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All archaeologists study and attermnpt to explain variation in artifacts. Darwinian evolution
provides a set of theory-derived methods and explanatory principles that can be used to account
for the appearance of novel variants and their differential persistence through time and across
space within lincages, or traditions, of artifacts. One method developed by paleobiologists to
study the history of the richness of variants within a lineage involves the construction of
clade-diversity diagrams. Once an artifact lincage is established, statistical comparison of the
artifact diversity represented by that lineage with randomly generated clades provides insights
inte the vrigination of novel variants and the history of artifact lincages and suggests explana-
tions of those histories. Such comparisons indicate that (a) the bwentieth-century history of
diversity of radios attributed by Schiffer (1996) to stimulated variation might be difficult to
identify in a prehistoric context; (B) the history of increasing Great Basin projectile point
diversity is the result of changes in weapon delivery systems; and (¢) the history ol increasing
diversity in Lower Mississippi Valley ceramic stvles is the result of changing patterns of social

interaction and transmission.

INTRODUCTION

Ever since Binford’s {1965) criticisms of
culture history’s “normative theory,” ar-
chaeologists have focused on numerous
kinds of variation evident in the archaeo-
logical record. Over the past 2 decades
particularly, archaeologists have plotted
measures of variation against time {Jones
et al. 1983; Kintigh 1984; Leonard and
Jones 1989; McCartney and Glass 1990;
Meltzer et al. 1992; Rhode 1988 Shott
1989}). The tendency has been to present
measures of variation as single numerical
values, though it was suggested carly on
that a “histogram of class frequencies
... confains more information than does
any single numerical summation of those
frequencies” (Dunnell 1989:144). Further,
efforts have focused either on determin-
ing which of several measures of variation
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might be used or on determining if avail-
able samples are influencing the mea-
sures and how to control those influences.
We agree with Dunnell’s (1989) observa-
tion that minimal effort has been devoted
to building theory for explaining fluctua-
tion in variation over time and Schiffer’s
(1996:655) cbservation that archacologists
using Darwinian tenets of evolution have
been “largely silent about variety-gener-
ating processes.”

In this article we take initial steps to-
ward filling the wvoids Dunnell and
Schiffer identify. We describe a graphic
technique developed by paleobiologists
for analyzing and explaining a particular
kind of variation as it is expressed over
time. Our approach is couched within
Darwinian c¢volutionary theory because
we find it to be a fruitful source of analyt-
ical models and to have considerable ex-
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planatory potential {(Lyman and O’Bricn
1998; O’Brien and Lyman 2000). Because
we have discussed this theory’s applica-
bility to archaeological problems in some
detail elsewhere [O’Brien et ail. {1998) and
references therein], we do not repeat
those discussions here bul take as a given
the theory's utility and proceed accord-

ingly.
VARIANTS AND VARIATION

When archaeologists speak of variation
in the archaeological record, what they
typically mean is that therc are various
kinds of things—that is, there exists more
than onc variant of a category of stuff,
where a variant is a kind differing to some
degree from other kinds. Most archaeolo-
gists today would agree that the construc-
tion of a typology or classification must be
problem oriented—the so-called types re-
sulting from the construction must be re-
lated to the rescarch questions being
asked. For cxample, use-wear on stone
tools tells us about the function of those
tools; thus, attributes of use-wear rather
than, say, the color of the cbjects are used
to build functienal types. Other kinds of
attributes are used when archaeologists
desire to construct historical types of
stone tools to measure the passage of time
(e.g., O’'Connell and Inoway 1994; Thomas
1981).

Once artifacts are classified, variation is
then measured. Potential measures, or in-
dices, of variation are numerous, though
archaeologists have tended to focus on
three that capture in one way or another
the structure of that variation. Measures
of richness are simply tallics of the num-
ber of kinds or variants in a set of phe-
nomena. Measures of evenness summa-
rize the frequency distribution of
specimens within the multiple kinds of a
classification or typology. A collection in
which the constituent members are dis-
tributed cqually across all kinds is more

“even” than a collection in which the
members are abundant in one kind, of
mid-level abundance in another kind, and
rare in a third. Measures of heterogencity
represent a combination of richness and
evenness and can be calculated in various
ways [sce chapters and references in Leo-
nard and Jones (1989}].

Regardless of which measure is used,
the value taken by that measure of varia-
tion is a function of the classification sys-
tem used. Thus as Dunnell (1989:145)
notes, “the meaning of diversity indices is
moechanically determined by the definitions
of the categorical inputs [read classification
units]; if the [classification units] on which
diversity indices are based do not unam-
biguously measure the parameter of inter-
est, then no interpretations are war-
ranted.” If one wishes to know how many
specics of mammal are represented in
modern Iowa, then onte must know what a
species is, what a mammal is, and what an
organism is so that one considers only
organisms that are mammals and the cat-
egories tallied are species. As Jones (1989
304) points out, not only must cur classi-
fication be “constructed with a purpose
and have meaning warranted by archaeo-
logical theory,” the classes or types “must
be mutually exclusive, exhaustive, and on
the same [taxonomic| level, ensuring that
classes are equally different in a structural
sense,”

The importance of how variation among
artifacts is sorted and classified cannot be
overemphasized. Usually, wvariants or
types arc specified for an analytical pur-
pose. Measures of richness (which we use
here as synonymous with diversity), even-
ness, and heterogeneity of collections are
meaningless if the types underlying the
measures were designed for disparate
purposes. In the next section we discuss
two kinds of variation that might be mea-
sured, one of which is critical to under-
standing the history of variation and to
the analytical technique we describe.
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THE GENERATION AND
TRANSMISSION OF VARIATION

Archaeologists have traditionally called
on ethnographically documented mecha-
nisms of variation generation such as in-
vention, innovation, and diffusion. In part
because cthnographic informants answer
questions regarding why they produce
novel variants, archaeologists have also
spoken of the “intentional,” “guided,” and
“directed” production of novel variation
(e.g., Braun 1991; Neff 1992; Roscnberg
1994; Spencer 1997). These terms imply
that if a novel variant was desired, per-
haps because it would solve an adaptive
problem, it was invented. Although we
endorse the notion that new variants are
intentionally created at least some of the
time (e.g, Lyman and O’Brien 1998;
('Brien and Holland 1992), we have yet to
determine how such intentions are to be
identified analytically in the archaeologi-
cal record. Further, as we and others have
argucd {Dunnell 1989; Leonard and Jones
1987; Lyman and O’Brien 1998), using hu-
man intentions as an explanation places
cause in the phenomena requiring expla-
nation rather than in theory. As a result, it
denies an opportunity to understand the
cvolutionary origins of human intentions.
What mechanisms, then, might be called
on to account for the generation of novel
variants?

Stimulated Variation

Schiffer (1996:655) hypothesizes that
“some bursts of varicty generation” can
be accounted for as follows: “[I[nforma-
tion {as matter or enecrgy) coming from
changed conditions in selective contexts
can stimulate an increase in inventive ac-
tivities of behavioral components and can
foster the creation of new behavioral com-
penents.” Labeling this “process” “stimu-
lated variation,” Schiffer (1996:655) notes,
“in mo way obviates |natural] sclection;

after all, cvery variant proeduced during an
instance of stimulated variation can be se-
lected against.” Further, it “allows us to
assign problem-solving its proper role in
evolution, that of producing new variants”
(Schiffer 1996:655). To avoid the connota-
tion of “directed” or “guided” variation,
Shiffer (1996:655) states that a novel vari-
ant “created by [stimulated variation] is
not directed by future adaptive needs, but
is shaped by contemporaneous phenom-
ena in the selective environment.”

In our view, the key word is “stimu-
lated” because it implies two things. First,
it implies that at least some novel variants
will appear as a result of new perceived
needs, that is, as a result of intention (e.g.,
Basalla 1988; Petrosky 1992; Stein and Lip-
ton 1989). Hence we elsewhere refer to
“stimulated variation” as another expres-
sion of “necessity is the mother of inven-
tion” (O'Brien et al. 1998:493). Apparently,
regardless of whether all or some of the
new variants are selected against, “prob-
lem-solving behaviors usually lead to an
appropriate response, and the result is a
new adaptation” (Schiffer 1996:655; em-
phasis added). At least some new adapta-
tions will, therefore, be the result of
problem-solving activities that were stim-
ulated by perceived changes in selective
contexts. Second, stimulated variation im-
plies that the generation of variation must
be restricted to a cultural lineage—change
must be internal to an evolutionary line—
and that the source of the noveltics may
be internal (invention, innovation} or ex-
ternal (diffusion) to the lincage.

Identifying instances of stimulated vari-
ation has steep data requirements. First,
Schiffer (1996:656) notes that invention is a
“major source of variation jand] is hardly
a random process; rather, inventive activ-
ities can be highly patterned by stimu-
lated variation. These strong effects are
often discernible as a clustering in time
and space of similar inventions.” This
characterization indicates that a first step
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in the identification of instances of stimu-
lated variation requires that the random
background generation of novel variants
must be distinguished from the spatio-
temporally restricted instances of the gen-
eration of multiple novel variants—what
Schiffer {(1996:656} describes as “dramatic
increases in variation” or a “burst of vari-
ation”—signifying stimulated variation.
We describe below both a mechanism that
we believe randomly preduces novel vari-
ants and an analytical technique to distin-
guish between that kind of variation gen-
eration and stimulated variation.

