic discontinuities of . . . terminology”. The dis-
tinction between qualitative and quantitative refers
more to “mode of expression rather than to intrinsic
properties of the data” (Kitching et al., 1998: 20).
Another issue concerns the actual coding of data, with
some cladists arguing for the use of multistate charac-
ters with linked states (e.g., thin and black; thick and
white) and others opting for treating multistate char-
acters as independent states (e.g., thin, black; thick,
white). Our opinion is that cladistic analysis should
represent independent hypotheses of relationship
among taxa. Indeed, one of the strongest tests of
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Table 1. System used to classify projectile points

Character
Character state

Character
Character state

I. Location of maximum blade width V. Outer tang angle

1. Proximal quarter 1. 93°-115°
2. Secondmost proximal quarter 2. 88°-92°
3. Secondmost distal quarter 3. 81°-87°
4. Distal quarter 4. 66°-88°

II. Base shape 5. 51°-65°
1. Arc-shaped 6. <50°

2. Normal curve VI. Tang-tip shape

3. Triangular 1. Pointed
4. Folsomoid 2. Round
I11. Basal indentation ratio* 3. Blunt
1. No basal indentation VII. Fluting
2. 0:90-0-99 (shallow) 1. Absent
3. 0-80-0-89 (deep) 2. Present

IV. Constriction ratiot VIII. Length/width ratio

1. 1-:00 1. 1-00-1-99
2. 0-90-0-99 2. 2:00-2-99
3. 0-80-0-89 3. 3:00-3-99
4. 0-70-0-79 4. 400499
5. 0-60-0-69 5. 5:00-5-99
6. 0-50-0-59 6. =600

*The ratio between the medial length of a specimen and its total
length; the smaller the ratio, the deeper the indentation.

+The ratio between the minimum blade width (proximal to the point
of maximum blade width) and the maximum blade width as a
measure of ‘“waistedness”; the smaller the ratio, the higher the
amount of constriction.

hypothesized relationships is congruence—two or
more independent character states that map the same
topology on a cladogram. Therefore, in the analysis
presented below we treat characters as independent.
We know that in reality some character states probably
are linked, but this is an avenue for future analysis.

We used paradigmatic classification (Dunnell, 1971)
to create our taxa, or classes. Each class comprises
eight unweighted characters, each of which has a
variable number of character states (Table 1). The
characters are defined as follows; locations of the
characters are shown in Figure 8:

I. Height of maximum blade width—the quarter
section of a specimen in which the widest point
of the blade occurs.

II. Overall base shape—qualitative assessment of
the shape of the basal indentation.

[II. Basal indentation ratio—the ratio between the
medial length of a specimen and its maximum
length; the smaller the ratio, the deeper the
indentation.

IV. Constriction ratio—the ratio between the mini-
mum blade width (proximal to the point of
maximum blade width) and the maximum blade
width; the smaller the ratio, the higher the
amount of constriction.

V. Outer tang angle—the degree of tang expansion
from the short axis of a specimen; the lower the
angle, the greater the expansion.

VI. Tang-tip shape—the shape of the tip ends of
tangs.

VII. Fluting—the removal of one or more large
flakes (=1 cm long) from the base of a specimen
and parallel to its long axis; subsequent flake
removal may obliterate earlier flake scars.

VIII. Length/width ratio—the maximum length of a
specimen divided by its maximum width.

Our choice of characters was based on expectations
as to which parts of a projectile point would change
the most over time as a result of transmission and
thus create a strong phylogenetic signal. A glance at
Figure 7 indicates that considerable variation exists in
the overall size and shape of Palaecoindian points, so we
selected characters I, IV, and VIII to explore changes
in size and shape. All three avoid potential bias that
could be introduced by using direct measurements of
length and width-—Dbias created by some points having
been resharpened. Figure 7 also indicates that the
hafting element of Palacoindian projectile points is a
likely region in which to find other good candidates for
use in phylogenetic analysis. Five characters—II, III,
V, VI, and VII—were selected to monitor changes in
such features as base shape, the shape of tang tips, and
the angle formed by a tang relative to the long axis of
a specimen.

