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Abstract: When foetal bones are preserved in archaeological sites, they are often used to identify the seasonality of prey
acquisition by past human populations and, subsequently, to discuss their lifestyle, their management of food resources,
nomadic cycles, etc. To do so, zooarchaeologists use charts to estimate foetal age based on the growth of their bones.
For reindeer (Rangifer tarandus), a species that was widely exploited since the Palaeolithic throughout Eurasia, existing
reference data are limited and require the measurement of complete bones, a procedure that is rarely applicable to ar-
chaeological contexts in which bones are often fragmented. In this study we present a wide range of measurements (9-10
measurements per bone) taken on the humerus, radius, metacarpal, femur, tibia and metatarsal of 31 individuals housed
at the Zoological Museum of the University of Oulu (Finland). With this large data set, a more accurate estimation of
the time of death of reindeer foetus can be achieved using skeletal measurements, even in the case of fragmented bones.
To facilitate the use of this referential, an open-access web interface (foetusmeteR) was designed in RShiny. This inter-
face allows for the direct estimation of foetal age and season of death by entering a single skeletal measurement, as well
as the possibility of estimating if two bones might correspond to the same individual using two different measurements.
This new tool should help to discuss in more detail the condition of reindeer herds hunted in the past, the hunting
techniques and strategies that may have been used by human groups, and allow for a more detailed reconstruction of
the seasonal nomadic cycle of past societies that focused their subsistence on Rangifer populations.

Key words: foetus, seasonality, Rangifer tarandus, Paleolithic, subsistence, foetusmeteR.

Rangifer, 46, (1), 2026: 31-46
DOI 10.7557/2.46.1.7579

Introduction

Apart from its key role in many modern Arctic
herding societies, reindeer (Rangifer tarandus)
was also one of the most commonly hunted
prey throughout the Paleolithic in Eurasia, as
testified by the abundance of its skeletal re-
mains in archaeological sites (e.g. Delpech,
1983; Discamps er al, 2011; Boyle, 2017;
Yaworsky ez al., 2023). When foetal bones are

found amongst archaeological assemblages,
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they constitute a valuable asset because these
skeletal elements attest to the exploitation of
pregnant females by past humans and allow for
an estimation of the slaughter season of these
reindeer females. By combining such informa-
tion with other data, it then becomes possible
to reconstruct the hunting strategies and tech-
niques employed by past societies. The presence
of foetal bones can however raise questions for
scholars interested in the study of past human-
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reindeer interactions (i.e. zooarchaeologists).

The literature available on societies whose
economy is still (or was until recently) mainly
based on hunting provides some interesting
food for thought on the subject of foetuses.
First of all, their presence is to be expected on
kill sites, where game is usually butchered first
in order to remove unwanted parts and save
weight for transport to base camps. Past human
populations sometimes targeted specific social
groups for precise needs, and foetus bones can
testify of the hunt of matriarchal groups in or-
der to obtain young individuals with very valu-
able hides. Foetal bones are however also found
in “secondary” sites such as base camps, where
they might have been introduced deliberately.
The very tender foetal meat is generally given
to people who have difficulty chewing, such as
young children or the elderly (Jenness, 1922;
Speck, 1935; Holston, 1963; Gubser, 1965;
Burch, 1972; Hungry Wolf, 1980; Ingstad,
1992), and can be eaten boiled or roasted. Foe-
tal skin is also highly prized for its fineness and
can be used to make children’s clothing, blan-
kets or fine summer clothes, masks and con-
tainers (e.g. Stefdnsson, 1914; Curtis, 1930;
Banfield, 1977; Binford, 1978, 1981; Gren-
now et al., 1983; Russell, 1995; Parget, 2004;
Pinson, 2004; Blackman, 2006). When preg-
nant females are hunted, some groups (such as
the Quechua), include the foetus in offerings
(Froemming, 2006). All of these uses, and cer-
tainly many others, are likely to date back to
prehistoric times and can provide interesting
food for thought about the presence of foetuses
in archaeological sites.

