
2019 ● 54 ● 4

anthropozoologica
A zooarchaeological study of Rangifer tarandus

(Linnaeus, 1758) from the Croxton site
 in Brooks Range, Alaska,

and implications for utility analysis

art. 54 (4) — Published on 22 March 2019
www.anthropozoologica.com

Martina L. STEFFEN



Anthropozoologica est une revue en flux continu publiée par les Publications scientifiques du Muséum, Paris, avec le soutien du CNRS.
Anthropozoologica is a fast track journal published by the Museum Science Press, Paris, with the support of the CNRS.
Les Publications scientifiques du Muséum publient aussi / The Museum Science Press also publish: 
Adansonia, Zoosystema, Geodiversitas, European Journal of Taxonomy, Naturae, Cryptogamie sous-sections Algologie, Bryologie, Mycologie.

Diffusion – Publications scientifiques Muséum national d’Histoire naturelle 
CP 41 – 57 rue Cuvier F-75231 Paris cedex 05 (France) 
Tél. : 33 (0)1 40 79 48 05 / Fax : 33 (0)1 40 79 38 40 
diff.pub@mnhn.fr / http://sciencepress.mnhn.fr

© Publications scientifiques du Muséum national d’Histoire naturelle, Paris, 2019
ISSN (imprimé / print) : 0761-3032 / ISSN (électronique / electronic) : 2107-08817

Directeur De la publication : Bruno David,
Président du Muséum national d’Histoire naturelle

réDactrice en chef / Editor-in-chiEf: Joséphine Lesur

réDactrice / Editor: Christine Lefèvre

responsable Des actualités scientifiques / rEsponsiblE for sciEntific nEws: Rémi Berthon

assistante De réDaction / AssistAnt Editor: Emmanuelle Rocklin (anthropo@mnhn.fr)

Mise en page / pAgE lAyout: Emmanuelle Rocklin, Inist-CNRS

coMité scientifique / sciEntific boArd:
Cornelia Becker (Freie Universität Berlin, Berlin, Allemagne)
Liliane Bodson (Université de Liège, Liège, Belgique)
Louis Chaix (Muséum d’Histoire naturelle, Genève, Suisse)
Jean-Pierre Digard (CNRS, Ivry-sur-Seine, France)
Allowen Evin (Muséum national d’Histoire naturelle, Paris, France)
Bernard Faye (Cirad, Montpellier, France)
Carole Ferret (Laboratoire d’Anthropologie Sociale, Paris, France)
Giacomo Giacobini (Università di Torino, Turin, Italie)
Véronique Laroulandie (CNRS, Université de Bordeaux 1, France)
Marco Masseti (University of Florence, Italy)
Georges Métailié (Muséum national d’Histoire naturelle, Paris, France)
Diego Moreno (Università di Genova, Gènes, Italie)
François Moutou (Boulogne-Billancourt, France)
Marcel Otte (Université de Liège, Liège, Belgique)
Joris Peters (Universität München, Munich, Allemagne)
François Poplin (Muséum national d’Histoire naturelle, Paris, France)
Jean Trinquier (École Normale Supérieure, Paris, France)
Baudouin Van Den Abeele (Université Catholique de Louvain, Louvain, Belgique)
Christophe Vendries (Université de Rennes 2, Rennes, France)
Noëlie Vialles (CNRS, Collège de France, Paris, France)
Denis Vialou (Muséum national d’Histoire naturelle, Paris, France)
Jean-Denis Vigne (Muséum national d’Histoire naturelle, Paris, France)
Arnaud Zucker (Université de Nice, Nice, France)

couverture / covEr : 
Rangifer tarandus (Linnaeus, 1758). Photo © Yay Microagefotostock.

Anthropozoologica est indexé dans / Anthropozoologica is indexed in:

– Social Sciences Citation Index 
– Arts & Humanities Citation Index 
– Current Contents - Social & Behavioral Sciences 
– Current Contents - Arts & Humanities 
– Zoological Record 
– BIOSIS Previews
– Initial list de l’European Science Foundation (ESF)
– Norwegian Social Science Data Services (NSD)
– Research Bible

Anthropozoologica est distribué en version électronique par / Anthropozoologica is distributed electronically by:
– BioOne® (http://www.bioone.org)

http://www.anthropozoologica.com
http://www.anthropozoologica.com
http://www.adansonia.com
http://www.zoosystema.com
http://www.geodiversitas.com
http://sciencepress.mnhn.fr/fr/periodiques/european-journal-taxonomy
http://sciencepress.mnhn.fr/fr/periodiques/naturae
http://sciencepress.mnhn.fr/fr/periodiques/algologie
http://sciencepress.mnhn.fr/fr/periodiques/bryologie
http://sciencepress.mnhn.fr/fr/periodiques/mycologie
mailto:diff.pub%40mnhn.fr?subject=
mailto:http://sciencepress.mnhn.fr?subject=
mailto:anthropo%40mnhn.fr?subject=
http://www.bioone.org


29ANTHROPOZOOLOGICA • 2019 • 54 (4) © Publications scientifiques du Muséum national d’Histoire naturelle, Paris. www.anthropozoologica.com

Steffen M. L. 2019. — A zooarchaeological study of Rangifer tarandus (Linnaeus, 1758) from the Croxton site in Brooks 
Range, Alaska, and implications for utility analysis. Anthropozoologica 54 (4): 29-43. https://doi.org/10.5252/anthro-
pozoologica2019v54a4. http://anthropozoologica.com/54/4

ABSTRACT
This paper focuses on the identification and interpretation of a sample of vertebrate faunal remains from 
the Croxton archaeological site, located at Tukuto Lake, on the north slope of the Brooks Mountain 
Range, Alaska, in which caribou (Rangifer tarandus (Linnaeus, 1758)) dominate. Bone modifications are 
assessed to inform selection and processing, and skeletal part frequencies are analyzed with utility indices 
developed for this species among the Nunamiut at Anaktuvuk Pass. Results confirm the accumulation of 
faunal remains resulted primarily from human subsistence activities in the middle to late Holocene that 
included nutritional uses for meat, marrow and grease as well as technology manufacturing. Statistical 
utility analyses point to a deposit of marrow and grease processing debris at an activity area and support 
these as enduring subsistence practices in this region. A previous study on a larger faunal sample from 
the site also indicated a range of economic uses of caribou but did not find significant results with util-
ity indices. To explain this difference it is suggested that the faunal aggregates chosen for analysis in this 
and the previous study have influenced statistical outcomes. The results of this study hold implications 
for utility analysis as well as for interpretations of caribou use at archaeological sites in arctic, sub-arctic, 
and alpine tundra areas of the Northern Hemisphere where this species has been abundant.

RÉSUMÉ
Une étude zooarchéologique des Rangifer tarandus (Linnaeus, 1758) du site de Croxton dans la chaîne 
Brooks, Alaska, et implications pour l’analyse de l’utilité.
Cet article porte sur l’identification et l’interprétation d’un nouvel échantillon de restes de verté-
brés provenant du site archéologique de Croxton, localisé près du lac Tukuto, sur le versant nord 
de la chaîne de montagnes Brooks en Alaska, dans lequel dominent les caribous (Rangifer tarandus 
(L innaeus, 1758)). Les modifications osseuses sont recherchées pour éclairer la sélection et le traite-
ment de ces proies. Les fréquences des parties squelettiques sont analysées à l’aide d’indices d’utilité 
développés pour cette espèce chez les Nunamiut d’Anaktuvuk Pass. Les résultats confirment que 
l’accumulation des restes de faune résulte principalement d’activités de subsistance humaine, incluant 
l’utilisation nutritionnelle de la viande, la moelle et la graisse, ainsi que l'utilisation technique de matière 
première. Les analyses statistiques révèlent l’utilisation de moelle osseuse et de graisse dans une zone 
d’activité à l’intérieur du site et attestent de pratiques de subsistance durables dans la region considérée.
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Une précédente étude réalisée sur un plus grand échantillon de la faune de ce site a également mon-
tré une variété d’utilisations économiques du caribou, mais aucun résultat significatif concernant les 
indices d’utilité. Pour expliquer cette différence, il est suggéré que les agrégats osseux choisis pour 
analyse dans cette étude et dans la précédente ont probablement influencé les résultats statistiques. 
Les données obtenues dans cette étude ont des répercussions sur les analyses ainsi que sur l’interpré-
tation de l’utilisation du caribou dans les sites archéologiques des régions arctiques, subarctiques et 
de la toundra alpine de l’hémisphère Nord, où cette espèce est abondante.

