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Brief Conunent

Assessing Criticisms of Faunal Analyses
and Environmental Reconstructions
in the Tehuacan Valley Project

Christopher C. Fennell'

INTRODUCTION

This comment examines a portion ol the statistical data compiled and
analyzed by Flannery (1967) in his archacological work at Coxcatlan Cave
and other caves near Tehuacan in the early 1960s. The Tehuacan Valley
project was undertaken by MacNeish, Flannerv, and others to establish a
chronological. cultural phase. and climatic sequence for prehistoric peri-
ods in this region of Mexico. This large-scale research project covered a
tme period spanning approximately 30,000 years to the present, includ-
ing phases relerred to as the Ajuereado (starting at 30,000 .o £+ 10,000),
El Riego (8630 o £+ 2000). Coxcatlin (3705 p.o £ 300), and Abcjas
(3825 po £ 300, and ending 2600 3o+ 200) (MacNeish, 1997, pp.
Hioh-6710)).

The Tehuacan Valley project received pointed criticism from Hardy
(1999, 1996), who focused her doctoral dissertation on reevaluating the ex-
tensive data and the related chronological analyses formulated by MacNeish.
Flannery, and others. Hardy (1996, p. 700) emphasized the prominence of
the Tehuacan Valley project’s chronological sequences within the field of
Mesoamerican archacology, and this provided a primary impetus lor her crit-
ical review of the data and related interpretations, This comment evaluales
Hardy's criticisms, and concludes that she apphed an inappropriate statisti-
cal test in her evaluation of Flannery's analysis of rodent remains and related
inferences of environmental changes over time. In contrast, Flannery (1967)
applied statistical tests appropriate to the types of data used in his analysis. if
those data in tact comprised a random sample. The most intriguing issues in
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this debate concern Flannery's propositions that certain natural processes
can serve as a proxy lor creating statistically random samples, and those
samples can then be used in formulating chronologies of past environmental
changes.

BACKGROUND

Among a variety ol research elforts in this multiyear project. Flannery
(1967) analyzed the remains of rodents excavated [rom a series ol strata
in various caves near Coxcatlin and Tehuacan, and related the varying fre-
quencies of the presence of different rodent species to changes in climatic
conditions over time. These rodent remains were deposited in the caves by
owls, whose diel was deemed Lo “constitut|e| a random sample of the local
rodent population™ (Flannery, 1967, p. 140). After swallowing the rodent
whole. the owls regurgitated “pellets™ of the bones and skin particularly
amenable to statistical analysis:

Owls occupicd the Tehuacan caves during periods between human aceupations and
lelt behind a stratified series of disintegrating pellets which were eventually incor-
porated into the human refuse. These constitute a series of random samples ol the
available rodent population durmg all penods of prehistory, an almost loo-perfecl
situation for statistical analysis. (Flannery, 1967, pp. 140-141)

He based this position on his observation that “[t]here is no evidence that
owls discriminate against certain species of rodents, and hence their diet con-
stitutes a random sample of the local rodent population™ (1967, p. 140). His
leam excavaled approximately 538 rodent bones. which they interpreted
as comprising approximately 188 identifiable individuals, from 48 strati-
graphic and site locations, which they categorized by 21 prehistoric time
zones (referred Lo as preceramic zones) reflected in the stratigraphy. These
21 zones were grouped into nine broader temporal phases, such as the Early
Ajuereado phase.

Applying a Difference ol Proportions statistical test to data that in-
dicated differences in the presence of various rodent species over ume.
Flannery (1967, p. 144) concluded that the “rodent population, and pre-
sumably the environment as well, were significantly different™ during cer-
tain phases. and contended the statistical data on dilferential frequencies
ol rat species over time were evidence ol a corresponding difference in cli-
malic conditions in the region over time. Using these and other faunal data.
Flannerv inferred that the climate in the Tehuacan Valley was more arid in
an early temporal phase, referred to as the Early Ajuereado, than previously
posited. Such a difference in climatic conditions provided indicators of the
past habitat in which human populations subsisted. For example. Flannery
(1967, p. 144) believed the absence of cotton rats in the Early Ajuereado
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indicated that at that time “[t]he valley Door would have been open steppe.
grazed by horse and antelope. but Lo judge by the lack of cotton rats it could
not have had a very rich cover ol tall weeds or grass.”

