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Taxonomic identification of archaeofauna relies on techniques and anatomical traits that should be valid, reliable, and usable,
but which are rarely tested. Identification protocols (techniques and anatomical traits), particularly those used to distinguish
taxa of similar size and morphology, should be rigorously tested to ensure a solid interpretive foundation. Blind testing of a
protocol for identifying stylohyoid bones of North American artiodactyls was performed by three analysts who independently
employed the protocol to identify 77 anatomically complete specimens of known taxonomic identity, representing 54 individ-
uals and 11 species. Identifications were identical in 89% of cases and in conflict in 3% of cases. The remainder involved
differences in resolution; two analysts identified specimens to species, whereas the third identified specimens to more general
taxonomic groups. Inter-analyst variability in identification was a result of differences in protocol application. Identifications
were consistent with known taxon in 92%–96% of cases. Results indicate that the protocol is valid, reliable, and usable, and it
can be applied to archaeological specimens with confidence. Testing of other identification criteria employed by zooarchaeol-
ogists is encouraged.
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La identificación taxonómica de la arqueofauna se basa en técnicas y rasgos anatómicos que deberían ser válidos, confiables y
utilizables, pero que rara vez se prueban en la práctica. Sostenemos que los protocolos de identificación (técnicas y rasgos
anatómicos), particularmente aquellos utilizados para distinguir taxones de tamaño y morfología similares, deben estar suje-
tos a pruebas rigurosas para garantizar una base interpretativa sólida. Tres analistas realizaron pruebas a ciegas de un pro-
tocolo propuesto recientemente para identificar huesos estilohioides de artiodactilos de América del Norte que emplearon de
forma independiente el protocolo para identificar 77 especímenes anatómicamente completos de identidad taxonómica con-
ocida y que representan 54 individuos y 11 especies. Las identificaciones fueron idénticas en el 89% de los casos y en conflicto
en el 3% de los casos. El resto involucraba diferencias en la resolución; dos de nosotros identificamos especímenes de espe-
cies, mientras que el tercero identificó especímenes de grupos taxonómicos más generales. La variabilidad entre analistas en la
identificación fue el resultado de diferencias en la aplicación del protocolo. Las identificaciones fueron consistentes con el
taxón conocido en el 92%–96% de los casos. Los resultados indican que el protocolo es válido, confiable y utilizable, y
puede aplicarse a especímenes arqueológicos con confianza. Se alienta la prueba de otros criterios de identificación emplea-
dos por los zooarqueólogos.
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Taxonomic identification of faunal remains
recovered from archaeological excava-
tions is a requisite first step to attaining

many of zooarchaeology’s analytical goals

(e.g., Gifford-Gonzalez 2018; LeFebvre and
Sharpe 2018). The identification process requires
first ascertaining which anatomical traits of skel-
etal parts are the result of variation between
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species (inter-taxonomic variation) and which
reflect variation within a species (intra-taxonomic
variation). The former traits allow zooarchaeolo-
gists to assert that a particular distal left tibia repre-
sents a yellow-bellied marmot (Marmota
flaviventris) as opposed to some other species of
similar body (and skeletal) size. Zooarchaeolo-
gists have spent countless hours scrutinizing skel-
etons of known taxonomic identity to determine
which skeletal traits are taxonomically diagnostic
and which ones are not. In North American
zooarchaeology, this process began in the late
nineteenth century (Eaton 1898) and has extended
continuously up to the present (e.g., Adams and
Crabtree 2012; Balkwill and Cumbaa 1992; Brai-
nerd 1939; Brown and Gustafson 1979; Gilbert
1973; Jacobson 2003; Lawrence 1951; Lubinski
and Hale 2018; Olsen 1964).

Twenty years ago, Gobalet (2001) asked four
experts to identify the same zooarchaeological
sample of fish bones. He found considerable
variability across investigators in both the num-
ber of specimens identified and the taxonomic
identifications made. These results were not sur-
prising to us given the history of (not) reporting
taxonomic identification protocols in zooarchae-
ology. Gobalet’s (2001) results suggest that dif-
ferent analysts employ different skeletal traits
or traits of varied diagnostic value to make iden-
tifications. Although rarely cited, we believe, as
Driver does, that Gobalet’s study “should have
been a wake-up call to the discipline” (2011:37).

Beyond the well-acknowledged problem that
limited access to sufficient comparative materials
can significantly reduce identification accuracy
(see references in Lyman 2019), Driver
described the key issue as an assumption that
the methods and anatomical traits used “for iden-
tification are sufficiently well tested that one does
not need to justify most identifications, except in
relatively rare circumstances” (Driver 1992:39).
Importantly, he noted that “we do not systemati-
cally test the quality of our identifications using
‘blind’ tests. . . . Consequently we have no idea
of the accuracy of our methods” (Driver
1992:40–41). He added, “While most zooar-
chaeologists would probably agree that most
identifications are probably accurate, they have
no empirical or theoretical basis for this claim”

(Driver 1992:41).