MOTS CLÉS
Archéologie,

indices d’utilité nutritive,
zooarchéologie,

taphonomie,
Rangifer tarandus,

Amérique du Nord,
Alaska.

INTRODUCTION

As a circumpolar species, caribou1 (Rangifer tarandus (Linnaeus, 
1758)) have a long history as a human subsistence resource in 
North America and Eurasia, where hunting and the utilization 
of these animals have been studied from numerous perspectives 
(Banfield 1951; Bouchud 1966; Burch 1972; Binford 1978; 
Spiess 1979; Meltzer 1988; Gordon 1990; Rignaud & Simek 
1990; Jackson & Thacker 1997; Bridault et al. 2000; Grayson 
et al. 2001; Weinstock 2002; Enloe 2003; Mellars 2004; 
Gotfredsen 2010; Hoffecker et al. 2010; Kuntz & Costamagno 
2011; Pasda & Odgaard 2011; Friesen & Stewart 2013; Magniez 
et al. 2013; O’Shea et al. 2014). Lewis Binford’s influential 
ethnoarchaeological study of subsistence practices amongst the 
Nunamiut at Anaktuvuk Pass, Alaska, observed procurement 
and processing activities that included caribou exploitation for 
meat and within-bone nutrients as marrow and grease (Binford 
1978). He studied how marrow-rich bones were selected and 
ends broken off or bone shafts broken open to access the mar-
row inside after soft tissue was removed. Sometimes long bone 
epiphyses were stockpiled for subsequent grease rendering. 
Grease extraction was a more labour and time intensive process 
in which this resource was liberated from the porous matrix of 
trabecular bone by placing fragments in containers with heated 
water; grease was then skimmed off the water surface (Leaechman 
1951; Yellen 1977; Binford 1978; Church & Lyman 2003).

Binford’s study found that people often made reasonable 
decisions when processing for subsistence uses and tended to 
target portions that contained high value for the desired food 
source. Anatomical parts yield different quantities of nutrients 
types, with highest meat utility typical of fleshier parts of the 
animal such as those around the upper hind leg, high marrow 
value typical of metapodials, and grease in high concentrations 
in trabecular bone of limb ends. From these observations, utility 
indices were developed of the relative food value for anatomical 
portions as standards with which faunal analysts can evaluate 
caribou use based on skeletal part frequencies. Where animals 
were routinely portioned in keeping with high values for general 
utility or specific target nutrients as grease and marrow, and 
these behaviours are preserved in the archaeological context, 
statistical comparisons with utility indices can return correla-
tions with which to infer subsistence uses in the past.

1. The common name for Rangifer tarandus in North America is caribou. This 
is synonymous with reindeer.

Foragers decisions about hunting and butchery can be re-
flected in the anatomical portions of prey animals at a site as a 
whole and can also influence within-site spatial patterning of 
faunal remains. Ethnoarchaeological studies of living foragers 
suggest that foraging decisions may be motivated by many fac-
tors including prey size and the distance between the capture 
location and a base camp (Binford 1978; Bunn et al. 1988; 
O’Connell et al. 1988), so that the portions of prey animals at a 
site can reflect local availability and the degree of food security. 
For instance, where food security was high and ungulates were 
routinely caught at or nearby an occupation site and processed, 
entire animals may be represented in the archaeological sample. 
If local resources were depleted and game animals were sought 
further afield, foragers are likely to butcher the animals at the 
kill site and select high-value portions for transport back to a 
living site, thus biasing kill and living site assemblages in terms 
of the relative value of anatomical portions (Stiner 1991, 2005; 
Broughton 1999). Butchery and processing activities can also 
result in spatial patterning of faunal remains within a site 
(Binford 1983; O’Connell 1987; Enloe 2003). For example, 
ungulate vertebrae and phalanges that are associated with lower 
nutritional values may be removed from the animal first and 
at some distance from hearths where higher value anatomical 
portions are processed for food and found in higher relative 
abundance (Enloe 2003). In Alaska specifically the ways in 
which marrow and grease processing were conducted by the 
Nunumuit suggest that bone deposits linked with these activi-
ties can have a spatial element with identifiable areas where 
marrow cracking took place and shaft splinters and boiled 
bone elements were discarded (Binford 1983). Skeletal ele-
ment frequencies can, therefore, be informative on site-wide 
and within-site scales of analysis.

Zooarchaeological studies are typically interpreted alongside 
taphonomic evidence. Analyses often include observations on 
fragmentation, burnt bones, cut and bite mark patterning 
and bone density studies that can help to sort out all of the 
factors involved in bone survivorship (Lyman 1985, 1994; 
Fernández-Jalvo & Andrews 2016). The approach combining 
utility analysis and taphonomic evidence has been used widely 
by analysts to assess subsistence practices and the efficiency 
with which people regularly utilized anatomical portions of 
caribou or other animals for which utility indices have been 
developed (Blumenschine & Caro 1986; Metcalfe & Jones 
1988; O’Connell & Marshall 1989; Lyman et al. 1992; 
Savelle & Friesen 1996; Brink 1997; Outram & Peter 1997).
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The present study examines a sample of faunal remains from 
the Croxton archaeological site in north-central Alaska (Fig. 1), 
a caribou hunting and processing location spanning approxi-
mately 2000 years during the late Holocene. Prime objectives 
are to define subsistence at the site through identification of 
faunal remains, calculation of primary and secondary measures 
of faunal abundance, and evaluation of anatomical part fre-
quencies to assess the utilization of caribou. These analyses are 
provided in tandem with taphonomic observations to identify 
the main human and non-human factors that have affected 
skeletal element frequencies and include the potential role of 
bone density in survivorship. The analyzed faunal sample was 
excavated from one area of the site and results will, therefore, 
provide a within-site perspective on subsistence activities at 
Croxton to augment results obtained in a previous faunal study 
on a larger site-wide sample (Gerlach 1989). The present study 
posits that prehistoric uses of caribou are accessible through 
analyses of the faunal sample and are likely to have included 
subsistence practices comparable to those observed by Binford 
at Anaktuvuk Pass, the modern village in a similar environment 
fewer than 500 kilometers to the east.

The CroxTon siTe

The Croxton site is located on the north foothills of the Brooks 
Mountain Range, along the eastern shore of Tukuto Lake, and 
consists of two areas, K and J, on a lower and upper terrace, respec-
tively. Excavations at this approximately 5600 square meter site in 
the 1980s were extensive and resulted in the collection of numerous 

faunal remains, artifacts and features across area J. These excava-
tions were followed in AD 2000 by a small amount of additional 
subsurface testing in area J of three adjacent excavation units to 
gather samples from an exposed sediment profile for chronometric 
dating (Gerlach 1989; Reuther & Gerlach 2005). Both projects 
used stratigraphy to define excavation levels. The faunal remains 
recovered from the site in AD 2000 are reported here.