In her reevaluation of the prehistoric sequence formulated in the
Tehuacan Valley project, Hardy criticized the analysis ol stone tools con-
ducted by MacNcish and others, the faunal and refated environmental anal-
ysis by Flannery, and the precision and consistency of the stratigraphic and
chronological sequences they formulated. She tested the statistical signif-
wanee of Flannery's rodent population data by running a “Kolmogorov-
Smirnofl (sic) test on all five microfaunal species present in the preceramic
sones al Coxcatlan Cave™ (Hardy, 1996, p, 703). Hardy's results indicated
that there was not sulficient statistical signmificance in rodent population dil-
ferences to warrant Flannerv's conclusions. He responded that his data and
conclusions remain sound, and that Hardy's reevaluation should be rejected
(Flannery, 1997).

Hardy criticized Flannery's analysis on three main grounds: the data
on rodent species involved too small a sample 1o be useful: there were
no statistically sienificant differences in these rodent populations even us-
ing Flannery's data: and the rodent species on which he based his anal-
ysis were not “diagnostic™ of past environmental conditions ( Hardy, 1996,
pp. 703-705). This comment addresses the following issues: First, was
Flannery correct in his assumption that the manner of deposition of rodent
remains by owls constituted a random sample that was well-suited to sta-
tistical analysis? Sccond. was Flannery's use of a Difference in Proportions
test appropriate for these data” Third. was Hardy's usc of the Kolmogorov-
Smirnov test appropriate for these data? Finallv, can one use a statstically
significant difference in rodent populations as a basis for making inferences
on past chimatic conditions in the manner undertaken by Flannery?

SUMMARY OF RELEVANT DATA

[he data on rodent remains from the Coxcatlan and Tehuacan area
caves were set out in detail in Flannery's publication of his findings (1967,
pp. 142143, Table 15). The data consisted of 48 cases, each case represent-
ing the location of owl pellets containing rodent remains in a specilic strati-
araphic zone within a specific site. Seven types of rodent species were located
in these sites: deer mouse, wood rat. spiny mouse, kangaroo ral, cotton rat,
harvest mouse. and pygmy mouse. In summary. a total of 188 individuals un-
covered in these 48 locations consisted of 28 deer mice. 40 wood rats, 36 spiny
mice, 27 kangaroo rats, 35 cotton rats. | harvest mouse. and | pygmy mouse.
Flannery (1967, pp. 142-143, Table 15) divided these 48 specihic stratigraphic
sones containing rodent remains into nine temporal phases.
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ASSESSMENT
Sample Size and Randomness

Flannery (1967, pp. 140-141) contended in his analysis that the remains
ol these individual rodents deposited by owls in caves provided a sample
of adequate size and statistical randomness. He thus utilized the entire data
set of rodent remains uncovered in these caves as a sample from which Lo
extrapolate an estimate of the relative proportions of the entire populations
of each rodent species in past periods in that region. He was not seeking to
estimate with precision the exact population counts for each rodent species,
but rather to draw inferences as to their relative presence or absence in the
environment. From this, he sought to infer characteristics, such as aridity, of
the environment at different periods.

One of the more deficient methods for creating a sample 1s for the ana-
lyst purposefully and subjectively to select those variates she or he wishes to
include in the sample, based on some working sense of observable patterns.
This approach introduces the bias of the analyst directly into the COMPpOSsI-
tion of the sample, and is not replicable due to its idiosyncratic character.
Flannery avoided such a subjective approach for creating a sample by uti-
lizing the entire set of rodent remains uncovered., which were deposited by
owls (particularly 7Tyto alba, the common Barn Owl), as the equivalent of a
random sample. He proceeded on the assumption that the behavior of past
owl populations in targeting, capturing, and consuming different species of
rodents was a direct proxy for a recognized device of selecting a random
sample from a population. He stated that “[t|here is no evidence that owls
discriminate against certain species of rodents” (1967. p. 140). In his re-
sponse to Hardy's criticisms, he emphasized this point again: “Regardless
of the routes flown by individual owls, such pellet samples are archacolog-
ically valuable because owls eat afl small rodents in the region, not just
the ones humans like™ (Flannery, 1997, p. 661, emphasis in original). How-
ever, Flannery did not cite any sources or data to substantiate these state-
ments on the behavior of owls and rodents that existed several thousand
years ago.