This argument could as easily be made today
as in 1992 (e.g., Lau and Kansa 2018; Wolverton
2013). Given that anatomical traits used for iden-
tifications are rarely published, there can be little
peer review or testing of them, although some
may occur at conferences and workshops and
on listservs. In our combined 60+ years of
experience, however, no one has questioned
our taxonomic identification techniques or
requested that we describe the anatomical traits
used to make identifications. We worry that this
is typical of the discipline. Since accurate identi-
fications provide the basis for much of zooar-
chaeology, and insofar as paleozoological
identifications of species are having increasing
influence on conservation biology decisions
(e.g., Barnosky et al. 2017; Dietl and Flessa
2017; Lyman and Cannon 2004; Wolverton
et al. 2016), an inaccurate identification could
have implications beyond archaeological
inquiry. Three examples illustrating uncertainty
about identification protocols and the changing
status of some skeletal traits from taxonomically
diagnostic to nondiagnostic are provided in Sup-
plemental Text 1. It is in large part because of
such cases that we, Driver (1992), and Gobalet
(2001) believe that skeletal traits thought to be
diagnostic among taxa of similar size andmorph-
ology should be tested.

Identification Protocols: Best Practices and
Examining Success

We begin by characterizing the identification
process and defining concepts we use to evaluate
an identification protocol. The terms “reference”
and “comparative” specimens designate bones of
known taxonomy wherein the taxonomy was
determined by standard biological criteria
among living organisms. Zooarchaeologists
have long used such collections to develop
means to identify ancient faunal remains. There
are today no recommended best practices or gen-
erally accepted standards for reporting identifica-
tions—that is, which skeletal parts were
identified and how those specimens were identi-
fied (Clason 1972; Driver 1982; Lawrence 1973;
Wolverton 2013). Furthermore, there tends to be
minimal description of the identification protocol
used in a particular study (e.g., Baker and Shaffer
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1999; Driver 1992, 2011; Emery 2004; Lupo
2011; Lyman 2005; Stewart 2005). Authors of
recent zooarchaeology textbooks and articles
state identification “methods” should be
described and published, particularly listing the
reference collections and published skeletal
guides consulted (e.g., Beisaw 2013; Driver
1992; Gobalet 2001; Hesse and Wapnish 1985;
LeFebvre and Sharpe 2018; Nims and Butler
2017; O’Connor 2000; Rea 1986; Reitz and
Wing 2008), but the suggestion is not consis-
tently made, even in textbooks (e.g., Davis
1987; Gifford-Gonzalez 2018; Hillson 1992;
Rackham 1994). Some authors have urged ana-
lysts to publish the skeletal traits used to make
identifications (e.g., Butler 2011; Butler and
Lyman 1996; Driver 1982; Gobalet 2001; Gra-
ham and Semken 1987; Klein and Cruz-Uribe
1984; Lawrence 1973; Lyman 2005, 2011a;Wol-
verton 2013;Wolverton andNagaoka 2017). This
suggestion, however, is only followed when an
identification is particularly interpretively signifi-
cant or difficult (Bochenski 2008), such as the
distinction of remains of domestic sheep (Ovis
aries) from those of domestic goat (Capra hircus)
(e.g., Balaase and Ambrose 2005; Boessneck
1969; Halstead et al. 2002; Haruda 2017; Payne
1985; Salvagno and Albarella 2017; Wolfhagen
and Price 2017; Zeder and Pilaar 2010).

However, reporting that the University of
California Berkeley Museum of Vertebrate
Zoology skeletal collection was consulted and
that Gilbert’s (1973) guide was examined reveals
little about the actual identification protocol fol-
lowed—the techniques and anatomical traits
used. Anatomical traits can be morphological
(shape), metric (size), or meristic (frequency, as
in the dental formula). Techniques can involve
visual comparison of a zooarchaeological speci-
men with some (typically unreported) number of
reference skeletons of similar size and morph-
ology (which species were examined and why)
or other approaches, such as measuring skeletal
dimensions for statistical comparison (which
dimensions were measured and why, and how
many reference specimens of each of which
taxa were measured). Best practice should be
“transparency in identification methodology”
(Lau and Kansa 2018:34), including everything
just mentioned.

We use general science concepts to evaluate
the identification process. “Validity” concerns
the question, Are we measuring what we think
we are measuring, or does the measurement tech-
nique provide an empirical indication of the con-
cept of interest (Carmines and Zeller 1979;
Lastrucci 1967; VanPool and Leonard 2011)?
“Reliability” (replicability, repeatability) con-
cerns the question, If we measure something
twice, do we get the same answer, or, on repeated
trials, do we obtain the same results (Carmines
and Zeller 1979; Lastrucci 1967; Zar 1996)?
Two aspects of reliability and validity (Golaf-
shani 2003; Heale and Twycross 2015; Whitte-
more et al. 2001) are important with respect to
testing taxonomic identification protocols. The
first is the “stability” of results (Heale and Twy-
cross 2015) across repeated testing, known as
“test–retest” (Roberts et al. 2006). A test–retest
method has been suggested by zooarchaeologists
(Nims and Butler 2017; Wolverton and Nagaoka
2017), but reidentifying zooarchaeological spe-
cimens identified a few weeks ago does not test
validity or accuracy, because the true identities
are unknown. The second aspect of reliability
and validity is “equivalence,” or consistency of
results across multiple respondents (Heale and
Twycross 2015). We think of the equivalence
of results across multiple investigators as “usabil-
ity.” By this, we mean, Is an identification proto-
col readily applied by different investigators,
especially researchers who were not involved in
development of the protocol? And does use of
a protocol by multiple investigators influence
the validity and/or reliability of the
identifications?

