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Identification of turkey (Meleagris spp.) remains inMaya archaeological deposits is problematic because the two
species that co-existed during ancient Maya occupations are extremely difficult to separate osteologically. One
species, M. gallopavo, was introduced from northern Mexico possibly multiple times. The other species, M.
ocellata, is indigenous and was possibly husbanded though never domesticated. The two species are morpholog-
ically very similar, their size distributions overlap, and their responses to environmental conditions and human
manipulationmay have led to non-species delimited skeletal changes. Limited information has, so far, been avail-
able to distinguish the two species, and most analysts prefer to identify this group to the genus level only. How-
ever, the turkey is the only domesticated fowl of theNewWorld, and is one of only two domesticated vertebrates
in North/Central America. It was a source of food, medicines, feathers, and artifacts, an emblem of status and an
actor in pivotal ceremonial events. Thus distinguishing among the two species, and recognizing markers of hus-
bandry and domestication, are essential to our understanding ofMaya animal use. In this studywe review the key
morphological and metric diagnostic features of the species and the methods that we have used to develop and
test effectivemorphological andmetric characters for distinguishing the twoMaya turkeys. This study is based on
our ongoing analysis of 55 modern individuals and over 2000 archaeological specimens from Preclassic through
Colonial Maya assemblages.
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1. Introduction

The basis of all zooarchaeological analysis is the biologically-linked
phenotypic variation between different animal species. But recent stud-
ies have revealed that the quality of our zooarchaeological assessments
can be compromised by insufficient attention to the characters used in
our comparative evaluation. Further, the quality of regional studies
that draw on published datasets can suffer as a result of the use of inef-
fective characters or metrics in basic identification (see, especially, Atici
et al., 2012; Driver, 2011;Wolverton, 2013). Archaeological remains are
compared to the skeletal elements of modern exemplars of various spe-
cies and are identified by similarity to these comparative specimens.
Variation among individuals of a species is recognized and used in
zooarchaeological research (Bochenski, 2008). However, despite our
recognition of these individual variations and particularly variations be-
tween individuals from different regions or with different life-histories,
our comparative collections typically include only a few individuals of
most species. This is entirely reasonable given the financial and space
costs of collection and curation and is balanced by our need to also
esting osteometric and morp
ce: Reports (2016), http://dx
include at least one example of each possible species within the geo-
graphic and temporal range of our lab's specialization. Many species
can be identified by diagnostic features that are reported by taxonomist
specialists in the biological literature and are known not to repeat
among closely related species (either homologous or taxonomically re-
lated). Unfortunately, many other species cannot be as easily separated
zooarchaeologically because osteological characters are more conserva-
tive than external features like hide or feather coloration which are
often the basis for taxonomic differentiations by neontologists. Further-
more, the potential for interspecies hybridization, an occurrence ob-
served among many extant vertebrates, is rarely recognized in the
archaeological and fossil record (Bochenski and Tomek, 2000). In
these cases, it is vital that analysts take particular care to compare ar-
chaeological specimens with many modern exemplars, or to diagnostic
metric and morphological trait lists. These trait lists, however, are hard
to come by and generally are not the subject of biological studies since
neontologists have a wider range of characters to use when species
are skeletally similar.

In Maya zooarchaeology, several species groups are especially prob-
lematic for identification because they are osteologically very similar
and simultaneously very different in cultural or ecological terms. Thus
our research is often stymied by an inability to distinguish among
hological methods for turkey species determination in Maya faunal
.doi.org/10.1016/j.jasrep.2016.08.018

http://dx.doi.org/10.1016/j.jasrep.2016.08.018
mailto:kemery@flmnh.ufl.edu
Journal logo
http://dx.doi.org/10.1016/j.jasrep.2016.08.018
http://www.sciencedirect.com/science/journal/
www.elsevier.com/locate/jasrep
http://dx.doi.org/10.1016/j.jasrep.2016.08.018


2 K. Emery et al. / Journal of Archaeological Science: Reports xxx (2016) xxx–xxx
these problematic species groups. Primary among these in Maya re-
search are the two species of turkey (Meleagris) found in the region,
one indigenous only to the Maya area (M. ocellata or Ocellated Turkey)
and one introduced by trade from its natural range in central/northern
Mexico (M. gallopavo gallopavo or SouthernMexicanWild Turkey). Sev-
eral ornithological studies have shown that the two birds are virtually
identical osteologically, and unfortunately also very similar metrically
(Bochenski and Campbell, 2005, 2006; Steadman, 1980). Bochenski
and Campbell's (2006) morphological analysis finds that while 25 of
the 55 traits they used are characteristic ofM. ocellata, only fivewere ex-
clusive of M. gallopavo. Sample size may also hinder morphological
comparisons because the reference collection may not cover the entire
range of intraspecific morphological variation. Steadman (1980:132)
noted that his sample of 16M. gallopavo and sevenM. ocellata provided
more effective characters for separation than did smaller samples ana-
lyzed by earlier researchers (for example, Brodkorb, 1964a, 1964b;
Howard, 1927; Rea, 1980; Shufeldt, 1914), and Bochenski and
Campbell's (2006) sample of 20 Ocellated Turkeys and 51Wild Turkeys
is by far the largest so far used.

Despite their osteological similarity, the two birds could not bemore
different in terms of their habits and habitats, and the cultural implica-
tions of their recovery in archaeological deposits. The Ocellated Turkey
is a wild game bird native to the Maya region that is found primarily
in forested and edge-zone habitats, and occasionally in agricultural
fields. M. gallopavo, on the other hand, is a non-local domestic bird in-
troduced to the Maya region during prehistoric times (Valadez Azúa,
2003; Thornton et al., 2012). As such it is assumed to have been a house-
hold commensal, feeding on human-provided maize and insect pests
around the residential zone (Hale and Schein, 1962; Schorger, 1966;
Steadman et al., 1979; Williams et al., 2010). Regardless of species,
wherever the turkey is found, past or present, it is associated with cere-
mony, elite status-enhancing activities, and politically important settle-
ments. It is common in both preHispanic iconography and codices, and
in ethnohistoric documents from early in the contact period. Both birds
were clearly valued for their meat, plumage, and symbolic meanings
(Camacho-Escobar et al., 2011; Corona, 2008, 2013; Kockelman, 2011;
Nimis, 1982; Pohl, 1983; Pohl and Feldman, 1982; Sharpe, 2014;
Thornton et al., 2012; Tozzer, 1941; Tozzer and Allen, 1910). Their
zooarchaeological separation therefore is imperative in the Maya area
in order to understand the process of husbandry and domestication
and whether it was a single or duplicated process, the diffusion of the
bird as well as the “idea” of animal husbandry, and the stages of incor-
poration of wild and domesticated birds into the social system.

Many new methods have been developed for distinguishing prob-
lematic species, chief among them aDNA, protein peptides, isotopic var-
iations based on feeding differences, and detailed three-dimensional
modeling of osteometric trait complexes (for example, Morey, 2014;
Owen et al., 2014). Unfortunately, most zooarchaeologists are not able
to fund such methods, and in many cases where meleagrid specimens
are rare, do not wish to conduct destructive analysis on these valuable
specimens. Thus an important goal for our interdisciplinary study of
Maya turkeys has been to create a standardized, clear, and replicable
set of diagnostic andmetric traits that can be used for discriminating os-
teological specimens of these species across the Maya area. This paper
describes themethodswe are using to evaluate ourmetric andmorpho-
logical diagnostic trait list to ensure that the methods we recommend
are low-cost, accurate, and effective.

2. Methods

To compile a dataset of known metric and morphological parame-
ters for identification of meleagrid species and sex, we reviewed mea-
surements and descriptors from the literature (Bochenski and
Campbell, 2006; Olsen, 1968; Steadman, 1980; von den Driesch,
1976). We first tested these parameters on a small sample of modern
galliform individuals from the Environmental Archaeology and
Please cite this article as: Emery, K., et al., Testing osteometric and morp
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Ornithology collections of the Florida Museum of Natural History
(FLMNH) (Table 1). Closely related galliformbirds belonging to the fam-
ily Cracidae (Crax rubra – Great Curassow, and Penelope purpurascens –
CrestedGuan)were also included in ourmorphological andmetric anal-
yses due to their potential confusion with turkeys in Maya
zooarchaeological assemblages. Lead authors Emery and Thornton
assessed the utility of the previously reportedmorphological characters
distinguishing Ocellated and Wild Turkeys by visual comparison and
semi-blind testing of modern skeletal specimens. We rejected anymor-
phological characters that were either not viable from the outset (un-
clear or indistinguishable characters) or were so variable among the
specimens as to have resulted from individual variation rather than tax-
onomic or sex-derived traits. The final morphological trait list was then
described and illustrated by drawings and photographs to ensure accu-
rate interpretation of the written character trait descriptions. Skeletal
measurements described for generalized turkeys (Olsen, 1968) and spe-
cific to Ocellated or Wild Turkeys (Bochenski and Campbell, 2006;
Steadman, 1980) were combined to produce a comprehensive list of
osteometrics. Illustrated guides were also produced to clarify the
osteometric procedures.

All team members were instructed on recognizing the morphologi-
cal characters and collecting osteometric data using standardized tech-
niques. We defined single analysts or analyst pairs for each of the two
types of studies to mitigate multiple analyst bias. Morphological analy-
sis was done by teams of two or more researchers led by either Erin
Thornton or Kitty Emery, with Thornton making all final determina-
tions. Osteometric data was collected by Lisa Duffy and Petra Cunning-
ham-Smith working as a team with Duffy always measuring and
Cunningham-Smith always doing data entry. This work was supervised
by Emery. Measurements were made using metric digital calipers
equipped with an RS-232 interface to enter data directly into Microsoft
Excel spreadsheet forms.