Two cultural units, an Arctic Small Tool Tradition and an Ipiutak 
component, have been identified at the site. The Arctic Small Tool 
Tradition characterized at this locality as Denbigh, dates from 
as early as 5500 years ago in northern Alaska (Anderson 1984; 
Dumond 1984; Nuttall 2005). The Denbigh phase is notable for 
finely made foliate projectile points and is divided into proto and 
classic phases. Microblades and microblade cores start as oval-
platformed cuboid forms with more acute-angle-platformed cores 
in classic Denbigh. Tanged end scrapers in early Denbigh give way 
to a higher abundance of untanged and triangular end scrapers 
in the classic phase. Small bipointed end and side blades as insets 
into antler arrow and spear heads are common throughout, as 
are chipped-stone semi-lunar and unifacial knives, flaked burins 
and notched stone net sinkers. Ground adz blades and burins 
are present in classic Denbigh. The Ipiutak tradition dates from 
approximately 2000-700 years ago (Anderson 1984; Gerlach & 
Mason 1992). This culture is notable for elaborate burial goods 
that include ivory carvings as well as for the early use of iron in the 
Arctic. A wide variety of tools were manufactured, including antler 
arrow and harpoon heads, bifaces, unifacial flaked knives, discoid 
scrapers, lunate bifacial knives and ground stone burin-like tools.

fig. 1. — Map showing the locations of the Croxton archaeological site and the modern village of Anaktuvuk Pass along the north slope of the Brooks Mountain 
Range, Alaska, United States.
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At the Croxton site, radiocarbon age estimates on cultural 
deposits span from 3760 ± 135 BP (Beta 134 995, 4520-37262 
cal BP; Reuther & Gerlach 2005) to at least 1075 ± 120 BP 
(GX 8635, 1265-764 cal BP), with Denbigh deposits dat-
ing to 1670 ± 160 BP (GX 8636, 1941-1291 cal BP; Gerlach 
1989), possibly indicating a late terminal date for the cul-
tural component at this site. Excavations in the 1980s found 
underlying Denbigh material was limited and horizontally 
discontinuous, whereas the Ipiutak component comprised 
most of the excavated cultural deposits. Although analysis 
of artifacts and a stratigraphic concordance between the two 
excavations are in progress by the proponents of this site, 
preliminary results from the AD 2000 excavation indicate 
the transition between Denbigh and Ipiutak components in 
level 5 (Ruther pers. comm.), denotating that both cultural 
components are included in the present study.

Archaeological materials at Croxton consist primarily of 
debris associated with hunting and processing caribou. Study 
of caribou bones recovered in the 1980s consisted of 16 766 
identified specimens from numerous excavations units that 
comprised the Ipiutak cultural component (Gerlach 1989). 
Assessment of the wear stages of lower molars and bone fusion 
showed caribou spanned several phases of maturity (Gerlach 
1989: 328, table 43) and indicated seasonal hunting in which 
caribou were likely to have been taken during their northward 
migration in spring, the southward migration in autumn, and 
throughout summer (Gerlach & Hall 1988). Although caribou 
remains spanned several age groups, prime-aged adult animals 
were most abundant in the assemblage. This pattern is consist-
ent with a widely recognized tendency in human hunting for 
selection of prime adult ungulates that offer high food value 
for effort (Stiner 1990, 2005). Adult biased mortality also sup-
ports that hunters are likely to have used ambush techniques 
to target individual animals from herds in and around Tukuto 
Lake. People were situated at Croxton to intersect annual cari-
bou migration so that many animals could be caught nearby. 
Hunting with spears from boats as caribou cross waterbodies 
and then hauling animals onto the beach for processing is an 
ethnohistorically documented practice that has been associated 
with bone accumulations on lake shorelines in northern interior 
Alaska (Ingstad 1954: 49). This is likely to have been one of 
the methods employed at Croxton and may have resulted in 
whole animals often having been present at the site.

MATERIAL & METHODS

Specimens were analyzed with conventional zooarchaeological 
methods. (Binford 1978; Grayson 1984; Reitz & Wing 1999; 
Stiner 2002). Identifications were made based on visual exami-
nation and physical comparisons with known faunal specimens 
in the Paleolithic Laboratory at the University of Arizona and 
the Stanley J. Olsen Zooarchaeology Laboratory at the Arizona 
State Museum in Tucson, USA. Taphonomic characteristics of 

2. Radiocarbon age estimates have been calibrated to calendar age ranges with 
the IntCal13 calibration curve (Reimer et al. 2013) in OxCal, Version 4.3 
(Bronk Ramsey 2009).

the assemblage assessed sources of bone survivorship and de-
struction as modifications to each bone specimen and included 
occurrences of carnivore bite marks, cut, hack and percussion 
marks; bone surface staining, weathering as cracking and ex-
foliation, dissolution of bone surfaces due to corrosion or di-
gestion, and burnt bones. Taphonomic attributes can often be 
assigned to an agent. This analysis relied on Fernández-Jalvo & 
Andrews (2016) and Behrensmeyer (1978). Additionally, bone 
fragment lengths were measured per bone type and taxonomic 
group to assess the degree of fragmentation. All results were 
compared across excavation levels 4 that contains Ipiutak and 
5 that contains a transition between Denbigh and Ipiutak to 
identify variability that could bias skeletal part counts.

Primary and secondary measures of faunal abundance were 
calculated. Numbers of identified specimens (NISP) were counted 
for each taxonomic group. The minimum number of individuals 
(MNI) was calculated per level for each taxon based on paired 
elements, size, and ontogeny. The minimum number of elements 
(MNE) was also calculated. MNE assesses how many of each bone 
element are present in an assemblage and provides a foundation 
for additional numerical analysis. It is typically calculated in one 
of two or three ways. The overlap approach in which specimen 
comparisons are made based on bone features and zones to 
determine minimum numbers per element is perhaps the most 
common. The fraction summation method estimates the portion 
of specific skeletal element zones present in a fragment, then all 
fractions of similar skeletal element zones per taxon are summed 
to estimate the abundance of the element (Klein & Cruz-Uribe 
1984). A third method of estimating MNE uses a GIS pixel 
image-analysis for counting non-overlapping fragments (Marean 
et al. 2001). In the present study, MNE was calculated with the 
overlap approach. These values were then used to estimate the 
minimum animal units (MAU) by dividing the value for each 
bone type by the expected number of elements in an original 
skeleton. MAU values were then transformed into a percentage 
by dividing the value for each skeletal element by the highest 
MAU in the analytical unit. This %MAU value was compared 
statistically with various utility indices such that significant 
positive correlations may indicate human selection of carcass 
portions toward interpreting human subsistence.

Utility indices provide a testable expectation of how people 
targeted prey body parts in terms of relative food value. Four of 
these indices for caribou were employed in the present study:
– the meat utility index is calculated based on the weight of 
muscle and fat tissue of each anatomical part;
– the marrow index returns the percent fatty acids in marrow 
multiplied by marrow-cavity volume;
– the grease index reflects the percent fatty acids in cancellous 
bone multiplied by the volume of cancellous bone;
– the modified general utility index (MGUI) is calculated 
based on the weight of muscle and fat tissue, marrow, and 
grease in a given anatomical part and accounts for the regu-
lar inclusion of low-value bone elements that are attached to 
those of high-value in caribou anatomy.

To show the compliment of prey body parts present in 
the archaeological sample as another way to detect hu-
man selection biases in butchery and transport, the cari-
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bou anatomy was compressed into nine regions following 
Stiner (1991): antler, head, neck, axial skeleton, upper 
front limb, lower front limb, upper hind limb, lower hind 
limb and feet. The sample of caribou remains in this study 
was excavated from one area of the archaeological site so 
that biases in skeletal anatomy that differ from anatomical 
patterning in the site overall may indicate internal spatial 
patterning that relates to the selection and deposition of 
caribou portions.