“Precision” is defined as the closeness of
repeated measurements of the same specimen
(Sokal and Rohlf 1969; VanPool and Leonard
2011; Zar 1996). In this sense, a precise identifi-
cation would be one made by several investiga-
tors of the same specimens as, say, Lepus
americanus (snowshoe hare). That does not
necessarily mean the identification is correct or
accurate; “accuracy” means how close a meas-
urement is to the true value (Sokal and Rohlf
1969; VanPool and Leonard 2011; Zar 1996).

Finally, “resolution” concerns the grain of a
measurement—think dots per square inch in a
photograph, where a greater number of dots
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means finer grain and greater resolution
(a “sharper” or “higher-definition” image). A
measurement of 0.01 mm is of greater resolution
than a measurement of 0.1 mm, and a
species-level identification is of greater reso-
lution than a genus-level identification (Findley
1964; Gifford-Gonzalez 2018). In both cases, a
fine-grained or high-resolution measurement
(identification) contains all of the information
of a coarse-grained or low-resolution measure-
ment, but the latter only includes some of the
information of the former.

Mindful of these concepts, we suggest criteria
for the most rewarding testing of identification
protocols. Testing would most simply employ
protocols with explicitly described techniques
and anatomical traits. If it has not been used
much, it will not have entered the standard oper-
ating procedures of zooarchaeologists who might
find it of value, and it will not have provided
invalid identifications at a worrisomely high
rate. Furthermore, it will be easy to correct any
ambiguities or inaccuracies in the protocol dis-
covered during the test. The researcher who
developed the protocol should be involved in
the testing, along with researchers of varied
levels of experience with identifying ancient
faunal remains. The developer will have intimate
knowledge of the protocol and be able to correct
problems detected by those researchers without
such knowledge. Including researchers with var-
ied levels of experience ensures that both novices
and experienced researchers can use the protocol.
The protocol should be testedwith reference spec-
imens of known taxonomy so that its validity
can be evaluated. The test reference specimens
should be of individual organisms not used to
develop the protocol to maintain independence
of the test from development of the protocol.
An additional benefit would attend such
independent testing because a greater range
of intraspecific variability would likely be
involved, particularly if the test specimens
originate in populations different from the spec-
imens used to develop the protocol (Polly and
Head 2004).

We do not expect all such tests to be pub-
lished, but we think it is appropriate to describe
one such test here in the hopes that the testing
method will be mimicked for many allegedly

taxonomically diagnostic traits. We also hope
the results of such tests will be incorporated
into a freely accessible online database. This
suggestion follows one made by Lawrence
(1973) to create and maintain a hard copy of
such a thing—a suggestion not followed due to,
as Lawrence recognized, its impracticality. The
suggestion of an online database was made
more recently by Barr (2008), and it should
now be both possible and practical (see also
Lyman 2019).

Materials and Methods

We implemented a test of the protocol proposed
by Lubinski and Hale (2018) for identifying sty-
lohyoids of North American artiodactyls, here-
after referred to as the LH protocol. This
protocol provides an ideal test case. First, its
recent development means that it has not yet
been widely applied, and consequently, that
potentially incorrect identifications have not
been produced. Second, its recency means weak-
nesses have not yet been detected. Third, the LH
protocol involves an explicit dichotomous key
made up of detailed descriptions of anatomical
traits—both taxonomically diagnostic and not
diagnostic—and a particular order for consider-
ing those traits, which lends itself to rigorous
testing. Fourth, testers included one of the proto-
col originators (PML) and users who had nothing
to do with developing the protocol and who have
not previously used it, both an experienced
zooarchaeologist (RLL) and a novice (MPJ).
Our test exemplifies an ideal model for testing
any identification protocol.

The artiodactyl stylohyoid (1) is large enough
for consistent archaeological recovery (measur-
ing 4–19 cm in length for adult specimens); (2)
is commonly found at North American archaeo-
logical sites (up to half as common as the most
abundant skeletal element at some sites); (3)
often exhibits evidence of butchery and is some-
times manufactured into pendants; and (4) is not
well known by many zooarchaeologists (no
North American artiodactyl skeletal key includes
this element), so documenting it will contribute
to zooarchaeological knowledge (Lubinski and
Hale 2018). The stylohyoid is the largest bony
element in the hyoid complex of artiodactyls in
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the Antilocapridae, Bovidae, and Cervidae. It is a
paired bone in the throat below the mandibles.
The element (Figure 1) is anchored at either
end with cartilaginous rods, from the posterior,
dorsal process to the temporal bone of the cra-
nium (Saber and Hoffman 1985), and from the
anterior end to remaining hyoid-complex
elements, which are small and indistinct in
these taxa.