Our protocol formorphological assessment of themeleagrids includ-
ed a character state scoring system wherein two character states were
defined for each trait on the element, one representing M. gallopavo,
and the other M. ocellata. We also applied a “confidence value” when
scoring for each character. This value ranged from 1 (highest) to 4 (low-
est), and is useful for understanding the effectiveness of the character
list, and for weighting the results of our archaeological assessment. For
example, an identification of several characters as M. gallopavo but
with poor confidence rankings may be trumped by a single score asM.
ocellatawith a high confidence rank. After assessing each trait individu-
ally, the analyst then assigned a species identification to the element as
a whole using any combination of the traits assessed, also ranking this
identification by confidence. This overall assessment might or might
not agree with the preponderance of the scored traits. This method
allowed an assessment of the effectiveness of each trait in identifying
the specimens as well as allowing a comparison between an identifica-
tion based on single traits and an identification based onwhole-element
analysis. Traits were always accompanied by character descriptions to
ensure we were describing the correct variation in that trait. All mor-
phological assessments of modern birds were done with reference to
the compiled illustrations and photographs, while archaeological speci-
mens were identified in comparison to both the reference manual and
modern specimens.

To test the extent to which our metric character set replicated
known taxonomy and sex, we first applied it to the large pool ofmodern
birds curated at FLMNH (Environmental Archaeology and Ornithology
collections) and then to comparative specimens stored in the
Universidad Autónoma de Yucatán (UADY) Zooarchaeology lab in
Mérida, Mexico (Table 1). A few representative modern specimens
were used to test the accuracy of the morphological characters, but to
further test the value of these characters, we also conducted a blind
test of our morphological trait list by providing 10 volunteers with
trays of unlabeled modern bones representing both M. ocellata and M.
gallopavo. The bones included at least three specimens per element
hological methods for turkey species determination in Maya faunal
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Table 1
FLMNH specimens used in the morphometric assessments. OR designates holdings of the FLMNH-Ornithology, EA of the FLMNH-Environmental Archaeology.

Catalog number Stats
code

Taxa Sex Age Where collected Captive/wild Specimen type

FLMNH-EA-110571,3,4 40 Crax rubra F Adult Alta Verapaz,
Guatemala

Wild Complete
skeleton

FLMNH-OR-448271,3 42 Crax rubra F Adult Petén, Guatemala Wild Incomplete
skeleton

FLMNH-OR-448313 44 Crax rubra F Adult Petén, Guatemala Wild Complete
skeleton

FLMNH-OR-448533 48 Crax rubra F Adult Petén, Guatemala Wild Complete
skeleton

FLMNH-OR-448603 49 Crax rubra F Adult Petén, Guatemala Wild Complete
skeleton

FLMNH-EA-110491,3 39 Crax rubra M Adult Alta Verapaz,
Guatemala

Wild Complete
skeleton

FLMNH-OR-448261,3 41 Crax rubra M Adult Petén, Guatemala Wild Complete
skeleton

FLMNH-OR-448291,3 43 Crax rubra M Adult Petén, Guatemala Wild Complete
skeleton

FLMNH-OR-448343 45 Crax rubra M Adult Petén, Guatemala Wild Complete
skeleton

FLMNH-OR-448373 46 Crax rubra M Adult Petén, Guatemala Wild Complete
skeleton

FLMNH-OR-448383 47 Crax rubra M Adult Petén, Guatemala Wild Complete
skeleton

FLMNH-OR-11674/PB214501,2,3 11 Meleagris gallopavo
osceola

M Adult Glades County, FL ? Complete
skeleton

FLMNH-EA-1810b3 2 Meleagris gallopavo F Adult Glades County, FL Wild Incomplete
skeleton

FLMNH-EA-1810c3,4 3 Meleagris gallopavo U Adult Glades County, FL Wild Incomplete
skeleton

FLMNH-OR-12812/PB224771,3,4 12 Meleagris gallopavo
osceola

M Adult Highlands County, FL ? Incomplete
skeleton

FLMNH-EA-45463 7 Meleagris gallopavo F Adult Brevard County, FL ? Incomplete
skeleton

FLMNH-EA-57103,4 8 Meleagris gallopavo F Older subadult (less than a
year old)

Clay County, FL Wild Complete
skeleton

FLMNH-EA-57113 9 Meleagris gallopavo F Adult Clay County, FL Wild Complete
skeleton

FLMNH-EA-1811c – Meleagris gallopavo F Sub/juvenile (3 months) Glades County, FL Wild Incomplete
skeleton

FLMNH-EA-88963 10 Meleagris gallopavo F Adult Petén, Guatemala Domestic Incomplete
skeleton

FLMNH-EA-1811b – Meleagris gallopavo F Young subadult (3 months) Glades County, FL Wild Complete
skeleton

FLMNH-EA-1811d – Meleagris gallopavo F Young subadult (3 months) Glades County, FL Wild Complete
skeleton

FLMNH-EA-14871,3,4 1 Meleagris gallopavo M Adult Glades County, FL ? Complete
skeleton

FLMNH-EA-1811a1,2,3,4 4 Meleagris gallopavo F Adult Glades County, FL Wild Complete
skeleton

FLMNH-EA-32523 5 Meleagris gallopavo M Adult Levy County, FL ? Incomplete
skeleton

UADY-1243 13 Meleagris gallopavo M Adult Yucatan, Mexico Domestic Incomplete
skeleton

UADY-2202,3 – Meleagris gallopavo U Adult Yucatan, Mexico Domestic Complete
skeleton

FLMNH-EA-40633 6 Meleagris gallopavo M Adult Union County, FL ?Wild Complete
skeleton

FLMNH-OR-416653 18 Meleagris ocellata F Adult Petén, Guatemala Wild Tarsometatarsus
only

FLMNH-EA-110481,3 14 Meleagris ocellata F Adult Alta Verapaz,
Guatemala

Wild Incomplete
skeleton

FLMNH-OR-24104/PB30884/H4251,2,3,4 15 Meleagris ocellata F Adult Roer Bird Farm,
Phoenix, AZ

Captive Complete
skeleton

FLMNH-OR-38861/PB235431,3 17 Meleagris ocellata U Adult Busch Gardens, Tampa,
FL

Captive Complete
skeleton

UADY-1413 37 Meleagris ocellata F Adult Yucatan, Mexico Captive Incomplete
skeleton

UADY-2463 38 Meleagris ocellata F Adult Yucatan, Mexico Wild Incomplete
skeleton

UADY-52,3 36 Meleagris ocellata F Subadult Yucatan, Mexico Wild Incomplete
skeleton

FLMNH-OR-416763 24 Meleagris ocellata F Adult Petén, Guatemala Wild Tarsometatarsus
only

FLMNH-OR-416883 26 Meleagris ocellata F Adult Petén, Guatemala Wild Tarsometatarsus

(continued on next page)
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Table 1 (continued)

Catalog number Stats
code

Taxa Sex Age Where collected Captive/wild Specimen type

only
FLMNH-OR-416963 27 Meleagris ocellata F Adult Petén, Guatemala Wild Tarsometatarsus

only
FLMNH-OR-417023 28 Meleagris ocellata F Adult Petén, Guatemala Wild Tarsometatarsus

only
FLMNH-OR-417133 30 Meleagris ocellata F Adult Petén, Guatemala Wild Tarsometatarsus

only
FLMNH-OR-417193 32 Meleagris ocellata F Adult Petén, Guatemala Wild Tarsometatarsus

only
FLMNH-OR-24105/PB235421,2,3,4 16 Meleagris ocellata M Adult Busch Gardens, Tampa,

FL
Captive Complete

skeleton
FLMNH-OR-416673 19 Meleagris ocellata M Adult Petén, Guatemala Wild Tarsometatarsus

only
FLMNH-OR-416683 20 Meleagris ocellata M Adult Petén, Guatemala Wild Tarsometatarsus

only
FLMNH-OR-416703 21 Meleagris ocellata M Adult Petén, Guatemala Wild Tarsometatarsus

only
FLMNH-OR-416733 22 Meleagris ocellata M Adult Petén, Guatemala Wild Tarsometatarsus

only
FLMNH-OR-416743 23 Meleagris ocellata M Adult Petén, Guatemala Wild Tarsometatarsus

only
FLMNH-OR-416863 25 Meleagris ocellata M Adult Petén, Guatemala Wild Tarsometatarsus

only
FLMNH-OR-417123 29 Meleagris ocellata M Adult Petén, Guatemala Wild Tarsometatarsus

only
FLMNH-OR-417173 31 Meleagris ocellata M Adult Petén, Guatemala Wild Tarsometatarsus

only
FLMNH-OR-448911,3,4 35 Meleagris ocellata M Adult Petén, Guatemala Wild Complete

skeleton
FLMNH-OR-448891,3,4 34 Meleagris ocellata M Adult Petén, Guatemala Wild Complete

skeleton
FLMNH-OR-448571,3 33 Meleagris ocellata M Adult Petén, Guatemala Wild Complete

skeleton
FLMNH-EA-110443 50 Penelope purpurascens ? Adult Alta Verapaz,

Guatemala
Wild Complete

skeleton
FLMNH-EA-110473 51 Penelope purpurascens ? Adult Alta Verapaz,

Guatemala
Wild Complete

skeleton
FLMNH-OR-448541 – Penelope purpurascens F Adult Petén, Guatemala Wild Complete

skeleton
FLMNH-OR-448251 – Penelope purpurascens M Adult Petén, Guatemala Wild Complete

skeleton

Notes: Individuals used in 1morphological character selection, 2morphology blind testing, 3metric statistical analysis, 4remeasure test of analytic consistency. Since some of Steadman's
researchwas conducted at the FLMNH-OR, it is possible that his individual samples overlap with ours.We do not have a list of themodern type specimens that Steadman used in his anal-
ysis, but the following are listed in his figures: PB 23542, PB 30884, PB 27938, PB 33819, PB 23117, and PB 23114. The PB numbering systemwas used prior to themodern systembut these
catalogs are included in our table for back-reference.Wedonot distinguish between the subspecific variants for the Florida galliforms because bothmorphometric and genetic researchhas
confirmed that the Florida and Eastern subspecies are primarily indistinguishable. Bochenski and Campbell (2006:3) found no consistent morphological character difference between any
of the various subspecies.
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selected from several modern comparative specimens. Our volunteers
were PhD graduate student zooarchaeologists who were not affiliated
with our project, and who had limited experience identifying turkey
skeletal remains. They assigned a species character state (M. ocellata
or M. gallopavo) and confidence value for each trait, as well as a final
overall assessment of which taxon the element as a whole likely
belonged to, following the same methods we used for our morphologi-
cal assessments. We used the blind tests to evaluate the effectiveness of
each individual trait, and the overall complex of traits, in identifying the
osteological specimens to the species level. In the next phase, we ap-
plied the same morphological and metric tests to a large sample of ar-
chaeological birds from sites across the Maya world (Fig. 1). This
research was primarily conducted in the FLMNH-EA lab where speci-
mens from other institutions were transferred for temporary curation.
Shorter term research was conducted at the UADY lab in Mérida, Mexi-
co. Our methods were largely the same for both modern and archaeo-
logical samples, but analysis of the archaeological elements also
included recording of skeletal element completeness using the diagnos-
tic zones proposed by Serjeantson (2009:79)
Please cite this article as: Emery, K., et al., Testing osteometric and morp
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Statistical analyses were conducted using the open access software
PAST v3.08 (Hammer et al., 2001). We used single-tailed t-tests to com-
paremetrics between elements, one- and two-way PERMANOVAs (per-
mutational multivariate analysis of variance) and pairwise tests to
evaluate between-group significance, and principal component analysis
(PCA) to interpret the factors influencing metric distributions. For all
statistical tests on modern birds, only individuals of known taxonomy
and age were included, and osteologically defined juveniles were ex-
cluded. In tests evaluating sex, only individuals of known sex were in-
cluded. Further details about the methods used in each test are found
below. PERMANOVA and PCA tests require that all individuals with
missing metrics be excluded, therefore specimen numbers vary be-
tween the tests.