Caribou MNE values were derived from data in Gerlach 
(1989) to make them comparable with how MNEs were 
calculated in the present study. The MNE value for ant-
ler was derived from Table 17 (Gerlach 1989: 293) and 
comprised whole antlers plus main beam elements; cranial 
portion MNE was based on auditory bullae. The MNE for 
mandibles was derived from complete and ascending ramus 
elements in Table 18 (Gerlach 1989: 294). Axis vertebrae 
MNE was calculated based on values in Table 20 (Gerlach 
1989: 295) as complete, neural arch, plus arch and spine 
elements. Cervical vertebra MNE was based on Table 17 
complete elements plus neural arch, body and arch, and 
arch and spine. Thoracic vertebrae MNE was calculated as 
complete vertebrae, spines, plus arch and spine elements; 
and lumbar vertebrae MNE was calculated as complete, 
neural arch, plus arch and spine. Rib MNE was calculated 
from Table 22 (Gerlach 1989: 296) as complete elements 
and articulations. Innominate MNE was calculated from 
Table 21 (Gerlach 1989: 296) as complete and ilium elements. 
Scapula MNE was based on complete elements plus blades 
(Gerlach 1989: 297, table 23). MNEs for whole long bones 
were derived from complete elements plus the highest value 
from shaft fragments, distal or proximal ends; and MNEs 
for distal and proximal long bone ends included complete 
specimens (Gerlach 1989: 308, table 30). Complete and 
fragmented phalanges (Gerlach 1989: 300, table 29) were 

equivalent in the 1989 sample and these may be overesti-
mated compared with MNEs in the AD 2000 sample that 
considered nonoverlapping portions of elements.

The degree to which skeletal element frequencies may be 
biased by density mediated attrition was assessed by com-
parison with computed tomography (CT) measures as bone 
mineral density indices. Specifically, Rangifer tarandus CT 
values (Lam et al. 1999, BMD type 1) were used in these as-
sessments. Statistical comparisons between the various indices 
and occurrences skeletal element frequencies in the archaeo-
logical faunal samples were calculated with Spearman’s Rho.

RESULTS

TaxonomiC abundanCe

The Croxton faunal sample consists of 1673 bone specimens 
and includes small and large terrestrial mammals, birds, 
and fish (Tables 1, 2). Caribou comprise 98% of the genus 
and species level identifications and 34% of the total faunal 
sample. Medium artiodactyl and medium cervid bone frag-
ments that likely consist primarily of caribou comprise 26% 
and 2.4% of the total bone count. Indeterminate mammal 
specimens comprise 23% of the assemblage and consist of 
small fragments, as do large mammal elements at 7% of the 
total. One specimen of large elk or moose-sized cervid is also 
present. Approximately 2% of the assemblage are medium 
or large bird bone fragments, with Gavia sp. (Forster, 1788) 
as the only genus-level avian identification. Specimens of 
small bony fishes consisting mainly rib and spine fragments 
comprise 1.3% of the total. Small carnivore, Canidae, and 
Canis sp. (Linnaeus, 1758) are present in level 4. Rodents in 
level 4 include small numbers of Cricetidae, Lemmus sp. Link, 
1795 and Castor canadensis (Kuhl, 1820). Microtus oeconomus 
(Pallas, 1776), following Hall (1981), are present in level 3. 

Level 1 Level 2 Level 3 Level 4 Level 5 All levels
Taxa NISP % NISP % NISP % NISP % NISP % NISP %
Osteichthyes – – – – – – 21 1.75 1 0.25 22 1.32
Aves, medium-large – – – – – – 34 2.84 2 0.50 36 2.15
Gavia sp. (Forster, 1788) – – – – – – 3 0.25 – – 3 0.18
Mammalia, indeterminate 1 100 9 34.62 10 22.72 280 23.37 87 21.54 387 23.13
Mammalia, smal-medium – – – – – – 4 0.33 2 0.50 6 0.36
Mammalia, large – – – – 6 13.64 87 7.26 23 5.69 116 6.93
Carnivora, small – – – – – – 1 0.08 – – 1 0.06
Canidae – – – – – – 1 0.08 – – 1 0.06
Canis sp. (Linnaeus, 1758) – – – – – – 1 0.08 – – 1 0.06
Castor canadensis (Kuhl, 1820) – – – – – – 2 0.17 – – 2 0.12
Cricetidae – – – – – – 1 0.08 – – 1 0.06
Lemmus sp. (Link, 1795) – – – – – – 2 0.17 – – 2 0.12
Microtus sp. (Schrank, 1798) – – 1 3.85 – – – – – – 1 0.06
Microtus œconomus (Pallas, 1776) – – 2 7.69 – – – – – – 2 0.12
Artiodactyla, medium – – 2 7.69 7 15.91 312 26.04 108 26.73 429 25.64
Cervidae, medium – – – – – – 34 2.84 6 1.49 40 2.40
Cervidae, large – – – – – – 1 0.08 – – 1 0.06
Rangifer tarandus (Linnaeus, 1758) – – 8 30.77 21 47.72 365 30.47 175 43.32 569 34.01
Vertebrata, indeterminate – – 4 15.38 – – 49 4.10 – – 53 3.17
Total 1 100 26 100 44 100 1198 100 404 100 1673 100

table 1. — Croxton site species list.



34 ANTHROPOZOOLOGICA • 2019 • 54 (4)

Steffen M. L.

On the basis of humeri, caribou comprise a minimum of 17 
individuals and are by far the most abundant prey animal 
present in the assemblage.

bone modifiCaTions

Bone modifications were assessed (Table 3). Taphonomic 
evaluation of the bone assemblage indicates human and non-
human sources of bone modification.

Modifications by humans
Ninety-seven cut marks were recorded on bone specimens, 
19 of these cuts on bird specimens are longitudinal to sec-
tion long bones into slivers, probably for use as needles or 
perforators. Cut marks (Table 4) on artiodactyl humeri, 
femora, thoracic and lumbar vertebrae and ribs indicate 
damage associated with carcass partitioning and meat re-
moval (Binford 1978, 1981). Bone fragments of indetermi-
nate mammals also show cut marks. Less meaty cranial and 
phalange fragments with cuts may be indicative of skinning, 
and hack marks on antler fragments are likely to have been 
produced during removal, probably for raw material in tool 
manufacture (Fig. 2).

Modifications include observation of 140 percussion cones 
on bone specimens that are consistently on the insides of long 
bone fragments in caribou-sized categories (Table 5), several 
of which are on opposing sides of the same shaft indicative of 
the use of hammer and anvil. Impact cones appear on caribou 
humeri and tibias, bones associated with relatively high meat 
utility that also contain marrow, as well as on metapodial 
shaft fragments that have higher marrow than meat value. 
Many specimens are spiral fractured, signaling that bones 
were fragmented before significant weathering occurred 

(Behrensmeyer 1978). Several first and second phalanges of 
caribou were opened near the proximal end, presumably to 
remove medullary marrow.

Numerous specimens show clear evidence of having been 
altered by fire including 148 small (< 16 mm long) calcined 
fragments, which suggests animal bones may have been part 
of cooking processes as bone discarded into and nearby fires 
in association with nutrient extraction activities (discussion 
in Church & Lyman 2003). Grease-rich limb bone ends were 
not burned more often than other bone portions and so do 
not appear to have been used as a source of fuel (Théry-Parisot 
2002; Villa et al. 2002).

Bone fragment lengths were measured and compared among 
similarly sized mammals (Table 6). Results indicate no sta-
tistically significant difference in fragment size across levels.