When Rangifer foetal bones are found on an
archaeological site, zooarchaeological studies
often take advantage of them to try to access
precious seasonal data (e.g. Castel, 1999; Mo-
rin, 2004; Paletta, 2005; Castel & Chauviére,
2007; Bemilli & Bayle, 2009; Magniez, 2009;
Connet ez al., 2012; Soulier, 2013, 2014; Pé-
tillon ez al, 2015; Castel et al., 2017; Fonta-
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na, 2017; Costamagno, 2021). To do so, such
studies referred to the few published datasets
on foetal bone growth for reindeer/caribou.
To our knowledge, only two works carried
out measurements of Rangifer foetal bones:

* Based on hindfoot length data from 4 in-
dividuals supplied by Kelsall (1957), Spiess
(1979) noted a straight-line regression.
Spiess proceeded to conclude that “assum-
ing a relatively constant growth rate and a
relatively constant proportion between total
hind-foot length and diaphyseal lengths of
Jore and hind-limb long bones, [...] simple
regressions [can be used by zooarchaeolo-
gists] to go from the diaphyseal length of a
given foetal long bone, to total hind-foor
length, [and thus] to foetal age” (Spiess,
1979: pp. 94-95). He then compared
hint-foot lengths and diaphyseal lengths
on 6 young individuals to establish corre-
lations. From this, he developed a simple
formula, based on the total length of the
complete bone, to estimate foetal develop-
ment from the metapodials, femur, humer-
us and tibia. Zooarchaeologists have since
mostly used these equations for seasonal
estimation (cf. references cited above).

¢ Roine and collaborators (1982) studied the
development of 348 reindeer foetuses from
Finland, providing mean measurements of
the metacarpal length per estimated age.
They demonstrated strong correlations be-
tween foetus age, body weight and meta-
carpal length. Using the equation they pro-
vide, zooarchaeologists can estimate foetal
age using a length measurement of a com-
plete metacarpal bone.

These two studies are undoubtedly of capital
importance for estimating the slaughter seasons
of pregnant females. They do however suffer
from three major drawbacks when it comes to
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A Be sure to check Supplementary Information #1 for guidelines on how to take the measurements A

Figure 1. Illustration of calliper positioning for measurements of Rangifer foetal bones. Detailed descriptions and
important guidelines are available in Supplementary Information #1.
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their use for zooarchaeological analysis. First
and foremost, these two studies were not de-
signed to work on fragmented bones, even
though foetal bones are highly prone to altera-
tion by taphonomic processes due to their fra-
gility and low density. To compensate for this
bias, one solution is to estimate the complete-
ness of the bone fragment (e.g. Soulier, 2013).
However, a few millimetres of difference can
alter our estimates by several weeks, or even
months, which is not without consequences
for discussions on the hunting techniques and
strategies of prehistoric societies (depending on
the season of death, zooarchacologists would
infer either hunting on isolated individuals or
mass slaughters of migrating large herds). Sec-
ondly, no data is available for the radius. The
absence of one skeletal element is highly regret-
table: important seasonal information cannot
be accessed using radii, despite the fact that this
precious and fragile material has been preserved
over time. Finally, the lack of data for complete
individuals in these studies (e.g. measurements
of the humerus and femur of the same individ-
ual) makes it difficult to determine with a high
degree of precision whether different skeletal
elements could belong to the same or multi-
ple individuals. This has implications for zoo-
archaeological interpretations of past hunting
strategies, as well as considerations relating to
the presence of foetuses in archacological sites.