Researcher contributions were as follows: Emery and Thornton de-
signed the project and oversaw all research aspects together. Thornton
was responsible for all morphological character evaluations on the
modern specimens and was the lead in creating project protocols.
Thornton and Emery, with assistance from Cunningham-Smith, Duffy,
and McIntosh, conducted all morphological and metric assessments in
hological methods for turkey species determination in Maya faunal
.doi.org/10.1016/j.jasrep.2016.08.018
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Fig. 1. Map of archaeological sites included in the study.
Map by Thornton and Emery.
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Mérida, Mexico. Emery oversaw Duffy and Cunningham-Smith in met-
ric assessments and 3d digitization at the FLMNH. Emery and Sharpe
were responsible for all statistical analyses and interpretations.

3. Characters of the study assemblages

3.1. Characters of the modern assemblage

Our modern comparative sample includes the four large galliform
taxa that are most commonly confused in the zooarchaeological record
of the Maya area because of their size overlap and morphological simi-
larity. The focus, however, is on the two turkey species within the
Please cite this article as: Emery, K., et al., Testing osteometric and morp
assemblages, Journal of Archaeological Science: Reports (2016), http://dx
genusMeleagris. The sample includes 55 galliform individuals, including
42 Meleagris (17 M. gallopavo and 25 M. ocellata) in the family
Phasianidae and subfamilyMeleagridinae, and 13 belonging to the fam-
ily Cracidae (11 Crax rubra, 2 Penelope purpurascens). Table 1 lists the
specimens by catalog number and includes information on specimen
sex, age, completeness, and wild/captive reared status. Several of the
M. ocellata individuals (15) were only represented by tarsometatarsi
collected as part of a wildlife study, so our total count of complete
Meleagris specimens is 27.We did not include smaller-bodied galliforms
found in the Maya area including chachalacas (Ortalis sp.) and quails
(Odontophoridae) since these are quite distinguishable based on size,
even from juveniles of the larger birds.
hological methods for turkey species determination in Maya faunal
.doi.org/10.1016/j.jasrep.2016.08.018
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Table 2
List of diagnostic characters used in themorphological assessment. Note that these characters are fully described and illustrated by the reference authors listed, S= Steadman, 1980,
S(H) = Howard as described in Steadman, 1980, B = Bochenski and Campbell, 2006, O = Olsen, 1968.

Element Code Reference Description Rank

Coracoid SF S character 1 Sternal facet shape Good
DM-1 B character 1 continuity of the dorsal intermuscular line Good
DM-2 B character 2;

S(H) character 3
Curvature of the dorsal intermuscular line Good

CL B character 6 Shape of the clavicular articular facet Good
VM B character 8 Curvature of the ventral intermuscular line Fair

Scapula AC S character 1; O Shape of the acromion Good
FU S(H) character 2 Depth of the furcular articulation Fair (can be atypical in M. ocellata)
VM B character 1 Curvature of the ventro-medial muscle line Good

Humerus PF S character 5; O Definition of themedial rim of the pneumatic foramen Fair
DC S character 6; O Shape of the deltoid crest Fair
PR S(H) character 10;

B character 3
Location of the pronator attachment Good

EC S(H) character
13

Shape of the proximal end of external condyle Subtle/Inconsistent

CG S character 4 Shape of the capital groove and mesial crest Subtle/Inconsistent

Ulna SC S character 1 Shaft curvature Fair (can be size linked with greater curvature in smaller
specimens)

BR B character 1; O Shape of brachial muscle attachment Fair (can be atypical in M. ocellata)

Radius UL B character 1a Rotation of the proximal ulnar articular facet Fair
CH B character 1b Slant of the cotyla humerus Fair (but difficult to observe on fragmented specimens)
RC B character 2 Transition of distal shaft above radiocarpal articular

facet
Fair (but difficult to observe on fragmented specimens)

LR S character 1 Pronunciation of the lateral ridge of the distal
shaft

Subtle/Inconsistent

LP S character 2 Protuberance of the distal ligamental prominence Subtle/Inconsistent

Carpometacarpus IT S character 1;
B character 1

Notching of the inner trochlea Good

Manus proximal phalanx (1) of
digit 2

FV B character 1; O Definition of the fossa ventralis Fair
PE B character 2 Curvature of the proximal part of posterior edge Good

Femur SC S character 4 Shaft curvature Fair
GT S character 3; O Proximal extension of the greater trochanter Fair (but domesticated turkeys may exhibit atypical form)
LT S character 1;

B character 1
Depth of the transverse groove of lesser
trochanter

Subtle/Inconsistent

Tibiotarsus IN S character 1;
B character 1

Protruberance of inner cnemial crest Subtle/Inconsistent

Tarsometatarsus OCR S character 1 Plantar protrusion of the outer calcaneal ridge Subtle/Inconsistent
IC S character 4 Protrusion of the inner cotyla on proximal articular

surface
Subtle/Inconsistent

GR S character 7 Depth of the acrotarsial groove of the metatarsal Subtle/Inconsistent
DF S character 16 Size of the lateral distal foramen Fair, but inconsistent, many intermediate
IT S character 18;

B character 3
Rotation of the inner trochlea Good

TN S character 25 Width of the intertrochlear notches Good
SL Slope of the outer trochlea Good
SP S character 10; O Curvature of the spur core Inconsistent
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The modern specimens currently curated in the FLMNH
Ornithology and Environmental Archaeology collections include
both captive-reared and wild Ocellated Turkeys, and primarily wild
M. gallopavo (with one exception, a domestic bird from Petén,
Guatemala). The wild M. ocellata are all from either highland (Alta
Verapaz) or lowland (Petén) Guatemala, while the three captive
birds were raised in Arizona and Tampa, Florida. The wild M.
gallopavo specimens are from the southeastern United States. Two
are specifically identified as M.g. osceola and 13 identified only as
M. gallopavo providing some subspecific variation to our sample.
An additional four comparative specimens (two M. ocellata and two
M. gallopavo) were studied from the UADY Zooarchaeology Lab.
These were not included in the original determination of character
trait lists and instead formed part of a small secondary study of pop-
ulation differences reported below and to be continued in our later
research. They were included in the metric analysis.
Please cite this article as: Emery, K., et al., Testing osteometric and morp
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The modern birds include 24 male and 25 female, with sex in all
cases defined by the original collectors and/or curators of the collections
inwhich they are housed. An additional four birds of unknown sexwere
included. We have removed all osteologically-defined juveniles from
the assemblage we use for metric comparison, but have retained birds
that were classified as subadult by the original collector but which do
not show any osteological traits of immaturity. This was an intentional
choice because as zooarchaeologists, we are not able to recognize im-
maturity by any other means and thus our archaeological collections
might well include these subadult birds. We have excluded birds of un-
known sex for evaluations of sex differentiations in the metric analysis
but otherwise have included them.

Ourmorphometric data compilation includesmorphological charac-
ters and measurements for the 14 elements most commonly measured
for fauna, including cranium, mandible, coracoid, scapula, sternum, hu-
merus, radius, ulna, carpometacarpus, first phalanx, pelvis, femur,
hological methods for turkey species determination in Maya faunal
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Fig. 2. Sternal facet of coracoid.
Image and descriptors by Thornton.
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tibiotarsus, and tarsometatarsus. In this articlewe focus on the elements
most commonly preserved in archaeological collections, so we exclude
cranium, mandible, sternum, and pelvis. Our modern comparative as-
semblage therefore includes 773 element specimens representing indi-
viduals in four galliform taxa.
Fig. 3.Medial rim of pneumatic foramen and loca
Image and descriptors by Thornton.

Please cite this article as: Emery, K., et al., Testing osteometric and morp
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3.2. Characters of the archaeological assemblage

The archaeological collection is still under study and thus continues to
grow, but to date, nearly 5000 large galliform remains have been examined
and 2380 archaeological specimens from 39 archaeological sites (Fig. 1)
tion of the pronator attachment in humerus.
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Fig. 4. Notching of inner trochlea in the carpometacarpus. Image and descriptors by Thornton.
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have been subjected to morphometric analysis. These remains are curated
at FLMNH-EA, UADY, and theAnthropology departments of Trent Universi-
ty, SUNYAlbany, andNewMexico State University (NMSU). To select these
samples, and to ensure that our coverage was as complete as possible, we
reviewed hundreds more large bird specimens from other Maya sites
Fig. 5. Rotation of the intertrochlear notches, slope of the outer troch
Image and descriptors by Thornton.

Please cite this article as: Emery, K., et al., Testing osteometric and morp
assemblages, Journal of Archaeological Science: Reports (2016), http://dx
within the various collections and by correspondence with other re-
searchers. The resulting assemblage represents a range of geographic re-
gions that include the southern and northern lowlands, and Atlantic, Gulf,
and Pacific coasts. The remains were recovered from deposits dating to
the Middle Preclassic through Colonial periods. We do not review the
lea, width of intertrochlear notches all on the tarsometatarsus.
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Fig. 6. Comparison of the sternal facet of the coracoid between Petén/Florida and YucatanM. gallopavo and M. ocellata. Image and descriptors by Thornton.