As an alternative to creating classes, we could have
used existing projectile-point types—Clovis, Dalton,
Cumberland, and so on—and then attempted to
abstract characters and character states from the
specimens in each type. We have discussed the issue of
classes versus types in considerable detail elsewhere
(e.g., O’Brien & Lyman, 2000a, 2002) and cover only
the major points here. First, there is a lack of redun-
dancy among established projectile-point types in
terms of the characters used in the definitions. One
type might be defined by base shape and degree of
shouldering whereas another type might be defined by
base shape and angle of notching. One might argue
that in biology species are nonredundant in terms of
definition, especially in cases where morphological
characters are used as sorting criteria, and yet they
constitute the taxa often used in cladistics. We agree
with this assessment, but the lack of redundancy in
species definitions is no warrant for introducing the
problem into archaeological systematics (O’Brien &
Lyman, 2000a).

Second, artifact types in most cases are extensionally
defined (Dunnell, 1986)—the definitions are derived by
sorting through a pile of specimens, placing similar
specimens together, and using average properties of the
specimens in each pile as the basis of the definitions.
When more specimens are introduced, type definitions
must be reconfigured to account for the new variation.
At some point the analyst may decide too much
variation is being introduced and create another
type. Types formed in such a manner are often fuzzy
amalgams of character states—a problem realized over



D
(d
b
A A<
B B
F
l_)_l
-
1 G/

Landmark Characters

{

A—A' = maximum blade width
B-B' = minimum blade width

C—C' = height of maximum blade width

D-D' = medial length
E-E' = maximum length
F = outer tang angle

G = tang tip

H = flute

Cladistics and Archaeological Phylogenies 1127

%

=
~|

7\

o]

Base shapes

Arc-shaped /\
Normal curve -/\
Triangular /\

Folsomoid

Figure 8. Locations of characters used in the analysis of projectile points (see Table 1 for character states). Character states for base shape are

shown at the lower right.

a half century ago (Phillips, Ford & Griffin, 1951). The
problem reduces to this: Extensionally derived units
(types) conflate the taxon and the specimens in it. Some
biologists (e.g., Jardine, 1969) have recognized this
problem with respect to organisms and taxa. This is
not to say that we see no role for traditional units such
as named projectile-point types, because some of those
traditional units are excellent at what they are sup-
posed to do, such as tracking the passage of time. But
even the most useful types are not multipurpose units.
Neither are the classes discussed here. Rather, they
are useful for specific analytical purposes. If this is
true, then there can be no “discoverable” units in
archaeology.

Third, the way in which classes are defined here
offers a way around a problem that cladistics has faced
since the days of Hennig. The term transformation is
routinely used in cladistics—Hennig (1966), for
example, spoke of “transformation series”—but rarely

is consideration given to the fact that characters do not
transform from one state to another. Rather, the
frequency of a particular state of a given character
changes within a population relative to the frequencies
of other states of that character (Kitching et al., 1998;
O’Brien & Lyman, 20004). Plotting such changes at the
more inclusive scale of discrete object is the basis of
frequency seriation and percentage stratigraphy
(Lyman, Wolverton & O’Brien, 1998; O’Brien &
Lyman, 1999, 2000q); at the less inclusive scale of
individual character, classes offer an easy means
of monitoring changes in character states (see below).

Methods and materials

Six hundred and twenty-one points from the Southeast
were classified. We measured actual specimens if avail-
able or used published drawings or photographs if the
requisite data could be obtained. For each specimen we
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Table 2. Class definitions, abbreviations, and common type names of
projectile-point classes

Class Abbreviation Common type names*
21225212 BQD Beaver Lake—Quad-Dalton
21214322 CU Cumberland-Unidentified
21214312 DAQS Dalton—Arkabutla-Quad—-Simpson
21224312 DCSuw Dalton-Cumberland-Suwanee
21224212 DUCold Dalton-Unidentified—Coldwater

