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Abstract. Large assemblages of animal bones and/or shells from archaeological sites can
provide data valuable for modern conservation efforts, e.g., by providing accurate historical
baselines for species reintroductions or habitat restoration. Such data are underused by
natural scientists, partly due to assumptions that archaeological materials are too biased by
prehistoric human actions (the so-called ‘‘cultural filter’’) to accurately reflect past biotic
communities. In order to address many paleobiological, archaeological, or applied research
questions, data on past species, communities, and populations must first be demonstrated to
be representative at the appropriate level. We discuss different ways in which one kind of
cultural bias, human transport of specimens, can be tested at different scales, using freshwater
mussel shells from prehistoric sites in the Tombigbee River basin of Mississippi and Alabama
to show how representativeness of samples can be assessed.

Key words: applied zooarchaeology; conservation biology; cultural bias; freshwater mussels; Tombigbee
River basin, Mississippi.

INTRODUCTION

Zooarchaeologists routinely analyze assemblages of

archaeological bones and/or shells containing thousands

to tens of thousands of specimens. The resulting data

have value within a contemporary management context

via what has come to be known as ‘‘applied zooar-

chaeology’’ or ‘‘applied paleozoology’’ (Lyman 1996,

2006, 2011, Lyman and Cannon 2004, Wolverton et al.

2011). It is accurate to say that the use of such data is

not yet mainstream in conservation biology, despite the

fact that thousands of zooarchaeological assemblages

have been recovered (with more recovered every day).

One reason for this situation is that, when confronted

with unexpected findings from the zooarchaeological

record (e.g., major range extensions or, conversely, the

absence of an expected taxon in a particular locale),

natural scientists may propose prehistoric human

transport of fauna (for subsistence or trade), the

avoidance of particular species because of cultural

‘‘tastes,’’ or other nonrandom human actions (also

known as, the ‘‘cultural filter’’ [Daly 1969]) as the

responsible factor (e.g., Matteson 1959:53, Murphy

1971:22, Robison 1983, Casey 1987:117–118, Call

1992:249, Myers and Perkins 2000, Haag 2009a:111).

Unfortunately, such reactions do not often occur in the

arena of peer-reviewed publication where zooarchaeol-

ogists can debate the merits of archaeological faunal

data. Instead, authors of this paper (and other

zooarchaeologists) commonly encounter such reactions

after conference presentations, in reviews of papers and

grant proposals, and in technical reports written by

zoologists cum zooarchaeologists. Thus, the ‘‘cultural

filter’’ has taken on mythical importance outside of

archaeology that is increasingly difficult to counter

unless zooarchaeologists assert the value of paleozoo-

logical data and the merits of analytical approaches that

are mainstream in zooarchaeology and paleontology.

The failure of natural scientists to fully appreciate the

worth of zooarchaeological data, while understandable,

is problematic for a number of reasons: (1) it often

involves arguing from negative evidence; (2) it assumes

that zooarchaeologists have not considered cultural bias

in their analyses and interpretations; (3) it ignores what

actually is known about prehistoric human behavior;

and (4) it enforces self-fulfilling prophecies about

preindustrial species ranges and faunal community

characteristics. The practical result is that these valuable

data remain largely ignored by the very people

(conservation biologists) who could put them to best

use (Frazier 2007, Humphries and Winemiller 2009). It

is important, therefore, to discuss a suite of approaches

for assessing how well zooarchaeological assemblages

represent past ecological communities, species, and

populations. Without such discussion, attempts to

address research questions involving past species bio-
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geographic ranges or other applied topics can be

dismissed as biased and ‘‘pseudo-scientific.’’

Zooarchaeological data may, of course, be structured

to varying degrees by several types of bias, including

cultural selection, differential inter- and intrasite pres-

ervation, sampling error, recovery methods, and differ-

ing skill levels between individual analysts (Payne 1972,

Uerpmann 1973, Reitz and Wing 2008:6). Studies of

such factors have a long history in zooarchaeology and

paleontology (see summary by Lyman 1994). The

literature on the topic is immense, and conceptually

sophisticated models for exploring taphonomic path-

ways have become common (e.g., Butzer 1982, Grayson

1984, Schiffer 1987, Lyman 1994, 2008, Dincauze 2000,

Lyman and Ames 2004, Reitz and Wing 2008). Most

zooarchaeologists receive at least some training in

taphonomic analysis, the study of the transition of

organic materials (e.g., bones and shells) from the

biosphere into the lithosphere (sedimentary deposits)

(Lyman 1994, 2010). Taphonomy provides a systematic

approach to understanding the effects of a variety of

cultural and natural processes on animal remains during

their accumulation and depositional histories (Nagaoka

et al. 2008). Bone and shell fragments routinely are

inspected for immanent properties of butchery, weath-

ering, carnivore and rodent gnaw damage, burning,

acidification through soil exposure or digestion, a

variety of fragmentation agencies, and evidence of

multiple other kinds of taphonomic processes. In short,

zooarchaeologists are patently aware of biases that

shape archaeological faunal assemblages and consider

such biases when extrapolating from their data to past

community characteristics. Unfortunately, this tapho-

nomic work is not well known outside the discipline,

leading to a loss of applied value as outlined previously.

Our purpose in this paper is not to convey data to test

paleobiological or zooarchaeological research hypothe-

ses, but to address the very assumption of representa-

tiveness in zooarchaeological assemblages. To do this,

we explore the nature of the cultural filter as expressed in

one particular kind of archaeological faunal remains: the

shells of freshwater unionid mussels (Mollusca: Bivalvia:

Unionidae) that accumulated as food waste at sites

around the world. Various sorts of bias in this class of

material have been addressed elsewhere (Peacock 2000,

Peacock and Chapman 2001, Wolverton et al. 2010, see

also Muckle 1994). Here, we focus primarily upon ways

in which one purported bias, the cultural transport of

shellfish, can be formally tested as a hypothesis at three

different scales: the specimen, assemblage, and water-

shed levels.

Test implications

To test any hypothesis about past species biogeogra-

phy or faunal community composition, both highly

relevant to modern conservation biology and restoration

ecology, we first must consider how it is that zooar-

chaeologists can determine whether or not samples are

so culturally biased as to be representative in only a

limited way. If shell samples are representative of past

shellfish communities, then assemblages should pass

several tests. First, at the species level, individuals

harvested from the same localities should exhibit similar

shell morphology and isotopic chemistry. That is, if

individuals from multiple streams were transported long

distances by prehistoric people, one would expect a

range in morphology and perhaps several different

modes in metric traits within the same species. As well,

one would expect a large range of isotopic chemical

signatures in the same species. However, if species were

harvested from local streams, and are thus representa-

tive of past ecological conditions near the site from

which they were recovered by archaeologists, then

morphology and isotopic chemistry should be less

variable. The logic is that long-distance transport

effectively samples a host of streams with different

hydrological and isotopic chemical regimes, thus intro-

ducing higher variability in both parameters.

Similarly, predictions about representativeness can be

made at the assemblage level. Samples from a locality

(multiple sites within close geographic proximity, or

samples from different contexts at a particular site)

should be from the same prehistoric mussel population.

Smaller samples, if representative, therefore should nest

within larger ones in terms of taxonomic composition, as

it has been established in ecology and paleozoology that

taxonomic richness increases with sample size (referenc-

es in Lyman 2008). If cultural transport led to sampling

of species from different streams, especially streams at a

distance, then small samples might not nest within larger

ones. Within a locality, much as in contemporary

ecology, if the full suite of species in an area is sampled,

the species–area curve should asymptote as sample size

increases. If the curve does not ‘‘sample to redundancy,’’

it could be that people transported new and different

species from substantial distances. Similarly, if zooarch-

aeological samples are representative of past local

mussel community composition, then the taxonomic

composition of samples should sort along geographical

gradients, such as upstream and downstream and among

watersheds.