Non-human modifications
Tooth marks noted on 49 (3%) specimens were typically small 
(c. 5 mm dia meter) and circular isolated punctures through 
trabecular bone that are consistent with damage by small- to 
medium-sized carnivores, possibly canids. Carnivore bite marks 
are likely to have been those of domesticated dogs, though 
could also have been from wild animals such as foxes or wolves 
that range in northern Alaska (Wilson & Reeder 2005).

Alteration of bone surfaces is common in the identified as-
semblage. The dark brown staining on most specimens is indica-
tive of discoloration during burial in humic soil. Exfoliation 
and cracking of surface bone is also common in the assem-
blage. This can result from natural weathering during aerial 
exposure before burial and can also occur with dissolution in 
moist burial environments with acidic humic content, due to 
chemical alteration during extended exposure to acids from 
carnivore gnawing or digestion (Fernández-Jalvo & Andrews 
2016), and in bones boiled for grease rendering that may be 
exceptionally susceptible surface degradation due to a weakened 
bone structure (Gifford-Gonzalez 1993). Separating the sources 
of bone surface modifications can, therefore, be complicated. 
To identify the main taphonomic agents in the Croxton bone 
sample, frequencies and percentages of bones showing types 
of attributes are informative. With only 3% of bones showing 
carnivore bite marks compared to aerial exposure weathering as 
surface cracking or exfoliation identified on 419 (25%) speci-
mens, and moisture corrosion of bone surfaces recorded on 890 
(53%) specimens, it seems likely that carnivores contributed a 
relatively minor portion of the overall extent of bone damage. 
Furthermore, characteristics of carnivore digested bone includ-
ing localized surface polish, pitting, or penetration through 
the bone surface in a torn appearance and bone removal that 
conforms to the structure of bone canals, osteons and lamellae 
are not typical of surface damage at Croxton. Many bones with 
aerial exposure weathering fall into Stage 1 or 2 (Behrensmeyer 
1978), showing a limited amount of surface cracking and some 
deeper cracks with exfoliation. Altered bone surfaces were most 
often ubiquitous mottled corrosion marks and surface flaking 
in patches, sometimes with root etching or curled-up edges 
characteristic of exposure to moisture. In sum, aerial weather-
ing and then exposure to moisture in humic soil contributed 

Taxa Level 1 Level 2 Level 3 Level 4 Level 5 Total
Osteichthyes – – – 1 1 2
Aves, medium – 

large – – – 1 1 2
Gavia sp. (Forster, 

1788) – – – 1 – 1
Mammalia, 

indeterminate 1 – – – – 1
Mammalia, small – 

medium – – – – 1 1
Canidae – – – 1 – 1
Canis sp. 

(Linnaeus, 1758) – – – 1 – 1
Castor canadensis 

(Kuhl, 1820) – – – 1 – 1
Cricetidae – – – 1 – 1
Microtus 

oeconomus 
(Pallas, 1776)

– 1 – – – 1

Lemmus sp. (Link, 
1795) – – – 1 – 1

Cervidae, large – – – 1 – 1
Rangifer tarandus 

(Linnaeus, 1758) – 1 2 6 8 17

Total MNI 1 2 2 15 11 31

table 2. — Croxton site minimum numbers of individuals (MNI).



35 ANTHROPOZOOLOGICA • 2019 • 54 (4)

The utilization of Rangifer tarandus at the Croxton site

significantly to occurrences of bone surface degradation in the 
archaeological specimens.

Overall, taphonomic analyses indicate that humans were 
primary agents of bone deposition and contributed to bone 

modification in the faunal sample. The effects of fragmenta-
tion and other observable bone modifications are similar in 
levels 4 and 5 and likely have equivalent effects on the entire 
assemblage in terms of skeletal element attrition.

Cut Cone Hacked Burned NISP Burned < 16 mm
Taxa L. 4 L. 5 All levels L.4 L. 5 All levels L. 4 L. 5 All levels L. 4 L. 5 All levels L. 4 L. 5 All levels
Aves, medium-large 19 – 19 – – – – – – 2 1 3 – – –
Mammalia, indeterminate 3 – 3 8 1 9 – – – 23 18 41 66 10 81
Mammalia, small-medium – – – – – – – – – 1 – 1 – – –
Mammalia, large 9 2 11 5 3 8 – – – 21 3 24 – – –
Canis sp. (Linnaeus, 1758) – – – – – – – – – – – – – – –
Castor canadensis (Kuhl, 1820) – – – – – – – – – 1 – 1 – – –
Artiodactyla, medium 14 – 14 30 5 35 – – – 30 17 47 – – –
Cervidae – – – – – – – – – – – – – – –
Cervidae, medium 1 – 1 1 – 1 – – – 6 1 7 – – –
Cervidae, large – – – – – – – – – – – – – – –
Rangifer tarandus (Linnaeus, 1758) 33 10 49 53 32 87 10 12 22 56 20 79 18 – 18
Vertebrata, indeterminate – – – – – – – – – – – – 45 – 49
Total 79 12 97 97 41 140 10 12 22 140 60 203 129 10 148

table 3. — Modifications of bone specimens in level 4, level 5, and all levels at the Croxton site. Levels 1-3 contained low NISP and the few modifications from 
these levels are calculated with levels 4 and 5 in All levels. * Seven elements of a lower hind leg were found articulated. Abbreviation: L., level.

Carnivore bite marks Weathering Dissolution Articulation 
Taxa L. 4 L. 5 All levels L. 4 L. 5 All levels L. 4 L. 5 All levels L. 4 L. 5 All levels
Aves, medium-large – – – 1 1 2 7 1 8 – – –
Mammalia, indeterminate 1 1 2 41 37 85 136 48 185 – – –
Mammalia, small-medium – – – – 2 2 2 2 4 – – –
Mammalia, large 2 3 5 11 10 23 28 13 47 – – –
Canis sp. (Linnaeus, 1758) – – – – – – – – – – – –
Castor canadensis (Kuhl, 1820) – – – – – – – – – – – –
Artiodactyla, medium 4 1 6 71 54 134 197 74 288 – – –
Cervidae – – – – – – – – – – – –
Cervidae, medium 6 1 7 6 6 12 18 6 24 – – –
Cervidae, large – – – 1 – 1 – – – – – –
Rangifer tarandus (Linnaeus, 1758) 16 12 29 70 68 160 194 117 334 7(1)* – 7(1)*
Vertebrata, indeterminate – – – – – – – – – – – –
Total 29 18 49 201 178 419 582 261 890 7(1)* – 7(1)*

Aves, 
medium-large

Mammal, 
small-medium

Mammalia, 
indeterminate

Mammalia, 
large

Artiodactyla, 
medium

Cervidae, 
medium 

Rangifer tarandus 
(Linnaeus, 1758)

 Skeletal element L. 4 L. 5 L. 4 L. 5 L. 4 L. 5 L. 4 L. 5 L. 4 L. 5 L. 4 L. 5 L. 4 L. 5
Antler – – – – – – – – – – – – 28 8
Skull, temporal – – – – – – – – 7 – – – – –
Vertebra – – – – 1 – – – – – – – – –
Cervical vertebra – – – – 1 – – – – – – – – –
Thoracic vertebrae, 

transverse process – – – – – – – – – – 1 – – –
Lumbar vertebrae, 

pre-zygapophyes – – – – 1 – – – – – – – – –
Rib, near proximal 

epiphysis – – – – – – – – 1 – – – – –
Rib, body fragment – – – – – – – – 1 – – – – –
Humerus, proximal shaft – – – – – – – – – – – – 2 –
Femur, proximal shaft – – – – – – – – – – – – 1 –
Long bone shaft fragment 19 – – – – – 6 – 5 – – – – –
First phalanx, proximal – – – – – – – – – – – – 1 –
Second phalanx, 

proximal – – – – – – – – – – – – 1 2
Fragment – – – – – – 3 2 – – – – – –
Total 19 – – – 3 – 9 2 14 – 1 – 33 10

table 4. — Skeletal element distribution of cut marks in level 4 and level 5 at the Croxton site. In addition to those listed in this table, two cut marks are present 
on the shaft fragment of a caribou femur in level 3. Abbreviation: L., level.
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skeleTal porTion frequenCies & densiTy mediaTed 
aTTriTion of Caribou bones