Table 3
Morphological character assessment in blind testing of three birds. Note that overall score
is the relative accuracy of identifications based on overall elementmorphology, not on any
specific trait. All other identifications were made solely on the basis of the trait being
evaluated.

Element N Overall score Trait Trait score Trait confidence

Coracoid 33 96.97 SF 87.88 1.8
DM-1 87.88 2.1
DM-2 90.91 1.5
CL 84.85 1.8
VM 72.73 2.3

Scapula 33 78.79 AC 78.79 2.2
FU 66.67 2.2
VM 72.73 2.7

Humerus 33 78.79 PF 72.73 2.3
DC 48.48 3.2
PR 81.82 1.9
EC 69.70 2.7
CG 78.79 2.5

Ulna 33 72.73 SC 54.55 1.8
BR 51.52 1.3

Radius 33 51.52 UL 15.15 3.5
CH 78.79 2.4
RC 60.61 2.4

Carpometacarpus 33 78.79 IT 78.79 2.3
Phalanx 1 21 95.24 FV 95.24 1.5

PE 90.48 1.4
Femur 33 57.58 SC 78.79 2.0

GT 54.55 2.5
LT 48.48 2.1

Tibiotarsus 33 36.36 IN 18.18 3.4
Tarsometatarsus 30 63.33 OCR 50.00 2.8

IC 46.67 2.6
GR 70.00 2.6
DF 56.67 2.2
IT 60.00 2.1
TN 80.00 2.1
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archaeological sample in this paper except by comparisonwith the assessed
morphometrics of themodernassemblage. Furtherdetails on the character-
istics of the archaeological collection are below.
4. Results of the morphological analysis

4.1. Assessment of the reliability of morphological characters

In any comparative study of taxa that are difficult to distinguish, it
is vital to assess the reliability and replicability of morphological
characters used (for excellent examples of such studies, see
McCuaig Balkwill and Cumbaa, 1992; Zeder and Lapham, 2010;
Zeder and Pilaar, 2010). In this study, our early review of possible
morphological characters in seventeen modern individuals in the
four closest galliform taxa (Table 1) confirmed that although the
four largest species of Mesoamerican galliform birds are superficially
similar, there are several features that clearly distinguish most ele-
ments to the family level of Cracidae and Phasianidae (see for e.g.,
Dyke et al., 2003; Frank-Hoeflich et al., 2007).

However, the distinction between M. gallopavo and M. ocellata is
much more problematic. These two birds are generally considered
skeletally almost indistinguishable by Maya zooarchaeologists who
therefore most often leave identifications at the genus level for
these birds. For the purposes of this zooarchaeological study, we
then compared the selected traits to a subset of the M. gallopavo
and M. ocellata individuals curated in the FLMNH Environmental Ar-
chaeology and Ornithology collections. These were ranked as good,
fair, or subtle/inconsistent based on our own ability to observe and
define differences in the trait between individuals of the two taxa
(Table 2). Some traits were rejected during this process, and a final
compilation was created from the remainder.
hological methods for turkey species determination in Maya faunal
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The final compilation included several traits we considered to be both
consistent and readily distinguished, including: allfive traits of the coracoid,
the AC and VMof the scapula, PF, DC, and PR of the humerus, UL, CH, RC, of
the radius, IT of the carpometacarpus, and IT, TN, and SL of the tarsometa-
tarsus (Figs. 2-5). The comparative sample used in our assessment remains
small and the rating system informal. More detailed studies will be com-
pleted in thenextphaseof our research to confirmor reject thesediagnostic
features as useful for Maya zooarchaeology.

4.2. Assessment of regional variation in species

To address the issue of regional species variability, we compared our
morphological trait list to two turkey specimens (UADY 220 - M.
gallopavo, and UADY 5 - M. ocellata) from Yucatan, Mexico which was
not geographically represented in the original set of comparative spec-
imens analyzed at FLMNH. In this comparison, most diagnostic traits
were accurately scored (species correctly identified in both cases) and
with the highest confidence values (1 on a scale of 1–4), however,
some notable exceptions were found. The ventral muscular line (VM)
was not observed on the coracoid (neither individual could be identified
using this trait, and confidence in the trait was listed as 4), and although
the shapes of the clavicular articular facets (CL) could be distinguished,
those of theM. gallopavowere different than theOrnithology specimens
studied at FLMNH (Fig. 6). In the humerus, both M. gallopavo and M.
ocellata external condyles (EC) were pointed leading to misidentifica-
tion of one specimen despite very high confidence in observations of
the trait (1), and although the width of the capital groove (CG) was dif-
ferent allowing identification of the species, there was no difference in
depth between the two species, so confidence in this character was
low (3). The extension of the femoral greater trochanter was identical
in the two species and resembled that ofM. ocellata leading to misiden-
tification of one individual although again confidence in the trait was
high (1). Finally, the protrusion of the inner cotyla and depth of the
metatarsal groove of the tarsometatarsus were not clearly distinguish-
able on the Yucatan birds and the identification of the taxawas reversed
for these characters despite high trait confidence (1). In all cases, the
variation from the characters presented on the original individuals stud-
ied at the FLMNH was very obvious, indicating that the Yucatan birds
were morphologically quite separate from the FLMNH specimens. This
finding requires greater investigation and reminds us that very large,
and potentially geographically diverse, comparative samples are re-
quired to confidently assign diagnostic character traits.

4.3. Results of the blind test using morphological traits

As a second evaluation of the selected morphological characters, we
used blind testing by volunteers unfamiliar with the specifics of Maya
turkey morphology (Table 3). We hoped to discover which traits were
clear enough and well enough defined that even non-experts could
identify them. Our blind tests were not surprisingly less successful
with our untrained volunteers than they had been with ourselves, but
nonetheless, they were remarkably good. The proportion of correct
scores for the testers ranged from 53% to 76% with an average of 63%.
The testers included highly trained zooarchaeologists with some famil-
iarity with Maya fauna but no experience with turkeys (2), highly
trained zooarchaeologists with little or no familiarity with Maya fauna
(4), zooarchaeologists with intermediate level training (2), and non-
zooarchaeologists (2). We found little correlation between years of
zooarchaeological training and accuracy rate, and no correlation be-
tween experience with Maya fauna and accuracy. This suggests that fa-
miliarity with avian bones and with the Maya turkeys does not
influence the ability to use the criteria being evaluated. Confidence
scores ranged from 0 (most confident) to 4 (least confident) and fairly
closely followed accuracy of identification (Pearson's R = −0.8293,
p b 0.05, a strong negative correlation between accuracy and
Please cite this article as: Emery, K., et al., Testing osteometric and morp
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confidence) indicating that the analyst themselves could evaluate
whether the trait was diagnostic for the specimen.

Overall, accuracy in identification ranged from97% (coracoid) to 36%
(tibiotarsus) with individual trait scores ranging from 95% accuracy to
18%. Coracoid identification was overall excellent, with 97% correct
identification based on the overall trait complex, and 91–72% accuracy
for each trait. The first phalanx was also very well identified with 95%
accuracy in overall identification and 90–95% for the traits and confi-
dence in those traits listed as 1.4–1.5. No other elementswere identified
with between 80 and 90% accuracy, but some individual traits did reach
that level of accuracy including the SF, DM-1 and DM-2 in the coracoid,
the PR in the humerus, and the TN in the tarsometatarsus. The scapula,
humerus and carpometacarpuswere identifiedwith almost 79% accura-
cy. By far the least identifiable elementwas the tibiotarsus (36% accura-
cy overall) with an exceedingly low accuracy for the single trait IN (18%
with a confidence of only 3.4). Also below 50% accuracy in the testing
were the radius UL (15%, the lowest success rate for any trait), the
femur LT (48%), and the tarsometatarsus IC (47%). The radius UL trait
was primarily not understood or could not be seen on the specimens
by the testers (in 73% of the cases) and in 12% of the cases was used
but misidentified the element. In the case of the IC in the
tarsometatarus, although the trait could not be recognized 10% of the
time, 43% were errors in identification on the basis of the trait. For the
tibiotarsus lone character (IN), in 54% of the cases the tester listed the
trait as unclear, but in 27% of the cases misidentified the element
using the trait. The femur trait LT was recognized by all testers but
51.51% of the time the identification using this trait waswrong, suggest-
ing that the trait was incorrectly used. Further testing will evaluate
whether trait identification consistency can be improved with better
descriptions and illustrations.
5. Results of the metric analysis

The second facet of our study is intended to assess the value for
zooarchaeology of themeasurement sets thatwe are using as predictors
of taxa and sex. Earlier metric evaluations by Steadman (1980) and
Bochenski andCampbell (2006) provide basic size range data on various
parameters. As these earlier studies point out, single measurements
often do not effectively distinguish the two turkey species due to the
overlap in size betweenmales of the smallerM. ocellata and the females
of the largerM. gallopavo (Fig. 7). Our analyses provide further informa-
tion on usefulmetrics, but as yet should be considered preliminary since
our results also show high individual variation, particularly among do-
mestic birds and emphasize the need for a larger data set to verify
these initial findings (Table 4).

In the analysis presented here, we conducted several multivariate
analyses to provide a more robust measure of variation between the
species and sexes of the Mesoamerican galliforms. We included only
adult birds of well-determined taxonomy. All elements, including both
left and right sides, were measured in our analysis. For the purposes of
statistical testing, we used only right side measurements except
where right side measurements were missing (when entire elements
were missing or when the specimen could not be measured in certain
dimensions). In these cases, we substituted left side measurements. To
ensure that this substitutionwas justified based on the overall similarity
between left and right sides in these birds, we used two-sample t-tests
to compare left and right side metrics for the birds. In this test, means
were obtained from the sums of all measured variables per specimen.
The t-tests predict the probability of equality among the groups (right
vs left sides) while treating them as independent datasets, so a low p
value at the cutoff point of p b 0.05, indicates that the groups are signif-
icantly different. In the left-right test, we included left/right pairs from
249 skeletal elements from 37 individuals. Overall means differed by
0.07 mm and standard deviations by 0.13 mm. Our p-values (t =
0.0055438, p = 0.99558) indicate that the null hypothesis of equality
hological methods for turkey species determination in Maya faunal
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Table 4
Measurement definitions and counts. Table includes 30M. gallopavo, 29M. ocellata, and 26
C. rubra element specimens for a total of 85 specimens.