What we propose are multiple lines of evidence for

determining whether or not cultural transport or other

mechanisms bias archaeological mussel assemblages in

terms of how well such samples represent past ecological

conditions. The more lines of evidence, from species

morphology and isotopic chemistry to assemblage

composition (e.g., nesting and sampling to redundancy)

that suggest sampling of local streams, the less likely

that cultural transport was in play and the more

confident the zooarchaeologist or ecologist can be in

the representativeness of samples. As an example of

assessing archaeological sample quality (i.e., represen-

tativeness) at the watershed level, we offer a case study

from the Tombigbee River drainage in Mississippi and

Alabama.
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BACKGROUND ON ARCHAEOLOGICAL MUSSEL SHELL

An example of remains holding value for conservation
biologists is freshwater mussel shell, a common constit-

uent of archaeological sites across North America (e.g.,
Gallagher and Bearden 1980, Parmalee et al. 1980, 1982,

Lyman 1984, Lippincott 1997, 2000, Butler and Camp-
bell 2004, Culleton 2006) and elsewhere in the world.

Native Americans exploited these animals over the
entire span of the Holocene to a greater or lesser extent,

depending on local abundance, human population
pressure, and other factors (Peacock 2002). Accumula-

tions range in size and density from a few scattered
valves within a site matrix to immense ‘‘shell mounds’’

that may be hectares in area and several meters thick
(Webb and DeJarnette 1942, Marquardt and Watson

2005), where millions of valves accumulated over the
centuries (Haag 2009a). In addition to providing

subsistence, mussels provided a raw material (shell)
useful for tools, beads, and other lapidary items, and
pottery temper (e.g., Theler 1990a, b, Lippincott 1997,

Myers and Perkins 2000, Warren 2000). However, with
very rare exceptions (e.g., Theler 1991, Warren 2000),

the proportion of modified valves is far too low to have
any significant effect on the taxonomic makeup of

assemblages (Peacock 2000), and shells that have been
modified for use as tools are immanently recognizable

(Claassen 1998) and routinely reported.
By the time systematic surveys of America’s water-

ways were undertaken by natural scientists, conditions
in many streams were substantially altered from their

preindustrial states (Bogan 1998, 2006). Archaeological
shell assemblages thus often hold surprises in terms of

species representation and relative proportions. For
example, Pleurobema decisum, the southern clubshell,

was by far the most common species in the main stem
upper-central Tombigbee River of Mississippi and

Alabama in prehistoric times (Robison 1983, Peacock
2000, 2002), a situation that has never been recorded

historically (Peacock et al. 2011). Early naturalist
records suffer from incomplete coverage, errors in
identification, poor curation practices, and other prob-

lems (Hughes and Parmalee 1999:29, Hoke 2000, Haag
2009b). As a result of such biases, preindustrial ranges

and past mussel community characteristics simply
cannot be known in their entirety without accessing

archaeological data.
An excellent example in this regard is the discovery of

an ‘‘Ozarkian’’ species, Cyprogenia aberti, at a number
of archaeological sites along eastern tributaries of the

Mississippi River, in the Yazoo River and Big Black
River drainages of Mississippi (Bogan 1987, Peacock

and James 2002, Jones et al. 2005, Peacock et al. 2011).
The species also has been reported from sites in northern

Louisiana (e.g., Peacock and Chapman 2001, Saunders
et al. 2005). While rare at most sites, it could be locally

abundant; for example, Peacock and James (2002) found
it to be the fourth most common species at a site in

Hinds County, Mississippi. No living populations of this

species are known in Mississippi today (Jones et al.

2005). Current range maps (e.g., Oesch 1984: Fig. 144)
show C. aberti as being limited to waterways issuing

from the Ozark and Ouachita uplands of northern
Arkansas, southern Missouri, and west into southeast-

ern Kansas and northeastern Oklahoma. If one assumes
that mussels were obtained locally in prehistoric times,
then our historical understanding of this nationally

threatened species (Williams et al. 1993) is limited, given
that it once lived in radically different environments

from where it is currently found. Another species,
Plethobasus cyphyus, found ‘‘principally in streams

above the Ozarkian crest’’ (Branson 1983:52), also was
widespread throughout the Yazoo Basin (also known as

the Mississippi Delta) in prehistoric times (Peacock et al.
2011). A small remnant population of this mussel

recently was discovered in the Sunflower River in
Mississippi (Jones et al. 2005), corroborating the range

evidence derived from archaeological data.
As alluded to above, such taxonomic ‘‘surprises’’ may

be informally attributed by biologists to the importation
of shellfish, especially if the suspect shells are relatively

rare in archaeological assemblages. From an optimal
foraging theory standpoint, it is unlikely that shellfish

were commonly transported long distances as food.
Long-distance transport of food items correlates posi-
tively with caloric return (Binford 1978, Broughton

1999, Stiner et al. 1999, Nagaoka 2002, Cannon 2003,
Munro 2004). Shellfish are exploited in patches (beds),

and individuals offer very low caloric returns (Parmalee
and Klippel 1974, but see Erlandson 1988 for protein

values). They also are quite heavy in the shell, making
bulk transport difficult. Such transport is a possibility,

however, and has been specifically posited in particular
archaeological cases (e.g., Johnson 1985, Theler 1990a,

1991, Warren 2000). Shellfish (or shells) also could have
been transported for reasons other than food: e.g., for

ritual, medicinal, or lapidary purposes. Such supposition
may be cast as a hypothesis testable in various ways, at

different scales of analysis: specimen level, assemblage
level, and watershed level.

METHODS FOR ASSESSING CULTURAL TRANSPORT

Specimen-level scale

Morphometrics.—According to the ‘‘Law of Stream

Position,’’ headwater forms tend to be less obese
(smaller width/length ratio) compared to large-river

forms of the same mussel species (e.g., Ortmann 1920,
Ball 1922, Eager 1978, Tevesz and Carter 1980, Imlay

1982, Roper and Hickey 1994, Timm 1994, Zieritz and
Aldridge 2009, Hornbach et al. 2010). Shell sculpture

(knobs and tubercules) also varies with stream reach
(e.g., Hornbach et al. 2010), although results of analyses

in this regard have been mixed (e.g., Ball 1922, Imlay
1982, Watters 1994, Peacock and Seltzer 2008). Theo-
retically, significant phenotypic differences in shell form

suggest different source areas for particular archaeolog-
ical specimens, whether it be downstream distance or

EVAN PEACOCK ET AL.1448 Ecological Applications
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different habitats within a given stream segment, and

such differences may be quantifiable via morphometric

analysis of archaeological shell. There are, however,

several issues zooarchaeologists must consider when

conducting morphometric analysis. Nonenvironmental

factors that can affect shell form include growth stage

and sexual dimorphism. Additionally, archaeological

shell often is fragmented so that traditional measures

like length may not be available, necessitating the

measurement of more robust shell features (e.g.,

Peacock and Mistak 2008, Peacock and Seltzer 2008,

Randklev et al. 2009). Such features (e.g., pallial line to

FIG. 1. Map of the Tombigbee River drainage, Mississippi and Alabama, USA. Archaeological sites with unionid shell material
are denoted by red circles. Archaeological site numbers follow the Smithsonian Trinomial System, with states ordered alphabetically
(Mississippi is number 22), followed by a county code (e.g., OK is Oktibbeha County), followed by a sequential site number.
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lateral tooth) have been shown to correlate positively

with measurements used by biologists to characterize

population structures (Peacock 2000).

Traditionally, morphometric analysis has been a

cumbersome process involving the measurement by

hand of landmark features on shell exterior and/or

interior surfaces (e.g., Hazay 1881, Buchner 1910, Israel

1910, Grier and Mueller 1926, Bloomer 1938). Recent

advances in geometric morphometrics, such as elliptical

Fourier shape analysis (Crampton and Haines 1996,

Scholz and Hartman 2007), are making such analyses

both more efficient and more accurate in terms of

environment-related features (Zieritz and Aldridge

2009). Methods are based on digital image analysis

and employ Cartesian coordinates of landmarks. Re-

searchers can use digitizers on specimens to obtain

coordinates and outlines. These analyses maintain

geometric data (Corti 1993) in a concise manner.