Lubinski and Hale (2018) recorded metric
and morphological traits of nearly 500 reference
hyoids of 13 species (10 genera, three families)
of North American artiodactyls. They deter-
mined which traits seemed to distinguish taxa
and estimated the rate of accurate identifications
using the traits. Some traits allowed only distin-
guishing large from small artiodactyls; other
traits permitted Bovidae to be distinguished
from Cervidae; still other traits were diagnostic
of genera; and some traits allowed identification
to a particular species. Some congeneric species
(e.g., Ovis aries, O. canadensis, O. dalli) could
not be distinguished, but it seemed that most ana-
tomically complete and skeletally mature stylo-
hyoids could be identified at least to taxonomic
family. No independent test of the validity and
reliability of the stylohyoid traits was performed.
Furthermore, no researcher who had not been
involved in developing the protocol employed
it to identify taxonomically known specimens,
so there was no test of its usability.

To test the validity, reliability, and usability of
the LH protocol, we obtained stylohyoids of

known taxonomy from four zooarchaeology ref-
erence collections: California State University,
Chico (CSUC); Eastern Tennessee State Univer-
sity (ETSU); Iowa State University (ISU); and
Indiana University (IU). None of these test speci-
mens had been used by Lubinski and Hale
(2018) to develop this protocol. Lubinski
received collection loans and removed speci-
mens with significant breakage or adhering con-
nective tissue that would complicate
measurement, yielding a test sample of 77 stylo-
hyoids representing 11 species of North Ameri-
can artiodactyls (Table 1). This sample derives
from 54 different animals and includes 23 bilat-
eral pairs, allowing evaluation of left-right iden-
tification consistency. It also includes at least one
animal from each of the eight taxonomic groups
that can be identified with the protocol: Antiloca-
pra americana, small bovid, small cervid (Odo-
coileus sp.), large bovid, Alces alces, Bos taurus,
Cervus elaphus, and Rangifer tarandus.

The three test analysts represent a range of
experience in identification of mammalian skel-
etal elements and with stylohoid identification.
Lubinski has approximately 25 years of experi-
ence and no previous training or collaboration
with Lyman, and he developed the stylohyoid
identification protocol. Lyman has approxi-
mately 40 years of experience and had never
before attempted to identify artiodactyl stylo-
hyoids to species, in part due to the few speci-
mens of this element in comparative collections
he has used, and because no taxonomically

Figure 1. Example stylohyoid shown in (a) dorsal view, and (b) lateral view. This is a left bighorn sheep (Ovis canadensis)
specimen (University of Washington Burke Museum 81695). It measures 69mm in total length (anterior end to dorsal
process). (Color online)
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diagnostic criteria were known to him. Johnson
has approximately three years of experience but
none in stylohyoid identification. Neither
Lyman nor Johnson helped develop the LH
protocol, which is why they could evaluate its
usability. None of us was provided with the taxo-
nomic identities of the test specimens until after
we each independently identified them using the
LH protocol.

Lubinski recorded the two morphological
attributes and 10 osteometrics called for in
Lubinski and Hale (2018:Table 5), recording
metrics to 0.01 mm using digital calipers. He
then followed the eight steps of the key in their
Table 5 to make identifications, which involve
two morphological traits and five of the osteo-
metrics. After identification was complete,
Lubinski sent the 77 test specimens first to
Lyman and then to Johnson, with no guidance
other than illustrations from Hale (2016:Fig-
ure 11) regarding how to complete the
measurements.

Upon receipt of the 77 test specimens from
Lubinski, Lyman practiced the identification
protocol using 12 reference stylohyoids repre-
senting four species and curated in the University
of Missouri Zooarchaeology Comparative Col-
lection (five Antilocapra americana, two Cervus
elaphus, four Odocoileus sp., and one Ovis
aries). In every case, an accurate identification
was determined. Feeling confident in his having
learned the protocol correctly (and therefore
believing the usability of the protocol to be
high), he applied the protocol to the 77 test

specimens. All metrics Lyman recorded were
measured to the nearest 0.02 mm using dial
calipers.

Johnson first practiced the protocol using
seven specimens representing six species in the
Central Washington University Zooarchaeology
collection (one Antilocapra americana, two Bos
taurus, one Capra hircus, one Cervus elaphus,
one Odocoileus sp., one Ovis aries). Having suc-
cess with these, he applied the protocol to the 77
test specimens. He recorded measurements to the
nearest 0.01 mm using digital calipers.