Total
#measures

Measurement description: S = Steadman
(1980); D = von den Dreisch (1976); B =
Bochenski and Campbell (2006)

Coracoid (n =
70)

62 [S]A = head to external end of sternal facet
[D]GL = greatest diagonal length
[B]A = total length, measured between
Processus acrocoracoideus and Angulus lateralis

62 [S]B = head to internal distal angle
[D]Lm = medial length
[B]B = medial length, measured between
Processus acrocoracoideus and Angulus medialis

63 [D]Bb = greatest basal breadth
59 [D]BF = breadth of the basal articular surface
61 [S]C = head to pneumatic foramen
69 [S]D = head through scapular facet

[B]D = height of cranial end, measured between
Processus acrocoracoideus and Cotyla scapularis

69 [S]E = depth of head
[B]C = width of Facies articularis clavicularis

66 [S]F = least width of shaft
Subtotal measures 511
Scapula (n = 68) 51 [D]GL = greatest length

66 [S]B = tip of acromion to external tip of glenoid
facet
[D]Dic = greatest cranial diagonal
[B]A = maximum articular length

66 [S]A = proximal width
63 [S]C = depth of glenoid facet
65 [S]D = least width of neck

Subtotal measures 311
Humerus (n =
69)

64 [S]A = total length
[D]GL = greatest length
[B]A = total length, measured between Caput
humeri and Condylus ventralis

68 [S]B = proximal width
[D]Bp = breadth of the proximal end
[B]B = proximal width

65 [D]SC = smallest breadth of the corpus
66 [S]C = width of midshaft

[B]D = width at midshaft
66 [S]E = distal width

[D]Bd = greatest breadth of the distal end
[B]F = distal width

66 [S]D = depth of midshaft
[B]E = depth at midshaft

65 [B]G = depth of condylus dorsalis
61 [B]A/G = ratio of total length to depth of

condylus dorsalis
Subtotal measures 521
Ulna (n = 64) 54 [S]A = total length

[D]GL = greatest length
58 [D]Dip = greatest diagonal of the proximal end
58 [S]B = proximal width

[D]Bp = greatest breadth of the proximal end
59 [S]C = width of midshaft

[D]SC = smallest breadth of the corpus
61 [D]Did = greatest diagonal of the distal end
60 [S]D = depth of midshaft
62 [S]E = distal depth

Subtotal measures 412
Radius (n = 67) 59 [S]A = total length

[D]GL = greatest length
64 [S]D = least width of shaft

[D]SC = smallest breadth of the corpus
63 [S]F = distal width

[D]Bd = greatest breadth of the distal end
66 [S]B = proximal width
66 [S]C = proximal depth
66 [S]E = least depth of shaft

Subtotal measures 384
CMC (n = 66) 62 [S]A = total length

[D]GL = greatest length
61 [D]L = length of metacarpus II
60 [S]B = proximal depth

[D]Bp = greatest breadth of the proximal

Table 4 (continued)

Total
#measures

Measurement description: S = Steadman
(1980); D = von den Dreisch (1976); B =
Bochenski and Campbell (2006)

extremity
63 [D]Did = diagonal of the distal end
60 [S]C = length of metacarpal I
62 [S]D = least width of metacarpal II
62 [S]E = least depth of metacarpal II
58 [S]F = greatest intercarpal distance
58 [S]G = distal depth
58 [S]H = protrusion of metacarpal III beyond

metacarpal II
Subtotal measures 604
Phalanx 1 (n =
62)

61 [D]GL = greatest length
58 [D]L = length from articular surface to articular

surface
Subtotal measures 119
Femur (n = 68) 59 [S]A = total length

[D]GL = greatest length
61 [D]Lm = medial length
63 [S]B = proximal width

[D]Bp = greatest breadth of the proximal end
64 [D]Dp = greatest depth of the proximal end
62 [D]SC = smallest breadth of the corpus
63 [S]D = width of midshaft
64 [S]F = distal width

[D]Bd = greatest breadth of the distal end
66 [S]G = depth of internal condyle

[D]Dd = greatest depth of the distal end
64 [S]C = depth of head
63 [S]E = depth of midshaft
64 [S]H = depth of external condyle
63 [S]J = depth of fibular condyle

Subtotal measures 756
Tibiotarsus (n =
64)

59 [D]GL = greatest length
55 [S]A = length without cnemial crest

[D]La = axial length
63 [D]Dip = greatest diagonal of the proximal end
63 [D]SC = smallest breadth of the corpus
62 [S]C = width of the midshaft
62 [S]D = depth of midshaft
62 [S]E = distal width

[D]Bd = greatest breadth of the distal end
61 [S]G = depth of external condyle

[D]Dd = depth of the distal end
62 [S]B = width of the head
61 [S]F = depth of internal condyle

Subtotal measures 610
TMT (n = 75) 70 [B]G = distance between dorsal surface of the

base of Trochlea metatarsi III
and plantar side of Trochlea metatarsi II

73 [S]A = total length
[D]GL = greatest length

75 [S]B = proximal width
[D]Bp = greatest breadth of proximal end

73 [D]SC = smallest breadth of corpus
73 [S]C = least width of shaft
73 [S]L = distal width

[D]Bd = greatest breadth of the distal end
[B]F = distal width

73 [S]D = least depth of shaft
14 [S]E = proximal end to middle of spur core
14 [S]F = top of spur core to end of middle trochlea
14 [S]G=middle of spur core to end of middle

trochlea
14 [S]H = width of spur core
14 [S]J = length of spur core
1 [S]K = angle of spur core
72 [S]M = depth of inner trochlea
73 [S]N = depth of middle trochlea
71 [S]P1 = maximum diagonal measurement

Subtotal measures 867
Total measures of
773 elements

5535 142 measurement types
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Fig. 7. Examples of overlap between taxa and sexes in flat metric analyses of size ranges between male and female meleagrids (based on ranges provided in Steadman, 1980).
Figure by Thornton, adapted by Emery.
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cannot be rejected and, in fact, that the left and right side elements are
essentially identical.

Considerable concern has been attributed to the bias introduced
by variations caused by single-analyst and multiple-analyst metric
studies (for example, Blumenschine et al., 1996; Gobalet, 2001). To
evaluate the consistency of measurements between analytic epi-
sodes by the same analyst, we used two-sample t-tests to compare
re-measurements of a sample of 12 elements from 10 individuals,
all adult, but including males and females. These included three cor-
acoids, one scapula, three humeri, one carpometacarpus, two femurs,
one tibiotarsus, and one tarsometatarsus. Means were obtained from
Please cite this article as: Emery, K., et al., Testing osteometric and morp
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the sums of all measured variables per specimen. The t-tests predict
the probability of equality among the groups (first vs. second
measurement episode), so a low p value indicates that the groups
are significantly different. Overall means differed by 0.58 mm and
standard deviations by 0.19 mm, and our p-values are (t = 0.0164,
p = 0.98706) indicate a very high degree of consistency between
measurements by the same analyst. This also argues for the accuracy
of our metric instructions and illustrations and their utility for stan-
dardizing measurements. In a later study it would be important to
test for variability among analysts, and particularly among inexperi-
enced vs. experienced analysts.
hological methods for turkey species determination in Maya faunal
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Table 5
PERMANOVA and pairwise test results for comparisons of taxa among large galliforms.
Values significant below 0.05 are bolded. TSS = Total sum of squares, W-G SS =
Within-group sum of squares.

PERMANOVA
(Permutation N:
9999)

Pairwise (bold = sig):

CORACOID N = 31
TSS: 5.121 P. purpurascens C. rubra M. ocellata
W-G SS: 2.448 C. rubra 0.0814
F: 9.829 M. ocellata 0.1021 0.0002
p (same): 0.0001 M. gallopavo 0.0963 0.0001 0.0193
SCAPULA N = 28
TSS: 3.755 P. purpurascens C. rubra M. ocellata
W-G SS: 1.047 C. rubra 0.0118
F: 20.69 M. ocellata 0.0279 0.0001
p (same): 0.0001 M. gallopavo 0.0209 0.0003 0.0094
HUMERUS N = 32
TSS: 2.752 P. purpurascens C. rubra M. ocellata
W-G SS: 1.577 C. rubra 0.0128
F: 6.956 M. ocellata 0.3215 0.0841
p (same): 0.0007 M. gallopavo 0.0138 0.0057 0.0081
ULNA N = 31
TSS: 2.506 P. purpurascens C. rubra M. ocellata
W-G SS: 1.559 C. rubra 0.0201
F: 5.466 M. ocellata 0.093 0.0133
p (same): 0.0016 M. gallopavo 0.0143 0.0401 0.0234
RADIUS N = 32
TSS: 2.484 P. purpurascens C. rubra M. ocellata
W-G SS: 1.639 C. rubra 0.0152
F: 4.814 M. ocellata 0.0724 0.0076
p (same): 0.001 M. gallopavo 0.0145 0.0548 0.035
CMC N = 33
TSS: 4.054 P. purpurascens C. rubra M. ocellata
W-G SS: 2.68 C. rubra 0.0115
F: 4.955 M. ocellata 0.0625 0.075
p (same): 0.0003 M. gallopavo 0.018 0.0077 0.028
FEMUR N = 33
TSS: 5.919 P. purpurascens C. rubra M. ocellata
W-G SS: 3.387 C. rubra 0.0107
F: 7.226 M. ocellata 0.2279 0.0036
p (same): 0.0004 M. gallopavo 0.0672 0.0062 0.006
TIBIO N = 32
TSS: 4.343 P. purpurascens C. rubra M. ocellata
W-G SS: 2.403 C. rubra 0.0158
F: 7.533 M. ocellata 0.3246 0.0245
p (same): 0.0005 M. gallopavo 0.0149 0.0075 0.0038
TMT N = 45
TSS: 3.954 P. purpurascens C. rubra M. ocellata
W-G SS: 2.373 C. rubra 0.0179
F: 7.326 M. ocellata 0.0054 0.0072
p (same): 0.0001 M. gallopavo 0.0232 0.0319 0.0123
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5.1. Metric identification of M. gallopavo, M. ocellata, C. rubra, and P.
purpurascens