Caribou anatomical regions for levels 4 and 5, the within-site 
samples, as well as the 1989 faunal sample show biases in ana-
tomical portions as variation in bar heights (Fig. 3). Highest 
values in the 1989 sample are upper hind legs that have abundant 
nutritional value for meat and general utility and may indicate 
selection and transport of high-value body portions to the upper 
terrace at area J. Low relative abundance of foot, neck and axial 
elements in the 1989 sample could indicate early sectioning off 
of lower utility portions during butchery, though moderately 
high relative frequencies of head elements may seem difficult to 
reconcile with this. Mandibles are the most abundant element 
in the head category and could have been for access to marrow 
contained in the mandibular body, as most were broken open. 
Low relative abundance of antler in the 1989 sample may relate 
to season of occupation or other factors. Though the timing of 
annual antler shedding varies in caribou, males typically carry 
them through summer and shed after mating in late autumn, 
while barren females and juveniles shed antlers in early spring, 
and pregnant females in May or June, after giving birth. At 
Croxton, low relative abundance of antler could indicate hunt-
ing of female caribou in summer but is perhaps more likely to 
indicate removal of these elements from the site in technology or 
as raw materials, as antler tools are common in arctic prehistory. 
Consistent with this interpretation are hack marks on antler as 
well as a concentration of these elements noted during excavation 
by Gerlach (1989: 160, fig. 20) that evokes special treatment.

Similar to the 1989 sample, bar charts for levels 4 and 5 
show low relative abundances of foot, neck and axial portions 
of the skeleton, and the upper hind leg is well-represented. 
Levels 4 and 5 also differ from the 1989 sample. Antler is in 
higher relative abundance in level 4 than in the other Croxton 
samples and may indicate a stockpile of these elements. Grease 
utility is highest in upper leg regions of the proximal humerus 
as well as in the distal femur and proximal tibia of the lower 
leg and these are the highest values in levels 4 and 5, as are 
portions related to marrow utility from the distal tibia through 
the carpals of lower legs. This pattern is expected if lower and 
upper limb bones were transported to this location within 
the site and is consistent with people targeting high-value 
regions for marrow and grease as well as meat in upper leg 
portions. It is interesting to note that one relatively complete 
lower hind leg that had marrow removed and included the 
distal tibia with impact cones and the metatarsal split on 
the long axis was excavated in the level 4 sample (Table 3, 
Articulation; Fig. 4). Although there are similarities in the 
1989 and AD 2000 skeletal element distributions including 
emphasis on upper hind limbs, the AD 2000 samples show 
relatively more emphasis on lower limbs that have high mar-
row value and upper front limbs that have high grease value.

Neck and axial portions of the skeleton are consistently 
under represented across the Croxton samples and because 
fragile vertebrae and ribs contribute to these portions, the 
influence of bone density on attrition is a consideration. The 
CT density index for caribou was compared with relative fre-
quencies of caribou-sized bone elements in levels 4 and 5 and 
the 1989 sample to assess the potential contribution of bone 
density mediated attrition on skeletal element survivorship. 
Despite the presence of destructive processes as evidenced by 
human-made bone damage, bone surface dissolution, exfo-
liation, and gnawing by carnivores, the structural density of 
skeletal elements does not appear to be a very strong predictor 
of bone survivorship in the analyzed faunal samples (Table 7), 
supporting that skeletal portion representation reflects human 
decisions about transport, processing and deposition of caribou.

eConomiC anaTomy: %mau and The mGui
Utility indices for meat, marrow, grease and MGUI were com-
pared with anatomical parts of caribou-sized bone elements 
(Table 7). Significant positive correlations with marrow and 
grease utility indices resulted in levels 4 and 5. Reanalysis of 
the 1989 sample with these indices gave significant positive 
correlations with the MGUI and points to selective transport 
of high-value portions to area J.

Each %MAU value was also charted with MGUI to examine 
proportional frequencies of elements and the types of subsistence 
strategies that may have been employed (Binford 1978; Lyman 
1985, 1994; Faith & Gordon 2007). Based on the direction of 
the resulting curvilinear relationship this method can assist in 
distinguishing a bulk strategy in which body parts of high and 
moderate value are selected and lower value parts are abandoned, 
from a gourmet strategy in which only the highest utility parts 
are selected, and a reverse utility approach wherein low-value 
portions were consistently left behind at a site.

fig. 2. — A caribou (Rangifer tarandus (Linnaeus, 1758)) partial cranium with antlers 
removed. The white arrow points toward linear hack marks. Scale bar: 10 cm.
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Results for the Croxton 1989 sample show a pattern in 
the relationship between the MGUI and %MAU (Fig. 5) 
that in Binford’s (1978) terms is most similar to either an 
unbiased strategy in which a straight line of data points 
extends from the lower left to upper right of the chart, in-
dicating an indiscriminate subsistence pattern on the bulk 
to gourmet continuum; or a gourmet pattern in which the 
line of data points curves to the lower-right, indicating that 
highest-utility elements are represented. Within the site, 
levels 4 and 5 produced indiscriminate subsistence patterns 
on this continuum.

These interpretations are further clarified by following non-
linear chart characterizations by Beaver (2004). The levels 4 
and 5 charts resemble a reverse bulk lower-left triangular plot 
in which low general utility is necessary but not sufficient 
to explain skeletal element representation. This pattern is 
supported in part by the relative abundance of mandibles, 
metacarpals and metatarsals that have low general utility. 
The 1989 correlation shows a triangular scatter toward the 
lower-right corner of the graph. This indicates a relationship 
between the two variables in which mostly high general utility 
elements are represented and several high-utility elements 
are also not well-represented. General utility was a limiting 
factor in the bone assemblage but was not the only factor 
causing variation. These results are consistent with human 
transport of higher value caribou body parts to area J from 
the lakeside or off-site. Transport within area J of caribou 
portions that are low in general utility but higher in grease 
and marrow utility also influenced skeletal part representa-
tions at Croxton.

DISCUSSION

subsisTenCe in ConTexT

Caribou was the main subsistence focus of prehistoric oc-
cupants at the Croxton site. Faunal results show that people 
relied primarily on these animals and may have supplemented 
their diets with small numbers of wild birds, fish, and small 
mammals such as beavers. Incised bird long bones show these 
elements were probably raw material for the manufacture 

of needles. Birds are a known part of Ipiutak subsistence 
(Moss & Bowers 2007) and although in small numbers at 
Croxton may also have contributed to diets there. Fish were 
caught occasionally for consumption at this lakeside location. 
Beaver elements are two incisor teeth that were for tools or 
ornamentation and may have been carried to this site from 
a woodland area typical of these animal’s habitat. Where 
available, beavers are likely also have been a food source. 
Very small rodents were probably incorporated into the as-
semblage as a result of natural deaths. Canids are present in 
Ipiutak levels and may represent domesticates that served as 
pets and work dogs.

Primary dependence on caribou at Croxton was motivated 
by availability. As a cold adapted species with an extensive 
northern range (Geist 1998), caribou would have been well-
suited to the cool climate of the Brooks Range in the middle 
to late Holocene (Oswald et al. 1999; Clegg & Hu 2010), 
and are the dominant ungulate taxa on that landscape today. 
Although people at the Croxton site may or may not have 
incorporated caribou into their diets in the same exact propor-
tions as these animals occurred, the high relative abundance of 
caribou in the faunal sample likely reflects local accessibility 
of these animals.