Although all analysts used the LH protocol,
we did not apply it identically. Lubinski used
all criteria (except dorsal curvature, discussed
below) for the eight steps of the key in Lubinski
and Hale’s Table 5 (2018) to make identifica-
tions. This means he faced the possibility of con-
flicting results in each step. When there was a
conflict, he made a conservative identification
as suggested by Lubinski and Hale (2018:373).
For example, if in Step 7 Lubinski found 7a to
key to Alces/Cervus, whereas 7b keyed to Rangi-
fer, he would exit the key and list the result as
unknown large cervid. Johnson also used all cri-
teria except dorsal curvature and employed
Lubinski and Hale’s Table 5 (2018). When a
conflict was noted, he was not certain how to pro-
ceed, so the criterion from Table 4 was
employed, and the other criterion was ignored.
Lyman used only one criterion for each step of
the key, following Lubinski and Hale’s Table 4
(2018), and had no conflicting results in a step
to consider.

Table 1. Specimens in Study Sample.

Size Group Family Species Stylohyoids Animals

Small Antilocapridae Antilocapra americana 5 4
Bovidae Capra hircus, Ovis aries, Ovis canadensisa 18 13
Cervidae Odocoileus hemionus, Odocoileus virginianusb 27 18

Large Bovidae Bison bison 12 9
Bos taurus 5 4

Cervidae Alces alces 2 1
Cervus elaphus 5 3
Rangifer tarandus 3 2

TOTAL: 77 54

aThe Lubinski and Hale (2018) identification protocol does not allow for distinction of these three small bovid species, so they
are combined here.
bThe Lubinski and Hale (2018) identification protocol does not allow for distinction of these two small cervid species, so they
are combined here.
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Results

We each predicted taxon for 72–74 of the 77 test
specimens (Table 2). All of us omitted two speci-
mens with unfused angles, two of us omitted two
specimens as unfused or slightly broken, and two
of us omitted one pathological specimen. This
provided a final sample of 72–74 individual
bones and 21–22 paired sets. Identification
accuracy varied due to differences described
above in how we applied the protocol. Given
that some of Lubinski’s identifications were to
lower-resolution (higher) taxonomic groups
than distinguishable by the LH protocol, we con-
sider both instances in which there is a perfect
match in the three investigators’ identifications,
and consistent matches in which the three inves-
tigators’ identifications are not identical but are
taxonomically consistent (e.g., two of us identi-
fied a specimen as Cervus elaphus, and the
third identified it as large cervid).

If the LH protocol is reliable, taxonomic iden-
tifications made of left and right sides of paired
elements will match, and taxonomic identifica-
tions made by each analyst of individual speci-
mens will match. If the LH protocol is valid,
taxonomic identifications should, regardless of
investigator, match known taxonomy (if not
resolution). If the LH protocol is usable,
Lyman’s and Johnson’s identifications should
closely match Lubinski’s identifications as well
as the known taxonomy.

Results indicate that the LH protocol is reli-
able; identifications were consistent across ana-
lysts for nearly all test specimens (Table 3).
There were no mismatches in identifications
between left and right sides across the three ana-
lysts. All identifications are consistent between
Lubinski and Lyman, and they differ from John-
son for just two specimens (3%). Results also
indicate that the LH protocol is valid but not
100% of the time. All of us misidentified a few
specimens (see below), and Johnson misidenti-
fied two specimens correctly identified by the
other two analysts (Table 3). Finally, Johnson
and Lyman’s results suggest that the LH protocol
is quite usable; both successfully applied it to
small pilot sets of specimens to learn the proto-
col, and then accurately identified 92%–94% of
the test specimens.

Our identifications matched known species in
the majority of cases. Counting differences in
resolution that are consistent (e.g., large cervid
vs. Cervus elaphus) as correct, there were 68–
70 correct identifications—a 92%–96% success
rate. One case was a partial mismatch. Lubinski
identified specimen # 70 as large cervid and
Lyman and Johnson identified it as Cervus ela-
phus; IU records list it as Alces alces.

In three cases, all analysts’ identifications
failed to match the “known” species. We identi-
fied specimen # 6 as Antilocapra americana,
whereas CSUC records list it as Odocoileus
hemionus. We identified # 15 as Cervus elaphus,
but ETSU records list it as Bos taurus, and we
identified # 71 as Cervus elaphus, whereas IU
records list it as Alces alces. These may be fail-
ures of the LH protocol’s validity, or they may
be errors in the records associated with the com-
parative collections. Such problems can occur as
a result of labeling errors or incomplete removal
of bones from dermestid beetle colonies used to
skeletonize carcasses (e.g., Grayson and Maser
1978), so the stylohyoids are collected with
bones of a different animal. Lubinski has noted
indisputable taxonomic recording errors in sev-
eral collections, such as four stylohyoids labeled
21715 from the University of Wisconsin Zoo-
logical Museum and four stylohyoids labeled
28721 from the Slater Museum of Natural His-
tory. That the potential exists for misidentified
reference specimens has been noted before
(e.g., LeFebvre and Sharpe 2018; Lyman
2019), but it has not been sufficiently empha-
sized. Accuracy in identification of archaeo-
logical specimens will depend on the accuracy
with which the consulted reference specimens
are identified.

Discussion

Our test of the LH protocol is thorough because it
employs a large sample of stylohyoids frommore
than 50 animals (although there are few large
artiodactyl specimens), and the test specimens
were not included in the sample used to design
the LH protocol. Results demonstrate that the
protocol is reliable—identifications were replic-
able between anatomical sides and analysts.
The LH protocol is also valid and accurate:
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Table 2. Results of Blind Test Identifications.