The objectives of our study are manifold:

— Increase the available reference measurements
(currently limited, for most elements except
the metacarpal, to Spiess” estimates based on
the 4 individuals measured by Kelsall), in
order to provide more robust correlations;

— Provide measurements on isolated elements

(i.e. the bones themselves) and not from hind-
foot lengths, which are de facto estimates;
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— Obtain seasonality data on all long bones,
so as to mobilise the largest possible cor-
pus for estimating the game killing season;

— Propose easily usable measurements on frag-
mented material by multiplying measure-
ment points;

— Provide correlations between elements for
accurate calculation of foetal Minimum
Number of Individuals (MNI) when bones
are found isolated, i.e. the fewest possible
number of animals in a skeletal assemblage;

— Design an easy-to-use interface for the analy-
sis of foetal measurements.

To these ends, a metric analysis of 31 Rangifer
tarandus foetal bones is presented here.

Material and methods
A total of 31 individuals stored at the Zoologi-

cal Museum of the University of Oulu (Fin-
land) were measured: 24 domesticated Rangifer
tarandus tarandus (6 females, 11 males, 7 un-
known), 6 wild Finnish forest reindeer Rangifer
tarandus fennicus (3 females, 3 males) and one
hybrid R. z. tarandus-fennicus female. They were
all collected in Finland (in the municipalities
of Inari, Kivijirvi, Kuhmo, Kuivaniemi, Kuusa-
mo, Oulu, Pudasjirvi, Salla, Suomussalmi and
Yli-1i), mostly between 1973 and 1990. De-
tailed information of individual number, sex,
finding date, municipality and additional data
provided by the museum database (weight,
body, tail and ear lengths, etc.) are available in
the Supplementary Information #2.
Measurements were taken using an elec-
tronic calliper. Shreds of desiccated tendon
sometimes present at the ends of bones were re-
moved before taking measurements. To ensure
replicable, usable measurements, we sought to
make the measurement process as intuitive as
possible, using the calliper in such a way that
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the gesture could easily be correctly reproduced
(e.g., two contact points on the same face, al-
lowing the calliper to be set correctly). From 9
to 10 measurements were taken for each bone,
for a total of 55 measurements. All of the 55
measurements are illustrated in Figure 1, and
descriptions are given in Supplementary Infor-
mation #1.

The R8, H8, MC8, MT8, F9, T9 mea-
surements correspond to the tightest point
identified by sliding the calliper all along the
diaphysis from top to down according to a me-
dio-lateral axis. This point is roughly situated at
mid-diaphysis but its location may vary slightly
from one individual to another. Statistical anal-
ysis and graphs were performed using R 4.2.2
(R Core Team, 2022) and RStudio (RStu-
dio Team, 2020), with the packages this.path
(Simmons, 2023), readxl (Wickham & Bryan,
2023), ggcorrplot (Kassambara, 2023), psych
(Revelle, 2023), ggplot2 (Wickham, 2016),
scales (Wickham, Pedersen, et al, 2023) and
dplyr (Wickham, Francois, et al., 2023). The
interface was designed using the shiny package
(Chang ez al., 2023). The R codes are available
at the following website: https://github.com/

ediscamps.

Results

To achieve the goals set in the introduction,
a four-step approach was followed: 1) test
whether the different measurements are cor-
related with each other, and thus if they can
all be used to estimate one another as well as
foetus overall size (i.e. which skeletal measure-
ments are useable to assess foetus size? are long
bones growing at a similar pace during foetal
development?); 2) estimate how foetus skeletal
measurements are correlated with foetal age; 3)
conceive a digital interface for the estimation of
foetal age from skeletal measurements of fossil
bones; 4) explore inter-individual variation ac-
cording to sex and subspecies.

Rangifer, 46, (1) 2026

Correlation between skeletal measurements

Nearly all measurements (53 out of 55) are
highly correlated between each other (Figure 2).
HS8, MC8 and MTS8 (which are measurements
taken at a variable point on the bone - the thin-
nest part of the diaphysis) have non-significant
correlations with other measurements, raising
doubts on their interest as a measure of foe-
tus overall size: they were excluded from fur-
ther analyses. With these three measurements
excluded, all correlations are significant (p <
0.05), and the Pearson r correlation statistic
varies between 0.69 and 0.99 with a mean of
0.93, attesting to strong linear positive correla-
tions. Figures 3, 4 and 5 present correlations
and bi-plots between measurements in more
detail. R1 stands out from others by showing
a non-normal distribution (Figure 3), but this
apparent difference is largely attributable to the
fact that the measurement was only available
for a subset of the specimens.