Difficulties in the character of Flannery's sample directly impact the
types of tests that can be applied and the inferences one can derive. The statis-
lical definition of a random sample is not simply a collection of cases selected
through some agency other than the analyst’s personal biases: *[s]pecifically.
cach element in the population must have had an equal and independent
chance for selection” (Thomas, 1986, p. 340. emphasis in original). In the
absence of a valid random sample, numerous types of statistical tests can-
not be applied to the data in a valid or meaningful way. Such statistical
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methods include the Difference of Proportions test applied by Flannery and
the Kolmogorov-Smirnov test applied by Hardy.

One difficulty in assessing the randomness of the owl deposits as a
sample of the overall rodent populations is that we do not have sulficient
information on either the feeding habits of the owls or the presence ol differ-
ent types of rodent species within the owls” range. The sample used COTSIstS
of only those rodents captured by owls and then deposited in the caves.
This raises a number of questions concerning the sample. Were there any
patterns in the locations in which owls captured and consumed rodents and
later regurgitated rodent pellets? Did any differential foraging habits of the
different species of rodents tend to make them more vulnerable to being
captured and consumed by owls? Were there any eyclical aspects Lo the be-
havior of the owls or particular rodent species that would create nonrandom
patterns in the sample? Any of these factors could significantly lessen one’s
abifity 1o assume there is an independence of events in each selection ol a
representative of a particular rodent species by a hunting owl from the gen-
eral populations that existed in that area (see, e.g., Bernard. 1995, pp. 81-63
Thomas, 1986, p. 340)).

A number of studies of owl predation patterns support the proposition
that the Barn Owl { Vo alba) is typically nondiscriminatory in its hunting
practices. and that the contents ol its pellets should therefore accuratelv
reflect the relative proportions of the populations of varying small mammal
species that were present in its local habitat (e.g.. Bunn ef al.. 1982, p. 82
Mikkola. (983, p. 47: Ticehurst. 1935}, Other studies found that the Barn
Owl's pellets do not accurately reflect the proportions of those populations
of prev species (c.g.. Bellocg. 1998; Wallick and Barrett. 1976; Yom-Tov and
Wool, 1997). In particular, the Barn Owl’s predation patterns will be skewed
when species ol voles (Microts) and shrews (Sorex) are present, with those
prey being overrepresented in owl pellets and other species of mice and
rats being underrepresented relative to actual populations (Andrews, 1990,
pp. 178-180: de la Torre. 1990, p. 160; Derting and Cranlord. |98 Fasl
and Ambrose, 1976: Glue. 1974: Herrera and Jaksic, 1980: Johnsgard, 1988,
pp. 100-101; Taylor, 1994, pp. 77-79: Voous. 1988, pp. 16, 18).

The reports of Flannery (1967) and othersin the Tehuacin Valley project
do not indicate the frequencies, if any, with which vole and shrew remains
were uncovered in different time periods and localities included in their
investigations. General studies of the zoological and geographic character-
istics of vole species over time indicate that their populations have been
present in varying ceological habitats in North and Central America lrom
Lthe Pleistocene period to the present day (Elton, 1942, p. 104; Hoffman and
Koeppl, 1985, pp. L05-113). However. more specific studies of modern pop-
ulations indicate that the presence and ringe of Microfes species have been
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much more limited in the areas of Central and South America than in North
America and Europe (Bellocg, 1998; Bunn er al.. 1982. p. 82; Herrera and
Jaksic, 1980). A modern sample of over 460 individual rodents contained in
owl pellets collected in the Cueva de los Afligidos cave in the Oaxaca Valley
region of Mexico yielded no Microtus or Sorex specimens (Flannery and
Wheeler, 1986). It is possible that populations of voles and shrews may have
been very low or nonexistent in the specific habitat zones and time periods
investigated by Flannery and his colleagues within the Tehuacin Valley re-
gion. In the absence of significant populations of voles or shrews, Barn Owls
have a greater lendency to prey on the diversity of other rodent species in
a nondiscriminatory manner, and to produce pellets that would reflect the
relative proportions of those other species’ populations in the local habitat
(sce, e.g., Taylor, 1994, pp. 36-37. 80-81).

Flannery has been sensitive to issues concerning possible skewing in
deposition behavior in other studies. For example. he observed elsewhere
a differential presence of domesticated or wild food products that people
brought to caves and consumed at those locations. In such instances. the
samples of proportions from each type will be distorted and inferences must
be undertaken with great caution, if at all (Flannery. 1976, p. 116). Thus,
without additional supporting data, the unknown capture, consumption, and
regurgitation behavior of past owl populations cannot serve as a proxy for
rigorous methods ol selecting random samples.