21214222 DV
21223223 Kce
31234322 KC

Dalton-Vandale
Clovis
Clovis—Cumberland

21221122 Kdoon Clovis-Doon

12212223 KDR Clovis-Dalton—Redstone
21223322 Kk Clovis

31222122 Krus Clovis—Russellville

11212122 KUA Clovis—Unidentified-Arkabutla
21212222 KUD Clovis-Unidentified-Dalton

21235312 QC
11214312 QD
21215312

Quad—Cumberland
Quad-Dalton
Quad-Unidentified-Dalton

*Names taken directly from archaeological reports producing the
sampled specimens.

listed (1) the state of each character in numerical order
I through to VIII (producing a number string such as
12234236); (2) the type name for that specimen given in
the literature; and (3) the state from which it was
reported. The number string is the class definition of
the specimen. A program that sorted on the number
strings produced a list of specimens in each class. The
621 specimens fell into 491 classes, 86 of which con-
tained multiple specimens. For the analysis reported
here we used only those classes that contained a
minimum of four specimens, the rationale being that
although any class is as real analytically as any other
class—even classes with no known members—we were
interested more in repetitive behaviour and less in
idiosyncratic behaviour. Secondarily, we reasoned that
fewer classes would have been insufficient to reveal
nuances of history and more classes would have made
the first analytical pass too complex.

The analysed subset comprised 17 classes that
together contained 83 projectile points. Class defi-
nitions are listed in Table 2 and illustrated in Figure 9;
Table 3 lists the number of specimens per class by state
(site-provenience information and literature references
are available from the authors). Because it is much
easier to use class abbreviations than it is to write out
class definitions (the number strings), we use the ab-
breviations listed in Table 2 and shown under each
example in Figure 9. As an important aside, note that
the abbreviations are based on commonly used type
names, which appear to the right of the abbreviations
in Table 2. In each case the type names appearing in
that column were taken directly from the literature in
which the specimens were illustrated. For example,
Class DAQS contains six specimens (Table 3), at least
one of which was originally referred to as a Dalton
point, at least one as an Arkabutla point, at least one

as a Quad point, and at least one as a Simpson point.
This ought to give us pause the next time we use
traditional projectile-point types as analytical taxa.

A problem arose in choosing an outgroup. Recall
that outgroups are used to determine character-state
polarity—that is, to determine which character states
are ancestral and which are derived. There are various
rules for outgroup comparison, but the matter still
reduces to identifying an appropriate outgroup.
Ideally, given that the outgroup is used to identify
ancestral character states, we would like that taxon
to be ancestral to the ingroup taxa, but it often is
impossible to identify such a taxon. In an earlier study
(Darwent, O’Brien & Lyman, 2000) we used a Folsom
point from the Lindenmeier site in Colorado as an
outgroup, our thinking being that if Folsom was not a
direct ancestor of the southeastern types, it was at least
related to them. We later realized that we could be
dealing with entirely unrelated traditions (lineages),
and thus we dropped Folsom as an outgroup.

In strictly logical terms the outgroup taxon does not
have to be ancestral to the ingroup taxa; it only has to
carry enough ancestral character states so that state
polarity can be determined. However, if we root our
phylogenetic tree at the outgroup node, we are imply-
ing that the outgroup taxon is ancestral. Given the age
of the taxa (point classes) with which we are dealing, it
is difficult if not impossible to select an appropriate
ancestral taxon from outside, so we selected one from
inside the group and made it the outgroup. If Clovis
points are ancestral to the sequence, then it would
make sense to select them as the outgroup, but as
shown in Table 2, there is not a single class of Clovis
points. Rather, what various authors have termed
Clovis points occur in eight separate classes. Of these,
two, Kk and Kc, contain only points specified as
Clovis points, so maybe they qualify as outgroup
candidates. But what if Stanford (1991) is correct that
what typically are referred to as Simpson points pre-
ceded Clovis points in the Southeast? By automatically
choosing a class that contains only Clovis points, we
are stacking the deck against deriving a correct phylo-
genetic ordering. There is, however, an objective means
of selecting an outgroup—one that we have never seen
reported in the biological literature.