Although complex, geometric morphometric image

analysis has several advantages over traditional mor-

phometric methods. For example, researchers can

evaluate variables they did not initially plan to measure

without the original specimens (Rohlf 1990). Geometric

morphometric methods also provide the ability to

analyze fragmented shell (Scholz and Hartman 2007).

Size variation in a study sample can be addressed with

Procrustes analysis: study specimens are scaled, trans-

lated, and rotated to remove size differences from the

data set and to place each specimen in the same

coordinate plane. In this way, shape differences between

specimens are reflected in differences between the

coordinate values of their landmarks. Researchers can

then run standard multivariate tests to analyze these

differences within a sample or across sample populations

(Rohlf 1990, Slice 2007). Rohlf (1990) cautions that the

variables that most easily record the shape of a specimen

are not always the same variables that should be used in

morphometric analysis. There are multiple ways to

represent a group of landmarks, and the choice of

specific variables should be justified in terms of their

function or development. For example, variables meant

to measure the elongation of features should differ from

those meant to show the degree to which features are

‘‘bent’’ (degree of vertical change in two directions over

a given horizontal distance, as measured from a center

point).

Researchers must keep in mind that, even in

prehistoric times, average shell sizes in a mussel

population could be reduced by human predation

pressure (e.g., Peacock and Mistak 2008). One final,

complicating factor in the morphometric analysis of

archaeological shell is that watercourses evolve, leading

to different environmental pressures and consequently

different phenotypic responses in mussels over time

(Caughron 2009). At sites occupied for centuries or

millennia, which are common in eastern North America,

such changes in shell size/shape (e.g., Klippel et al. 1978)

could confound the use of morphometrics in sourcing

studies. For example, Peacock and Seltzer (2008) found

significant differences in pustule density and shell

obesity (width/length) for specimens derived from

different strata at a single site that were thousands of

years apart in age. Thus, corroborative methods such as

chemical sourcing should be employed.

Chemical sourcing.—Filter-feeding shellfish, including

freshwater mussels, are in approximate chemical equi-

librium with their aquatic environments (e.g., Lee and

Wilson 1969, Jeffree et al. 1995, Dettman et al. 1999,

Markich et al. 2002). In freshwater systems, each stream

or stream segment is to some extent chemically distinct

due to the representation of different geological areas

(drainage basins) of various sizes. Major chemical

differences may be expected between drainages in

radically different geographical settings (e.g., piedmont

vs. lower coastal plain). Such differences are reflected in

the shell chemistry of freshwater mussels, providing the

theoretical foundation for sourcing via the ‘‘provenience

FIG. 2. Biplot of barium vs. chromium in mussel shells from
archaeological sites in the Sunflower, Ohio, and Tombigbee
River drainages. Ellipses represent 90% confidence intervals.
The unit ppm refers to parts of the element per million parts of
material ablated from different seasonal growth rings in mussel
shell.

FIG. 3. Results of correspondence analysis of data on 46
elements taken from archaeological shell in the Tombigbee
River drainage, eastern Mississippi. Analysis was done via PC-
Ord (McCune and Mefford 1997) and employed Bray-Curtis
ordination, using Bray-Curtis original endpoint selection,
Sorenson (Euclidian) residual distance calculation, and element
scores calculated by weighted averaging. Axis 1 accounts for
83.27% of the variation; axes 1 and 2 combined account for
94.47% of the variation.
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postulate’’ if chemical differences related to a source

outweigh other factors (such as post-depositional

diagenesis) influencing shell chemistry. A recent diage-

netic study at Lyon’s Bluff (22OK520), a village site in

Mississippi, using X-ray diffraction, scanning electron

microscopy, and petrographic analysis, revealed no

significant differences in microcrystalline structure or

elemental makeup in mussel shell specimens (fragments

unidentifiable to species) ranging over 450 years in age

(Collins 2011). For an explanation of site number codes,

see Fig. 1 legend.

Research employing laser ablation-inductively cou-

pled plasma mass spectrometry (LA-ICP MS) indicates

that the provenience postulate applies to mussel shell

from archaeological sites (e.g., Peacock et al. 2007).

Shell specimens from a number of different sites in

Mississippi (Fig. 1) and Kentucky have been analyzed,

with data taken for 46 elements (see Peacock et al. [2010]

for analytical protocols). Fig. 2 is a sample biplot

showing chemical separation of shell from sites of

various ages in the Tombigbee (sites 22LO520,

22LO527, 22OK520, 22OK578), Sunflower (site

22SU531), and Ohio River (site 15CL58) drainages.

(See Peacock [2008] and Peacock et al. [2011] for site and

assemblage descriptions.) Fig. 3 is an ordination

diagram showing the level of precision that can be

achieved using this method. Data from Tombigbee

River drainage shells were analyzed using correspon-

dence analysis employing all 46 elements. Two sites

(22LO530 and 22LO527) located within 3.5 km of one

another on the main stem of the Tombigbee River in

eastern Mississippi are chemically indistinguishable.

However, shells from sites on tributary streams (Line

Creek [site 22OK520] and Hollis Creek/Jordan Canal

[site 22OK578]) feeding into the Tombigbee from the

west show good chemical separation from the main river

and between tributaries. This separation was achieved

even though all three sites fall within a 35 km radius

circle.

The shell analyzed was from general midden deposits

and was assumed to represent food detritus (and hence a

local chemical signature). A possible exception was

noted at one site. On the basis of phenotype, a

prehistoric (ca. AD 1400) shell ‘‘spoon’’ retrieved from

a grave at site 22OK520, located on a tributary stream in

the Tombigbee River drainage, was hypothesized to be

an import from the main river valley, minimally 25 km

away (Peacock et al. 2010). This artifact is fashioned

from a right valve of Lampsilis straminea claibornensis,

the only specimen of this relatively inflated, smooth-

shelled, ‘‘downstream’’ phenotype thus far recovered

from the site, where the compressed and highly

sculptured ‘‘upstream’’ form, L. s. straminea, is common

in an assemblage of over 900 valves. To test whether the

spoon had been imported to the site from the main river

valley, the chemical sourcing method mentioned above

was applied to the spoon and several valves of L. s.

straminea from 22OK520. The resulting chemical data

were compared to data derived from shells from main

stem Tombigbee River sites, also analyzed via LA-ICP

MS. The results (Fig. 4) indicate that the spoon was

manufactured from shell obtained locally, as it grouped

chemically with other shells from 22OK520, distinct

from shells from main-river sites (Peacock et al. 2010).

Assemblage-level scale

Context.—Some clues as to whether shellfish were

imported to a site can be derived from the contexts in

which the specimens were deposited. If extra-local

species were occasionally brought in for food, it is

reasonable to assume that they were brought in batches.

FIG. 4. Bivariate plot of elements showing chemical separation of shells from Tombigbee River sites and shells from Lyon’s
Bluff. Ellipses represented 90% confidence intervals. The figure is from Peacock et al. (2010: Fig. 4); used with permission.
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Because of their perishable nature, the animals presum-

ably would have been consumed quickly. (The same

caveat applies even if the meat was shucked out for

smoking or other preservation measures. Shucking/

smoking could have taken place elsewhere, in which

case animals could be transported without shells).

Although shells resulting from such short-term events

could have been scattered about, there is no apparent

reason to think that people would have wasted effort

doing so. The assumption, then, is that extra-local shell

should be found in concentrations representing short-

term episodes of processing and disposal, and given the

extra effort required for transport, such concentrations

also might be expected to occur outside deposits of

everyday domestic debris (e.g., on mound flanks). The

shells of locally available shellfish also presumably

accumulated via a series of short-term depositional

events, but more frequent use of an abundant, near-at-

hand resource would have led to more constant

incorporation into general midden deposits.