Schiffer (1996:656) suggests that the new
variants resulting from stimulated variation
will be “rigorously winnow([ed]” by sclec-
tion—they will be “shaped by the selective
environment” (Schiffer 1996:6°5)—and thus
only some may persist over time. This un-
derscores that classifications must be theo-
retically informed and must monitor varia-
Hon in great detail, but also that our
classifications must monitor variation in two
rather different ways. First, classifications
must monitor variants that influence adap-
tive fitness and thus are subject to—
“shaped by”—natural selection. We term
these “functional variants” (Dunnell 1978).
To identify, monitor, and explain this kind
of variant we nced detailed knowledge of
selective environments and their histories.
Then, fine-scale spatiotemporal correlation
of changes in selective environments and
“dramatic increases” {Schiffer 1996;656) in
the diversity of novel functional variants
must be found. Given sufficient temporal
resolution, the correlation will be less than
perfect in a predictable way because, ac-
cording to the definition of stimulated vari-
ation, the stimulus must temporally precede
the appearance of novel functional variants.

A Darwinian perspective acknowledges
that novel variants may not influence
adaptive fitness but rather be adaptively
neutral. This is the second kind of varia-
tion that must be identified and moni-
tored; we label these “stylistic variants” or

simply “styles” (Dunnell 1978). Styles are
adaptively neutral and thus are not sub-
ject to natural sclection—they are not
“shaped by the selective environment”
(Schiffer 1996:655). Stimulated variation
can result, as Schiffer (1996:656) notes, in
“false starts, partial solutions, unintended
consequences, and dead-ends.” All these
potentialities, as well as the persistence of
variants that have no apparent adaptive
advantage, may be explicable as selec-
tively neutral variants of various scales
rather than as variants whose history sub-
sequent to their initial appearance is
“shaped by the selective environment.”
Thus, style as a particular kind of variation
(as we define it) has analytical utility.
There is also the necessity of recogniz-
ing styles. Stimulated variation occurs
within a cultural lineage, and one must,
therefore, sumehow establish that a lin-
eage, or line of heritable continuity (signi-
fying transmission), is under study rather
than merely a sequence of variant forms.
As Neff (1993:27) indicates, “Detecting
transmission is a matter of ascertaining
temporal and spatial boundaries and
amassing data on the distribution of [arti-
fact] traits arising from shared [artifact]-
making practices. ... Similarities may
arise through convergence in the absence
of cultural transmission, and these analo-
gous similarities may be confused with
evidence of cultural relations,” In our
view, stylistic similarity of artifacts is “ho-
mologous similarity [that is] the result of
direct cultural transmission once change
similarity in a context of limited possibil-
ities is excluded” (Dunnell 1978:199). We
return to this below and describe a tech-
nigque for testing similaritics that are hy-
pothesized to comprise homologs.

Transmission Fidelity and the Random
Generation of Background Variation

The concept of stimulated variation de-
scribes an important mechanism for the
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generation of novel variants. [t appears to
be incompletely characterized by Schiffer
{1996), however, as it tends to focus on
what we term functional variants. It does
not account for the persistence of adap-
tively neutral variants, and it excludes
what we term the background, or random
generation, of novel variants. All these
factors are included within modern Dar-
winian theory, particularly that portion
dealing with transmission and heritabil-
ity. In short, the fidelity with which a thing
is replicated varies from a pertect copy to
a copy that is to a greater or lesser degree
an imperfect copy of the original. Without
using the term “fidelity,” Krocber (1940),
writing on what he termed “stimulus dif-
fusion,” or “idea diffusion,” noted that
cultural transmission could involve per-
fect or imperfect fidelity. Forty years later,
zoologist G. E. Hutchinson (1981) noted
that various organisms, including hu-
marns, learn by mimicking and imitating
the behaviors of those conspecifics around
them. importantly, Hutchinson (1981:164)
stated that the imitator is a potential in-
novator: “In all kinds of imitation, errors
of communication are very likely to occur.
They are to mimesis what mutation is to
ordinary |genetic] inheritance.” We find
transmission and its errors a significant
potential cxplanation for the origination
of novel variants (Lyman and O’Brien
1998; see also Neff, 1992, 1993) and suspect
that it accounts for much of the random
background generaticn of new variants.
Errors of transmission—incomplete or in-
correct message sent or received—result
in new empirically expressed variants
rather than in replication of the original
variant. Within a lineage, new variants
produced by transmission errors should
be more or less randomly distributed over
time and space.

Transmission also accounts for the per-
sistence of selectively neutral variants or
styles. Histories of stylistic variants illus-
trate the vagaries of transmission, and

computer-generated simulations of trans-
mission by archaeologists {e.g., Lipo et al.
1997; Neiman 1995) and paleobiologists
(c.g., Gould et al. 1977; Kitchell and Mac-
Leod 1988; Raup et al. 1973; Raup and
Gould 1974; Uhen 1996) show that selec-
tively neutral variants will persist differ-
entially and that we shouldn’t expect
patterned or significant increases or de-
creases in stylistic diversity over time. The
frequency distributions of stylistic vari-
ants over time are “stochastically pro-
pelled” (Dunnell 1978:199; O’Brien and
Holland 1990:53). Because styles are selec-
tively neutral, fluctuations in the fre-
quency of stylistic variants have a Mar-
kovian structure simply because of “in-
heritance” (Dunnell 1980:58) or transmis-
sion—that is, what comes later depends in
part on what came earlier (Gilinsky and
Bambach 1986). Whether the idea for a
cultural variant—of whatever scale—is
transmitted is stochastic because it de-
pends on history. The variant must exist
{cven if only conceptually) to be transmit-
ted, but it does not have to be transmitted
merely because it exists. And if it is trans-
mitted, it does not have to be replicated or
be empirically expressed. This applies to
functional variants as well as to stylistic
variants.

Transmission is critical to the evolution
of a lineage because it can result in
the differential persistence of variants,
whether thosc variants are stylistic or
functional. This is clear given the concept
of sorting. Vrba and Gould (1986:217) indi-
cate that sorting comprises “differential
birth and death among varying organisms
Jvariants] within a population” and that it
“is a simple description of differential rep-
resentation; it contains, in itself, no state-
ment about causes. At ifs core, Darwinism
provides a theory for the causes of sort-
ing—natural selection.” Their point is that
change over time either in the frequency
of variants or in the frequency of speci-
mens within particular variants may be
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the result of selection, but it may also be
the result of nonselection-driven sorting
{Gould 1988). For example, the latter can
occur when selection operates at one
scale—say, on a kind of discrete object—
and results in the differential persistence
of phenomena at a more inclusive or less
inclusive scale—an aggregate of particular
variants or an attribute of a variant, re-
spectively. In ather words, sclection works
directly on one scale of phenomena but
only indirectly on another scale; the
former is sclected, whereas the latter is
merely sorted. Other sorting mechanisms
include drift (sampling error that occurs
during the transmission process), random
extinction events, and the hitchhiking, or
mechanical association, of a trait with an-
other that is being shaped by selection
[Gould 1990:21; see Vrba (1989) for ex-
tended discussion]. ldentifying instances
of sorting and distinguishing them from
instances of seclection requires not only
the same kinds of data demanded for
identifying instances of stimulated varia-
tion but also a detailed examination of
phenomena at various scales.

ESTABLISHING CULTURAL
LINEAGES

The transmission process underlies ef-
forts to establish cultural lineages, or lines
of heritable continuity, and archaeologists
have at their disposal an analytical tech-
nique for constructing and testing
whether a temporal sequence of artifact
forms comprises a lineage. That technique
is frequency seriation, which has seen de-
tailed discussion at the hands of evolu-
tionary archaeologists in the past several
years (e.g., Lipo et al. 1997; Neiman 1995;
Teltser 1995). Thus we only summarize its
history and most critical aspects here {see
Lyman et al. (1997, 1998} and O’Brien and
Lyman (1999, 2000) for additional details].

Evolutionary Affinity among Artifacts

Willey (1953:363) stated as an unequiv-
ocal methodological axiom of archaeclogy
that “typological similarity is an indication
of cultural relatedness.” Evans (1850) used
this axiom in his phyletic seriations (Ly-
man et al. 1997, 1998; O’Brien and Lyman
1999) of British gold coins, Petrie {e.g.,
1899) used it te accomplish his phyletic
seriations of Egyptian pottery, and Kidder
(1917) and Beals et al. (1945) used it in
their phyletic seriations of Southwestern
pottery. The axiom also allowed archaeol-
ogists to perform “typological cross dat-
ing” (e.g., Patterson 1963), and it
prompted development of the concept of
“horizon styles” (Krocber 1944; Willey
1945), both of which assume that typolog-
ically similar artifact siyles are close in
time, The emphasis on style is critical. Al-
though there was no explicit theoretical
explanation of stylistic similarity, the sel-
dom-remarked notion was that formal
stylistic similarity denoted a close phylo-
genetic relationship in a sense analogous
to that in biological evolution (Lyman
1998)—artifacts are stylistically similar as
a result of culhural transmission.

Archaeologists in the first half of the
twentieth century argued about how to
determine whether hypological similarity
denoted common evolutionary history—
similarity was homologous—or functional
convergence—similarity was analogous—
but with little in the way of agreement
{Lyman 1998). In fact, it was this debate
that Binford {1968:8) used to illustrate the
weakness of the culture-history paradigm:
“Tt is evident that each culture trait tabu-
lated in obtaining the ratio which mea-
sures degree of genealogical affinity must
be evaluated to determine whether the
similarity between traits arose as a func-
tion of lineal transmission, diffusion be-
tween cultural units, or independent de-
velopment within each cultural umit. It is
here that a basic, unsolved problem lies:
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How can archeologists distinguish be-
tween homologous and analogous cul-
tural similarities?”

The frequency-seriation technique
comprises a way to test hypothesized ho-
mologous similarities (Dunnell 1970; Lipo
et al. 1997; Neiman 1995; Teltser 1995),
Types that are homologous will display
particular frequency distributions over
time and space; types that do not display
such distributions are not homologs. The
analytical focus of frequency seriation is
on changes in relative frequencies of spec-
imens representing each of multiple sty-
listic variants. One can build and test a
hypothesized cultural lincage with the
frequency-seriation technique and then
monitor change in diversity of either sty-
listic variants or, after reclassifying the ar-
tifacts in functional terms, functional vari-
ants. The requisite first step, however, is
in building and testing the lineage, and
that requires standard frequency seriation
of artifact styles to cnsure that heritable
continuity is being monitored rather than
a mere sequence of variation that may or
may not entail heritable continuity.