We selected KDR (a class containing specimens
originally identified as Clovis, Dalton, and Redstone)
as an outgroup based on its consistent position in
least-step occurrence seriations, where each “‘step”
comprises a single change in a character from one state
to another. To produce the seriation we used an
algorithm that searched the classes continuously for
the ordering that could be produced using the fewest
number of steps (O’Brien et al., n.d.). The ordering
shown in Table 4 is one of 14 orderings requiring 28
steps, the lowest number of steps found (see below).
KDR was at one end of each of the 14 orderings, with
various classes appearing at the other end. As in any
seriation, either end of the ordering could be early or
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Figure 9. Tllustrations of specimens in each of 17 classes used in the analysis; class abbreviations appear under each example (see Table 2 for

class definitions).
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Table 3. Frequencies of 17 projectile-point classes by state

State

Abbreviation  Ala. Ark. Fla. Ky.

Miss. Mo. S.C. Tenn. Va. Total

BQD
CuU
DAQS
DCSuw
DUCold

s
C
=
(¥ )
1= ww'—-w'—‘ .—-._-._-‘ —-Nbuxwm‘
|
|
|

1
1 - . _
1

!
|
lom o al == —w
[
[T N NP O NG N O NS N N = N N

N
~
(&}
™
—_
=)
w
o0
@

late; we view KDR as anchoring the early end of the
ordering because of (a) the presence of what typically
are referred to as Clovis and Redstone points in the
class and (b) the fact that BQD often appeared at the
opposite end of an ordering—a class that contains
Beaver Lake and Quad points, two types that normally
are considered (e.g., Driskell, 1996) to be later than
Clovis and Redstone. Beginning with KDR as the
oldest taxon and reading up the ordering in Table 4,
each character-state change is circled. For example,
there are four changes from KDR to Kc—in characters
I, I, IV, and V—and two changes from Kc to Kk—
in characters VI and VIII. Summing the character-
state changes yields a total of 28. Thus we say that
there are 28 steps in the 14 least-steps occurrence
seriations.

Table 4. One of 14 occurrence-seriation orderings of the 17 classes

BQD
DUCold
DCSuw
DAQS
QD
QUD
QC

KC

CuU

DV
KUD
KUA
Krus
Kdoon
Kk
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Occurrence seriation of taxa, using character-state
changes as the basis of the ordering, provides a logical
and objective means of selecting an outgroup when no
obvious choice presents itself. In practice, with a small
number of taxa and relatively few characters, occur-
rence seriation will usually produce but a single order-
ing, and it will be similar or identical to the ordering of
taxa produced by cladistical methods. Not only that,
but the length of the phylogenetic tree will be equal to
the least number of steps needed to produce the
seriation. In Figure 10, for example, the best seriation
of taxa A-E—best meaning the least number of
steps used to create the seriation—is shown at the left.
Seven steps, or character-state changes (each change is
circled, similar to the changes shown in Table 4), are
required (notice there are no character-state reversals).
The cladogram at the right, with a length of seven, is
the optimal solution to ordering the taxa using derived
character states. Because there is no homoplasy, the
consistency index (CI) is equal to 1-0. This example is a
useful heuristic device, but it is only that. It typically is
the case that many more taxa are involved, as are
character-state reversals and other forms of homo-
plasy, all of which together greatly increase the number
of optimal orderings, as with our 14 orderings of the
17 taxa. Occurrence seriation monitors change in
character states, but it cannot account for all instances
of complex homoplasy. Also, evolution is primarily a
cladogenic (branching) process as opposed to an ana-
genic (linear) one; thus only in a textbook example
could we expect a one-to-one correspondence between
the number of steps in an occurrence seriation, which
recognizes only anagenesis, and the length of a clado-
gram. Similarly, only in a perfect world could we
expect to generate a cladogram that has a CI equal to
1-0.
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C B A

Figure 10. Diagram showing similarity in ordering of hypothetical taxa obtained by occurrence seriation (left) and cladistics (right) when few
taxa and characters are involved. Seven steps, or character-state changes (each change is circled), are required to produce the best seriation. The
cladogram, with a length of seven, is the optimal solution to ordering the taxa using apomorphic character states. There are no instances of
homoplasy. Taxa A and B could switch places (by pivoting the clade at the A+B node) and not change the topology of the cladogram. That
is why we say that there is similarity, not necessarily sameness, between the occurrence-seriation ordering and the cladistical ordering.