An example is provided by Rangia cuneata (marsh

clam) shells found in unionid mussel middens at a

number of prehistoric sites on the Lower Tombigbee

River in southern Alabama (e.g., McGregor and Dumas

2010). Archaeological specimens are found significantly

north of where this brackish-water species occurs today

(E. Peacock, S. W. McGregor, and A. A. Dumas,

unpublished manuscript). Although the numbers are

small (e.g., Peacock 2009), marsh clam shells are not

found together in archaeological contexts, as would be

expected if batches of shellfish were being brought in

from afar, consumed, and the waste discarded. Instead,

shells are found scattered throughout general midden

deposits, suggesting that marsh clams were locally

present in low numbers in the river and were being

gathered along with mussels in prehistoric times (E.

Peacock, S. W. McGregor, and A. A. Dumas, unpub-

lished manuscript). Rangia cuneata are capable of

tolerating low-salinity conditions, so it is feasible that

they occurred in the Lower Tombigbee River in the past

FIG. 5. (A) Black circles denote the relationship between total unionid nonrepetitive element (NRE) (sample size) and NTAXA
(number of unionid species), and open circles denote the relationship between unionid NRE (sample size) and NTAXA (threatened)
or federally endangered, threatened, or extinct unionid species. The simple best fit line (r2 ¼ 0.92, P , 0.05) is shown for the
relationship between NRE and NTAXA; sites above or below this line have higher or lower NTAXA values than is predicted by the
regression analysis. (B) The relationship between total unionid NRE (sample size) and NTAXA (number of unionid species per
shell preservation category). Shell categories were defined following Wolverton et al. (2010) as follows: Category 1, black circles,
unionid shells with high sphericity and density; Category 2, open circles, unionid shells with high sphericity and moderate density;
Category 3, gray circles, unionid shells with moderate sphericity and high density; Category 4, red circles, unionid shells with low
sphericity and density. For both graphs, sample size and preservation are important factors that influence the presence of a given
mussel species.
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when sea level was higher than today (E. Peacock, S. W.

McGregor, and A. A. Dumas, unpublished manuscript).

If they were being transported into the area from farther

south, other, less tolerant brackish/salt water inverte-

brate and vertebrate species also could have been

imported to the Lower Tombigbee sites, but no such

demonstrably extra-local fauna have been found (e.g.,

Klippel and Synstelien 2009).

Watershed-level scale

For the Tombigbee River drainage in Mississippi and

Alabama, we have data on 71 984 mussel valves

identifiable at least to genus (with a minimum of 43

species represented) from 23 sites in nine counties in

Mississippi and Alabama (see Peacock 2009, McGregor

and Dumas 2010, Peacock et al. 2011; and E. Peacock,

S. W. McGregor, and A. A. Dumas, unpublished

manuscript, for original data tables), that allow us to

look at sample characteristics throughout the drainage

basin.

Sample size and taphonomy.—Logistic species–area

curves can be used to assess whether multiple samples in

a watershed reach an asymptote in terms of discovery of

rare species with increased sampling (Wolff 1975,

Lyman 2008, Peacock, in press). A related technique,

nestedness (Wright et al. 1998), can be used to determine

whether the assemblage of species represented in smaller

samples simply constitute subsets of larger samples in a

watershed (Lyman 2008). If so, this suggests that

differences in samples from different sites within a

watershed relate to sampling intensity and/or clinal

changes in species distributions, not to differences in

cultural filters.

For studies using archaeological shell to characterize

past mussel community composition, the target variable

of interest is often the presence of state or federally listed

species (NTAXA [threatened]) or taxonomic richness

(NTAXA [number of unionid species]). Measures of

richness are sensitive to sample size effects. Species–area

curves are used to evaluate correlations between sample

size and NTAXA (see Lyman and Ames 2007, Lyman

2008) to determine the magnitude and degree to which

these variables are biased by sample quality.

Fig. 5A demonstrates this relationship for archaeo-

logical sites in the Tombigbee River drainage. The

quantitative unit used here is the nonrepetitive element

(NRE), defined as an exoskeletal part that occurs only

once per individual mollusk (e.g., right or left valves)

that can be identified to taxon based on diagnostic

morphological characteristics (Mason et al. 1998). In

this example, as sample size (NRE) increases, the

number of species, including those that are federally

listed, also increases. If local environments are sampled

adequately, as in modern ecological communities,

taxonomic richness asymptotes with additional sampling

once the rarest species are encountered; this is referred to

as sampling to redundancy (Lyman 2008:146–152).

Given this relationship, it is not surprising that the

addition of archaeological sites with larger sample sizes

results in the occurrence of rare species. Assuming that

habitat and preservation were similar at sites, an

FIG. 6. (A) Hierarchical cluster analysis (group average) using Horn’s index of dissimilarity for abundance data from
archaeological sites with sample sizes (NRE) �100. Abundance data were converted to proportions to control for differences in
sample size. Colored rectangles denote significant clusters (R ¼ 0.99, P , 0.05; ANOSIM). The correlation analysis between the
calculated and plotted similarities was 0.96, indicating a good representation of actual similarities. (B) Nonmetric multidimensional
scaling (NMDS) using Horn’s index of dissimilarity for abundance data from archaeological sites with sample sizes (NRE) �100.
The stress, a measure of goodness of fit, was 0.03, indicating a good representation of actual similarities. As with the cluster
analysis, abundance data were converted to proportions to control for differences in sample size between archaeological sites. For
both analyses, the geography in the Tombigbee River drainage is the dominant factor in structuring unionid community
composition at these sites.
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increase in sample size increases the likelihood of the

recovery of rare species in archaeological faunas.

Another point to consider is whether sample size is the

sole determinant for NTAXA and the occurrence of rare

species. For a number of assemblages in the Tombigbee

River drainage, NTAXA differs among assemblages

with similar sample sizes, which indicates that factors

other than sample size influence species occurrence. For

example, 22LO530 has lower NTAXA compared to

1CK56, despite having a similar sample size. Both sites

are located on the Tombigbee River but are separated

geographically (Fig. 1), which suggests that differences

in NTAXA between these sites stem from regional

dissimilarities in habitat and species pool. In contrast,

the disparity in NTAXA for 22LO600 and 22CL917 is

probably attributed to site-specific differences in preser-

vation, because both assemblages have similar sample

sizes and are located in the same geographic area. This

last example highlights the concept that preservation

and geographic locality must be assessed in addition to

sample size to determine whether rare species are local in

origin.

Even when nestedness, morphology, and/or isotopic

chemistry indicate that shells were not transported long

distances and are thus representative of past local

communities, the zooarchaeologist may confront differ-

ential preservation of shell as a biasing factor. Recent

studies demonstrate that preservation of freshwater

mussel shells is largely dependent on shell density and

shape (Wolverton et al. 2010). Specifically, spherical and

dense mussel shells are more likely to be preserved in

archaeological contexts than less spherical and less dense

shells. As a result, the probability of occurrence for

poorly preserved shells is dependent on past abundance

and sample size of a given assemblage. Fig. 5B illustrates

this point: as sample size increases, the number of

species with low-density and nonspherical shells also

increases. If species with fragile shell morphology are

encountered in a sample, and if a species–area curve

indicates sampling to redundancy, the conclusion that a

particular sample represents the past local community in

terms of taxonomic composition is supported.

As an additional test of this proposition, geographic

locations of mussel shell assemblages from sites can be

assessed with ordination and other classification meth-

ods (see Peacock 2000, and in press, for further details).