We began themetric evaluation of taxonomic and sex separation by
testing the significance of patterning among the four galliform taxa
using one-way PERMANOVA and pairwise tests (Table 5) for all ele-
ments except the phalanx (for which only twomeasures were available
- these were found to be significantly non-random using t-tests for
equality of mean [t = 3.2064, p = 0.002156]). PERMANOVA is a robust
test of variation for grouped, non-parametric data. In all cases, the
PERMANOVAprobability (p) that the specimenswere randomly distrib-
uted was exceedingly low, and thus the groupings are statistically sig-
nificant for all elements. The pairwise tests of equality of means
between the different taxa found less statistical strength in the separa-
tion of pairs of taxonomic groups. In other words, these tests revealed
that although the size distributions were significantly non-random,
the separation between any two taxa within the four galliforms was
not always significant. These less significant values are due in large
Please cite this article as: Emery, K., et al., Testing osteometric and morp
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part to the inclusion of only two specimens of guan (P. purpurascens)
whichmakes it more difficult to reject the possibility that these are ran-
domly distributed. Putting aside the guans, significant separation was
found between the curassows (C. rubra) and meleagrids in all but the
humerus and carpometacarpus (no separation from M. ocellata), and
the radius (no separation from M. gallopavo). In all cases M. ocellata
and M. gallopavo were found to be significantly separated. Thus we
can argue that using themultiplemeasures together, the taxa are distin-
guishable using metric characters.

We next graphed the complete set of metrics for each element in a
principal component analysis, labeled by taxa and sex, to provide a
more robust model of individual variation among specimens in each
group.Weplotted the natural logarithm(ln) normalized or transformed
values based on Euclidian distance. Spur core metrics, valid only on
males, were excluded for analyses including both male and female
individuals.

The value of the larger set ofmeasurements is clearwhenwe use the
PCA to reduce the multivariate measurements to strong bivariate plots
on axes defined by groups of measurements. This method also allows
us to test which measurements provide significant information on the
variable characters of the elements. In each set of analyses we reviewed
clustering for the first three components which in all cases explained at
least 90% of the variation among the metrics. The PCA eigenvalue load-
ings provide detail on the measurements within the components with
the greatest impact on the differentiation. Here we present only the
PCAs for scapula and femur, since these are the ones that best reveal
the separations between all four species. Separations between the
guans, curassows, and the meleagrid group (but not between the two
species of meleagrid)were also found in the coracoids, ulna, tibiotarsus,
and tarsometatarsus.

In PCA of the scapula, PCs 1–3 explain 99% of the variance (see
Supporting Info 1). In combination PC1 + 2 separate the curassows,
guans, and meleagrids (Fig. 8 – PCA). Although a subset of the M.
gallopavo and M. ocellata overlap on the PC 1 axes, the PC 2 provides
slight separation between the overlapping subgroups of M. gallopavo
and M. ocellata. PC 1, dominated by A (proximal width) and to a lesser
extent D (least width of the neck), effectively separates guans at the
lower end and a portion of theM. gallopavo at the upper end. PC 2 is pos-
itively dominated primarily by GL (greatest length), and separates the
curassows from the meleagrids and guans.

For the femur, PCs 1–3 explain 96% of the variance (Supporting Info
1 – eigenvalues). PC 1 is very evenly distributed suggesting it is con-
trolled by overall size, and provides limited separation between the
twomeleagrids (Fig. 9 – PCA). PC 2 is controlled primarily by Lm (medi-
al length) and SC (smallest breadth of the corpus), but to almost the
same extent by D (width of midshaft). This separates the curassows
from both meleagrids and guans. PC 3, dominated by E (depth of
midshaft) clearly separates the guans from the other birds.

Together the statistical and PCA results on all taxa combined indicate
that while only the humerus, carpometacarpus, and radius are some-
what problematic for separations between taxa within the galliforms,
the scapula and femur can effectively separate the two species of
meleagrids. Although the PERMANOVA and pairwise tests confirm
that the meleagrid species are separate groups, the PCAs, with the ex-
ception of the femur and scapula, do not clearly distinguish these. The
results also clarify that the source of most overlap between the taxa is
the broad range of sizes among the meleagrids, both of which exhibit
more variation than the curassows. This is most likely the result of
greater sexual dimorphism among these taxa, an issue we explore next.

5.2. Metric identification of sex in turkeys (M. ocellata and M. gallopavo)

Our goal in these metric studies is to differentiate not only between
taxa, but also between sexes because particularly for the two turkeys, it
is the overlap between large male M. ocellata and small female M.
gallopavo that is most problematic. For the next set of analyses, we
hological methods for turkey species determination in Maya faunal
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Fig. 8. a: PCA galliform scapula, components 1 and 2. b: PCA galliform scapula, components 2 and 3.
Figures by Sharpe.
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included only M. gallopavo and M. ocellata to increase the information
available on distributions of the sexes within the meleagrids by remov-
ing the noise of the other taxa. Again, we beganwith PERMANOVA (this
time two-way to compare both taxa and sex) and pairwise tests, both
following the same procedures described above. For this study we also
included a male-only test of tarsometatarsi which was evaluated using
the one-way PERMANOVA.

Taxonomic and sex groups among the meleagrids were found to be
statistically significant for all elements (ranging from p = 0.0001 to
0.0068 for taxa and 0.0001 for sex, Table 6) based on the PERMANOVA
Please cite this article as: Emery, K., et al., Testing osteometric and morp
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and thus that the null hypothesis of randomdistribution in a single pop-
ulation be rejected for every element. The exception is the male
tarometatarsus which was not significantly separated between the
taxa (likely a result of the very low number of maleM. gallopavo speci-
mens - only two in the sample). The interactive scores were somewhat
higher, indicating that not all groups (taxa × sex) could be separated.
Only the coracoid (F = 8.1183, p = 0.0069) and scapula (F = 2.8524,
p = 0.0202) were statistically significant in terms of the interactive
groupings. The pairwise tests show that this is due in most cases to
the overlap among members of the sex + taxa groups, caused by the
hological methods for turkey species determination in Maya faunal
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http://dx.doi.org/10.1016/j.jasrep.2016.08.018


Fig. 9. a: PCA galliform femur, components 1 and 2. b: PCA galliform femur, components 2 and 3.
Figures by Sharpe.
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wide divergence in metrics for the female M. gallopavo specimens. The
M. gallopavo females overlap theM. ocellata females in the ulna, radius,
and scapula, and theM. ocellatamales in the scapula, humerus, phalanx,
and tibiotarsus. It is noteworthy that the overlap is veryweak in all cases
where female M. gallopavo and M. ocellata overlap, and in the overlap
between femaleM. gallopavo overlaps maleM. ocellata on the humerus.
Please cite this article as: Emery, K., et al., Testing osteometric and morp
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This indicates the possibility that, with additional samples, the probabil-
ity of separation between these cases will be stronger.

Again, we used PCAs (natural log normalized and based on Euclidian
distance) to provide information on the specific details of the groupings
revealed by the PERMANOVAs and pairwise tests. Our analysis focuses
on PCAs 1, 2, and 3 which explain between 83 and 99% of the variation
hological methods for turkey species determination in Maya faunal
.doi.org/10.1016/j.jasrep.2016.08.018

http://dx.doi.org/10.1016/j.jasrep.2016.08.018


Table 6
PERMANOVA and pairwise test results for comparisons of taxa and sex among meleagrids (M. gallopavo and M. ocellata), and taxa only for male tarsometatarsi. Values significant below
0.05 are bolded. TSS = Total sum of squares, W-G SS = Within-group sum of squares.

Two-way PERMANOVA (Permutation = 9999) Pairwise (bold = sig):

Coracoid
Source Sum of sqrs df Mean square F p M.g (f) M.o (f) M.o (m)
Taxa 0.52748 1 0.52748 21.931 0.0006 M.g (m) 0.0102 0.0102 0.0287
Sex 1.5504 1 1.5504 64.464 0.0001 M.g (f) 0.0315 0.0236
Interaction 0.19525 1 0.19525 8.1183 0.0069 M.o (f) 0.0295
Residual 0.31267 13 0.024051
Total 2.5858 16

Scapula
Source Sum of sqrs df Mean square F p M.g (f) M.o (f) M.o (m)
Taxa 0.52293 1 0.52293 32.078 0.0001 M.g (m) 0.0198 0.0487 0.0079
Sex 0.63103 1 0.63103 38.709 0.0001 M.g (f) 0.1011 0.3963
Interaction 0.0465 1 0.0465 2.8524 0.0202 M.o (f) 0.0685
Residual 0.16302 10 0.016302
Total 1.3635 13

Humerus
Source Sum of sqrs df Mean square F p M.g (f) M.o (f) M.o (m)
Taxa 0.59718 1 0.59718 40.947 0.0001 M.g (m) 0.0093 0.0078 0.0077
Sex 1.2616 1 1.2616 86.504 0.0001 M.g (f) 0.0315 0.0547
Interaction −0.0813 1 −0.0813 -5.5746 1 M.o (f) 0.0286
Residual 0.18959 13 0.014584
Total 1.9671 16

Ulna
Source Sum of sqrs df Mean square F p M.g (f) M.o (f) M.o (m)
Taxa 0.32481 1 0.32481 18.155 0.0008 M.g (m) 0.0052 0.0048 0.0094
Sex 1.1869 1 1.1869 66.342 0.0001 M.g (f) 0.1178 0.0298
Interaction −0.11881 1 −0.11881 −6.6409 1 M.o (f) 0.0299
Residual 0.25048 14 0.017891
Total 1.6434 17

Radius
Source Sum of sqrs df Mean square F p M.g (f) M.o (f) M.o (m)
Taxa 0.22262 1 0.22262 6.7 0.0068 M.g (m) 0.0095 0.008 0.0249
Sex 0.86213 1 0.86213 25.947 0.0001 M.g (f) 0.083 0.0459
Interaction −0.04869 1 −0.04869 −1.4653 0.6944 M.o (f) 0.0299
Residual 0.46518 14 0.033227
Total 1.5012 17

