T he “Hipparion” Datum in the Sinap Formation repre-
sents the novel meeting of representatives from two
distinct but parallel radiations. Large hipparionines belong-
ing to the ancient radiation of the Equidae became a part
of a basal herbivore fauna that includes members of the
more recent adaptive radiation of the Bovidae. Hipparion
immigration into the Old World has implications for envi-
ronmental change, faunal turnover, and large mammal evo-
lution scenarios. A complete understanding of the impact
of this immigration requires quantification of the contri-
bution of hipparionine immigrants to both species diver-
sity and herbivore biomass. We address the second issue
here and quantify the abundance of hipparionines relative
to ruminants at several localities in the Sinap Formation.
Changes in hipparionine abundance immediately following
the “Hipparion” Datum can be evaluated in the context of
the well-controlled chronology for the Sinap fossil localities
(Kappelman et al., chapter 2, this volume) and can be
matched with the apparent changes in hipparionine diver-
sity recorded by Bernor et al. (chapter 11, this volume).
Accurate estimates of hipparionine abundance are ob-
scured by the various processes that transform living
organisms into fossil assemblages. Biomass is often calcu-
lated by multiplying the estimated mean body mass of a
taxon by its density (number of individuals per area). Bio-
mass is even more difficult to estimate when taking into
account the imprecision associated with estimating body
mass for extinct taxa. However, body size remains per-
haps the single most important parameter in the ecology
of a particular species (Damuth and MacFadden 1990) and
should be considered whenever possible. Body size influ-
ences the basic metabolic requirements of an organism
(Kleiber 1932; McNab 1963, 1990); influences factors such
as longevity and generation time; and determines much of
an organism’s interaction with various aspects of its envi-
ronment, including locomotion, feeding (Kay 1984), and
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predator avoidance (Scott 1979; Maiorana 1990; Scott et al.
1999). Body size is fundamental when assessing the ecolog-
ical position of a taxon and its relationship with other taxa.
Thus, we present estimates of hipparionine relative abun-
dance in conjunction with body mass estimates when pos-
sible. These, in turn, are used together to model the limits
of immigrant hipparionine contributions to herbivore bio-
mass following the “Hipparion” Datum.

Quantitative estimates of abundance are often given as
number of individual specimens (NISP) or minimum num-
ber of individuals (MNI). These methods can give varying
estimates of relative abundance, and one method may be
more accurate than the other, depending on the specifics
of the sampling and taphonomy of the fossil assemblage in
question. Thus, estimates of relative abundance should be
presented in conjunction with relevant taphonomic data
whenever possible. Similarly, both NISP and MNI should be
calculated for each fossil assemblage. Here, we present
relative abundance estimates based on both NISP and MNI
in conjunction with taphonomic data concerning the num-
bers of fragmentary and associated specimens for each
assemblage studied.

The goals of this study are to describe changes in hip-
parionine abundance relative to ruminants in the Sinap For-
mation at several representative sites and to report body
mass estimates for hipparionines and ruminants from these
sites whenever possible. We assess the varying estimates of
hipparionine relative abundance with respect to the avail-
able taphonomic data and report a best estimate of relative
abundance for each site studied. Finally, equid abundance
was expressed relative to ruminant abundance and changes
in equid abundance were modeled using an iterative logis-
tic curve fit in SAS (version 8.02; Cary, North Carolina:
SAS Institute) and a simple quantitative model to convert
within-locality relative abundance of equids to between-
locality absolute abundance and biomass estimates.
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Materials and Methods

Fossils collected by the Sinap project were identified by
project members under the supervision of the principal
investigators and cataloged using a laptop computer and a
relational database (Johnson et al. 1996). This relational
database was queried both during and at the end of the
summer 1995 field season for all specimens identified as
being either artiodactyls or perissodactyls from seven fossil
collecting localities in the Sinap Formation.