Such methods commonly are used by ecologists to

classify communities on the basis of similarities between

sample sites (Krebs 1999). For archaeological faunal

assemblages, they can be used to evaluate how species

composition changes with respect to geographic loca-

tion. Fig. 6 shows a statistically significant separation (R

¼ 0.99, P , 0.05; ANOSIM) between sites, based on the

geography of the Tombigbee River drainage. Archaeo-

FIG. 7. Nestedness diagrams of archaeological sites in the
Tombigbee River drainage. The diagrams are based on
groupings identified in the cluster and nonmetric multidimen-
sional scaling (NMDS) analyses. For each diagram, codes for
unionid species are listed at the top, and their presence at a
given archaeological site is denoted by a dark-shaded square;
the numerical superscripts for each species correspond to shell
preservation categories described in Wolverton et al. (2010).
For explanations of the species codes, see Table 1. Sample size
(NRE) is also presented for each archaeological site. The nested
‘‘temperatures’’ (heat of disorder; see Watershed-level scale:
Sample size and taphonomy) for diagram A (upper Tombigbee
faunal component) and diagram B (lower Tombigbee faunal
component) are 21.98 and 7.18, respectively. The tributary

 
faunal component was omitted because there were only two
sample sites within this cluster/grouping.
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logical sites (22CS503 and 22OK520) located on

tributaries are separated from sites on or near the

Tombigbee River. Sites on the Tombigbee River are

separated based on their relative stream location. This

separation is based on the condition of habitats from

which these species were collected. For example, unionid

species from 22CS503 and 22OK520 are characteristic of

tributary streams (Peacock et al. 2011), whereas those

from the upper and lower faunal components of the

Tombigbee River are typical of medium- and large-sized

rivers (Peacock 2000, Peacock and Seltzer 2008; E.

Peacock, S. W. McGregor, and A. A. Dumas, unpub-

lished manuscript). Moreover, although they are statis-

tically different, the fact that the groupings/clusters for

the Tombigbee River are more similar than those for

nearby tributaries indicates that mussel shells from these

sites are probably local in origin. If this were not the

case, the groupings/clusters likely would consist of a mix

of species with different habitat preferences. That is,

species adapted to small, slow-flowing streams would be

clustered with those adapted to large, fast-flowing rivers.

Of course, this relies on the assumption that modern

habitat preferences for a given mussel species are the

same as they were in the past (Warren 1991). We

presume this is the case for the Tombigbee River

drainage because most of the shell assemblages are no

more than ;1300 years old, excepting site 22LO538,

which has two shell-bearing strata, one dating to ca. AD

700–1000 and one dating to ca. 4490–3660 BC

(Atkinson 1974, Peacock and Seltzer 2008).

A valid question regarding these clusters/groupings is

whether they are ‘‘real,’’ given that community compo-

sition is influenced not only by prehistoric habitat but

also by sample size and preservation. That is, are

samples of different sizes within each group/cluster

derived from the same underlying population? This

hypothesis can be tested by examining the nestedness of

shellfish faunas in terms of taxonomic composition to

determine if assemblages with smaller sample sizes are

subsets of those with larger samples. A nested subset

pattern is measured on a scale from 0 (perfectly nested

faunas) to 100 (no nestedness) degrees and is referred to

as the ‘‘heat of disorder’’ or ‘‘temperature’’ (see Lyman

2008:168–170 for further details). For archaeological

sites on the Tombigbee River, the upper river grouping

has a nested temperature of 21.98, and the lower river

grouping has a temperature of 7.18 (tributary assem-

blages were omitted because only two sites had samples

large enough for consideration). A visual examination of

this nested pattern (Fig. 7, Table 1) shows that small

samples nest within larger samples in terms of taxo-

nomic composition. Closer examination reveals that the

species absent from archaeological sites with small

samples are those with easily fragmented shells. This

figure is illustrative of our point that rare species

collected from an assemblage are not a priori evidence

for long-distance transport.

CONCLUSIONS

We do not contend that natural scientists have

ignored data on archaeological mussel shell; indeed, a

number of publications in the biological literature would

belie such an assertion (e.g., Ortmann 1909, Parmalee

1956, Stansbery 1966, Murphy 1971, Murray 1981,

Barber 1982, Taylor and Spurlock 1982, Call and

Robinson 1983, Gordon 1983, Robison 1983, Neves et

al. 1997:51–52, Hughes and Parmalee 1999, Williams

and Fradkin 1999, Lyons et al. 2007, Haag 2009a,

Randklev et al. 2010). There also exists a body of work

reflecting cross-disciplinary collaborations between ar-

chaeologists and natural scientists (e.g., Hughes and

Parmalee 1999, Peacock et al. 2005, McGregor and

Dumas 2010, Wolverton et al. 2010, 2011). We do

contend, however, that archaeological faunal data in

general remain underused. Part of the reluctance to

TABLE 1. Definitions for unionid mussel species codes used in
Fig. 7.

Mussel species codes and scientific names

AC, Arcidens confragosus
AP, Amblema plicata
EAC, Elliptio arctata
EAR, Elliptio arca
EC, Elliptio crassidens
EL, Ellipsaria lineolata
EP, Epioblasma penita
FC, Fusconaia cerina
FE, Fusconaia ebena
GR, Glebula rotundata
HP, Hamiota perovalis
LCA, Lasmigona complanata alabamensis
LF, Leptodea fragilis
LO, Lampsilis ornata
LR, Ligumia recta
LS, Lampsilis straminea ssp.
LSC, Lampsilis straminea claibornensis
LSS, Lampsilis straminea straminea
LT, Lampsilis teres
MA, Medionidus acutissimus
MN, Megalonaias nervosa
OJ/OU, Obovaria jacksoniana/unicolor
OR, Obliquaria reflexa
P, Pleurobema cf. verum
PD, Plectomerus dombeyanus
PDE, Pleurobema decisum
PM, Pleurobema marshalli
PP, Potamilus purpuratus
PPE, Pleurobema perovatum
PT, Pleurobema taitianum
QA/QR, Quadrula apiculata/rumphiana
QAS, Quadrula asperata
QM, Quadrula metanevra
QN, Quadrula nobilis
QS, Quadrula stapes
SS, Strophitus subvexus
TD, Truncilla donaciformis
TP, Toxolasma parvum
TT, Toxolasma texasense
TV, Tritogonia verrucosa
TTR, Truncilla truncata
UD, Uniomerus declivis
UT, Uniomerus tetralasmus
VL, Villosa lienosa
VV, Villosa vibex
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employ such data in modern resource management

contexts may stem from reasonable concerns related to

preservation and sampling biases. However, consider-

ation of such biases is a standard part of zooarchaeo-

logical procedure, and the extent to which the data are

shaped by such biases (and hence their general utility in

an applied context) can readily be assessed. A less

reasonable fear concerns the extent to which prehistoric

faunal assemblages are shaped by the cultural filter, as

via human transport. We do not assert that such

transport never occurred, but that such a suggestion

should be treated as a hypothesis and tested by various

means at different scales, rather than being assumed

with consequent disregard of important data.

The spatial patterning evident in statistical analyses of

archaeological mussel data suggests that, in most cases,

all or most of the shell recovered from particular sites

came from waterways adjacent to those sites, an

assertion that makes sense from an optimal foraging

theory perspective. We believe it is safe to assume that

the large assemblages typically recovered from archae-

ological sites adequately represent past mussel commu-

nities once the various types of potential bias are

accounted for (Barber 1982, Cvancara 2000). Such tests

as we have discussed herein can be applied to all kinds of

animal remains derived from archaeological deposits.

We recommend that natural scientists approach

zooarchaeological data in general from a perspective

of ‘‘innocence before guilt.’’ The rewards will be

increased interdisciplinary cooperation and results of

real applied value in the complex world of natural

resource management, especially where particularly

sensitive organisms like freshwater mussels are con-

cerned.
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Naturkunde in Württemberg 65:50.

Butler, V. L., and S. K. Campbell. 2004. Resource intensifica-
tion and resource depression in the Pacific Northwest of
North America: a zooarchaeological review. Journal of
World Prehistory 18:327–405.

Butzer, K. W. 1982. Archaeology as human ecology. Cam-
bridge University Press, Cambridge, UK.

Call, S. M. 1992. Molluscan faunal remains. Pages 243–250 in
A. G. Henderson, editor. Fort Ancient cultural dynamics in
the Middle Ohio Valley. Monographs in World Archaeology
8. Prehistory Press, Madison, Wisconsin, USA.

Call, S. M., and K. Robinson. 1983. Mollusks from an
archaeological site in Woodford County, Kentucky. Amer-
ican Malacological Bulletin 1:31–34.