Opverall, these results show that all elements
grow at a similar pace during foetal develop-
ment. Apart from H8, MC8 and MTS, any
measurement can be used to estimate the foe-
tus overall size, as well as other measurements
from the same bone, or from another one (e.g.
for the establishment of Minimum Number of
Individuals).

Estimating foetal ages using skeletal measurements
of fossil bones

Skeletal measurements should be strongly
linked to foetal age, yet this variable is hardly
ever known, even for modern individuals. In-
deed, the exact foetal age depends on two events,
conception date and day of death, that are, es-
pecially for the former, not always known. Sup-
plementary Information #3 describes how the
foetal age of modern individuals was estimated,
using previous work by Roine et al. (1982).
After reviewing available data on rut and calv-
ing periods (Supplementary Information #3
and #4), and despite an important variability,
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Figure 2. Pearson correlations between measurements. Statistically non-significant (p > 0.05) correlations are

represented by blank cells.

we used in our study mean values for concep- ologists. Thus, a R Shiny application called
tion and birth around, respectively, the 10th of =~ “foetusmeteR” was designed to allow for:
October and the 18th of May, with a mean of

221 days of gestation. As expected, estimated — The estimation of development age and
age of modern individuals is strongly correlated season of death using any of the meas-
with different measures of foetal size (foetal urements listed in Table 1 and Figure 1
weight, body length, skeletal measurements, cf.

Figure 1 of Supplementary Information #3). — The quick calculation of one measurement
Linear modelling with 2-degree polynomial according to another, to facilitate the calcu-
regression equations were then computed be- lation of Minimum Number of Individuals
tween each skeletal measurement and the es- (e.g. “can a femur of this size be attributed to
timated foetal age (in weeks). Such equations a humerus of that size?”);

allow for the estimation of foetal age with any

The foetusmeteR interface is freely avail-
measurement.

The high number of measurements (n - able for download at https://github.com/edis-
55) renders the publication and use of regres- camps/foetus.meteR o.r for online use at hteps://
sion curves highly impractical for zooarchae- ediscamps.shinyapps.io/foetusmeteR/
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Figure 3. Humerus (a) and radius (b) measurements against metacarpal length. Diagonal: histogram of measure-
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When only raw estimates are looked for,
“cheat sheets” with scaled photographs are also
made available in Supplementary Information
#5: once printed, these pages can be used by
simply placing the foetus bone on top of it for
a quick and easy identification of season of
death. Besides, for small fragments that cannot
be measured, the cheat sheet can be used to es-
timate other measurements, giving access to the
size of the complete foetal bone, and then to
the age of the foetus.

Inter-individual variation according to sex and
subspecies
Fully exploring the inter-individual variation in
foetus size is made difficult by the limitations
of the analysed sample. For Rangifer tarandus
tarandus, regression curves obtained for males
(n=11) or females (n = 11) are extremely simi-
lar, pointing to a near-zero influence of sex (Fig-
ure 6a). The assessment of sexual dimorphism
in Rangifer tarandus fennicus is precluded by the
fact that only three male and three female foetal
skeletons were available for measurement.
When the dataset is split by subspecies, re-
gression curves obtained for Rangifer tarandus
fennicus (n = 6) are slightly offset from the ones
obtained for Rangifer tarandus tarandus, yet
confidence intervals overlap (Figure 6b).

Discussion

Several biases affecting the method proposed
here should be considered, pertaining mostly
to known differences between populations,
subspecies and sexes.