CMC
Source Sum of sqrs df Mean square F p M.g (f) M.o (f) M.o (m)
Taxa 0.38515 1 0.38515 8.5345 0.004 M.g (m) 0.0084 0.0097 0.0299
Sex 1.3801 1 1.3801 30.581 0.0001 M.g (f) 0.0311 0.0076
Interaction −0.05135 1 −0.05135 −1.1379 0.488 M.o (f) 0.0161
Residual 0.63181 14 0.045129
Total 2.3457 17

Phalanx
Source Sum of sqrs df Mean square F p M.g (f) M.o (f) M.o (m)
Taxa 0.066793 1 0.066793 18.602 0.0013 M.g (m) 0.0083 0.0288 0.0304
Sex 0.13211 1 0.13211 36.793 0.0001 M.g (f) 0.0216 0.304
Interaction 0.008236 1 0.008236 2.2939 0.0886 M.o (f) 0.0309
Residual 0.046678 13 0.003591
Total 0.25382 16

Femur
Source Sum of sqrs df Mean square F p M.g (f) M.o (f) M.o (m)
Taxa 1.3446 1 1.3446 31.344 0.0001 M.g (m) 0.0038 0.0053 0.0088
Sex 2.7541 1 2.7541 64.203 0.0001 M.g (f) 0.0284 0.0268
Interaction −0.4183 1 −0.4183 −9.7514 1 M.o (f) 0.0268
Residual 0.60055 14 0.04289
Total 4.2809 17

Tibiotarsus
Source Sum of sqrs df Mean square F p M.g (f) M.o (f) M.o (m)
Taxa 0.94639 1 0.94639 19.279 0.0002 M.g (m) 0.008 0.008 0.0082
Sex 1.4741 1 1.4741 30.029 0.0001 M.g (f) 0.0161 0.5024
Interaction −0.09233 1 −0.09233 −1.8808 0.9137 M.o (f) 0.0299
Residual 0.68723 14 0.049088
Total 3.0154 17

TMT
Source Sum of sqrs df Mean square F p M.g (f) M.o (f) M.o (m)
Taxa 0.50445 1 0.50445 18.81 0.0001 M.g (m) 0.0278 0.0003 0.0008
Sex 1.865 1 1.865 69.543 0.0001 M.g (f) 0.0005 0.0007
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Table 6 (continued)

Two-way PERMANOVA (Permutation = 9999) Pairwise (bold = sig):

Interaction −0.12143 1 −0.12143 −4.528 0.1782 M.o (f) 0.0001
Residual 0.69726 26 0.026818
Total 2.9453 29

Male TMT
F p

TSS: 3.061 2.418 0.1382
W-G SS: 2.509
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in the data (Supporting Info 2). The combined effects of these three
components reveal clustering of the taxa and sexes for several elements.
Thus, in combination, the metric data clarify the distinctions between
the four groups.

We use these clusters to better define which measurements may be
most effective at identifying the turkey taxa and sexes. The best separa-
tion between the four groups of taxa × sex is found in the coracoid,
femur, and tarsometatarsus. For the coracoid, PC 1 is evenly affected
by all measures indicating it is primarily representative of allometric
size (Fig. 10). Size thus separates M. ocellata females and M. gallopavo
males, and fairly effectively also M. gallopavo females and M. ocellata
males. PC 2 is strongly affected by BF and to a lesser degree by Bb and
these measures separate the M. ocellata males from the other taxa and
sexes. The PC 1 for the femur, although primarily overall size, has
some greater effects from Bp, Dd, and C (Fig. 11). This component pro-
vides fair separation between all taxa and sexes. Again, for the
tibiotarsus, PC represents predominantly overall size, but with a greater
effect from B and Dip and separates the sexeswithin the taxa andwith a
single exception (specimen 8896: domesticM. gallopavo, Petén, Guate-
mala) separates all groups (Fig. 12). Finally, for the tarsometatarsus, PC
1 is dominated by GL and to a lesser extent by C, but likely still repre-
sents overall allometric size (Fig. 13). This PC effectively separates all
taxa and sexes with a single specimen exception overlap between M.
gallopavo females andM. ocellatamales, a captive male from Busch Gar-
dens, Tampa. When compared only between males to understand the
impact of spurmorphology, PC 1, in this case does not appear to be allo-
metric size, and is dominated by J with a somewhat lesser effect fromH
(Fig. 14). These however, do not separate the males of the two species.
PC 2 is a more generalized combination of measures with some domi-
nance of F and G, and this does clearly separate the two taxa. Unfortu-
nately only two of the M. gallopavo specimens used in this study had
spurs, so the sample size biases the results. Later work will increase
the sample size for this measure.

In upcoming analyses, we will compare other modern bird speci-
mens outside our study to the modeled distributions to evaluate the ef-
fectiveness of fit of these metrics to all Mesoamerican galliform birds.
We have not done this here because our metrics were chosen, and our
model was generated, from the modern birds already in the sample.
However, it is interesting to review the locations of the Yucatan, Mexico
birds which fall within the clusters for all PCAs though often defining
the outer edges, and the single domestic M. gallopavo tibiotarsus from
Petén, Guatemala, which falls far outside any other metric on all
components.

6. Tests of 3D replicates for comparative analysis

Our results have also clarified that none of the characters, metric or
morphological, is easily replicated without reference to a modern com-
parative specimen. Morphological descriptions are qualitative and
based on relative differences in character shape or size. Similarly, it is
very difficult to standardize a metric on a fragmentary archaeological
sample if you do not have a modern comparison in hand to understand
where, for example, the mid-shaft might have been. In order to make
this diagnostic regime accessible, all analysts would need access to
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sufficient comparative specimens to allow for assessment of individual
variation.

With this difficulty in mind, a final step in our testing of methods for
deriving standardized and replicable morphological and metric proce-
dures was to evaluate the utility of 3D models for comparison in multi-
ple labs and bymultiple colleagues (S3).Weused aNext Engine 3D laser
scanner and associated software to scan and post-process key individ-
uals from our comparative assemblage. With assistance from the Uni-
versity of Florida FabLab, we printed replicas using the Zprinter 450.
This printer solidifies powder using resins and provides excellent print
resolution and fidelity to original both because of the powder/binder
system and because this process provides better structural support
through the processing. We tested several different resolutions but
highest definition scans were necessary to accurately reproduce all fea-
tures. To assess the accuracy of the models, we subjected them to blind
morphological testing by Thornton (who was not part of the 3D scan-
ning project), and a full metric analysis by Duffy and Cunningham-
Smith.

Thornton was able to correctly identify each specimen based on our
morphological characters. She noted only three areas in which the scan
was more difficult to use for morphological identification than was the
original (these were the ventral muscular line on the coracoid which
did not replicate with sufficient resolution, and on the tarsometatarsus,
the size of the distal foramen and the width of the intertrochlear
notches), both of which were obscured by infiltered resin. These are re-
lated more to the final detail post-process rendering, not an intrinsic
flaw with the process.

We compared themetric dimensions of the 3Dmodel bones to their
real counterparts to test for divergence. For this comparison we used
two-sample t-tests in which means were obtained from the sums of
all measured variables per specimen. We included 27 real/model pairs
of elements from the three individuals modeled. Overall means differed
by 1.19 and standard deviations by 1.24 mm. t-Tests were used to pre-
dict the probability of equality among the groups (model vs real
bone). p-Values were very high (t = 0.029392, p = 0.97666) which
does not support rejecting thenull hypothesis of equality and, therefore,
indicates that the model and real elements are essentially identical.

7. Implications of the morphometric study for zooarchaeological
analysis

This paper specifically discusses the utility of our analytical methods
for accuracy and replicability in a zooarchaeological assemblage. A
prime issue in this equation is the study sample most likely to be pre-
sented for analysis. Thus, althoughwe do not present the archaeological
results in this paper, we use the general characteristics of the archaeo-
logical sample to clarify the subset of elements of particular interest
for morphological and metric character representation. Later publica-
tions, when all research is complete, will discuss the full results of our
archaeological morphometric findings.

Of the archaeological specimens that were sufficiently preserved to
be identified as large galliforms, 89% allowed metric and 49% morpho-
logical analysis. Considered by element, the more robust bones of the
hind limb (femur, tibiotarsus, tarsometatarsus) and upper wing
hological methods for turkey species determination in Maya faunal
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Fig. 10. a: PCAmeleagrid coracoid, components 1 and 2. Note 17= FLMNH-OR-38861, is likely a female. Specimen 8= FLMNH-EA-5710 is a subadult, hence overlaps with femaleM. ocellata.
b: PCA meleagrid coracoid, components 3 and 4. Note 17 = FLMNH-OR-38861, is likely a female. Specimen 8= FLMNH-EA-5710 is a subadult, hence overlaps with femaleM. ocellata.
Figures by Sharpe.
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Fig. 11. a: PCA meleagrid femur, components 1 and 2. b: PCA meleagrid femur, components 2 and 3.
Figures by Sharpe.
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(humerus, ulna, radius) were most often well enough preserved to
allow measurement and/or morphological characterization, while
the cranium, sternum, scapula, radius, and phalanx were the least
well-preserved for these studies (Table 7). Unfortunately, osteologi-
cal analyses suggest that most diagnostic morphological characters
are located on the cranial and girdle portions. For example,
Please cite this article as: Emery, K., et al., Testing osteometric and morp
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Bochenski and Campbell (2006:53) note that over half of their 55
characters were located on the head, sternum, and parts of the shoul-
der girdle.