Results

The phylogenetic tree—and interestingly there was
only one most parsimonious tree—generated for the 17
projectile-point classes is shown in Figure 11. We used
Swofford’s (1998) PAUP* (version 4) program to
generate the tree, setting the program to construct it by
the branch-and-bound method. This method quickly
establishes a cladogram and then systematically
removes from further consideration partial cladograms
whose length exceeds the length of the initial clado-
gram, where “length” is measured as the number of
changes in character states, or what we termed “‘steps”
with respect to the occurrence seriation. When the
program encounters a complete cladogram that is
shorter than the initial one, it resets the upper bound
and begins the process anew. The algorithm guarantees
to find at least one most parsimonious (shortest) tree.
The shortest tree we found, shown in Figure 11, has a
length of 22 and a CI of 0-59—the latter much higher
than we expected based on our review of cladistical
analyses in biology and palaeobiology. The tree con-
tains several polytomies, or points at which the pro-
gram cannot make a simple dichotomous split. For
example, there is a polytomy in the form of a trichoto-
mous branching that produces KC, CU, and the clade
comprising BQD+DUCold+DCSuw+DAQS+QC+
QUD+QD. Cladistical analysis often assumes that
diversification occurs only by a series of bifurcations,
but this assumption is unnecessary and may obscure
reality (Hoelzer & Meinick, 1994). In fact, cultural
transmission may result more often in polytomies than
in bifurcation. Alternatively, in reality there may be a
bifurcation, but the phylogenetic signal is too weak for
the program to resolve the pattern. Thus it treats it as
a polytomy.

Character-state changes—there are 22 of them,
hence the tree length of 22—are represented by the
small boxes in Figure 11. Each box has two numbers

associated with it: The Roman numeral refers to the
character (Table 1), and the subscript number indicates
the evolved state of that character (moving from left to
right). Open boxes indicate single changes from one
character state to another within the entire set of
taxa. Shaded boxes indicate parallel changes—that is,
a change in character from one particular state to
another particular state occurs more than once within
the entire set. For example, character IV changes to
state 3 in both the line leading ultimately to QC and the
line leading ultimately to KC. Finally, half-shaded
boxes indicate characters that reverted to an ancestral
state. For example, character VI began in KDR, the
outgroup, as state 2; it later changed to state 3 and then
changed back to state 2 in the line leading from KDR
to the clade of BQD+DUCold.

The first characters in the outgroup (KDR, defined
as 12212223) to change were (1) character II—base
shape—which changed from state 2 (normal curve) to
state 1 (arc-shaped), and (2) character VIII—length/
width ratio—which changed from state 3 (3-00-3-99) to
state 2 (2:00-2-99). This produced (1) an ancestor
(11212222) that in turn produced KUA after an
additional change in character VI from state 2 to
state 1 and (2) an ancestor to all the other taxa. The
latter ancestor underwent a change in character I—
location of maximum blade width—from state 1
(proximal quarter) to state 2 (secondmost proximal
quarter) and produced an ancestor (21212222) that
in turn produced (1) KUD (with no modification),
(2) the clade comprising Kk+Kc+Kdoon+Krus, and
(3) the clade comprising all remaining taxa.