Cannon, M. D. 2003. A model of central place forager prey
choice and an application to faunal remains from the
Mimbres Valley, New Mexico. Journal of Anthropological
Archaeology 22:1–25.

Casey, J. L. 1987. Aboriginal and modern mussel assemblages
of the Lower Cumberland River. Southeastern Archaeology
6:115–124.

Caughron, S. M. 2009. Climatic variability at Modoc Rock
Shelter (Illinois) and Watson Brake (Louisiana): biometric
and isotopic evidence from archaeological freshwater mussel
shell. Thesis. Department of Anthropology and Middle
Eastern Cultures, Mississippi State University, Starkville,
Mississippi, USA.

Claassen, C. P. 1998. Shells. Cambridge University Press,
Cambridge, UK.

Collins, J. 2011. Diagenesis of freshwater shell and shell-
tempered pottery above the water table in east-central
Mississippi. Paper presented at the 68th annual meeting of
the Southeastern Archaeological Conference, Jacksonville,
Florida, USA.

Corti, M. 1993. Geometric morphometrics: an extension of the
revolution. Trends in Ecology and Evolution 8:302–303.

Crampton, J. S., and A. J. Haines. 1996. Users’ manual for
programs HANGLE, HMATCH and HCURVE for the
Fourier shape analysis of two-dimensional outlines. Institute
of Geological and Nuclear Sciences Science Report 96/37:1–
28.

Culleton, B. J. 2006. Implications of a freshwater radiocarbon
reservoir correction for the timing of Late Holocene
settlement of the Elk Hills, Kern County, California. Journal
of Archaeological Science 33:1331–1339.

Cvancara, A. M. 2000. Remarks stimulated by the symposium,
freshwater mussels in the Great Plains: ecology and
prehistoric utilization. Central Plains Archeology 8:149–150.

Daly, P. 1969. Approaches to faunal analysis in archaeology.
American Antiquity 34:146–153.

Dettman, D. L., A. K. Reische, and K. C. Lohmann. 1999.
Controls on the stable isotope composition of seasonal
growth bands in aragonitic fresh-water bivalves (Unionidae).
Geochimica et Cosmochimica Acta 63:1049–1057.

EVAN PEACOCK ET AL.1456 Ecological Applications
Vol. 22, No. 5



Dincauze, D. F. 2000. Environmental archaeology: principles
and practice. Cambridge University Press, Cambridge, UK.

Eager, R. M. C. 1978. Shape and function of the shell: a
comparison of some living and fossil bivalve mollusks.
Biological Reviews of the Cambridge Philosophical Society
53:169–210.

Erlandson, J. M. 1988. The role of shellfish in prehistoric
economies: a protein perspective. American Antiquity
53:102–109.

Frazier, J. 2007. Sustainable use of wildlife: the view from
archaeozoology. Journal of Nature Conservation 15:163–
173.

Gallagher, J. G., and S. E. Bearden. 1980. Excavation of
cultural resources at Brantley Reservoir, Eddie County, New
Mexico. Archaeology Research Program, Department of
Anthropology, Southern Methodist University, Dallas,
Texas, USA.

Gordon, M. E. 1983. A pre-European occurrence of Glebula
rotundata (Bivalvia: Unionidae) in Arkansas. The Nautilus
97:42.

Grayson, D. K. 1984. Quantitative zooarchaeology. Academic
Press, New York, New York, USA.

Grier, N. M., and J. F. Mueller. 1926. Further studies in
correlation of shape and station in fresh water mussels.
Bulletin of the Wagner Free Institute of Science 1:11–28.

Haag, W. R. 2009a. Past and future patterns of freshwater
mussel extinctions in North America during the Holocene.
Pages 107–128 in S. T. Turvey, editor. Holocene extinctions.
Oxford University Press, Oxford, UK.

Haag, W. R. 2009b. A hierarchical classification of freshwater
mussel diversity in North America. Journal of Biogeography
37:12–26.

Hazay, J. 1881. Die mollusken-fauna von Budapest. Malako-
zoologische Blätter 4:132–208.

Hoke, E. 2000. A critical review of the Unionid mollusks
reported for Nebraska by Samuel Aughey (1877). Central
Plains Archeology 8:35–43.

Hornbach, D. J., V. J. Kurth, and M. C. Hove. 2010. Variation
in freshwater mussel shell sculpture and shape along a river
gradient. American Midland Naturalist 164:22–36.

Hughes, M. H., and P. W. Parmalee. 1999. Prehistoric and
modern freshwater mussel (Mollusca: Bivalvia: Unionoidea)
faunas of the Tennessee River: Alabama, Kentucky, and
Tennessee. Regulated Rivers: Research and Management
15:25–42.

Humphries, P., and K. O. Winemiller. 2009. Historical impacts
on river fauna, shifting baselines, and challenges for
restoration. BioScience 59:673–684.

Imlay, M. J. 1982. Use of shells of freshwater mussels in
monitoring heavy metals and environmental stresses: a
review. Malacological Review 15:1–14.

Israel, F. B. 1910. Die najadeen des weidagebietes. Nachrich-
tenblatt der Deutschen Malakozoologischen Gesellschaft 4:4.

Jeffree, R. A., S. J. Markich, F. Lefebvre, M. Thellier, and C.
Ripoli. 1995. Shell microlaminations of the freshwater
bivalve Hyridella depressa as an archival monitor of
manganese water concentration: experimental investigation
by depth profiling using secondary ion mass spectrometry
(SIMS). Cellular and Molecular Life Sciences 51:838–848.

Johnson, J. K. 1985. Upland subsistence data from Colbert
Ferry Park, Northwest Alabama. Journal of Alabama
Archaeology 31:48–63.

Jones, R. L., W. T. Slack, and P. D. Hartfield. 2005. The
freshwater mussels (Mollusca: Bivalvia: Unionidae) of
Mississippi. Southeastern Naturalist 4:77–92.

Klippel, W. E., G. Celmer, and J. R. Purdue. 1978. The
Holocene naiad record at Rodgers Shelter in the Western
Ozark Highland of Missouri. Plains Anthropologist 32:257–
271.

Klippel, W. E., and J. Synstelien. 2009. Vertebrate faunal
remains. Pages 189–195 in S. Price, editor. Archaeology on

the Tombigbee River: Phase III data recovery at 1CK56, the
Corps Site, Clarke County, Alabama. Report submitted to
the United States Army Corps of Engineers, Permit Number
W91278-06-D-0066, Mobile District, Mobile, Alabama,
USA.

Krebs, C. 1999. Ecological methodology. Second edition.
Addison-Wesley Educational Publishers, New York, New
York, USA.

Lee, G. F., and W. Wilson. 1969. Use of chemical composition
of freshwater clamshells as indicators of paleohydrologic
conditions. Ecology 50:990–997.

Lippincott, K. 1997. Mussels, mussel shell tools, and mussel
and marine shell ornaments fromMissouri River Trench sites
in South Dakota. Central Plains Archeology 5:49–67.

Lippincott, K., editor. 2000. Freshwater mussels in the Great
Plains: ecology and prehistoric utilization. Central Plains
Archeology 8(1):1–150.

Lyman, R. L. 1984. A model of large freshwater clam
exploitation in the prehistoric Southern Columbia Plateau
culture area. Northwest Anthropological Research Notes
18:97–107.

Lyman, R. L. 1994. Vertebrate taphonomy. Cambridge
University Press, Cambridge, UK.

Lyman, R. L. 1996. Applied zooarchaeology: the relevance of
faunal analysis to wildlife management. World Archaeology
28:110–125.

Lyman, R. L. 2006. Paleozoology in the service of conservation
biology. Evolutionary Anthropology 15:11–19.

Lyman, R. L. 2008. Quantitative paleozoology. Cambridge
University Press, Cambridge, UK.

Lyman, R. L. 2010. What taphonomy is, what it isn’t, and why
taphonomists should care about the difference. Journal of
Taphonomy 8:1–16.