Seriaton and Heritable Continuily

Frequency seriation attempts to deal
strictly with heritable, or phylogenetic, con-
tinuity through three procedural require-
ments (Lipo et al. 1997; Teltser 1995). Al-
though the roots of the requirements are
deep (c.g., Ford 1938; Rouse 1939), onc of the
earliest and most detailed statements on
them is found in Phillips et al. (1951:219-
236). The requirements were expanded,
amended, and clarified in later years {(e.g,,
Cowgill 1972, Dunnell 1970: Ford 1962
Rouse 1967; Rowe 1961). First, and perhaps
least important, given the focal concern of
phylogenetic continuity, the assemblages of
artifacts to be seriated must be of similar
duration. Meeting this requirement insures
that the placement of particular assem-
blages in an ordering is the result of their

age and not their duration. The other two
requirements are critically important to the
issue of phylogenetic relatedness. The sec-
ond requirement is that all assemblages to
be ordered must come from the same local
area. Meeting this requirement, though an
analytically complex procedure (Lipo et al.
1997; see also Dunnell 1981), attends the fact
that heritable continuity has both a tempo-
ral and a spatial component (Teltser 1995)
and attempts to control for the latter in an
effort to measure only the former.

In our view, mecting the second re-
quirement increases the probability of
meeting the third requirement [following,
particularly, Rouse’s {(1955) reasoning},
which is that the assemblages to be or-
dered in a frequency scriation must all
belong to the same cultural radition, A
cultural tradition is defined as “a (primar-
ily) temporal continuity represented by
persistent configurations in single tech-
nologies or other systems of related
forms” (Willey and Phillips 1958:37} or as
“a socially transmitted form unit {or a se-
ries of systematically related form units)
which persists over time” (Thompson
1956:38). Therefore, if one meets the third
requirement of the seriation method, then
heritable continuity is assured and phylo-
genetic affinities between the seriated as-
semblages are guaranteed. The third re-
quirement means that the seriated
assemblages “must be ‘genetically’ re-
lated” {Dunnell 1970:311; see also Ford
1938; Kidder 1916). The use of theoretical
units, or classes, such as are demanded by
frequency seriation, satisfies this require-
ment (Dunnell 1970).

Frequency seriation monitors transmis-
sion and heritability at two levels (Rouse
1939). First, each artifact identified as a
member of a particular class is hypotheti-
cally rclated phyletically to every other
specimen within that class, given their
properties in common [they are members
of the same class (type)] and, typically
(though not necessarily), their spatiotem-
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FIG. 1. Edwin Dethlefsen and fames Deet’s graph showing changing percentages of five classes
of headstones in use in Plymouth, Massachussetts between 1680 and 1849 (after Dethlefsen and

Deetz 1966:Fig. 3c).

poral propinquity {e.g., Phillips et al. 1951;
Rouse 1955; Steward 1929). We hereafter
refer to this as the type/species sense of
heritable continuity. Second, the multiple
classes that are scriated are hypotheticaily
related phylogenetically, given the re-
quirement of seriation (Dunnell 1970; Lipo
et al. 1997) that all seriated collections de-
rive from a single cultural tradition,
which, by definition, reflects transmission,
persistence, and heritable continuity
{Phillips and Willey 1953; Thompson 1956;
Willey 1945; Willey and Phillips 1958). Be-
cause traditions can be conceived of and
constructed at the scale of attribute of a
discrete object, type of discrete object (a
particular combination of attributes), or
multiple types of discrete objects {e.g,
Neff 1992), we hereafter refer to this as the
tradition/lineage sense of heritable continu-
ity to signify the potential for a diversity of

units—of whatever scale—within a tradi-
tion or lineage.

We emphasize that heritable continuity
at both the typc/species level and at the
traditionflincage level is hypothetical, This
means that the phylogenetic relationships
of the seriated materials arc testable, If the
requircments of seriation are met, then
the frequency distribution of each class
over time will, as a result of transmission
(Lipo ¢t al. 1997; Neiman 1995), display a
unimodal curve such as that shown in Fig.
1. That is the implication of frequency se-
riation as a test of heritable continuity.
The use of classes of artifacts representing
what arc referred to as “historical,” or
“temporal,” types (styles) insures herita-
ble continuity at the typefspecies level—
items are definitionally identical—and,
with appropriate specification of the set of
classes to be used, at the traditionflincage
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level as well. Two peints need to be made
in this respect. First, the distribution of
styles should, theoretically, be different
from the distribution of functional forms
over timne and space. The former will mea-
sure interaction, transmission, and inher-
itance, whereas the latter will sometimes
measure transmission as mediated by nat-
ural selection and other times measure
adaptational change alone (Meltzer 1981).
In other words, functional forms might
display discontinuous, or multimodal, fre-
quency distributions over time as a result
of, say, convergence or fluctuations in se-
lective environments; when they display
such distributions, they cannot serve as
historical types.

The second point with respect to stylis-
tic variants is that the phylogenetic impli-
cations of the hierarchical structure of the
Linnacan taxonomy in biology are trans-
ferable to a similar hicrarchical alignment
of historical types of artifacts. Although a
hierarchically structured typology need
not have phylogenetic implications (Val-
entine and May 1996), a significant part of
evolution comprises diversification, and
thus a hierarchy of successively more in-
clusive types could ultimately reflect phy-
logeny, though this too requires festing
(e.g., Lipo et al. 1997). The first pots man-
ufactured were no doubt less diverse in
kind than were their technological de-
scendants. Further, differences between
lithic technology and ceramic technology
suggest that they evolved independently
of one another, and each therefore can
serve as a test of whether the ordering
produced by the other reflects the passage
of time (Dunnell 1970). A confirming test
would also suggest that the orderings
comprise lineages. Plotting relative fre-
quencies of types against their strati-
graphic provenience compriscs what we
have termed “percentage stratigraphy”
{Lyman et al. 1997:52; Lyman et al. 1998;
O'Brien and Lyman 1998, 1999). If the
types display unimodal frequency distri-

butions and the requirements of the seri-
ation method are met, percentage stratig-
raphy would not refute the inference that
the ordering is chronological and would
suggest the sequence comprises a lineage.

Although he doubted that artifact types
could ever be used to build a phylogeny,
Krieger (1944) noted that temporal types
must {a) “serve as tools for the retracing of
cultural developments and interaction”
{p. 272); (b) have “demonstrable historical
meaning” (p. 272); (c) comprise “specific
groupings of structural features which
have proved historical significance” (p.
273); and (d) “occupy . .. definable histor-
ical positions[s], that is, [their] distribu-
tion[s are] delimited in space, time, and
association with other cultural material”
{pp. 277-278). That such units had to be
constructed by “trial and error” was im-
plicit in Krieger’s discussion and explicit
in the discussion of others (e.g., Ford 1962;
Phillips et al. 1951). This process of con-
structing historical types goes on today
{e.g., O’Connell and Inoway 1994; Thomas
1981), but until recently there has been
little concern for why these types allow the
tracking of Krieger's “cultural develop-
ments and interaction” and why they have
spatiotemporally limited distributions.
Only with explicit adoption of the tenets
of Darwinian evolutionary theory has it
become clear why historical types behave
the way that they do—that is, why they
have a particular kind of spatiotemporal
distribution (e.g., Lipo et al. 1997; Neiman
1995; O'Brien and Lyman 1999, 2000; Telt-
ser 1995). When they find empirical ex-
pressicn, that behavior is the result of the
transmission of selectively neutral vari-
ants, or styles.

CLADE-DIVERSITY DIAGRAMS

For nearly a century Amcricanist ar-
chaeologists have graphed change over
time in the relative frequencies of speci-
mens within types (Lyman et al. 1998), The
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graphs of centered and stacked bars pio-
neered by Rouse (1939) and perfected and
popularized by Ford (e.g., 1949) represent
the most familiar example (Lyman et al.
1998; O’Brien and Lyman 1998). These
graphs have been and still regularly are
used tec measure the passage of time. They
measure fime best when they monitor
transmission and heritable continuity
{O’Brien and Lyman 1999), but they also
monitor the history of variation in arti-
facts. One could, for example, calculate a
richness value, an evenness value, a mea-
sure of heterogeneity, or some combina-
tion of these for each row of bars in a
graph. In the following, we examine only
the richness property, but in a very spe-
cific way. In particular, we take advantage
of the fact that palcobialogists have, since
early in the twentieth century, produced
graphs that appear similar to those of ar-
chaeologists [Gould et al. (1987) and ref-
erences therein]. It is the graphic tech-
nique of paleobiclogists that we describe
below.

Graphing Diversity among Phylogenetically
Related Taxa

Paleontologists, under the term “bio-
stratigraphy,” have long used particular
fossil taxa to corrclate strata based on the
notion that “the closer the relationship of
two species, the closer they will approxi-
mate each other in time” (Eldredge and
Gould 1977:39), with closeness of taxo-
nomic relationship being denoted by mor-
phological similarity. Originally, formal
similarity denoted only close relationship
in time and allowed the correlation of hor-
izontally separate strata based on their bi-
ological content, similar to the typological
cross-dating of archaeology. The evolu-
tionary implication that formal similarity
implies a phylogenetic relationship was
explicit only after Darwin (1859:206) ar-
gued that “By unity of type is meant that
fundamental agreement in structure,

which we see in organic beings of the
same class, and which is quite indepen-
dent of their habits of life. On my theory,
unity of type is explained by unity of de-
scent.” Tt is now axiomatic that caution
must be exercised when determining phy-
logenetic affinity to ensure that formal
similarity is not the result of evolutionary
convergence [e.g, Lyman (1998) and ref-
erences therein].