There are six instances of parallelism (characters I
[character state 3], IV [character states 2 and 3], V
[character state 5], and VI [character states 1 and 3])
and three instances of characters (I, VI, and VIII)
reverting to an ancestral state. Parallelism might be
expected if there are mechanical or technological
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Figure 11. Phylogenetic tree (cladogram) of 17 projectile-point classes. The tree has a length of 22 and a consistency index of 0-59. For
simplicity, KDR is shown as an ancestor as opposed to a terminal taxon. Changes in character state are denoted by boxes; Roman numerals
denote characters, and subscript numbers denote character states. For example, the boxes at the far left indicate that Class KDR underwent
changes in characters II (to state 1) and VIII (to state 2) to produce the ancestor of the other 16 classes.

constraints on how projectile points of several classes
are produced. This issue requires the close scrutiny of
lithic technologists. Instances of character-state revers-
als are rare in the organic world (if they occur at all);
in that world, what appear to be reversals are artifacts
of classification, especially with respect to measure-
ment scale. With human-manufactured tools, there is
nothing to prevent the recurrence of earlier states,
given how cultural transmission works (e.g., Boyd &
Richerson, 1985), although in some cases apparent
reversals could be attributable to classification error or
the character states chosen.

The most stable characters—excluding character II,
which was found only in character-state 2-—are char-
acters II and VII, each of which underwent a single
change, followed by character VIII, which changed
twice. The most unstable characters are V and VI, each
of which changed five times, followed closely by char-
acters I and IV, each of which changed four times.
These trends are predictable given the changes noted in
the best-fit occurrence seriation shown in Table 4.
Exactly what these trends mean in terms of the

evolving weapon-delivery system in the Southeast is
beyond the scope of this paper.

Discussion

Two things regarding the phylogenetic tree in
Figure 11 require discussion. First, to underscore the
difference between a cladogram and a phenogram, we
produced Figure 12 using the same data used in
Figure 11. We used an unweighted pair-group
algorithm (Hintze, 1999) to construct the phenogram.
Insofar as the phenogram might reflect descent with
modification, it suggests a different evolutionary his-
tory than the cladogram. For example, at the dissimi-
larity level of 0-70 in the phenogram, there are three
clusters. One cluster includes the same nine classes as
the clade beginning with the change to state 3 of
character VI: BQD, DUCold, DCSuw, CU, DAQS,
QD, QC, QUD, and KC. The phenogram links these
particular classes differently than the cladogram, how-
ever. For example, the phenogram links CU, DAQS,
and QD whereas the cladogram links these three
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Figure 12. A phenogram of the 17 projectile-point classes obtained
by means of a clustering algorithm (Hintze, 1999).

classes only through the clade that also contains the
other six taxa. The second cluster in the phenogram
links classes DV and KUD with classes KUA, Ke, Kk,
Kdoon, and Krus, and although this cluster is similar
to the clade of Kk, K¢, Kdoon, and Krus, in the
cladogram DV is more closely related to the aforemen-
tioned clade of nine classes and KUA is set apart as a
distinct clade after the first instance of branching. The
third cluster in the phenogram comprises only class
KDR, our outgroup in the cladogram.

General similarities between the cladogram and the
phenogram were not unexpected and suggest that the
traditional projectile-point types represented by our
classes comprise pretty good historical types, or styles.
That is, at a gross level the types capture the evolution-
ary history of this set of projectile points, probably
because the types are defined primarily by homologous
characters, at least some of which are derived character
states. The point here is not that phenetics is incapable
of producing phylogenetic relationships but that it is
potentially invalid. Thus, as Ridley (1996) points out,
when the issue is phylogeny, we have considerable
reason to distrust distance statistics, which are based
solely on phenetic similarity.
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Table 5. Comparison of class orderings by occurrence seriation and
cladistical methods

Cladistical method Occurrence seriation

21225212 (BQD)
21224212 (DUCold)
21224312 (DCSuw)
21214312 (DAQS)
21235312 (QC)
21215312 (QUD)
11214312 (QD)
21214322 (CU)
31234322 (KC)
21214222 (DV)
21212222 (KUD)
21223322 (Kk)
21223223 (Kc)
21221122 (Kdoon)
31222122 (Krus)
11212122 (KUA)
12212223 (KDR)

21225212 (BQD)
21224212 (DUCold)
21224312 (DCSuw)
21214312 (DAQS)
11214312 (QD)
21215312 (QUD)
21235312 (QC)
31234322 (KC)
21214322 (CU)
21214222 (DV)
21212222 (KUD)
11212122 (KUA)
31222122 (Krus)
21221122 (Kdoon)
21223322 (Kk)
21223223 (Kc)
12212223 (KDR)

*Brackets denote groupings preserved in both the cladogram and the
occurrence-seriation ordering.