Lyman, R. L. 2011. A warrant for applied palaeozoology.
Biological Reviews 2011. http://dx.doi.org/10.1111/j.
1469-185X.2011.00207

Lyman, R. L., and K. M. Ames. 2004. Sampling to redundancy
in zooarchaeology: lessons from the Portland Basin, north-
western Oregon and southwestern Washington. Journal of
Ethnobiology 24:329–346.

Lyman, R. L., and K. M. Ames. 2007. On the use of species-
area curves to detect the effects of sample size. Journal of
Archaeological Science 34:1985–1990.

Lyman, R. L., and K. P. Cannon, editors. 2004. Zooarchaeol-
ogy and conservation biology. University of Utah Press, Salt
Lake City, Utah, USA.

Lyons, M. S., R. A. Krebs, J. P. Holt, L. J. Rundo, and W.
Zawiski. 2007. Assessing causes of change in the freshwater
mussels (Bivalvia: Unionidae) in the Black River, Ohio.
American Midland Naturalist 158:1–15.

Markich, S. J., R. A. Jeffree, and P. T. Burke. 2002. Freshwater
bivalve shells as archival indicators of metal pollution from a
copper-uranium mine in tropical Northern Australia. Envi-
ronmental Science and Technology 36:821–832.

Marquardt, W. H., and P. J. Watson, editors. 2005. Archae-
ology of the Middle Green River Region, Kentucky.
Monograph No. 5. Institute of Archaeology and Paleoenvi-
ronmental Studies, Florida Museum of Natural History,
University of Florida, Gainesville, Florida, USA.

Mason, R. D., M. L. Peterson, and J. A. Tiffany. 1998.
Weighing vs. counting: measurement reliability and the
California school of midden analysis. American Antiquity
63:303–324.

Matteson, M. R. 1959. An analysis of the shells of fresh-water
mussels gathered by Indians in Southwestern Illinois.
Transactions of the Illinois State Academy of Science
52:52–58.

McCune, B., and M. J. Mefford. 1997. PC-ORD. Multivariate
analysis of ecological data, version 3.0. MjM Software
Design, Gleneden Beach, Oregon, USA.

July 2012 1457APPLYING ZOOARCHAEOLOGICAL DATA



McGregor, S. W., and A. A. Dumas. 2010. Mussel remains
from prehistoric salt works, Clarke County, Alabama.
Southeastern Naturalist 9:105–118.

Muckle, R. J. 1994. Differential recovery of mollusk shell from
archaeological sites. Journal of Field Archaeology 21:129–
131.

Munro, N. D. 2004. Zooarchaeological measures of hunting
pressure and occupation intensity in the Natufian. Current
Anthropology 45(Supplement):s5–s33.

Murphy, J. L. 1971. Molluscan remains from four archaeolog-
ical sites in Northeastern Ohio. Sterkiana 43:21–25.

Murray, H. D. 1981. Unionids from Indian sites in McMullen
and Live Oak counties, Texas. Bulletin of the American
Malacological Union 1981:10–11.

Myers, T. P., and K. Perkins III. 2000. Mussels and marginal
utility. Central Plains Archeology 8:49–67.

Nagaoka, L. 2002. Explaining subsistence change in Southern
New Zealand using foraging theory models. World Archae-
ology 34:84–102.

Nagaoka, L., S. Wolverton, and B. Fullerton. 2008. Taphon-
omy of Twilight Beach seals. Pages 475–498 in G. Clark,
B. F. Leach, and S. Bulmer, editors. Islands of inquiry:
colonisation, seafaring and the archaeology of maritime
landscapes. Terra Australis 29. Australian National Univer-
sity, Canberra, Australia.

Neves, R. J., A. E. Bogan, J. D. Williams, S. A. Ahlstedt, and
P. W. Hartfield. 1997. Status of aquatic mollusks in the
southeastern United States: a downward spiral of diversity.
Pages 44–85 in G. W. Benz and D. E. Collins, editors.
Aquatic fauna in peril: the Southeastern perspective. Special
Publication 1. Southeast Aquatic Research Institute, Lenz
Design and Communications, Decatur, Georgia, USA.

Oesch, R. D. 1984. Missouri naiades: a guide to the mussels of
Missouri. Missouri Department of Conservation, Jefferson
City, Missouri, USA.

Ortmann, A. E. 1909. Unionidae from an Indian garbage heap.
The Nautilus 23:11–15.

Ortmann, A. E. 1920. Correlation of shape and station in
freshwater mussels (naiades). Proceedings of the American
Philosophical Society 59:268–312.

Parmalee, P. W. 1956. A comparison of past and present
populations of fresh-water mussels in southern Illinois.
Illinois Academy of Science Transactions 49:184–192.

Parmalee, P. W., and W. E. Klippel. 1974. Freshwater mussels
as a prehistoric food resource. American Antiquity 39:421–
434.

Parmalee, P. W., W. E. Klippel, and A. E. Bogan. 1980. Notes
on the prehistoric and present status of the naiad fauna of the
Middle Cumberland River, Smith County, Tennessee. The
Nautilus 94:93–105.

Parmalee, P. W., W. E. Klippel, and A. E. Bogan. 1982.
Aboriginal and modern freshwater mussel assemblages
(Pelecypoda: Unionidae) from the Chickamauga Reservoir,
Tennessee. Brimleyana 8:75–90.

Payne, S. 1972. On the interpretation of bone samples from
archaeological sites. Pages 65–81 in E. S. Higgs, editor.
Papers in economic prehistory. Cambridge University Press,
Cambridge, UK.

Peacock, E. 2000. Assessing bias in archaeological shell
assemblages. Journal of Field Archaeology 27:183–196.

Peacock, E. 2002. Shellfish use during the Woodland period in
the Middle South. Pages 444–460 in D. G. Anderson and R.
Mainfort, Jr., editors. The Woodland Southeast. University
of Alabama Press, Tuscaloosa, Alabama, USA.

Peacock, E. 2008. Freshwater mussel shell. Pages 189–195 in R.
Stallings, A. Bader, S. Mocas, B. Mohr, E. Peacock, M.
Prybylski, J. Rossen, D. Schatz, D. Simpson, N. Ross-
Stallings, and M. Wetzel, editors. Phase III archaeological
mitigation of the Panther Rock site (15CL58), Carroll
County, Kentucky. Report submitted to Hinckle Contracting

Corporation by AMEC Earth and Environmental, Inc.,
Lexington, Kentucky, USA.

Peacock, E. 2009. Analysis of molluscan remains from 1CK56.
Pages 196–216 in S. E. Price, editor. Archaeology on the
Tombigbee River: Phase III data recovery at 1CK56, the
Corps site, Clarke County, Alabama. Report submitted to
the U.S. Army Corps of Engineers, Mobile District, by the
Center for Archaeological Studies, University of South
Alabama, Mobile, Alabama, USA.

Peacock, E. In press. Archaeological freshwater mussel remains
and their use in the conservation of an imperiled fauna. In S.
Wolverton and R. L. Lyman, editors. Conservation biology
and applied zooarchaeology. University of Arizona Press,
Tucson, Arizona, USA.

Peacock, E., and S. Chapman. 2001. Taphonomic and
biogeographic data from a Plaquemine shell midden on the
Ouachita River, north Louisiana. Southeastern Archaeology
20:44–55.

Peacock, E., W. R. Haag, and M. L. Warren, Jr. 2005.
Prehistoric decline in freshwater mussels coincident with the
advent of maize agriculture. Conservation Biology 19:547–
551.

Peacock, E., and T. R. James. 2002. A prehistoric unionid
assemblage from the Big Black River drainage in Hinds
County, Mississippi. Journal of the Mississippi Academy of
Sciences 47:119–123.

Peacock, E., C. Jenkins, P. F. Jacobs, and J. Greenleaf. 2011.
Archaeology and biogeography of prehistoric freshwater
mussel shell in Mississippi. British Archaeological Reports,
International Series. Archaeopress, Oxford, UK.