Palecbiologists construct graphs show-
ing the frequency of lower-level taxa
within a particular higher level taxon in
order to display the history of life. Many
of these graphs produced in the last sev-
eral decades comprise what are termed
clade-diversity diagrams and are con-
structed as shown in Fig. 2 (Gould et al.
1977; Raup and Gould 1974; Raup et al.
1973). A clade-diversity diagram displays
the fluctuating absolute frequency of tax-
onomic richness within a monocphyletic
lineage, or clade, over time. What is
graphed is the number of taxa within a
higher taxon—the number of orders
within a class, the number of families
within an order, and so on. A monophy-
letic lineage comprises one or more lin-
eages or taxa having a common ancestor;
new lineages or taxa arise only by branch-
ing or diversification, and each clade con-
tains only and all those taxa deriving from
a common ancestor plus the common an-
cestor, Because a clade-diversity diagram
shows change in the number of extant
lineages over time, it comprises a history
of the origination and extinction of taxa
within a clade: “If the rate of branching
cxceeds the rate of extinction . . . the num-
ber of coexisting lineages increases. If ex-
tinction exceeds the rate of branching, di-
versity decreases. If the two rates are
equal over a period of time, diversity re-
mains constant” (Raup et al. 1973:528). Of-
ten, hypothesized phylogenetic connec-
tions between clades are shown (Fig. 3). In
such cases, each column of centered and
stacked bars depicts, say, the number of
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FIG. 2, A madel for producing a clade-diversity diagram. The phylogenetic history of taxa is
shown on the left and the resuiting clade-diversity diagram is shown on the tight. Once the
phylogenetic history of related taxa has been worked out, including the placement of their starting
and cnding points, the data are summarized as at the right, which shows the waxing and waning
of the number of taxonemically distinct lineages {taxa at a lower, less inclusive hicrarchical level}

within the clade (after Raup et al. 1973:Fig. 1}

genera within a family, and the phyloge-
nctic relations of the families can be
shown with dotted lines because all
graphed families belong to the same order
or class.

Clade-diversity diagrams and fre-
quency-seriation graphs are similar in
three ways: Time passcs from the bottom
to the top, having typically been deter-
mined for both kinds of analysis based on
stratigraphy or radiometric dating; fre-
quencies of kinds of things are denoted by
vertically stacked, horizontally centered

bars of various widths; and the things
graphed are thought to be phylogencti-
cally related. But the frequencies graphed
are absolute numbers of kinds of things in
a clade-diversity diagram; in a frequency-
seriation graph the relative frequencies of
specimens within each of several types of
a kind of artifact are represented. A clade-
diversity diagram can be casily generated
from a frequency-seriation graph. One
has but to tally up how many types aceur
in each temporal interval and then gener-
ate the appropriate graph of centered and
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FIG. 3. Clade-diversity diagrams of randomly generated clades (tap} and real clades showing the
diversity of genera within orders of brachiopods (bottem). The Markovian structure of the graphs
depends on heritable continuity {(after Gould ct al. 1477:Fip. 1).

stacked bars. For example, the clade-di-
versity diagram in Fig, 4a is based on the
graphin Fig. 1 and on the assumption that
the latter comprises a single clade.
Clade-diversity diagrams have been
compiled for a number of taxa and time
periods and have revealed not only vari-
ous evolutionary events that took place
during the history of life (¢.g., Prothero
1985; Sepkoski et al. 1981) but the poten-
tial causes of those events (e.g., Miller and
Sepkoski 1988). Because both simulated
and real clade-diversity diagrams have
Markovian structures, variations in the
computer programs used ta generate sim-

ulated clade-diversity diagrams have
yielded insights into possible evolutionary
processes {e.g., Benton 1995; Gilinsky and
Bambach 1986; Uhen 1996)."* Two points
are important. First, the same kinds of
questions, analyses, and answers can be
part of archaeology precisely because it,
too, often is faced with apparent evolu-
tionary trends, though in artifactual rather
than in organismic variation. Second,
analysis of clade-diversity diagrams al-
lows the distinction to be made between

* See Notes section at end of article for all foot-
nokes,
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FIG, 4, Clade-diversity diagrams fer headstones, based on Fig. 1. (a) Number of classes per time
period assuming one clade or teadition; (b) number of classes per time period assuming two clades
or traditions {slate-gravestone at left and urn-and-willow at vight) and phylogenctic diversification

of one from the other {see text for discussion).

stimulated variation and randomly gener-
ated background variation.

Distinguishing bebween Stimulated Variation
and Random Background Variation

Paleobiologists developed  computer
programs ta simulate the diversity history
of a clade because they “wished to predict
what phylogeny would look like if it were
determined by randem processes and
then to compare this with the real world,
to enable us to scparate random clements
from those that require interpretation in
terms of specific and perhaps nonrecur-
ring causes” (Raup et al. 1973:527). Using
more explicit wording, Raup (1977:53) in-
dicates that “the first question for the pa-

leobiologist faced with an evolutionary
trend should be: Does the trend represent
a statistically significant departure from
chance expectations?” This question must
be asked, as Gould et al. {1977:24) note, if
explanations are to result: “Until we know
what degree of apparent order can arise
within random systems, we have no basis
for asserting that any pattern in the his-
tory of life implies a conventional [typi-
cally functional or adaptive] cause for its
generation.”

Gilinsky and Bambach (1986:251-252)
summarize possible conclusions if the
question were answered negatively: “Be-
yond the orderliness necessarily imposed
by the system, major features of the his-
tory of diversity are truly (ontologically)
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random; or...major features of the his-
tory of diversity result from large num-
bers of complexly intertwined causal fac-
tors none of which predominates, such
that [clade histories| often appear to be
random.” The “orderliness necessarily
imposed by the system” can be summa-
rized as follows:

Initial diversity is always zero (before the
taxon’s incepticn); final diversity is always zero
{after extinction); diversity never swings below
zere; and diversity is Markovian (diversity at
any time { | df depends in part upon the diver-
sity at previous time ). These features limit the
range of possible diversity histories and cause
patterns of diversity change through time to ap-
prar more orderly than in independent-events
processes, which have no Markovian memory
and have np constraints at their beginnings and
ends (Gilinsky and Bambach 1986:251),

Gould et al. (1987:1437) posed the ques-
tion, “[D]oes any asymmetry exist, statisti-
cally defined over large numbers of lin-
eages, in the vertical [temporal| dimension
of clade diversity diagrams?” If so, cne
might measure time with the diagrams or
detect a recurrent pattern in the history of
changes in life’s diversity. They found such
an asymmctrical pattern in the form of “bot-
tom-heavy clades” and suggested that there
indeed was a particular direction to biolog-
ical evolutionary time [but see Uhen (1996)].
Many of the real clades they examined ap-
peared to be taxonomically richest early in
their history and to become progressively
less rich over iime [but see Kitchell and
MacLeod (1988, 1989)]. Importantly, their
methods of analyzing clade-diversity dia-
grams included a technique that can be
used to identify Schiffer’s (1996) “bursts of
variation” characteristic of stimulated vari-
ation and fo distinguish them from the ran-
dom background generatien of variation.

Gould et al. (1977) developed a simple
way to determine if a clade-diversity dia-
gram was symmetrical or not, and if not,
whether the diagram was bottom or top
heavy. To do this, they determined the
“center of gravity,” or what they referred

to as the “relative position in time of the
mean diversity” of a clade (Gould et al
1977:26, 1987:1438). The duration of a clade
is measured on a scale from zero—the
time period immediately prior to the pe-
riod when the clade first appears—to
one—the time period immediately follow-
ing the period of clade extinction. An
equilateral diamond-shaped clade-diver-
sity diagram is symmetrical and has a cen-
ter of gravity of .5; a tear-drop-shaped, or
bottom-heavy, diagram is asymmetrical
and has a center of gravity of less than .5;
an inverted tear-drop-shaped, or top-
heavy, diagram has a center of gravity of
greater than .5. The center-of-gravity
value is calculated with the formula.

CG = {XNHtH{ZN),

where N is richness per time interval and
t is the scaled temporal position of the
richness measure. For example, the center
of gravity of the clade-diversity diagram
in Fig. 4a is calculated as shown in Table 1.
We assume for purposes of illustration
that the clade began in 1680 and ended in
1850, but note that this is procedurally
incorrect because the temporal end of the
clade is unknown. One should not calcu-
late a CG value for an incomplete clade-
diversity diagram because if either end is
missing, the CG value will be skewed. A
top-heavy value will result from a missing
terminal portion; a bottom-heavy value
will result from a missing initial portion
(Gould ct al. 1977, 1987; see also Gould
1978). We use the graph in Fig. 4a here
merely to illustrate the technique of cal-
culating CG and return to the issue of
whether it in fact represents a clade be-
low.