Flannery proposed 1o use all of the rodent remains uncovered in the
Tehuacdin Valley project as a sample of the extrapolated. inferred popula-
tions ol rodents existing in the region in these past time periods rather than
take an even smaller sample from this sample. However. an inlerence of
which populations of species were larger or smaller relative 1o one another
depends upon the ability to infer the size of each population to estimate
those proportions. Therefore, one cannot dependably make an inference of
overall population sizes based on his chosen sample.

Il Flannery’s sample was not random and probabilistic. what was it? The
closestcategory is that ol “convenience or haphazard sampling.” in which the
analyst uses as a sample those cases that present themselves for recording in
some convenient manner. However, such a convenience sampling method
should be used as a preliminary step only, and not as a sample from which one
would attempt to draw inferences. Basing strong inferences on such a con-
venience sample is “plain hazardous™ in terms of statistical rigor (Bernard.
1995, p. 94). In the absence of a probabilistic sampling, principles of statistics
dictate that one should not generalize beyond the sample (Bernard. 1995,
p. Y6).

Hardy (1996) focused her criticisms on the small size of the sample, a
characteristic that also affects the likelihood that the sample was random.
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The equal probability of any one individual rodent being selected by an owl
from the general population would be lessened and distorted if the over-
all population was small, and thus the resulting sample was small. Netther
Flannery nor Hardy discuss any measures that may have been taken to cor-
rect for such possible distortions in the randomness of the sample due to
a small population and associated sample. This would likely be difficult in
any event, since Flannery did not have data indicating the sizes of the over-
all populations. He could only extrapofate those population sizes based on
the limited sample exhibited in the archaeological record uncovered in the
caves.

Applying the Difference in Proportions Test

Flannery's application of a Difference ol Praoportions test to the data
on the frequency with which different species of rodents appeared m the
various strata and time periods was inappropriate. Although this test may
be conducted on nominal data. one must utihize a random sample 1o con-
duct a Difference of Proportions test, For the reasons discussed earlier, the
sample utilized by Flannery should not be assumed to be the equivalent of
a random sample. However, for the sake of argument and further analysis,
this comment will assume that this sample was random. The Difference of
Proportions test can then be conducted. using the different percentages of
cach species’ presence in each temporal phase. This was the test Flannery
conducted, using an alpha (“«™) value of .01 (1967, p. 144).

Specifically, Flannery compared the percentages of the presence of cot-
lon rat, kangaroo rat. and deer mouse in the Early Ajuereado time period
(30,000 1.¢ £ 10.000) 1o the presence of ¢ach of those species in the post-
Pleistaocene period. He used the term “post-Pleistocene™ 1o be equivalent to
“Present Climatic Conditions™ (1967, pp. 142-144). Flannery (1967) did not
set [orth the exact calculations he applied. Assuming he applied the standard
formula for the Difference of Proportions test. his calculations should have
been based ona null hypothesis (“Hy ") that the proportions ol a given rodent
species present in the Early Ajuereado phase are equal to the proportion of
thal same species present in the post-Pleistocene (or “g = j57). The alter-
native hypothesis H, 1s that these proportions are not equal (or gy 5 2 ”).
The lformula is as follows;

- 1 — P
Z=<
sy — P2
where
) I f"*u"| 1+ -'"if:
OPi — P2 = Pyl %

."'"if'[l N_'I ‘
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where
L _ M+ Neps
Py = Ny + N

We will reject the null hypothesis Hy if Z > Zo, or if ¢ > the actual “*p” value,
where a equals 01, and the actual p value equals .5 — Zu.

Applying the Diflerence ol Proportions test to each case shows that
we can reject the null hypothesis as to the cotton rat (Z = 2.9566) and the
deer mouse (£ = 5.5526). We can therefore conclude that the proportions ol
each of these species present in the Early Ajuereado phase were not equal (o
those proportions present in the post-Pleistocene period. These test results
support Flannery's conclusion that the cotton rat was notably absent, and
the deer mouse natably present, in the Early Ajuereado phase as compared
to the post-Pleistocene (1967, p. 141). However, the null hypothesis cannot
be rejected for the kangaroo rat (Z = 1.8826), wood ral (Z = 1.7485). spiny
mouse (Z = 1.6225), harvest mouse (Z = .3364), or pyemy mouse (7 =
3364),

