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Abstract. Mammalian faunal lists from 34 late Holocene archeological and paleontologi-
cal sites from Iowa have been analyzed by correspondence analysis to evaluate taphon-
omic and paleoenvironmental signals in fossil vertebrate accumulations. The Iowa
database was selected for this evaluation because of a relatively dense record of suitable
late Holocene localities, a location which transects the modern ecotone between the
eastern deciduous forest and the prairies of the Great Plains, and relatively diverse fossil
faunas (66 taxa) collectively represented in these sites. Correspondence analysis sug-
gested that the major factors influencing faunal similarities were (1) size of screen mesh
used in sample collection, (2) cultural vs. non-cultural associations, (3) taxonomic
confidence of the identifier (generic vs. specific designation), (4) research interests of
individual taxonomists, and (5) taxonomic philosophy of each analyst. Paleoenvironmen-
tal signals can be derived within site complexes but in this region they are almost
completely masked by the taphonomic attributes of the individual sites.
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I. INTRODUCTION

The State of Iowa (USA), located at about 42°N latitude has eastern and western borders that
are defined by the Mississippi and Missouri Rivers, respectively. This 485 km (308 miles) east/west
transect is situated on the ecotone separating the Eastern Deciduous Forest Biome from the Prairie
Biome of North America (BAILEY 1981). Based on land surveys conducted prior to, and during,
European settlement (1832-1859), forests were extensively developed along river valleys in the
eastern part of the state and occasionally extended onto the uplands, especially in northeastern lowa
(THOMPSON 1987). Oak savanna was characteristic of eastern Iowa uplands (BAKER et al. 1993)
and prairies dominated the western landscape. The gallery forests were poorly developed in the
western part of the state but they were present to varying degrees (TIFFANY 1982), especially along
the Missouri River (Iowa State Planning Board 1935). There clearly is a modern environmental
gradient between western Iowa Prairies and eastern Iowa forests.
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Iowa’s location on the ecotone between the Great Plains and eastern forests makes the state an
ideal location to investigate an east/west faunal gradient during the late Holocene (<4000 yr. B.P.).
Assuming that climate was controlled by similar meteorological patterns over the past 10 000 years
(WENDLAND 1978; WENDLAND et al. 1987), changes in precipitation should alter floral composi-
tion in ecotonal associations (e.g. relative abundance of prairie and forest habitat); there would be
an immediate response in the relative abundance of prairie and forest mammal species within the
ecotone (SEMKEN 1983). Because of this ecological relationship and the number and variety of late
Holocene vertebrate local faunas, the Iowa data base appeared most suitable to examine changes
in species composition across a major ecotone during the late Holocene. Most of the known
archeological sites are located near rivers (Fig. 1) and therefore the presence of gallery forests in
prairie dominated regions could mute the faunal differences between eastern and western sites in
the state. The occurrence of all known paleontological sites in fluvial deposits along streams would
also subject non-cultural sites to the same gallery forest affect. Nonetheless, an apparent distinctive
change in the nature of the uplands across Iowa during the late Holocene has been interpreted from
anumber of sites. Specifically, the predominance of prairie micromammal species recovered from
western Iowa sites (RHODES & SEMKEN 1976) is distinctly different from the relatively few prairie
species from sites representative of the eastern part of the state (JENKINS & SEMKEN 1972; BENN
1980). Mesic late Holocene conditions are also recorded for eastern lowa where the pollen record
documents an invasion of mesic trees into the prairie after 3500 yr B.P. (BAKER et al 1990, 1993).

However, before any paleoecological signals can be deciphered from the prehistoric record, it
is essential to examine the effects of different taphonomic biases, as recognized by KOWALSKI
(1990), as a fundamental part of any paleoecological analyses. To this end, we have subjected the
Iowa faunal data to an ordination analysis which groups sites and species by similarities. Resulting
clusters were then examined for different taphonomic variables to see if they were important in
forming the clusters.
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II. METHODS

Ordination s a term used to describe a set of techniques which arrange sampling units in relation
to one or more coordinate axes such that their positions relative to the axes and to each other
provides maximum information about their similarities or dissimilarities (LUDWIG & REYNOLDS
1988). Interestingly, GOODALL (1954) introduced the term ordination to identify techniques used
to arrange botanical samples in order to quantify the concept of a vegetational continuum along
environmental gradients. In this study, we are using ordination to examine prehistoric faunal
samples along a geographic/environmental gradient in Iowa.

The goal of ordination is to simplify and condense data sets in the hope of elucidating, by
inference, relationships between variables. As indicated by WHITTAKER & GAUCH (1973), ordi-
nation techniques have the following properties: (1) relative freedom from distortion, (2) lucidity
or clarity of results, (3) efficient use of data, and (4) heuristic value for revealing otherwise
unrecognized patterns and relationships. There are several different methods of ordination. Among
them are principal components analysis (PCA), factor analysis (FA), and correspondence analysis
(CA) (LuDWIG & REYNOLDS 1988). CA was originally developed by the French for application
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Fig. 1. Location of late Holocene sites in Iowa with ten or more identified mammals: 27 — Phipps, 108 — Rock
Run, 496 — State School, 501 — Johnson-3, 503 — Johnson-1, 505 — KuhL-4, 508 — Kuhl-1, 509 — Gamble,
510 -Lincoln I, 512 — Christenson, 513 — Clarkson, 514 — Chan-ya-ta, 515 — Robert Battey, 520 — Cribb’s
Crib, 524 — Broken Kettle West, 526 — Wittrock, 527 — Dixon, 529 — Garrett Farm, 530 — Pleasant Ridge,
531 — Brewster, 532 — Thurman, 533 — Kingston, 534 — Hadfield’s Cave, 536 — Woodpecker Cave, 537 —
McKinney, 538 — Lane Enclosure, 539 — Rainbow, 540 — Willard Cave, 541 — Schmitt, 544 — Arthur, 547
—-M.A.D, 2271 - Keystone Rockshelter, 2869 — Wall Ridge, 9000 — Chaboneau.

to contingency table problems with nominal data (e. g., presence/absence data), the format of the
Iowa faunal samples. CA is a method of displaying entities from both the rows and columns of a
contingency table (Fig. 2) as variables on the same graph (RINGROSE 1992). In other words, it
combines Q- and R-mode FA (ROCK 1988). This property differentiates CA from the other
ordination techniques of PCA and FA. For the Iowa data set, both sites and species are shown on
the same graph.

CA is an extension of the method of weighted reciprocal averaging used in direct gradient
analysis developed by WHITTAKER (1967). Conceptually for the Iowa faunal data set, CA computes
species (R-mode) and site (Q-mode) resemblance matrices. These are then converted to eigenva-
lues and eigenvectors, which are scaled to provide CA scores (LUDWIG & REYNOLDS 1988). The
scores can then be plotted on axes. The first CA axis (Fig. 3, horizontal line) has the largest
eigenvalue and hence the greatest importance in differentiating the variables and the second axis
(vertical) has the second largest eigenvalue. For CA, the second axis is not correlated with the first
one; this ensures that different information is conveyed by the second axis. Although additional
axes are available, it is best in practice to have only two axes which represent most of the variation
in the matrix (TER BRAAK 1987b).

For our analysis of the Iowa data, we specifically used the CANOCO computer program (TER
BRAAK 1987a) to do the CA. Data for this analysis was derived from the FAUNMAP data base
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