Kitchell and MacLeod {1988, 1989) note
that the categories “symmetrical,” “bot-
tom heavy,” and “top heavy” are nominal
scale. Only a CG of .5 denotes the first
category, CG values less than .5 denote
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TABLE 1
Mathematics Used to Caleulate the Center of Grav-
ity Statistic for the Clade-Diversity Diagram shown
in Fig. 4a

Time Richness  Scaled time  Richpess X
period (N {T) scaled time

1850 0 1.0:00 0
18401849 1 244 O
18301839 1 BRY 589
18201829 T B33 833
16101819 2 778 1.558
1800-1809 2 722 1.444
179017949 1 a7 667
1780-1759 1 G611 611
17701779 1 .56 556
17617689 3 A0 1.500
17501759 4 444 1.776
1740-1749 4 386 1.556
17301739 3 333 999
17201729 1 278 278
1710-1719 1 222 222
17001709 1 167 167
1690-1654% 1 11 111
1680-1£85 1 056 056
1679 0 0 ' 0
L= 29 — 14.165
GG 14165 0 29 = 488

the second, and CG values greater than .5
denote the third. Using random simula-
tions, they determined that statistically
significant (¢ < .05) bottom-heavy asym-
metry was found only in clades with a CG
of less than .428 and top-heavy asymmetry
only in clades with a CG of greater than
578 {Kitchell and MacLeod 1988:1192).° In
contrast, Gilinsky et al. (1989) argued that
one could, using Student’s {, determine if
differences are statistically significant be-
tween a CG value and the mean CG of
500 derived from Kitchell and MacLeod’s
(1988} simulations. These and additional
simulations by others (¢.g., Uhen 1996) in-
dicate that the number of time intervals
included in a simulation combined with
the particular parameters of each simula-
tion (particularly the probability of the ap-
pearance of a new variant and the proba-
bility that an existing variant will

disappear during a time interval) influ-
ence the confidence intervals bracketing
the mean CG. Thus, there is much that
could be done with simulating the history
of artifact diversity. Rather than pursue
that here, we compare CG values ob-
served among several sets of artifacts with
Kitchell and MacLeod’s (1988) simulated-
sample mean CG of .5 and standard devi-
ation of .032 {n = 1000 all p values are for
one-iailed tests. Thus, for the CG of 488 in
Table 1, t = .375 (p = .4). This clade is
effectively symmetrical.

But Is It a Clade?

Before turning to examples, it is impor-
tant to discuss how clades are distin-
guished. Earlier, we assumed that each of
the five styles of headstones shown in Fig,
1 comprises a (historical) class within a
single monophyletic group, or clade, and
thus that Fig. 4a rcpresents a clade-diver-
sity diagram. This assumption is incorrect.
Dethlefsen and Deetz (1966:503-504), who
compiled the data for and published the
original version of our Fig. 1, indicate that
four of the five types—death’s heads,
heart-mouth, medusa, cherub—comprise
what they term the “slate-gravestone tra-
dition” and imply that the fifth type—urn-
and-willow—comprises a different tradi-
tion. This change in tradition is
“associated with a marked alteration”
from headstones with arched shoulders
that signify the slate-gravestone tradition
to square-shouldered headstones on
which urn-and-willow motifs arc found
{Dethlefsen and Deetz 1966:503). As indi-
cated in Fig. 1, headstones of the latter
{(and later) éradition replace thosc of the
former (and carlier) tradition between
1800 and 1820. Thus, an analytically cor-
rect CG value can be calculated for the
slate-gravestone {or arched-shoulder) tra-
dition (CG = .500) but not for the urn-and-
willow tradition, as the termination of the
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latter is unknown (it is not specified by
Deetz and Dethlefsen).

Their intensive studies of colonial head-
stones in eastern Massachusetts and tem-
porally associated written documents al-
lowed Deetz and Dethlefsen (1965, 1967,
1971; Dethlefsen and Deetz 1966) to identify
the two traditions of headstone preduction.
Would those same traditions be recogniz-
able archacologically? Perhaps, but perhaps
not. The association between shoulder
shape and motif is not rigid; Deetz (1977:72)
states that the change from cherub to urn-
and-willow motifs “is usually accompanicd
with a change in stone [shoulder| shape”
(emphasis added). Shoulder shape could
not be used alone to denote a change in
tradition. Further, the change in tradition
also involved a shift from part-time produc-
tion of headstones by individuals who had
other employment to “a full-time specialty”
{Dethlefsen and Deetz 1966:403). This shift
in production mode may or may not
be visible archacologically. Finally, Deetz
and Dethlefsen (1967, 1971; Dethlefsen and
Deetz 1966) used phyletic seriation as well
as frequency seriation to help distinguish
between the two traditions. The phyletic
seriations revealed gradual changes in dec-
orative motifs and thus suggested heritable
continuity within the slate-gravestone tradi-
tion, but no such continuity between the
motifs of that {radition and those of the urn-
and-willow tradition were found. Although
phyletic seriation may reveal such conbinu-
ity, we note that this seriation technique
demands much finer-scaled classification of
the headstones than is indicated in Fig. 1.
The phyletic seriation presented by Deetz
and Dethlefsen (1967:34-35) of the samc
material graphed in Fig. 1 and comprising
only the slate-gravestone tradition involved
17 styles; the phyletic seriation presented by
Deetz {1977:79) of the same¢ material in-
volved 14 styles.

The analytical technique of phyletic seri-
ation is underpinned by a notion of gradual
change within a line of heritable continuity

that is readily accounted for by the vagaries
of transmission (whether lack of fidelity is
intentional and irrespective of the source of
new variants). A break in such a line can
vary in magnitude. A break of lesser mag-
nitude has typically been interpreted as re-
sulting from either a significant diffusion or
enculturation event {if the break is at the
scale of one or several of the extant types) or
an immigration event [if the break is at the
scale of all or nearly all extant types (e.g,
Thompson 1956)]. Ancther criterion used to
help distinguish between these two kinds of
discontinuitics is the presence-absence of
styles that could conceivably serve as phy-
letic ancestors to the new styles. If no such
styles are present, then immigration is sug-
gested; if some ancestral styles are present,
then diffusion or enculturation is suggested
(e.g, Ford 1952; Steward 1929). These crite-
ria are included in the frequency seriation
technique used by Lipo et al. {1997) to iden-
tify discontinuity in historical sequences
that imply a change from one lincage to
another,

Our point here is that in order to correctly
construct and interpret clade-diversity dia-
grams, a major analytical cffort must com-
prise the construction of artifact lineages,
which in turn rests on classification (e.g.,
Patterson and Smith 1988). Further, not only
is the shape of a clade dependent on classi-
fication, the richness and duration of a clade
are influenced by the taxonomic level used
to quantify clade diversity (Stanley et al.
1981). Failure to expend this effort may re-
sult in a clade-diversity diagram such as
that shown in Fig, 4b, which, though largely
correct, implies by the included dotted line
that the urn-and-willow tradition evolved
from the slate-headstone tradition, which
according to Dethlefsen and Deetz (1966) is
incorrect. They had historical documents to
help them; another analyst without such
documents might have defined a “head-
stone tradition” and included both the
round-shouldered slate-gravestone tradi-
tion and the urn-and-willow tradition ma-
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terials. Given this definition of the tradition,
Fig. 4b would be correct. Clearly, much
more thinking regarding how we identify
and define traditions is required. Such def-
inition and identification reduces to a clas-
sification problem, an arena that in our view
has seen far too little thought among ar-
chaeologists as yet (O'Brien and Lyman
2000).

EXAMPLES OF MEASURING AND
EXPLAINING THE HISTORY
OF VARIATION

If one wishes to identify instances of stim-
ufated variation, cne must first cstablish
that the sequence of materials under study
comprises a lineage, and that requires the
usc of frequency seriation, percentage stra-
tigraphy, and/or phyletic seriation. Only af-
ter it can be shown that the sequence also
comprises a line of heritable continuity is it
reasonable to monitor the history of diver-
sity. The burst of variation signifying stim-
ulated variation must then be distinguished
from the random background generation of
novel variants, and calculating CG values
will help in this endeavor. The CG values
that are significantly different in a statistical
sense from the random background gener-
ation of variation would suggest stimulated
variation had occurred; statistically nonsig-
nificant CG values would suggest random
background variation or multicausal gener-
ation of variation. We now turn to examples
of monitoring diversity within artifact
clades to illustrate these points and note at
the outset that the data sets we discuss are
less than ideal for interpretive purposes. They
do, however, provide excellent examples of
some of the analytical hurdles that must be
cleared if clade-diversity diagrams are to be
of use archaeologically.

Diversity in Radios

As one example of stimulated variation,
Schitfer (1996:657) graphed changes in the

frequency of U.S. companies that manu-
factured vacuum-tube radios for the home
market between 1920 and 1955. We as-
sume his data reflect heritable continuity,
as radio manufacturers either overtly
shared technological information or they
covertly reengineered products sold by
other manufacturers. Further assuming,
as does Schiffer (1996:656), that the num-
ber of classes of radios extant during a
time period is correlated directly with the
number of companies extant during that
time peried, we graphed Schiffer’s data
(Table 2) in a form similar to a clade-
diversity diagram (Fig. 5). The graph ap-
pears to be bottom heavy—there appear
to be more companies early and progres-
sively fewer later in time. It appears that
many companies—and probably types of
radic—arose quickly and then slowly died
out. Schiffer’s (1996) clade-diversity dia-
gram for manufacturers of vacuum-tube
radios (Fig. 5) has a CG value of .443. Stu-
dent’s t is 1.78 {p < .05} and indicates that
significantly more companies manufac-
tured vacuum-tube radios (and thus, pre-
sumably, produced more kinds of such
radios) prior to the middle of the time
period considered than after that point.
As a second example of stimulated vari-
ation, Schiffer {1996:658) discussed the fre-
quencies of “different portable radio mod-
els manufactured and sold in the United
States” between 1920 and 1955, His data are
summarized in Table 2 and are graphed as
a clade-diversity diagram in Fig. 6. This di-
agram has a CG valupe of .686; statistically, it
is significantly top heavy (t = 5.81, p < .01).
Schiffer (1996:657) provides an explanation
for the top-heavy nature of this graph, but
he knows the particular historical contin-
gencies of the events depicted in the graph.
Explaining such changes is fraught with an-
alytical difficultics when the historical con-
tingencies of graphed events are unknown.
In other words, not knowing the selective
environments in which these evenis took



56 LYMAN AND OBRIEN

TABLE 2
Frequency Data for Vacuum-Tube Radio-Manu-
facturing Companies and Models of Portable Radios
in the United States between 1920 and 1955°

N of companies

manufacturing N of models of

Year vacuum-tube radios portable radios
1920 4 ¢
1927 8 1
1922 36 4
1923 99 24
1924 141 22
1925 156 18
1926 105 5
1927 101 4
1928 81 014
1924 97 4
1930 99 6
1931 105 0 [4.5]
1932 88 3
1933 87 7
1934 87 2
1935 75 2
1936 &7 8
1937 61 3
1938 58 4
1939 60 103
1940 58 44
1941 53 55
1942 0 162.2] 4
1943 0 [71.4] 0[11.75]
1944 0 180.6| 0119.5]
1945 0 [89.8] 0127.25]
1946 99 35
1947 111 75
13 86 o8
1949 57 41
1950 49 69
1951 47 22
1952 45 a7
1953 43 54
1654 44 55
1855 39 35

* Data from Shiffer (1996). Values in brackets were
derived by interpolation {sce text for discussion).

place could make identifying this graph as
an instance of stimulated variation difficult.