A locality is a stratigraphically and laterally discrete site
with fossils in situ; each locality is thought to represent a
single depositional unit. The seven localities, reported in
stratigraphic order here, are: Locs. 64, 4, 122, 121, 72, 91,
and 12. These localities were selected for their stratigraphic
significance and the size of their fossil sample. Loc. 64 was
selected because it yields the largest pre-“Hipparion” large
mammal assemblage in the Sinap Formation, whereas
Loc. 4 was chosen because it records the earliest occur-
rence of hipparionines in the Sinap Formation. During June
and July of 1995, specimens identified as being equid or
ruminant by database queries were examined by R.S.S. and
K.H. in Kazan, Turkey, where the Sinap collections are
housed. These specimens were then further identified to the
lowest possible taxonomic level and all equids and rumi-
nants were then further examined. All of the ruminant and
equid specimens were identified according to side, element,
part (proximal or distal when applicable), completeness,
association (i.e., whether they were associated and/or artic-
ulated with other specimens), size category (for ruminant
specimens only), age (juvenile or adult), and lower taxo-
nomic group whenever possible. These identifications were
sometimes supplemented by ad lib notes and descriptions.

3

Specimen Definition

Various indices of faunal abundance all rely on counting
specimens that belong to a particular group, usually a par-
ticular taxon. Even the most simplistic index of faunal abun-
dance, NISP, relies on the identifications of the investigators
and their definition of what constitutes a specimen. Thus, a
practical, operational definition of the term “specimen” is
crucial to any discussion of relative abundance.

Holtzman (1979) devotes some discussion to the issue
of what constitutes a specimen and, while invoking “tradi-
tional paleontological usage,” defines a specimen as “all the
remains that can be shown to derive from a single once liv-
ing individual, provided that the remains include at least
one identifiable element” (p. 78; emphasis added). This defi-
nition contrasts with that of Shotwell (1958, p. 272), who

uses the terms “element” and “specimen” interchangeably -
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to refer to Holtzman’s “identifiable element” or “finite [num-
ber of parts] that can be identified when isolated but can-
not be further subdivided without a significant loss of
identifiability” (Holtzman 1979, p. 78).

Claims of “traditional paleontological usage” notwith-
standing, both definitions ignore the essential practicality

that a specimen in paleontology refers to whatever fossil or
fossils receive a single catalog or museum accession num-
ber. Fossils found in different field seasons may later be
shown to derive from a single individual, but operationally,
they remain separate but potentially associated specimens.
Similarly, multiple associated elements that are each easily
identifiable on their own may be given a single catalog
number. Thus, for the sake of clarity, we refer to all fossils
with a single catalog number as a single cataloged specimen.
Cataloged specimens are not to be confused with identifi-
able specimens, which we used to derive estimates of rela-
tive abundance.

Simply counting the number of cataloged specimens
attributed to a different taxon would give an unsystematic
estimate of their relative abundance: relative abundance
would be confounded by the vagaries of catalog number
assignment. The definitions of specimen given by Holtz-
man and Shotwell are more sensitive to what is desirable in
an estimator of relative abundance.

If a specimen is considered to be all the remains that
can be shown to derive from a single individual (Holtzman
1979), then, at its very best, the nurnber of specimens
would be equal to the number of once living individuals
preserved in an assemblage. At its worst, the number of
specimens would be the number of individuals that one
investigator believes are preserved in an assemblage. Mul-
tiple fossils would be counted as only one specimen when
they are thought to derive from a single individual. As a
systematic measure of relative abundance, this technique
leaves much to be desired.

Alternatively, Shotwell’s definition of specimen would
potentially count single fossils as multiple specimens. For
example, a complete long bone would be counted twice;
once for the proximal end and once for the distal end. Nei-
ther Shotwell's nor Holtzman’s definition of specimen
would yield estimates of relative abundance that are both
systematic and sensitive to the processes by which a fossil
assemblage is formed.

Rather than use cataloged specimens as the basic unit
when estimating relative abundance, we define an identifi-
able specimen as a single fossil that is identified as belonging
to a particular group relevant to the question under study
(in this case, a ruminant or a hipparionine). The two criteria
used to define a specimen are (1) identifiability and (2) phys-
ical boundaries. Multiple bones are counted as multiple
identifiable specimens, and single bones, whose respective
parts may be further identified but remain complete, are
identified as single identifiable specimens. Thus, an identifi-
able specimen is a discrete, easily recognizable skeletal part.
Identifiable specimens can be easily recognized and counted
and will simply be referred to as “specimens.”