Peacock, E., and S. Mistak. 2008. Freshwater mussel (Union-
idae) remains from the Bilbo Basin site, Mississippi, U.S.A.:
archaeological considerations and resource management
implications. Archaeofauna: International Journal of
Zooarchaeology 17:9–20.

Peacock, E., H. Neff, J. Rafferty, and T. Meaker. 2007. Using
laser ablation-inductively coupled plasma-mass spectrometry
(LA-ICP-MS) to source shell in shell-tempered pottery: a
pilot study from north Mississippi. Southeastern Archaeol-
ogy 26:319–329.

Peacock, E., R. A. Palmer, Y. Xia, W. Bacon-Schulte, B.
Carlock, and J. Smith. 2010. Chemical sourcing of a
prehistoric freshwater shell artifact using laser ablation-
inductively coupled plasma-mass spectrometry. Archaeology
of Eastern North America 38:91–99.

Peacock, E., and J. Seltzer. 2008. A comparison of multiple
proxy data sets for paleoenvironmental conditions as derived
from freshwater bivalve (unionid) shell. Journal of Archae-
ological Science 35:2557–2565.

Randklev, C. R., S. Wolverton, and J. H. Kennedy. 2009. A
biometric technique for assessing prehistoric freshwater
mussel population dynamics (family: Unionidae) in north
Texas. Journal of Archaeological Science 36:205–213.

Randklev, C. R., S. Wolverton, B. Lundeen, and J. H.
Kennedy. 2010. A paleozoological perspective on unionid
(Mollusca: Unionidae) zoogeography in the Upper Trinity
River basin, Texas. Ecological Applications 20:2359–2368.

Reitz, E. J., and E. S. Wing. 2008. Zooarchaeology. Second
edition. Cambridge University Press, Cambridge, UK.

Robison, N. D. 1983. Archeological records of naiad mussels
along the Tennessee-Tombigbee Waterway. Pages 115–119 in
A. C. Miller, editor. Report of freshwater mussels workshop,
26–27 October 1982. Waterways Experiment Station, U.S.
Army Corps of Engineers, Vicksburg, Mississippi, USA.

Rohlf, J. F. 1990. Morphometrics. Annual Review of Ecology
and Systematics 21:299–316.

Roper, D. S., and C. W. Hickey. 1994. Population structure,
shell morphology, age and condition of the freshwater mussel
Hyridella menziesi (Unionacea: Hyriidae) from seven lake
and river sites in the Waikato River system. Hydrobiologia
284:205–217.

EVAN PEACOCK ET AL.1458 Ecological Applications
Vol. 22, No. 5



Saunders, J. W., et al. 2005. Watson Brake, a Middle Archaic
mound complex in northeast Louisiana. American Antiquity
70:631–668.

Schiffer, M. B. 1987. Formation processes of the archaeological
record. University of Utah Press, Salt Lake City, Utah, USA.

Scholz, H., and J. H. Hartman. 2007. Paleoenvironmental
reconstruction of the Upper Cretaceous Hell Creek Forma-
tion of the Williston Basin, Montana, USA: implications
from the quantitative analysis of unionid bivalve taxonomic
diversity and morphologic disparity. Palaios 22:24–34.

Slice, D. R. 2007. Geometric morphometrics. Annual Review of
Anthropology 36:261–281.

Stansbery, D. H. 1966. Utilization of naiads by prehistoric man
in the Ohio Valley. The American Malacological Union,
Annual Report for 1966:41–43.

Stiner, M. C., N. D. Munro, T. A. Surovell, E. Tchernov, and
O. Bar-Yosef. 1999. Paleolithic population growth pulses
evidenced by small animal exploitation. Science 283:190–194.

Taylor, R. W., and B. D. Spurlock. 1982. The changing Ohio
River naiad fauna: a comparison of early Indian middens
with today. The Nautilus 96:49–51.

Tevesz, M., and J. Carter. 1980. Environmental relationship of
shell form and structure of unionacean bivalves. Pages 295–
322 in D. Rhoads and R. Lutz, editors. Skeletal growth in
aquatic organisms. Plenum Press, New York, New York,
USA.

Theler, J. L. 1990a. A possible Oneota freshwater mussel cache
intended for ceramic tempering material. Journal of the Iowa
Archeological Society 37:1–3.

Theler, J. L. 1990b. Prehistoric freshwater mussel (naiad)
assemblages from southwestern Iowa. American Malacolog-
ical Bulletin 7:127–130.

Theler, J. L. 1991. Aboriginal utilization of freshwater mussels
at the Aztalan site, Wisconsin. Pages 315–332 in J. R. Purdue,
W. E. Klippel, and B. W. Styles, editors. Beamers, bobwhites
and blue-points: tributes to the career of Paul W. Parmalee.
Scientific Papers No. 23. Illinois State Museum, Springfield,
Illinois, USA.

Timm, H. 1994. Big clams of the Estonian freshwaters:
comparison of the age, shell length, and shell weight in
different species and populations. Proceedings of the
Estonian Academy of Sciences: Biology 43:149–159.

Uerpmann, H. P. 1973. Animal bone finds and economic
archaeology: a critical study of ‘‘osteo-archaeological meth-
od.’’ World Archaeology 4:307–332.

Warren, R. E. 1991. Freshwater mussels as paleoenvironmental
indicators: a quantitative approach. Pages 23–66 in J. R.
Purdue, W. E. Klippel, and B. W. Styles, editors. Beamers,
bobwhites, and blue-points: tributes to the career of Paul W.
Parmalee. Scientific Papers No. 23, Illinois State Museum,
Springfield, Illinois, USA.

Warren, R. E. 2000. Prehistoric procurement and use of
freshwater mussels along the Missouri River in the northern
Great Plains. Central Plains Archeology 8:79–97.

Watters, G. T. 1994. Form and function of unionoidean shell
sculpture and shape (Bivalvia). American Malacological
Bulletin 11:1–20.

Webb, W. S., and D. L. DeJarnette. 1942. An archaeological
survey of Pickwick Basin in the adjacent portions of the
states of Alabama, Mississippi and Tennessee. Bulletin 129,
Bureau of American Ethnology, Smithsonian Institution,
Washington, D.C., USA.

Williams, J. D., and A. Fradkin. 1999. Fusconaia apalachicola, a
new species of freshwater mussel (Bivalvia: Unionidae) from
precolumbian archaeological sites in the Apalachicola Basin
of Alabama, Florida, and Georgia. Tulane Studies in
Zoology and Botany 31:51–62.

Williams, J. D., M. L. Warren, K. S. Cummings, J. L. Harris,
and R. J. Neves. 1993. Conservation status of freshwater
mussels of the United States and Canada. Fisheries 18:6–22.

Wolff, R. G. 1975. Sampling and sample size in ecological
analysis of fossils. Paleobiology 1:195–204.

Wolverton, S., C. Randklev, and A. Barker. 2011. Ethno-
biology as a bridge between science and ethics: an applied
paleozoological perspective. Pages 115–132 in E. N. Ander-
son, N. J. Turner, E. S. Hunn, and D. M. Pearsall, editors.
Ethnobiology. Wiley-Blackwell, New York, New York,
USA.

Wolverton, S., C. Randklev, and J. H. Kennedy. 2010. A
conceptual model for freshwater mussel (Family: Unionidae)
remains preservation in zooarchaeological assemblages.
Journal of Archaeological Science 37:164–173.

Wright, D. H., B. D. Patterson, G. M. Mikkelson, A. Cutler,
and W. Atmar. 1998. A comparative analysis of nested subset
patterns of species composition. Oecologia 113:1–20.

Zieritz, A., and D. C. Aldridge. 2009. Identification of
ecophenotypic trends within three European freshwater
mussel species (Bivalvia: Unionoida) using traditional and
modern morphometric techniques. Biological Journal of the
Linnean Society 98:814–825.

July 2012 1459APPLYING ZOOARCHAEOLOGICAL DATA

View publication statsView publication stats

https://www.researchgate.net/publication/230712765


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU ([Based on 'AP_Press'] Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