Mammalia, 
indeterminate

Mammalia, 
large

Artiodactyla, 
medium

Cervidae, 
medium

Rangifer tarandus 
Linnaeus, 1758

Skeletal element Level 4 Level 5 Level 4 Level 5 Level 4 Level 5 Level 4 Level 5 Level 4 Level 5
Innominate – – – – – – – – – 1
Humerus, shaft fragment – – – – – – – – 16 9
Radius, shaft fragment – – – – – – – – 1 –
Femur, shaft fragment – – – – – – – – 5 3
Tibia, shaft fragment – – – – – – – – 14 9
Long bone shaft fragment 8 1 5 3 30 5 – – – –
Metacarpal, shaft fragment – – – – – – – – 5 4
Metatarsal, shaft fragment – – – – – – – – 11 6
Metapodial, shaft fragment – – – – – – 1 – – –
First phalanx, fragment – – – – – – – – 1 –
Total 8 1 5 3 30 5 1 – 53 32

table 5. — The distribution of impact cones on skeletal elements in level 4 and level 5 at the Croxton site.

Caribou-sized bone fragment
Level 2 Level 3 Level 4 Level 5

Count 9 34 780 313
Arithmetic mean 51.73 47.08 50.70 55.37
ANOVA df 3 F 1.40 p value F crit.
   0.24 2.61
Caribou humeri fragment

Level 2 Level 3 Level 4 Level 5
Count – 3 30 23
Arithmetic mean – 67.27 60.11 57.25
ANOVA df 2 F 0.40 p value F crit.

0.67 3.17

table 6. — Croxton site: ANOVA results at the 95% confidence level showing 
no significant difference of size in caribou-sized bone fragment and caribou 
humeri fragment across levels. Abbreviations: df, degrees of freedom; F, F-
statistic; p value, probability value; F crit, critical value of F.
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Ipiutak people were highly mobile and occupied coastal and 
inland locations (Anderson 1984). Inland excursions focused 
on caribou hunting that occurred across the Brooks Range 
at least as far east as the Bateman site at Itkillik Lake (Mason 
2016). High relative abundance of caribou at Croxton is 
consistent with this aspect of Ipiutak subsistence. The inland 

Ipiutak focus on caribou is also evidenced in faunal remains at 
the Onion Portage site (Anderson 1988) and in fragmented 
caribou remains recovered at the summer through fall encamp-
ment at Anaktuvuk Pass (Mills et al. 2005). Both locations 
are major caribou transit intercepts and indicate procure-
ment and processing of these animals as a primary nutrient 
source. Coastal Ipiutak sites are characterized by abundant 
pinnipeds including ringed seals (Pusa hispida Schreber, 1775) 
and bearded seals (Erignathus barbatus Erxleben, 1777), and 
walrus (Odobenus rosmarus (Linnaeus, 1758)), with caribou 
as a minor contributor to specimen counts. In the Deering 
area at Kotzebue Sound, seasonally available migratory birds 
including murres (Uria Brisson, 1760) also contributed sig-
nificantly to diets (Moss & Bowers 2007). Together the faunal 
record indicates that Ipiutak hunters occupied specific loca-
tions in diverse environmental settings to procure resources 
that were seasonally abundant. It is in this framework that 
caribou were the main subsistence focus at the Croxton site.

Denbigh subsistence is best known from the faunal record 
at the 4000 year old Matcharak Lake site in central Brooks 
Range, Alaska (Tremayne 2011). Caribou are abundant in 
the Matcharak assemblage, with smaller relative contributions 
to diets from Dall’s sheep, small mammals including Arctic 
ground squirrel (Spermophilus parryii Richardson, 1825) and 
Alaska marmot (Marmota broweri Hall & Gilmore, 1934), 
migratory birds such as ptarmigan (Lagopus sp. Brisson, 1760), 
and fish including Arctic grayling (Thymallus arcticus Pallas, 
1776) and burbot (Lota lota (Linnaeus, 1758)). Seasonal in-
dicators suggest spring through fall occupation for activities 

fig. 3. — Croxton site anatomical portion frequencies. A, Level 4; B, Level 5; 
C, reassessed data from the 1989 faunal sample. The vertical axis indicates 
the frequencies of standardized skeletal elements.
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fig. 4. — Split caribou (Rangifer tarandus (Linnaeus, 1758)) right metatarsal 
with impacts on opposing surfaces. After being split and discarded, the bone 
surface took on a brown stain during burial in humic soil. Scale bar: 10 cm.
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https://en.wikipedia.org/wiki/Carl_Linnaeus
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focused on caribou hunting and processing, possibly including 
bone marrow and grease use. Fishing as a minor component 
of Denbigh subsistence is also indicated by the presence of a 
notched sinker at Onion Portage and by fish scales in mid-
dens at Punyik Point (Anderson 1984). The contemporary 
faunal record shows that caribou were the main prey animals 
sought by inland Denbigh hunters.

Anatomical portion representation and taphonomic and 
statistical results with utility indices are complementary in 
this study and support an enduring tradition of marrow 
and grease procurement from caribou in northern Alaska. 
Nutritional sources from these animals are evidenced in cut 
marks signaling butchery and meat removal that is consistent 
with the tendency toward portions high in general utility in 
area J. Significant correlations for marrow utility correspond 
with impact cones that evidence breaking of long bones for 
marrow removal. Positive grease utility results, many bone 
fragments and some very small burnt shards, as well as sus-
ceptibility to bone surface dissolution are consistent with 
bones having been processed for grease. Anatomical profiles 
emphasize the presence of upper and lower leg portions and 
support these inferences. That partitioning caribou in terms 
of general nutritional value and marrow and grease process-
ing are found in the same region as Binford’s ethnographic 
Nunamiut study suggests continuity from Denbigh through 
modern times in the presence of these economic approaches.

Croxton site inhabitance selected caribou portions that are 
high in general utility and these animals were also targeted 
for specific nutrients as marrow and grease, which expresses 
two different approaches to caribou use that are linked with 
the periodic nature of availability. During the middle and late 
Holocene in northern Alaska, prehistoric occupation at the 
Croxton site focused on procurement and processing of caribou 
during spring through autumn (Gerlach & Hall 1988). These 
animals are likely to have supported the immediate needs of 
site inhabitants as well as a requirement for food storage in 
anticipation of caribou herds dispersal south in winter (see 
Skoog 1968 for a modern example). Day to day food needs 
probably included a range of nutritional values in a context of 
relative abundance and food security as animals were hunted 
and processed during warm months of the year. Requirements 
for delayed consumption as stored food needed between times 
of lower food availability are likely to have focused on meat 
preservation and on marrow and grease processing. Marrow 
and grease from bones contain fatty acids that are conducive 

 Level 4 Level 5 1989
Meat utility 0.2078 0.5105 0.4082
Marrow utility 0.0007 0.0034 0.7656
Grease utility 0.0067 0.0047 0.2021
MGUI 0.6174 0.5075 0.0145
CT 0.5929 0.3486 0.7991

table 7. — Spearman’s Rho results for utility indices on caribou-sized bones 
from the Croxton site showing significant positive correlations with marrow and 
grease utility. Abbreviations: CT, computed tomography; MGUI, modified gen-
eral utility index. Numbers in bold are statistically significant at alpha level 0.05.