First and foremost, adult size is known to
vary across Rangifer subspecies and sex (Geist,
1999). For example, adult wild forest R.z. fenni-
cus are about 11-18% taller than semi-domesti-
cated R. ¢. tarandus (Nieminen & Helle, 1980),
and these differences are reflected in skeletal
measurements (Puputti & Niskanen, 2008;
Pelletier et al., 2020, 2022). The same can be
said between males and females. To what extent

38 This journal is published under the terms of the Creative Commons Attribution 3.0 Unported License

Editor in Chief: Anna Skarin, Technical Editor: Eva Wiklund and Graphic Design: H-G Olofsson, www.rangiferjournal.com

these size differences are reflected in foetal size
at a given age, or foetal growth speed, is hard
to grasp with the datasets at hand. Mean birth
weights of Finnish R.z. tarandus were reported
to be slightly larger for males (5.3kg) compared
to females (5.0kg), thus attesting to a 6% dif-
ference at the end of foetal growth (Nieminen
& Petersson, 1990). In the absence of a larger
sample of R. . fennicus foetus of known date
of death, the influence of subspecies on foetal
growth can be considered as minimal for the
intended goal of the study (i.e. broadly estimat-
ing foetal age), even though R.z. fennicus would
be expected to be slightly larger.

Additionally, one should keep in mind
that, even if we assume that foetal age could
be broadly assessed for all subspecies and sexes
using the same equations, there is still a vari-
ability in rutting and calving periods across
populations and subspecies (Supplementary
Information #4). Delayed conception and calv-
ing are hypothesised to be a consequence of
relatively poor physical condition of females in
autumn (Reimers, 1983a, b; Flydal & Reimers,
2002). Thus, even if the foetal age is correctly
predicted through skeletal measurements, the
seasonality assessed from it should be regarded
as an estimate.

In Finland, Norway and Sweden, rutting
and calving periods are centred around, re-
spectively, mid-October and mid-May. Rutting
periods are overall similar for caribou popula-
tions with the following reported spans (Sup-
plementary Information #4): early October to
mid-November for R. ¢. caribou (Canada), 6th
to 23th October with a peak around the 15th
of October for R. #. granti (Alaska), and 19th to
31st of October for R. . groenlandicus (Alaska,
Canada). Calving is, however, more variable, es-
pecially at higher latitudes (Gunn & Fournier,
2000). For R. z. caribou (Canada), calving peri-
ods were reported from the 1st of May to 25th
of June. For R. . granti (Alaska), births occur
from the 17th of May to the 13th of June, with
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Figure 4. Femur (a) and tibia (b) measurements against metacarpal length. Diagonal: histogram of measurements.

Lower triangle: bivariate scatterplots of measurements. Upper triangle: Pearson correlation statistic (*: p < 0.05;

**: p < 0.01; ***: p<0.001).
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a peak around the end of May. For R. « groen-
landicus, calving seems more centred around
the third week of May (13th-21th) in Alaska,
while, in Canada, births occur later, in June
(8th - 15th). Accordingly, gestation (around
221 days for R. . tarandus) is longer for free-
ranging North American caribou (around 225
to 235 days) (Skoog, 1968; Miller, 2002). Such
differences should be kept in mind when using
foetusmeteR in North American contexts. Fur-
thermore, variability in rutting and calving sea-
sons should be expected for Paleolithic reindeer
populations, thereby rendering the estimation
of the season of death of a given foetal bone
even more challenging.

All in all, all these biases and limits call for
caution. Pending more work on these issues
(e.g. inter-population variability, sexual di-
morphism), foetal age and season of death are
best estimated with the method proposed here,
but such figures should only be used with full
knowledge of their inherent limits, especially
when applied to fossil assemblages.

Finally, the high correlation coefficients ob-
served between most of the foetal measurements
(53 out of 55) mean that it is possible, for a giv-
en individual, to predict with good accuracy the
size of a skeletal element using measurements
taken from another element. For instance, a hu-
merus with a H1 value of 80 mm corresponds
to a femur with a F1 value of 88-97mm (us-
ing prediction intervals). Thus, it is possible to
calculate the Minimum Number of Individuals
for foetus bones, a process that is not affected by
the above-mentioned factors concerning inter-
individual variation (e.g. sexual dimorphism,
variations in adult size and calving/rutting pe-
riods according to subspecies and populations).