Preservation of the archaeological turkey remains also varies among
the different regions of each element. The best preserved segments are
most often the central shafts while morphological characters and useful
hological methods for turkey species determination in Maya faunal
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Fig. 12. a: PCA meleagrid tibiotarsus, components 1 and 2. Note 10 = FLMNH-EA-8896, a domesticM. gallopavo from the Petén. b: PCA meleagrid tibiotarsus, components 2 and 3. Note
10 = FLMNH-EA-8896 a domestic M. gallopavo from the Petén.
Figures by Sharpe.
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Fig. 13. a: PCAmeleagrid tarsometatarsi, components 1 and 2. Note 16= FLMNH-OR-24105, a captivemale fromBusch Gardens, ranges inwith the femaleM. gallopavo. b: PCAmeleagrid
tarsometatarsi, components 2 and 3. Note 16 = FLMNH-OR-24105, a captive male from Busch Gardens, ranges in with the femaleM. gallopavo.
Figures by Sharpe.
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Fig. 14. a: PCA male meleagrid tarsometatarsi, components 1 and 2. Note that only two specimens of M. gallopavo are used in the comparison. b: PCA male meleagrid tarsometatarsi,
components 2 and 3.
Figures by Sharpe.
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markers for metric analysis, unfortunately, aremost often the distal and
proximal portions. However, in the archaeological galliform sample, this
is not always the case. The proximal portions of the coracoid, radius, and
Please cite this article as: Emery, K., et al., Testing osteometric and morp
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particularly scapula, are fairly well represented and even distal portions
(though not final distal ends) are fairly well represented in the humer-
us, tibiotarsus, and tarsometatarsus. Least well represented are the
hological methods for turkey species determination in Maya faunal
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Table 7
Number of archaeological element specimens subjected to metric and/or morphological
study. Since the overall proportion of elements is roughly equivalent to normal skeletal
distribution, this distribution is assumed to represent the proportion of measurable ele-
ments in each category.

Element Metric analysis Morphological

# % # %

Radius 48 2.26 26 2.22
Scapula 73 3.44 38 3.25
Carpometacarpus 132 6.22 79 6.76
Coracoid 170 8.02 99 8.47
Femur 202 9.52 124 10.61
Humerus 263 12.40 115 9.84
Ulna 345 16.27 198 16.94
Tibiotarsus 427 20.13 191 16.34
Tarsometarsus 461 21.74 275 23.52
Phalanx 1 – – 24 2.05
Total/% of total N = 2380 2121 89.12 1169 49.12

Note: metric analysis for phalanx is not included in this evaluation.
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distal end of the scapula, the proximal end of the tibiotarsus and both
ends of the ulna. (See Table 8.)

We can compare the archaeological preservation patterns with our
morphometric assessments to generate some preliminary statements
regarding what element portions have the best potential for morpho-
metric species and sex identification in archaeological assemblages.
For example, the most abundant element, the tarsometatarsus, is typi-
cally best preserved in the distal portion, where fortunately there are
severalmorphological characters that can beused for species distinction
(as well, of course, as the spur which can define sex). Osteometric anal-
ysis of the tarsometatarsus appears to separate well between galliform
taxa and sexes among the meleagrids, but the separation is based on
two measures that are typically problematic with fragmentary ele-
ments: the greatest length and least width of the shaft. Metric analysis
of the femur can also be used to separate both galliform taxa and
meleagrid species and sexes. It is less frequently found in the archaeo-
logical collection, and the portion typically recovered is the distal end,
which unfortunately lacks any effective morphological traits for identi-
fication. Themetric traits aswell could be problematicwith fragmentary
elements since most require recognition of themid shaft or smallest di-
ameters of the shaft. The coracoid is perhaps the most diagnostic ele-
ment and it is also the most accurately identified using this group of
morphological characters (97%), but it is unfortunately not as common
in the archaeological assemblage. This element is best preserved at the
proximal end and there are several good characters for identification
in this area of the element. Most of the metrics require complete ele-
ments, however, and all those for distinguishing sex are found at the
distal end. Taphonomic factors may therefore greatly affect
zooarchaeologists' ability to accurately applymanymorphometric traits
for taxonomic and sex identification, which have been generated using
modern comparative specimens.
Table 8
Proportion of diagnostic zones for all galliform elements as a proportion of total number of ind
most elements were analyzed for diagnostic zone representation, the number of specimens for
logical analysis.

Proximal

NISP Zone 1 Zone 2 Zone 3

Coracoid 170 60.29 75.92 73.05
Scapula 73 84.59 88.70 65.07
Humerus 263 22.72 30.61 53.80
Ulna 345 16.30 41.67 78.55
Radius 48 60.94 64.06 52.60
Carpometacarpus 132 59.28 68.94 60.04
Femur 202 37.38 52.48 59.28
Tibiotarsus 427 11.07 23.13 28.04
Tarsometatarsus 461 24.46 38.18 34.54
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8. Discussion and conclusions

Zooarchaeologists are faced with a dilemma in the identification of
osteologically and metrically similar taxa, particularly when the taxa
are sexually dimorphic andmorphologically variable across populations
and individuals. We are dependent on our comparative collections,
which despite our best efforts, can never be truly representative of the
full range of intraspecific variation. Quite often, these are limited to
one or at most two specimens of a single taxa. We can also draw on
the literature for the metric and osteological characters used by
neontologists, but quite often these are very limited since neontological
specimens aremore often described on thebasis of soft tissue characters
and measures. Even in cases where osteological studies do exist, these
are sometimes dependent themselves on small sample sizes and on
specimens drawn from single geographic regions. The use of small num-
bers of individuals, or geographically circumscribed samples, results in
character trait lists that are not necessarily applicable to all individuals,
a fact that is sometimes not recognized by zooarchaeologists reliant on
the trait lists for identification of problematic taxa. Another fact that is
often not recognized is that trait expression is rarely 100% even for the
most clearly distinguishable taxa. Neontologists do sometimes publish
their ranked trait lists with expression proportions, but because molec-
ular research is now at the forefront, fewer and fewer taxonomic dis-
tinction publications even include character traits among the DNA
data unless it is in a compiled version used for statistical analysis of tax-
onomic relatedness.

In our research on the galliforms of theMayaworld, all of this is def-
initely true. Steadman (1980:132) notes that his sample of 16 M.
gallopavo and seven M. ocellata provided more effective characters for
separation than did smaller samples analyzed by earlier researchers.
Bochenski and Campbell's (2006) comparative collection was much
more substantial including 51 specimens from the Ornithology Collec-
tions of the Natural History Museum of Los Angeles County. However,
we suggest that even these sample sizes might be insufficient when
compared to the variation found between geographically separated
populations, particularly of taxa such as the turkeys that are known to
have been husbanded and/or domesticated, perhaps in multiple loca-
tions and events, through their osteological evolution.

In this study, we strive to evaluate the combined morphological and
metric traits used by ornithologists in order to recommend a suite of ac-
curate and useful diagnostic tools for the zooarchaeological analyst. This
goal requires thatwe also carefully evaluate our ownmethods to ensure
data consistence and accuracy throughout. We have evaluated both os-
teological traits and metrics through repeated back-testing and blind-
testing, and we have used statistical tests to describe the variation in
our measures and evaluate the extent to which different diagnostic
characters can accurately predict taxa. This work is on-going and our
sample sizes are still lower than we feel will be necessary to ensure
real accuracy in understanding trait expression across space and time
for the turkeys. Our evaluation of the archaeological samples used in
ividual specimens (NISP) analyzed. Shorter elements have fewer zones. Note that because
this analysis is higher than either of the counts for those subjected to metric or morpho-

Distal

Zone 4 Zone 5 Zone 6 Zone 7 Zone 8

50.74 44.71 37.06 30.44
35.62 20.21 4.79
61.31 65.49 64.92 48.19 27.66
80.36 76.74 42.83 18.26
41.67 41.67 56.25 44.79
53.22 50.19
70.54 70.79 41.09
37.88 74.82 69.73 48.89
40.13 38.83 59.82 63.67 45.66
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our study gives us a foundation for considering the best evaluation
means for identifying both taxa and sex among the galliforms. These
sorts of correlations, still preliminary here, will hopefully allow us to
create a solid recommendation for best evaluative mechanisms for any
turkey element or portion thereof that is recovered at a Maya archaeo-
logical site. However, these preliminary studies have also revealed a
number of cautions about the identification characters and metrics we
hope to evaluate. One of these is the need for large samples of modern
birds from a range of areas to properly understand individual variation.
In our comparison of morphological traits between the Yucatan and US/
Petén birds, we found several traits that expressed quite differently in
the Yucatan birds than in our overall assemblage. These were found in
both upper and lower limb elements. This finding emphasizes the im-
portance of reviewing more of the Mesoamerican modern birds to ex-
plore the diversity in character expression across geographic space. It
is possible that some of this variation could be attributed to different
husbandry and breeding histories for both the M. gallopavo and M.
ocellata in separate regions since, although the birds were likely traded
on occasion, for themost part, the populations from one area would not
have mixed extensively with those from another, even within the rela-
tively small Maya world.

We found more variation in sexual dimorphism among the birds
than we had expected from the literature. We find that both turkeys
show more sexual dimorphism than the curassow, and we suggest
that the broad range of sizes in the M. gallopavo females in most ele-
ments, and particularly wing elements, and thus greater phenotypic
variation in this bird, is perhaps indicative of phenotypic plasticity in-
herent in themeleagrids and possibly encouraged in the husbandry/do-
mestication process. This is based on a very small dataset and suggests a
worthy direction for future study.

We are also surprised tofind that evenmodern ornithological collec-
tions are not as accurate in definition of sex and age as wemight expect.
Several cases our PCA tests suggested that the sex of individuals was ei-
thermisidentified ormisrecorded, or in caseswhere sexwas not record-
ed, the PCA results were able to suggest the sex of the specimen. It is
therefore essential that comparative specimens be carefully evaluated
for sex identification, particularly in the case of older specimens collect-
ed when such details were not given as much attention as they are
today. Aswell, we find that agewill be a complicating factor particularly
in the analysis of birds. Birds can be osteologically recognized as fledg-
lings and as juveniles, but the subadult phase often does not have any
osteological expression. We removed all birds that were osteologically
recognizable as juveniles, but found that individuals identified as sub-
adults often lay on themargins of the PCA clusters created by the assem-
blage as a whole. This suggests the importance of such statistical evalu-
ations of metrics to clarify age stages beyond those identifiable on the
bones themselves and of ensuring that such evaluations are published
alongside results (Atici et al., 2012; Driver, 2011; Wolverton, 2013).

In sum, these studies emphasize the value of detailed assessment of
the characters and metrics used by zooarchaeologists in identifying dif-
ficult-to-distinguish species, and quality testing of the variation, repro-
ducibility and accuracy of the use of these traits by various analysts.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.jasrep.2016.08.018.
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