No. Specimena Lubinski ID Lyman ID Johnson ID Known IDb

1 CSUC: 352 Small cervid Small cervid Small cervid Odocoileus hemionus
2 CSUC: 395 Antilocapra Antilocapra Antilocapra Antilocapra americana
3 CSUC: 568 Small cervid Small cervid Small cervid Odocoileus hemionus
4 CSUC: 574-R UNFUSED UNFUSED UNFUSED Odocoileus hemionus
5 CSUC: 574-L UNFUSED UNFUSED UNFUSED Odocoileus hemionus
6 CSUC: 944 Antilocapra Antilocapra Antilocapra Odocoileus hemionus
7 CSUC: 1103 Antilocapra Antilocapra Antilocapra Antilocapra americana
8 CSUC: 1420-R Small cervid Small cervid Small cervid Odocoileus hemionus
9 CSUC: 1420-L Small cervid Small cervid Small cervid Odocoileus hemionus
10 ETSU: ETVP 5171 Small bovid Small bovid Small bovid Ovis aries
11 ETSU: ETVP 7109 Small cervid Small cervid Small cervid Odocoileus hemionus
12 ETSU: ETVP 7259 Small bovid Small bovid Small bovid Ovis candensis
13 ETSU: ETVP 9210 Large bovid Large bovid Large bovid Bison bison
14 ETSU: NAU QSP 13474 Large cervid Cervus Cervus Cervus elaphus
15 ETSU: NAU QSP 2791 Cervus Cervus Cervus Bos taurus
16 ETSU: NAU QSP 7535 Large bovid Large bovid Large bovid Bison bison
17 ETSU: NAU QSP 7674 Bos taurus Bos taurus Bos taurus Bos taurus
18 ETSU: Z174 Small bovid Small bovid Small bovid Ovis canadensis
19 ISU: H0002-L BROKEN UNFUSED Small cervid Odocoileus virginianus
20 ISU: H0002-R BROKEN UNFUSED Small cervid Odocoileus virginianus
21 ISU: H0021-L Small artio. Antilocapra Small cervid Antilocapra americana
22 ISU: H0021-R Antilocapra Antilocapra Small cervid Antilocapra americana
23 ISU: H0023 Antilocapra Antilocapra Antilocapra Antilocapra americana
24 ISU: H0025-L Small cervid Small cervid Small cervid Odocoileus hemionus
25 ISU: H0025-R Small cervid Small cervid Small cervid Odocoileus hemionus
26 ISU: H0032-R Small cervid Small cervid Small cervid Odocoileus virginianus
27 ISU: H0032-L Small cervid Small cervid Small cervid Odocoileus virginianus
28 ISU: H0052 Small cervid Small cervid Small cervid Odocoileus hemionus
29 ISU: H0105-R Small bovid Small bovid Small bovid Capra hircus
30 ISU: H0105-L Small bovid Small bovid Small bovid Capra hircus
31 IU: 10085 Small bovid Small bovid Small bovid Ovis aries
32 IU: 10270-R Small bovid Small bovid Small bovid Ovis aries
33 IU: 10270-L Small bovid Small bovid Small bovid Ovis aries
34 IU: 1010047 Small cervid Small cervid Small cervid Odocoileus virginianus
35 IU: 131002-L Large bovid Large bovid Large bovid Bison bison
36 IU: 131002-R Large bovid Large bovid Large bovid Bison bison
37 IU: 131003-L Large bovid Large bovid Large bovid Bison bison
38 IU: 131003-R Large bovid Large bovid Large bovid Bison bison
39 IU: 1710002 Small bovid Small bovid Small bovid Capra hircus
40 IU: 9210356-R Small cervid Small cervid Small cervid Odocoileus virginianus
41 IU: 9210356-L Small cervid Small cervid Small cervid Odocoileus virginianus
42 IU: 9310764-L Cervus Cervus Cervus Cervus elaphus
43 IU: 9310764-R Cervus Cervus Cervus Cervus elaphus
44 IU: 9410350 Small bovid Small bovid Small bovid Capra hircus
45 IU: 940138-R Small bovid Small bovid Small bovid Ovis aries
46 IU: 940138-L Small bovid Small bovid Small bovid Ovis aries
47 IU: 9510207 Small bovid Small bovid Small bovid Capra hircus
48 IU: 9510211-L Large cervid Cervus Cervus Cervus elaphus
49 IU: 9510211-R Cervus Cervus Cervus Cervus elaphus
50 IU: 9610045-L Large bovid Large bovid Large bovid Bison bison
51 IU: 9610045-R Large bovid Large bovid Large bovid Bison bison
52 IU: 9610352-R Unknown Rangifer Rangifer Rangifer tarandus
53 IU: 9610352-L Unknown Rangifer Rangifer Rangifer tarandus
54 IU: 9710078-L Small bovid Small bovid Small bovid Capra hircus
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92%–96% of the taxonomic identifications were
correct per investigator. The high level of agree-
ment in results based on metric attributes indi-
cates that any inter-analyst differences in
measurement are not significant (e.g., Breslawski
and Byers 2015). And the usability of the LH
protocol is good—if not perfect (see below)
because its major aspects are spelled out expli-
citly. Consequently, both a highly experienced
analyst and a novice produced a majority of
correct identifications.