Flannery (1967) applied the Ditference of Proportions test to the data
lor the cotton rat. kangaroo ral. and deer mouse, but did not apply it 1o
the data for the wood rat. spiny mouse, harvest mouse. and pygmy mousc.
Having applied the same test to these latter species, it is notable that the
null hypothesis of equal proportions over time cannot be rejected for live
of the seven species of rodents on which his analysis focused. This does nol
necessarily weaken the findings for the cotton rat and deer mouse under the
Ditference ol Proportions lest, However. it is an additional indicator that
there may be llaws in the assumption that owl deposition of rodent remains
was the equivalent of a random sample. The differential shifts, or lack of
shifts, in the proportions of each species’ presence may reflect some form of
discriminatory consumption by owls over time, rather than changes in the
population sizes of each species.

and g, =1- py,.

Hardy’s Use of the Kolmogorov-Smirnov Test

Hardy's application of the Kolmogorov-Smirnov test to Flannery’'s data
was nappropriate. The Kolmogorov test was designed for application to
ordinal data and random samples (see, e.g., Shennan, 1997, pp. 35, 57, 65;
Siegel, 1956, pp. 48-51. 135-136; Thomas, 986, p. 336). Flannery's data were
nominal in nature, consisting of counts of individuals, fitting each exclusively
into one of seven classifications of rodent species at each site and stratun.
There was no ordering of the data to provide an ordinal scale, nor was there
any equal unil of measure between variates to provide an interval scale (see.
¢.g.. Thomas, 1986, pp. 19-26). Flannery's rodent data did not contain ordinal
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characteristics to which the Kolmogorov—Smirnov test could be applied with
any valid statistical meaning.

[t is curious that Hardy applied the Kolmogorov test to Flannery's data
after contending that the sample was too small to be useful or random. She
also provided no indication that she considered attempting to convert (or in
fact converted) the original nominal data into an ordinal data form for the
purpose of conducting this type of test. Hardy instead applied the test to the
wrong type of data, and to what she believed to be the wrong type of sample.
Could the rodent count data be converted into a useful form ol ordinal
data? No: the data presented do not include any characteristic that can be
used for establishing a meaningful property of asymmetry (see Siegel. 1956,
pp. 23-26; Thomas, 1986, p. 22). Flannery's data on the presence or absence
ol each of these different rodent species do not yield to a meaningful ordinal
seriation of the separate species, While one might speculate as to a particular,
asymmetrical relation between two of these species (e.g.. C = F). one cannol
line them all up in a meaningful continuation of ranked gradation so that
A>B=>=C>D>E>F>0

Extrapolations for Climatic Conditions

It 15 hazardous to make robust extrapolations from nonrobust. non-
parametric statistical tests. An additionul step for Flannery's analysis was
the ability to treat the relative dilferences of rodent populations as diagnos-
tic of different environmental conditions, This is an issue of anthropologi-
cal and environmental science, and not of staustical theory, Flannery pro-
vided little or no discussion of sources for his confidence that such rodent
population differences were diagnostic. Hardy criticized his assumption by
offering comparably sweeping statements of rodent population tendencies
without supporting sources. Absent solid support for this assumption of diag-
nostic significance, Flannery's anthropological conclusions are substantially
weakened.

However, Flannery's use of inferences from the rodent remains was
not critical to his overall analysis, His inferences on past climatic conditions
were based on a variety ol faunal remains uncovered in these extensive ex-
cavations, including deer. jack rabbit, Mexican cottontail, and 1guana (1967,
p. 144). The data on rodent remains thus provided additional support to his
aoverall analysis, and were not used in isolation.

CONCLUSIONS

Hardy's criticisms of the value and validity of Flannery’'s rodent pop-
ulations analyses fail. She brought no new excavation hndings to bear on
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this debate. Rather, she focused solely on undertaking a critical review of
the data compiled and analyzed by those whose conclusions she sought to
disprove. Yet she applied incorrect tests and failed adequately to consider
and question all of the assumptions concerning the nature of the data under
examination.

Flannery's proposed proxy for a random sample remains intriguing:
Can a naturally-occurring process. such as owl deposition of rodent remains,
be used as the equivalent of a random sample? Thus far. it appears to be a
questionable proposition. However, to date there is no definitive empirical
evidence offered by proponents or detractors by which to conclude if the Lyp-
ical behavior of rats, mice, and owls could have resulted in such convenient
randomness.
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