fig. 5. — Utility curve diagrams of %MGUI and %MAU for Croxton site faunal 
samples. A, level 4; B, level 5; C, reassessed 1989 sample.
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to long-term storage and transport (Manne 2014), have high 
caloric content, and would have been necessary in northern 
prehistoric hunter-gatherer diets to alleviate nutritional stress 
that can result from a primary dependence on lean meat in 
terrestrial mammals. Mitigation of such stress through con-
sumption of marrow and grease may have been particularly 
necessary during winter, when fresh nutrient sources typi-
cally dwindle (Speth & Spielmann 1983; Enloe 1993; Morin 
2007). Caribou portions high in general utility in the large 
faunal sample from area J at Croxton reflect the generalized 
food procurement and processing focus of site inhabitants, 
while concentrations of marrow and grease processing debris 
attest to these specific nutritional uses that are likely to have, 
at least in part, been stored for later consumption.

aGGreGaTion effeCTs & Caribou proCessinG

Significant statistical correlations with utility indices were 
found for within-bone nutrients in this study but were not 
found in the larger sample of caribou bones studied previ-
ously (Gerlach 1989). The faunal aggregates available for 
analyses may be at least partially to blame. In the previous 
study the faunal sample was derived from numerous excava-
tions units across the site that comprised the Ipiutak cultural 
component. Though my reassessment of the sample with a 
different counting methodology found a significant result with 
MGUI, the 1989 analyses did not find statistically significant 
correlations with meat, MGUI, marrow or grease indices 
even though taphonomic characteristics of the assemblage, 
including numerous cut and percussion marks as well as burnt 
and fragmented bones, suggested economic uses. To explain 
the lack of significant statistical correlations, Gerlach (1989) 
rightly pointed to the potential effects of time-averaging on 
the bone assemblage that accumulated during a time in which 
caribou hunting probably took place both at the lakeside, re-
sulting in whole animals at the site, as well as further afield, 
and resulted in transport of anatomical portions that made 
specific subsistence activities difficult to discern statistically 
in the temporally coarse faunal sample with complex depo-
sitional and taphonomic histories.

In addition to time-averaging, the spatial position of faunal 
aggregates chosen for analysis are likely to have influenced the 
outcomes of utility analyses. MNE values are the basis of utility 
analyses and, like other derived analytical units such as MNI 
(Grayson 1984) and MAU (Lyman 1994), can be expected to 
suffer from difficulties associated with the lumping and split-
ting of faunal assemblages in which analytical results may vary 
when preformed on different faunal aggregates. The question 
of how to split or lump a faunal assemblage for analysis is 
always addressed by the analyst and often results in aggregates 
that reflect whole cultural components so that something can 
be said about an archaeological culture. However, in some 
cases, and notwithstanding potential problems associated with 
small sample sizes (Faith & Gordon 2007), analyses of faunal 
aggregates smaller than the culture component level can reveal 
subsistence practices that are statistically imperceptible in 
analyses of larger aggregates. This may be particularly useful 
when designing utility analyses at archaeological sites where 

whole animals were often present or a full range of carcass 
processing and discard activities are likely to have been per-
formed. At such localities, specific economic uses as meat, 
marrow or grease may become difficult to detect statistically 
in a site-wide faunal sample. Alternative analytical units such 
as those comprised of faunal remains from well-defined house 
features or around hearths may provide reasonable analytical 
units. Unfortunately, the availability of such features tends to 
be limited by the affordances of the archaeological site under 
investigation, and even where available only those processing 
and discard activities that required routine sectioning off of 
portions of animals to different areas of a site are likely to be 
visible archaeologically.

At the Croxton site, statistical comparisons between utility 
indices and caribou remains from the entire Ipiutak compo-
nent may have suffered from the aforementioned problem. 
The excavation units from which the 1989 faunal sample was 
derived covered much of the surface area of this large site. Its 
lakeside location and site function suggest that caribou carcasses 
may often have entered the site whole and faunal aggregate 
spanned millennia. No convenient alternative analytical units 
such as well-defined house features were obvious at this site, 
so the 1989 analysis was performed on the entire Ipiutak 
component fauna. The result was that statistical analyses with 
utility indices gave no correlations even though taphonomic 
results did support specific marrow and grease uses by site oc-
cupants. It is likely that the 1989 faunal sample was amassed 
spatially and temporally to a greater extent than allowed for 
the detection of these specific subsistence practices.

Analyses of a within-site faunal aggregate in the present 
study did produce significant statistical results for marrow and 
grease utility. The AD 2000 excavations found a bone-rich 
deposit and hearth features that, together with taphonomic 
evidence of food processing and skeletal elements emphasiz-
ing caribou leg portions, support that the faunal sample was 
drawn from remnant activity areas containing bone deposits 
from marrow and grease processing. Tool manufacturing ac-
tivities may also have taken place in this area of the site based 
on the presence of bird bone needle preforms, beaver incisors, 
and the relative abundance of antler in level 4. Although this 
outcome was fortuitous, as this part of the site was not tar-
geted in excavation to find an activity area, the results of this 
study are encouraging in terms of potential for identifying 
additional spatial organization as stationed activities and dis-
card, which is a reasonable expectation of sites in this region 
(Binford 1983; O’Connell 1987).

CONCLUSION

Prehistoric subsistence practices at the Croxton archaeologi-
cal site were studied through species identifications, skeletal 
part frequencies, as well as taphonomic and utility analyses of 
faunal remains. Results support several conclusions. Human 
subsistence activities were a primary source of archaeological 
faunal accumulations. Caribou were a principal food source 
and are likely to have been a main attractor for prehistoric 
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occupation at this site as people selectively hunted these 
animals from in and around Tukuto Lake. Taphonomic in-
dicators including cuts and percussion marks on long bones, 
burnt and fragmented specimens, and susceptibility to surface 
degradation indicate caribou were processed for high-value 
portions including within bone nutrients. Anatomical por-
tion representations and statistical results with utility indices 
support these observations. Caribou portions high in general 
utility were brought to the upper terrace at area J. Leg por-
tions were also partitioned into parts for specific nutrients as 
marrow and grease, and these were relocated within the site 
for processing and discard.

These results is that the bone sample aggregates chosen for 
analyses have influenced statistical results in this study and 
are also likely to have influenced statistical outcomes in the 
previous faunal study, highlighting a potentially problematic 
aspect of such analyses. Analysts must make decisions about 
which samples are appropriate units of study for the objective 
at hand and based on available information. These decisions 
do not have to be restricted to the largest available samples 
or entire archaeological cultures. If well-reasoned, smaller 
units of analysis can be appropriate and may reveal aspects 
of past behaviours that are inaccessible in studies of larger 
faunal aggregates.

Results herein indicate no substantial differences in caribou 
utilization across levels and cultural components at Croxton. 
There are more similarities than differences in the character-
istics of faunal remains in level 4, which lies in the Ipiutak 
component, and level 5, which also contains Denbigh material. 
There is no significant difference in caribou-sized fragments 
across levels and skeletal part frequencies and taphonomic 
characteristics of bone specimens are consistent throughout 
the assemblage. Both levels show caribou as the most im-
portant resource and provide support for marrow and grease 
utilization. Local longevity in these subsistence practices is 
further underscored by comparisons with utility indices that 
were developed nearby with the Nunamiut at Anaktuvuk Pass 
that demonstrate marrow and grease utilization also persist 
in modern times.

The proximity of the Croxton site and Anaktuvuk Pass along 
the north slope of the Brooks Range encourages examination 
of subsistence practices in this specific region. Caribou have, 
however, long been a subsistence resource of human groups 
throughout much of the Northern Hemisphere, making ana-
lytical approaches to the study of these animals potentially 
broadly applicable. In whichever region or species of inter-
est, the analytical power of utility indices rests in their use as 
economic optimization models that can be examined in terms 
of their efficacy for predicting human subsistence behaviours.
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