There were significant differences between
analysts in identification resolution, a component
of validity and a subject of some debate. Put sim-
ply, is it better to have low-resolution (e.g., genus-
level) identifications with low rates of misidentifi-
cation or high-resolution (e.g., species-level) iden-
tifications with higher rates of misidentification?
Some advocate the former (e.g., Chaplin 1971;
Gilbert 1973; Lawrence 1957, 1973; Peres
2010). Others do not necessarily advocate the lat-
ter but seem less concerned about the rate of

inaccurate identification (e.g., Ziegler 1973).
Gobalet (2001:380) seems to imply that accurate
species-level identification is of less importance
for a zooarchaeologist interested in human-
behavioral questions than for a biologist interested
in biogeography. To us, the implied acceptance of
inaccurate identifications is ill-advised, regardless
of the research question.

Lubinski’s application of the LH protocol
led to accurate low-resolution identifications,
whereas Lyman and Johnson’s led to inaccurate
high-resolution identifications. In our view, low-
resolution identification is preferable to misiden-
tification because there is less potential for errors.
It is undeniable that differences in taxonomic
level of identification affect comparability of
results between analysts, a component of usabil-
ity. But it is also true that incorrect taxonomic
identifications can range from having a minor
influence on interpretations (e.g., Lyman 2012)
to a fairly major influence on what we think hap-
pened in the past (e.g., Lyman 2011b). An

Table 2. Continued.

No. Specimena Lubinski ID Lyman ID Johnson ID Known IDb

55 IU: 9710078-R Small bovid Small bovid Small bovid Capra hircus
56 IU: 9810010-L Small cervid Small cervid Small cervid Odocoileus virginianus
57 IU: 9810010-R Small cervid Small cervid Small cervid Odocoileus virginianus
58 IU: 9810035 Rangifer Rangifer Rangifer Rangifer tarandus
59 IU: 9810423 Large bovid Large bovid Large bovid Bison bison
60 IU: 9910001 Unknown PATHOL.c PATHOL.c Odocoileus virginianus
61 IU: 9910213A-L Small bovid Small bovid Small bovid Capra hircus
62 IU: 9910213A-R Small bovid Small bovid Small bovid Capra hircus
63 IU: A4-L Small cervid Small cervid Small cervid Odocoileus virginianus
64 IU: A4-R Small cervid Small cervid Small cervid Odocoileus virginianus
65 IU: BICA 06-01 Small bovid Small bovid Small bovid Ovis candensis
66 IU: D82 Small cervid Small cervid Small cervid Odocoileus virginianus
67 IU: G77 Large bovid Large bovid Large bovid Bos taurus
68 IU: GEARS 10-1 Large bovid Large bovid Large bovid Bison bison
69 IU: GEARS 10-3 Large bovid Large bovid Large bovid Bison bison
70 IU: J1-R Large cervid Cervus Cervus Alces alces
71 IU: :J1-L Cervus Cervus Cervus Alces alces
72 IU: J24 Small cervid Small cervid Small cervid Odocoileus virginianus
73 IU: O1-R Bos Bos Bos Bos taurus
74 IU: O1-L Bos Bos Bos Bos taurus
75 IU: R27 Large bovid Large bovid Large bovid Bison bison
76 IU: U71-L Small cervid Small cervid Small cervid Odocoileus virginianus
77 IU: U71-R Small cervid Small cervid Small cervid Odocoileus virginianus

aListed as Facility: Specimen Number - Side (if both sides included).
bAs reported by loaning curation facility.
cThis specimen was keyed as small bovid but was noted as pathological, and no identification would have been made if it had
been an archaeological specimen.
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example of the latter is that the paleoenviron-
mental implications of bird bones inaccurately
identified as turkey (Meleagris gallopavo) from
the Great Basin of western North America were
negated once the identifications were corrected
to sage grouse (Centrocercus urophasianus;
Grayson 1977).

The high degree of reliability and validity
suggests that the LH protocol is usable, although
differences in our applications led to different
degrees of resolution of identification and
slightly different misidentification rates. In per-
forming this blind test, Lubinski also realized
that Step 4a (S- or C-shaped curvature in dorsal
view) of the LH protocol was not easy to use.
Based on the test sample of stylohyoids, this
trait appeared to vary in a more continuous way
than in an unambiguously distinct way, and it
should be deleted from the key. None of the
three analysts used this trait in this study. Other
improvements to usability are to note typograph-
ical errors for Step 6a and 6b in Table 5 of
Lubinski and Hale (2018), which should have
no additional steps for large bovids and direct
the user to Step 7 for large cervids, and to provide
the photographs of how to take metrics from
Hale’s (2016:23–24) thesis.