A practical point concerning calculation
of the CG values needs to be made here.
The clade-diversity diagrams in Figs. 5
and 6 contain gaps for the years of World

War II. Schiffer (1996:656) indicates the
war “caused [a] hiatus in the manufacture
of home radios.” We know the reason for
this particular gap because we know the
precise historical contingencies influenc-
ing the manufacture of radios at the time.
How might such gaps be dealt with were
they to appear in prehistoric materials for
which the historical contingencies are un-
knewn? One obvious response to such
gaps—whether onc is a paleobiclogist or
an archaeologist—is to blame them on de-
ficient samples. For example, Eldredge
and Gould (1977:27) observe that “it is un-
fortunately true that we cannot be sure
that a cellection of fossils is a truly repre-
sentative sample of a biological popula-
tion.” Among paleobiological treatmenis
of clade diversity there is acknowledg-
ment of sample-adequacy issues, and ef-
forts have been made to ascertain if the
available samples are influencing mea-
surements of diversity (e.g., Signor 1982).

Gould et al. (1987} accept as a fact that
their samples are deficient as evidenced
by the way they deal with uneven distri-
butions of fossil samples across temporal
periods. They caution that if the durations
of periods used to construct a clade-diver-
sity diagram vary—say, if the first sample
of fossils falls within the first million years
of the time period under study, the next
sample dates between 7 and § million
years ago, the next between 10 and 11, and
the last between 16 and 17 million years
ago—the CG value witl be skewed if one
simply uses the median age of each sam-
ple. Their preferred method of compen-
sating for samples assumed to be deficient
is to determine the desired duration of
chronological perieds and then to derive
via interpolation a richness value for each
temporal period between those periods
with known richness values such that
each period is of similar duration.

In the example Gould et al. (1987:1438)
describe, seven fossil samples are un-
evenly distributed over a period of 26 mil-
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licn years. Because they desire periods of
equal duration to compensate for the of-
fects of varied period duration on the cal-
culation of the CG value, they derive by
interpolation 18 richness values plus a
zero at both ends of 26 million years (7
observed values, 18 interpolated values,
and 2 zeros at either end), such that a
value is available for year zero and every
subsequent 1 million years of the 26-mil-
lion-year span. All richness values—ob-
served or interpolated—are then included

in the calculation of the CG value. Gould
et al. {1987:1439) favor this method be-
cause it is, in their view, the “least biased”
of the three they consider. They note that
in the example they discuss, the CG value
is .516 (t = .5, p > .5) without interpolated
richness values and .448 {t = 1.624, p > .05)
with the latter values included. The addi-
tion of the interpolated values does not
change the CG value in any statistically
significant manner, though Gould et al.
(1987) find the difference important and
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FIG. 6. Clade-diversity diagram of models of portable radios manufactured in the United States.
Data from Table 2; interpolated values added (see text for discussion}.

alter their interpretation of the graph from
being more or less symmetrical to being
bottom heavy.

One might well ask why a best-fit poly-
nomial equation is not used to determine
expected values for all temporal points
rather than just those with richness values
of zero—a procedure suggested in archae-
ology (e.g, Kintigh 1984; McCartney and
Glass 1990). But were one to pose this ques-
tion, we suspect that it would quickly be-
come obvious that even the interpolation
precedure favored by Gould et al. (1987)
presumes at least in part precisely what

clade-diversity analysis is attempting to de-
termine—fluctuation in the richness of
types over time, As Rhode (1988:711) ob-
serves, such an analytical step implies “that
a great deal alrcady is known about the
nature of the archacological record.” That is,
one is presuming—via the interpolation
process—exactly what one is attempting to
determine—changes in diversity over time.
Precisely this point has recently been recog-
nized by palecbiologists (Kirchner and Weil
1998).

We calculated CCG values for the radio
data in Table 2 after substituting interpo-
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lated richness values for all zero values. We
refer to these as CG,, to indicate that inter-
polated richness values are included in their
calculation. The interpolated values are
listed in Table 2 and are shown in Figs. 5
and 6. The CG;, value for Fig. 5 is 468 (t =
9995, p > .1} and the CG value is 443 {t =
1.78, p < .05); the CGyy, value for Fig, 6 is .682
(t = 5.685, p < .01) and the CG value is .686
(f = 5.81, p < .01). Richness values derived
by interpolation do not create statistically
significant changes in the CG values for
muodels of portable radios (Fig. 6}, but they
do result in such changes for vacuum-tube
radio manufacturcrs {Fig. 5). Given our cau-
tons in the preceding paragraph, we sug-
gest calculating both CG and CG,, values
may be advisable.

On the one hand, there does not seem ko
be a statistically significant difference be-
tween the history of vacuum-tube radio di-
versity and randomly generated back-
ground variation within a clade {(p > .1 for
CGi,, but p < 05 for CG). Although
Schiffer’s research indicates that the Fig. 5
graph in fact comprises an instance of stim-
ulated variation, the statistical test of CG;,,
alone would not allow us to identify that
graph as such. Statistical tests of the clade-
diversity diagram in Fig. 6, on the other
hand, suggest that stimulated variation
might be represented {(p <0 .05 for both CG
and CG,,} We say “might” for three rea-
sons. First, with respect to Fig. 5, recall Gi-
linsky and Bambach’s (1986} remark: Per-
haps so many diverse and somewhat
conflicting “causal factors” are included
that any statistical indication of stimulated
variation is muted. Second, with respect to
Fig. 6, the CG values indicate the graph is
top heavy. It is unclear in Schiffer's (1996)
discussion if stimulated variation will vari-
ously produce top-heavy, bottom-heavy, or
both kinds of clade-diversity diagrams. We
suspect it could produce both. Third, the
diagrams in Figs. 5 and 6 lack their tops, and
thus we do not know what the complete
history of diversity for either clade was like.

Any comparison to a random model and
any effort to calculate a CG value is spuri-
ous because that value will automatically
suggest a top-heavy graph (Gould et al.
1977, 1987}, As a result, Schiffer’s empirical
cases provide statistically ambiguous indi-
cations of stimulated variation, which is not
to say that they do not comprise examples
of stimulated variation.

The preceding corroborates our earlier
contention that identifying instances of
stimulated variation in the prehistoric
record will have steep data requirements,
That both stylistic and functional variation
are probably plotted in Figs. 5 and 6 no
doubt exacerbates analytical and interpre-
tive ambiguity. We suspect that were these
two kinds of variation distinguished and
plotted scparately, rather different results
would be produced. This can be shown by
turning first to an cxample in which the
kinds of variation under study are better
known and then to an example in which
only stylistic variation is considered.

Diversity in Great Basin Projectile Points

The history of types of projectile points
from Gatecliff Shelter in Nevada (Thomas
and Bierwirth 1983) is presented in Fig, 7;
observed richness and chronological as-
signments (after Thomas 1983a:174) are
summarized in Table 3. A clade-diversity
diagram for these materials is shown in
Fig. 8. Only two richness values—for Ho-
rizons 11 and 13—require interpolation.
the CG;, value was calculated by assign-
ing each assemblage of projectile points to
the midpoint of its temporal range—a pro-
cedure that Gould et al. (1987:1439) indi-
cate will put “too much weight on [tem-
porally] more closely spaced samples.”
However, if the duration of Horizon 2 is
assumed to be 50 years and the durations
of Horizons 4, 5, and 6 are assumed to be
650 years each, then the duration of the
horizons is not correlated with the se-
quence of horizons (Spearman’s p = .11,
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FIG. 7. Percentage-stratipraphy graph of Gatecliff Shelter, Nevada, projectile points {(after

Thomas and Bierwirth 1983}

p = .6). Further, lumping Hoarizons 4-6
into a single unit 1950 years in duration
and assigning Horizon 2 a duration of 1
year, as is implied in Table 3, the correla-
tion between horizon duration and hori-
zon sequence is no different from zero
{p = 01, p > .9). Gould ct al. (1987:1439)
indicate such a result suggests period du-
ration will not influence CG values.” The
CG;, value for the clade-diversity dia-
gram in Fig. 8 is 5995 (t = 3.108, p < .001)
and indicates that the diversity of projec-
tile-point types increases through time.
In the following, we consider the clade-
diversity diagram in Fig. 8 and its associ-
ated CG,,, value. It is important, therefore,

to point out that were we to follow Gould
et al.’s (1987) preferred procedure of des-
ignating temporal periods of equal dura-
tion, those periods each might be of 100
vears duration, as that is the smallest tem-
poral increment that can be extracted
from Table 3. That procedure resulis in
many more interpolated than observed
richness values, and thus we do not pur-
sue it here except to note that it, too, tends
to produce a top-heavy clade. Alterna-
tively, we might lump various horizons in
an effort to produce collections of more or
less equal duration. One possible result
would be: Horizons 16-13 (500 years, two
types), Horizon 12 (750 years, one type),
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TABLE 3
Temporal Distribution of Projectile-Point Richness
in Gatecliff Shelter, Nevada

Obscrved nichness  Sealed
Horizon Age (interpolated) time
— post 1500 0 1.0
1 13001500 3 0.9375
Z 1300 4 0.875
3 700-1300 4 0.8125
4" 50 A.D. 4 0.750
5° — 4 0.6875
6 1250 n.c. 4 0.625
7 13001250 3 0.5625
g 1350-13G0 3 05
g 1450-1350 4 04375
10 21001450 1 0.375
11 2300-2130 G 0.3125
12 3050-23G0 1 0.25
13 3150-3050 a (1.5} 1875
14 3300-3150 2 0.125
15 3400-3300 1 0.0625
16 3350-3400 ] 0.0

‘ Harizons 4, 5, and & span the period 1250 B.c 50
AT

Horizons 11-10 {850 years, one type), Ho-
rizons 9—6 (850 years, six types), Horizon 5
(650 years, four types), Horizon 4 (650
years, four types), and Horizons 3-1 (800
years, five types). This procedure, too,
produces a rather top-heavy clade. Thus,
we find the clade illustrated in Fig. 8 sat-
isfactory for discussion purposes. What
can we make of it?