Second, both the cladogram and the occurrence
seriation (Table 4) are monitoring heritable continuity
among the projectile points at the scale of their char-
acters, which is in part why the two ordering algo-
rithms provide rather similar orderings (Table 5). We
refrain from comparing the two orderings statistically
because the “order” of classes in the cladogram
could be changed considerably without changing the
topology of the cladogram. For example, in Figure 11
we could take the clade containing classes Kk+
Kc+Kdoon+Krus and rotate it at the ancestral node
and it would be the same clade. Although the ordering
of the taxa would be reversed, the phylogenetic
relationships would be identical.

Conclusion

Virtually since the birth of archaeology as a distinct
discipline, a primary goal has been to write the histo-
ries of cultural lineages. That goal found expression in
the Americas in what came to be known as the
culture-history paradigm (Lyman, O’Brien & Dunnell,
1997). Within that paradigm, evolutionary descent
with modification, although more implicit than
explicit, underpinned the chronometers developed by
culture historians to mark the passage of time (Lyman,
Wolverton & O’Brien, 1998; O’Brien & Lyman, 1999).
It is for precisely this reason that various archaeologi-
cal chronometers are similar to palaeobiological ones
(Lyman, 2001; Lyman & O’Brien, 2000a; O’Brien &
Lyman, 1999, 2000a4). By making the underpinning
ontology explicit, archaeologists can use various
palaeobiological methods for writing and explaining
the evolutionary history of cultural lineages (e.g.,
Lyman & O’Brien, 20005; O’Brien & Lyman, 2000q).
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In this paper we have described one such method—
cladistics—and have used it to help gain a preliminary
understanding of the evolutionary history of early
projectile-point lineages in the southeastern United
States. Like seriation, cladistics seeks to arrange
phenomena in time, but it goes beyond seriation in the
important sense of hypothesizing particular phylo-
genetic relations between phenomena. As we have
argued here, seriation—particularly  occurrence
seriation—provides an important addition to cladis-
tics. We see cladistics, and the phylogenies it produces,
not as end products but as solid starting points
from which to begin to answer some of archaeology’s
historical, and therefore evolutionary, questions.

We emphasize that cladistics is not a biological
method that depends on genetic continuity as a basis
for reconstructing phylogeny. It depends on transmis-
sion, regardless of the kind of transmission. The use of
cladistics in archaeology recognizes both cultural and
biological (genetic) transmission, both of which play a
role in the evolution of tool lineages. Archaeological
materials were at one time parts of human phenotypes
in the same way that shells, teeth, and fossilized bones
were parts of phenotypes. Whether a tooth represents
one or multiple genes—replicators—is as yet unknown,
but this does not hinder the efforts of palacobiologists
to determine and explain the evolutionary histories of
the organisms whose phenotypic hard parts they study.
Artifacts are not replicators; they are what gets repli-
cated. Cultural traits conceived as ideas held in the
mind of individuals are the replicators that are trans-
mitted; social learning is both the transmission mech-
anism and the source of variation that results from
transmission errors and recombination. If there is
phenotypic change, and if over time enough variation
is generated, cladistical analysis might indeed be able
to detect the phylogenetic signal. If so, we should be
able to create a phylogenetic ordering that has testable
implications. This apparently was what Clarke (1978:
262) had in mind when he stated that

The taxonomic assessment of affinity between entities will
suggest the limited number of possible transformation
trajectories which might link the network of particular
entities in passing time. Great care must then be taken to
avoid the danger of interpreting affinity relationships
simply as descent relationships—a condition further com-
plicated by the peculiar nature of branch convergence and
fusion found in cultural phylogeny. This problem can only
be controlled by providing an adequate chronological
frame and by postulating multiple alternative hypotheses
of development to link the established degree of affinity
between sets of entities under investigation.
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