This test has demonstrated inter-analyst vari-
ability in the use of an explicit key-based identi-
fication protocol. Despite our goals to each
follow the directions in Lubinski and Hale
(2018), we did not employ the protocol identi-
cally. This reflects two things. First, as a devel-
oper of the LH protocol, Lubinski was familiar
with it and used it in the manner he believed to

be the most correct. Second, as non-developers,
Lyman and Johnson were less familiar with the
protocol, so they tested their understanding of it
with a pilot study. Finding success, they adopted
it to identify the test specimens. In hindsight,
they learned a lesson worth emphasizing: study
closely any identification protocol with which
you are not intimately familiar and, if possible,
consult the developer of that protocol as to the
correctness of your understanding of it. We dif-
fered in how we operationalized the protocol,
and our resulting identifications varied accord-
ingly. If viewed in terms of identification reso-
lution, the differences in results are notable,
with 92%–94% identical matches between
Lyman and Johnson’s identifications and
known taxonomy, and 86% with Lubinski’s
identifications. On the other hand, if viewed in
terms of mismatches between identifications
and known taxonomy, regardless of resolution,
the variability in accuracy is quite modest—
6%–8% compared to 4% inaccurate. In our
view, this constitutes an acceptable level of
agreement and underscores the overall validity,
reliability, and usability of the LH protocol.

Earlier we expressed our preference for what
are probably accurate low-resolution identifica-
tions (taxonomic genus or family) over poten-
tially inaccurate high-resolution identifications
(species). Others may prefer the opposite. Which-
ever is preferred, our test underscores the need for
explicit description of protocols, including the
anatomical traits thought to be taxonomically
diagnostic, and whether high- or low-resolution
identifications were attempted.

Table 3. Evaluating Blind Test Identification Success.

Expectation Analyst Identical Matcha Consistent Matchb No Match

Left-right paired identifications match Lubinski 18/21 (86%) 21/21 (100%) 0
Lyman 21/21 (100%) 21/21 (100%) 0
Johnson 22/22 (100%) 22/22 (100%) 0

Agreement: Analyst identifications match each other All three 65/73 (89%) 71/73 (97%) 2/73 (3%)
Accuracy: Analyst identifications match known species Lubinski 63/73 (86%) 70/73 (96%) 3/73 (4%)

Lyman 68/72 (94%) 68/72 (94%) 4/72 (6%)
Johnson 68/74 (92%) 68/74 (92%) 6/74 (8%)

aPerfect match in identifications—that is, at the same taxonomic resolution (e.g., all identifications were for Cervus elaphas).
bIdentical match or agreement at a different taxonomic resolution (e.g., one identification was forCervus elaphas, and the other
for unknown large cervid).
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Conclusions

Gobalet recommended that “identifications
should be accepted only when there has been a
discussion of the comparative methods used
and the criteria used in the discriminations”
(2001:385). We have expanded Gobalet’s rec-
ommendation by outlining a specific procedure
for testing identification protocols—both their
analytical techniques and their anatomical traits.
Following the wisdom of Lawrence (1973), we
see the critical nature of taxonomic identification
as a warrant for explicit description in reports of
the reference specimens and illustrated skeletal
keys consulted, as well as the analytical techni-
ques and skeletal traits used to make identifica-
tions. We also urge the creation of an
open-access database of skeletal traits believed
to be taxonomically diagnostic. It is a huge
task to state identification criteria for every speci-
men, and editors are not likely to accept such cri-
teria in published works, even for a limited set of
the most problematic and interpretively signifi-
cant identifications.We therefore suggest starting
small, by focusing on more difficult identifica-
tions, explicitly testing anatomical traits, and
describing those traits used to make identifica-
tions. The creation of an open-access database
of skeletal traits would facilitate this process,
providing a place for publication, peer review,
and discussion. The database should allow edit-
ing when a trait is found to be difficult to employ
(has low usability) or when it does not always
result in accurate identifications (has low valid-
ity; e.g., Barr 2008; Lyman 2019). Comments
regarding the resolution provided by an anatom-
ical trait should be part of the discussion of each
one proposed to be taxonomically diagnostic. A
trait naming system would also be helpful so that
future zooarchaeologists might be able to list
identifiers such as “Trait MA-106.”A nomencla-
tural system like the one developed by Driesch
(1976) for osteometry, with which zooarchaeolo-
gists the world over are familiar, suggests that
such a system is not implausible (its practicality
is unclear).

It is our hope that the sort of test described
here will be undertaken and reported going for-
ward so that problems such as those described
by Gobalet (2001) can be avoided in the future.

Like Wolverton (2013) before us, we hope to
see a marked improvement in zooarchaeological
quality control. Nims and Butler’s (2017) recom-
mendation for continuous evaluation of the iden-
tification protocol being used over the duration of
a project is a superb additional suggestion to
enhance the probability of correct taxonomic
identifications and reduce inter-observer vari-
ation. Much of modern zooarchaeology rests on
high-resolution taxonomic identifications. Inso-
far as those identifications are weakly substan-
tiated and poorly documented, so too are any
interpretations based on them.
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