First, it is important to note that Thomas
(1983b:425-431) documents in detail that
the richness of stone-tool types per cul-
tural horizon at Gatecliff Shelter is a func-
tion of sample size—larger samples pro-
duce more types. Sample size and
observed projectile-point richness data
sumimarized in Fig. 7 are correlated (Pear-
son's ¥ = 744, p < .001), suggesting that
caution would be warranted were one to
interpret the CG value derived from those
data. For sake of discussion here, we as-
sume the effects of sample size are insig-
nificant in the following discussion of the
CG.., value. We further assume that the

clade-diversity diagram {Fig. 8) is not
truncated at either end. Granting these
two assumptions allows insights to the
history of Great Basin projectile-point di-
versity that can be phrased as hypotheses
to be tested with additional data.

Each projectile-point type displays a
more or less unimodal frequency distribu-
tion when plotted against vertical prove-
nience, but those distributions are imperfect
{Fig. 7). Various explanations could be mus-
tered to account for this kind of distribution,
including stratigraphic mixing (e.g., Burgh
1959) and recycling and reworking (e.g.,
Flenniken and Wilke 1989). Most recently, it
has been suggested that at least some of the
variation in the distributions of the types is
attributable to functional causcs {Beck 1995,
1998). None of these arguments invalidates
the implied temporal ordering of the types,
as they rather consistently fall in the indi-
cated temporal order {(c.g. Bettinger et al.
1991; O’Cennell and Inoway 1994). But
these arguments do underscore the fact that
some of the definitive attributes of the types
measure time—are potentially stylistic—
and some attributes measure functional
change (see also Hughes 1998). The two sets
of attributes need not be and likely are not
mutually exclusive simply because they are
both found on the same point. It is likely
that the point “types” at Gatecliff Shelter
are combinations of both kinds of aitributes
and hence produce less than perfect unime-
dal frequency distributions. Beck (1995)
found that side notching occurred fre-
quently early (on large points), then
dropped in frequency, and finally became
more frequent again late in time (on small
points). This is not unusual for a functional
trait. She also noted that the proximal
shoulder angle of all points was the single
attribute that correlated significantly with
Hme, as a stylistic atiribute should, though
this does not demonstrate that the proximal
shoulder angle actually is stylistic because
functional traits can also be transmitted or
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FIG. 8, Clade-diversity diagram for Gatecliff Shelter projectile points. Data from Table 3;
interpolated values added (see text for discussion).

inherited and thus may correlate with
time’s passage.

Others have suggested that change in
the dehivery system—Ilance or javelin to
atlatl dart to bow and arrow—was the
driving selective force resulting in change
in Great Basin projectile points {(e.g.,, Beck
1995; Musil 1988; see also Hughes 1998}).
Recalling that the ¢ statistic for CG,, is
significant (p < .01), change in the diver-
sity of Gatecliff Shelter points might, then,
comprise an instance of stimulated varia-
tion. We say “might” because of the kinds
of variation measured by the projectile-
point types; some of the attributes appear
to be functional and others stylistic. Fur-
ther, some of the definitive attributes of
the Gatecliff Shelter projectile-point types

may have been merely sorted rather than
directly subject to sclection. That is, some
of the attributes of the hafting elements
used to designate point types changed as
the engineering/design requirements for
efficient hafting of a point on a lance or
javelin changed to those for efficient haft-
ing of a point on an atlatl dart and then to
those for efficient hafting of a point on an
arrow (Hughes 1998). We propose, then,
that the increasing diversity of projectile-
point types comprises an instance not of
stimulated variation per se but rather an
instance of an increase in the number of
sets of design consiraints that resulted
from an increase in the number of weapon
delivery systems.

What is design constraint? “Constraint is
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a theory-bound term for causes of change
and evolutionary direction by principles
and forces outside an explanatory ortho-
doxy” (Gould 1989:519; see also Carroll 1986;
Stearns 1986). The suggestion that change in
the delivery system of projectile points was
the sclective force resulting in change in
projectile-point form is orthodox function-
alism {in Gould’s and Stearn’s terms). But
note that minimally two scale shifts are
made when one calls on weapon delivery
systems as a functional explanation for
change in the attributes of projectile-point
haft elements. The scale shifts are from the
complete weapon to the peint (type) and
from the point type to the attributes of the
point, specifically those attributes of the
hafting element. The particular history of
delivery systems drove the increase in di-
versity of the atiributes of projectile-point
hafting elements. Each weapon delivery
system posed a set of unique engineering
design requirements— constraints—on the
sorts of hafting element that would work
cfficiently; as new delivery systems were
added, new constraints on projectile-point
haft elements came into play. In other
words, attributes of haft elements were
sorted as a result of design constraints; they
were not the direct focus of sclection {e.g.,
Vrba 1989). That honor, in light of the pre-
ceding, seems to reside with the total
weapon delivery system, a much larger
scale entity than the scale at which projec-
tile-point types are distinguished.

This is not the place to delve further into
this issue. Our discussion is meant merely
to outline the kinds of factors that must be
considered if one wishes to explain the his-
tory of novel variants—their appearance,
replication, and disappearance—and to
identify instances of stimulated variation.
So far, we have used Schiffer’s radio data
and data on Great Basin projectile points to
explore this issue, but these data appear to
comprise both stylistic and functional vari-
ation, We turn next to data comprising only
stylistic variation.

Lower Mississippi Valley Pottery

The “seriation graph” produced by
Phillips et al. {1951:Fig. 21} for ceramic
sherds from the St. Francis River area of
the Lower Mississippi Alluvial Valley pro-
vides an example of changes in the rich-
ness of stylistic variants, Because that
graph was originally published as a large
foldout, we reproduce only a representa-
tive portion of it in Fig. 9. The complete
graph, founded in part on superposed col-
lections and in part on surface collections,
presents an ordering of 58 assemblages.
The 47,413 sherds included in the arrange-
ment represent 18 types and span five
“periods.” Phillips et al. (1951) used sur-
face treatment/decoration as the basis for
many of their types. There were few types
for the early periods and more for the later
pericds—a reflection of the increasing
variation in decoration in the later peri-
ods. The “seriation graph” thus appears to
be top heavy, as doces the clade-diversity
diagram (Fig, 10} derived from it; the CG
statistic of 575 (+ = 2.343, p < .01) calcu-
lated from clade-diversity data confirms
this appearance,

Not only does the richness of types in-
crease through time in these data, so too
does sample size (Table 4). These two
variables are correlated when all 58 as-
semblages are included {Pearson’s r = .69,
p < .002); the two variables alsc are corre-
lated when samples are lumped by chro-
nological period {Pearson’s r = .93, p <
.05). These statistics suggest that caution
may be warranted when interpreting the
history of ceramic diversity represented
by the data, But, as with the Gatecliff Shel-
ter projectile points, for sake of discussion
we assume sample-size cffects are insig-
nificant. We also assume that the ends of
the clade are not truncated. The temporal
scale of the “seriation graph” is ordinal,
and thus we do not know how the assem-
blages vary in duration. But recall that one
requirement of the seriation method is
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FIG. 9. Chronological ordering of ceramic sherd assemblages from excavated and surface-collected
sites in the St. Francis River area of the Lower Mississippi Alluvial Valley. The ordering was based
primarily on pottery types from excavated levels at site 12-N-3 {denoted by the E-shaped figure on the
left margin). Surface-collected assemblages were placed in the chronolopy based on percentages of
types denoted by bar width. Only 46 of the total 58 assemblages are shown; these represent the late
portion of the chronology. Ninc rarely represented types are not included. Boundaries bebween
“periods” are denoted by bold horizontal arrows labeled with capital letters {after Phillips et al. 1951).

that the assemblages seriated must be of distributions of the graphed types would
equivalent duration. The “scriation not approximate unimodal curves (Fig. 9}
graph” suggests this requirement is at Therefore, we assume that the temporal
least approximated, else the frequency duration of each assemblage is more or
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less equivalent to the duration of every
other assemblage.

The “seriation graph” for the St. Francis
River area represents Phillips et al’s be-
liefs regarding the temporal continuity of
various pottery types that occur discontin-
uously in this particular empirical record.