Age and Size Categories

We followed the size categories for ruminants established by
A. Gentry during the 1994 field season. Regression estimates
of body weight derived from postcranial measurements
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Table 16.1. Size Categories Used for Ruminant Specimens

Range of Estimated

Size Category Description Body Weights (kg)
Very small Smaller than Gazella <15
Small Size of Gazella 15-30
Medium Larger than Gazella 30-75
Medium ' Prototoryx-Tragoportax size 103
Large Size of “Hipparion” uzunagizli 150
Large Size of Cormohipparion sinapensis 200
Large Size of “Hipparion” sp. 2 300
Very large Giraffidae size >500

Notes: Size categories were established by the authors during the 1995 field season based on notes
by A. Gentry from the 1994 field season. Descriptions are based on A. Gentry’s notes and body
mass estimates reported here using the regression formulae of K. Scott (1990).

were later used to establish body mass means and ranges
for each size category, and in a few cases, specimens were
reclassified up or down one size category, based on regres-
sion estimates of body mass. In general, most initial sub-
jective size category classifications were confirmed by body
mass estimates indicating the robustness of the original
framework. The size categories used in this chapter are
shown in table 16.1.

Specimens were classified as belonging to a juvenile
based on the presence of deciduous dentition, unfused
epiphyses, or strongly visible lines of epiphyseal fusion
(recently fused epiphyses). It is likely that specimens iden-
tified as juvenile encompassed a wide range of actual ages;
hence these classifications are relative and probably not
broadly applicable.

Fragmentation and Association Indices

In general, specimens were ranked as complete or frag-
mentary. Complete specimens were all specimens that con-
stituted a complete or nearly complete element such that
any missing piece of the element would be unidentifiable
on its own. Fragmentary specimens refer to specimens in
which a large part of the identifiable portion of the ele-
ment is missing. Examples range from proximal and distal
ends of long bones to other, more severely fragmented
specimens. Teeth represent a unique category in terms of
fragmentation and isolated teeth are often well preserved.
A complete isolated tooth is not strictly comparable to a
complete long bone as an indicator of the degree of frag-
mentation in a fossil assemblage. Often isolated teeth are
very common in even the most fragmented fossil assem-
blages. Thus, teeth were scored separately as either iso-
lated, fragmentary, or part of an incomplete mandible or
maxilla. An index of fragmentation was calculated by divid-
ing the number of fragmentary specimens by the total
number of complete and fragmentary specimens and mul-
tiplying the result by 100. Dental specimens were excluded
from this calculation.

“Association” refers to whether a specimen was found in
articulation with another in the field and cataloged as being
associated or was subsequently determined to articulate
with another specimen. Thus the definition of association
used in the catalog is expanded here to include all speci-
mens that are determined to articulate with each other (the
definition used in the catalog refers only to specimens
found in association during excavation). Each element or
partial element (proximal or distal end) that articulates
with another element or is cataloged as associated was
scored as “associated.” Elements could be associated with
more than one other element but were scored as associated
only once. The number of associated elements was divided
by NISP and multiplied by 100 to define an index of degree
of association.

Relative Abundance Calculations

Relative abundance in this study is expressed as the abun-
dance of one group relative to another. The two groups
studied are the major basal herbivores—the ruminants and
hipparionines. Thus, the relative abundance of the hippari-
onines is relative to the ruminants only and to not all of
the specimens from the locality. The relative abundance of
hipparionines is expressed as:

[hipparionines / (hipparionines + ruminants)] X 100

A number of different measures of abundance have
been proposed, including NISE, MNI, and the weighted
abundance of elements (WAE) (Shotwell 1955, 1958; Van
Valen and Sloan 1965; Grayson 1978; Holtzman 1979; Gil-
bert et al. 1981; Badgley 1986; Marshall and Pilgram 1993).
The abundance of hipparionines and ruminants was deter-
mined for this study using NISP, WAE, and two variants
of MNI.

NISP is simply the number of specimens identifiable as
belonging to a particular group (in this case, as hipparion-
ines or ruminants). In some cases, and generally only in the