Their beliefs are signified in the graph by
dotted lines connecting various samples
within individual type columns (see, for
example, the column under the type “Bell
Polished Plain” in Fig. 9). Tallying rich-
ness values for each assemblage accord-
ing to the combined observed types as
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TABLE 4
Observed Ceramic Type Richness, Number of Additional Ceramic Types Believed to be Fresent,
and Sample Size for St, Francis River Area, Lower Mississippi Alluvial Valley

Number of

Observed-type additienal types
Assemblage richness belicved present Sample size Secaled time
— 0 0 — 1.000
58 11 2 73 0.983
57 10 & 674 0.966
56 7 8 254 0.9449
55 11 4 1416 0.932
54 12 2 68498 0.913
53 ki 4 722 0.898
52 12 1 2030 0.881
51 7 4 2590 0.864
50 5 ] 686 0.847
49 11 2 TF287 0831
48 9 3 4723 814
47 8 5 151 0,797
46 3 8 142 0.780
45 10 2 4925 0.763
24 3 7 17 0.746
43 4 5 74 0.729
42 7 4 164 0712
41 2 7 134 0695
40 10 1 3063 (678
39 5 4 106 0.661
38 3 4 65 0.644
37 3 4 60 0.627
K 2 5 103 0.610
35 3 4 113 0593
34 5 2 99 0576
33 3 4 59 0.559
32 3 2 83 0.542
31 6 1 273 0.525
10 2 3 73 0.508
29 4 2 69 0.492
28 7 1 698 0.475
27 3 3 56 0.458
26 4 2 193 0.441
25 3 3 87 0.424
24 4 3 179 0.407
23 3 4 103 0.390
22 3 4 146 0.373
2 7 1 266 0.356
20 5 P4 211 0.334
19 6 1 298 0.322
1% 7 1 1187 0.305
17 3 3 127 0.288
16 3 3 71 0.271
15 6 2 1478 0.254
14 4 3 98 0.237
13 4 2 488 0.220
12 7 2 17 0.203
11 3 2 106 0.186
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TABLE 4—Cuankinnued

Number of

Observed-type

additional types

Assemblage richness believed present Sample size Scaled time
10 4 1 109 0.169
9 4 1 273 0.153
8 3 1 156 0136
7 3 1 47 0.11%
& 5 0 629 0.102
5 6 0 987 0.085
4 4 1 181 0.068
3 3 2 285 0.051
p 6 0 713 0.034
1 6 0 288 0.017

well as the types believed to be present—
what we term, somewhat inaccurately, in-
terpolated presences—increases the rich-
ness values of 54 of the 58 assemblages.
The four assemblages with unaltered rich-
ness values are among the six oldest as-
semblages in the erdering (Table 4). The
richness of each of the oldest 27 assem-
blages increases by an average of 1.8,
whereas the richness of cach of the 31
youngest assemblages increascd by an av-
erage of 3.7. This suggests that the CG
value of .575 may increase when calcu-
lated as a CG,, value; the latter is 585 {t =
2,624, p < .005). Both values indicate a
top-heavy clade, though the latter is a bit
more top heavy than the former.
Richness increases via interpolation in
virtually all assemblages throughout the
period graphed, but interpolated richness
values per assemblage increase progres-
sively more rapidly as assemblages be-
come younger in age, as in Fig. 11, thereby
increasing {making morc recent in time)
the center of gravity of the clade-diversity
diagram when it includes interpolated
values. The net result is that the CG value
is less than the CG,, wvalue. The small
difference in the CG and CG,,, values sug-
gests fo us that Phillips et al. (1951) knew
a great deal about the ceramic chronology
of the Lower Mississippi Alluvial Valley. It
was precisely this additional knowledge

that informed their adding dotted lines to
various of the type columns—what we
termed interpolations. Their proposed
chronology has stood the test of additional
data and analyses. What, then, can we
make of the increasing richness of ceramic
types?

Because attributes of decoration form
the basis of the types, we believe the types
are stylistic. The relatively smooth unimo-
dal frequency distributions of the types
lend credence to this belief but do not
confirm it. Later analyses of Phillips et al.
(1951) types suggest that they are, in fact,
largely stylistic (Lipo et al. 1997). Why,
then, does the richness of types increase
late in time, producing a top-heavy clade?
We find Braun’s {1995) and Lipo et al’s
(1997) discussions particularly helpful
The richness of decorative types or styles
is correlated with social dynamics, partic-
ularly the frequency of group interaction
or intergroup transmission (Braun 1995).
Decreased intergroup transmission and
increased infragroup transmission result
in increased localization of decorative
styles {Lipo et al. 1997), much like peripat-
ric speciation results from decreased gene
flow between reproductively isolated pop-
ulations. Increasing stylistic diversity or
richness may well reflect, then, a decrease
in the panmictic characteristics of the hu-
man populations in the St. Francis area.’
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FIG. 11. Changes in richness of pottery types across 58 assemblages from the St. Francis River
area; data from Table 4. The lower, less steep line is the stimple best-fit regression line for the data
plotted as squares {observed richness values; Pearson's ¢ = 0.51). The upper, steeper line is the
simple best-fit regression line for data plotted as dots [interpolated (observed plus added) richness

values; Pearson’s r = 0.85).

That is, potters became, for whatever rea-
son, more isolated and their decorative
styles evolved in independent directions,
resulting in progressively more types.
Lipo et al. (1997} have recently indicated
how these local areas might be identified
archaeclogically.

Is the increase in diversity of ceramic
styles in the St. Francis River area an in-
stance of stimulated variation? Perhaps it
is. Increasing localization of decorative
styles may result as symbols of one’s so-
cial identity become more important; ce-
ramic decorative styles transmit informa-
tion regarding the pottery user’s social
identity. They also have a production cost,

and thus are “driven by selection” (Lipo et
al. 1997:318). Production of progressively
more styles over a relatively large area,
then, must have been in some sense se-
lected for. Identifying those selective
forces is beyond the scope of this article,
though we note that some interesting hy-
potheses have been outlined that might
prove applicable (e.g, Braun 1985, 1991;
Braun and Plog 1982). Our point here has
been to identify the historical shape of
artifact-clade diversity as a springboard
to detecting when such hypotheses war-
rant testing. And we emphasize that while
the examples we review concern dynamic
histories of diversity, a history displaying
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stasis in diversity over time also requires
explanation.

DISCUSSION AND CONCLUSION

Regardless of the paradigm under
which one operates, modern archaeology
has as its central focus variation observed
in the archaeological record. Explanations
of the differential origin and persistence
of artifact wvariants across geographic
space and over time vary because of dif-
ferent ontologies, cpistemologics, and in-
terpretive algorithms. Yet we agree with
the remarks of Schiffer and Dunnell with
which we began this article. Many archae-
ologists seem content to merely measure
variation and to append some accommo-
dative Interpretations of what they have
measured, perhaps with some cautions
about the measure of variation used or the
influence of the available sample on the
measure. Little effort seems to be devoted
to building theory to explain the appear-
ance of novel variants and their differen-
tial persistence. We have outlined a
method for (a) distinguishing between the
generation of variation by stimulated vari-
ation and the random background gener-
ation of variation and for (b) measuring
the history of variation, but we emphasize
that the method is founded in and derived
from a particular theory—Darwinian evo-
lution. The method comprises the con-
struction and analysis of clade-diversity
diagrams. The procedure for building the
diagrams requircs that the units graphed
be phylogenetically related so as to reflect
a lincage. This in turn requires that fre-
quency seriation or percentage stratigra-
phy be used to insure that a line of heri-
table continuity rather than a simple
sequence is under study.

Darwinian theory also provides an ¢x-
planation for the appearance of novel
variants and their differential persistence.
Stylistic forms persist, or pot, simply be-
causc of the wvagaries of transmission.

Functional forms persist, or not, more as a
result of selection than of transmission,
though the latter also plays a role. But the
distinction between the two kinds of
forms is fundamental to monitoring and
explaining the history of variation. Thus
we find Schiffer’s notion of stimulated
variation an intriguing one, and we be-
lieve that the construction of clade-diver-
sity diagrams, when used in concert with
their attendant theory—Darwinism—pro-
vides a means to explore and explain the
history of artifact diversity within an arti-
fact lineage. The groundwork already laid
by paleobiologists provides a way to de-
termine when a clade-diversity diagram
diverges significantly from a randomly
generated pattern and constitutes an in-
stance of stimulated variation. This in turn
allows one to begin to explain why some
artifact clade-diversity diagrams have the
particular shapes they do.
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NOTES

*Care must be exercised in building a randomly
generated clade-diversity diagram. Many machine-
generated sets of random numbers do not comprise
truly random sequences of numbers, and thus the
shape of so-called randomly generated clade-diver-
sity diagrams are not, in fact, random (Rensberger
and Barnosky n.d.}. Further, one must be abundanily
clear about what is meant by “random,” as it might
not always mean what a statistician means when
used by a biologist or archaeologist (Bookstein 1987).

! The statistically significant values indicated were
derived from a simulation of the history of 1000
clades over 63 ime intervals. Other simulations with
similar parameters produce similar mean CG values
and statistically significant minimum and maximum
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values [see Kitchell and MacLeod (1988) for details].
Uhen (1996} later derived similar results 1 an inde-
pendent set of simulakions.

T As Foate (1991:116) makes clear, the center of
gravity of a clade-diversity diagram “inherent in the
time scale” may not be .5 simply because of variation
in the duration of the periods of which it is com-
prised. Given the time scale—the set of temporal
units and their durations denoted by the cultural
horizens—for the Gatecliff Shelter projectile points,
the CG inherent in the hime scale is .436. This value
is calculated as the proportion of scaled time since
the initiation of the clade indicated by the median
sharcd temporal boundary between horizons (or pe-
riods). Thus, the median boundary is that between
Horizons 8 and % it falls at 1350 B.c., which is ,436 of
the total time since the clade’s initiation at 3550 B.C.
{(with the clade terminating at 1560 A.D.). We ignere
this problem here and nete that were this inherent
CG used for statistical comparison rather than 5, the
clade-diversity diagram for Gatecliff Shelter projec-
tile points would still be significantly top heavy.

 Dethlefsen and Deetr (1966:508) state that it “ap-
pears that [novel variation] is primarily initiated by a
small segment of the population and then spreads to
the majority.” This is an effective statement of what
is known in biclogical evolution variously as geo-
graphie, allopatric, or peripatric speciation.
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