Conclusion

In the archacological record, seasonal data
is mostly obtained either by the observation
of eruption and wear sequences of deciduous
teeth (a method limited to very young individ-
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uals), or by carrying out cementochronological
studies (a destructive method based on the ob-
servation of cementum increments along adult
tooth roots). These two methods often provide
relatively low-resolution seasonal information,
with estimations of periods of death extending
over several months. The measurement of foe-
tus bones is another method that can give fairly
accurate results, and it allows the seasonality of
hunting to be assessed on the basis of a differ-
ent proxy (i.e. skeletal measurements) based on
another sub-population of reindeer herds (i.e.
pregnant females). Combining seasonal data
acquired from different proxies, each inform-
ing on different age and sex classes, can provide
a more comprehensitive picture of the hunted
reindeer populations.

According to Spiess (1979: p. 187), bones of
a foetus of less than 60 days are unlikely to be
preserved in archaeological sites. The validity
of this assertion for all sites is probably contin-
gent to the specific preservation conditions at
each location. If we follow Spiess’s assessment,
the presence of foetus bones can correspond to
hunts between December and May, winter and
spring: without measurements, the seasonal
information accessible to zooarchaeologists is
broad and imprecise (e.g. Castel, 1999; Bemilli
& Bayle, 2009; Connet et al., 2012; Pétillon et
al., 2015; Castel et al., 2017; Dachary et al,
2020) and impedes discussion about hunting
strategies and techniques. Indeed, during this
period of time, the general condition of the
reindeer undergoes major changes (e.g. Spiess,
1979; Finstad & Prichard, 2000; Soppela &
Nieminen, 2001) and, when hunting is your
only means of subsistence, this detail is far
from insignificant. Similarly, it is not the same
in terms of hunting strategies and techniques to
track isolated reindeer in covered areas (in win-
ter?) as it is to plan an interception of a migrat-
ing herd (in spring?). The results of our study
on foetal bones, applying a larger set of meas-
urements on all long bones, allow for a finer
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Figure 5. Metacarpal (a) and metatarsal (b) measurements against metacarpal length. Diagonal: histogram of
measurements. Lower triangle: bivariate scatterplots of measurements. Upper triangle: Pearson correlation statis-
tic (*: p < 0.05; **: p < 0.01; ***: p<0.001).
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Figure 6. Differences between regression curves (with confidence intervals) obtained between H1 skeletal meas-
urement (mm) and estimated age (weeks), when the dataset is separated by sex (a, for R.z. tarandus) or by subspe-
cies (b). Similar results were obtained for all skeletal measurements.

estimation of prey acquisition seasonality on a
wider array of archaeological contexts (e.g. even
when foetus bones are fragmented). In the end,
such renewed data should contribute to a bet-
ter understanding of the nomadic lives of past
human groups interacting with reindeer herds.

Acknowledgments

This research was funded by the DeerPal project
(Humans and deer during the Palaeolithic: inte-
grating the variability of prey ecology and ethology
in the investigation of past human—environment
interactions; French National Research Agency:
ANR-18-CE03-0007). Our deepest thanks go
to the Zoological Museum of the University of
Oulu and its members, and especially to Tuula
Pudas for her precious help in accessing the ma-
terial studied here, and for all the information
provided on the specimens. We are grateful to
the reviewers for their constructive input. We
also wish to thank Marie Matu and Maxime
Pelletier for their help and warm hospitality
during our study of the museum collections.

Supplementary Information available at:
https://doi.org/10.5281/zenodo.11185706
Supplementary Information #1: description of

42 This journal is published under the terms of the Creative Commons Attribution 3.0 Unported License

Editor in Chief: Anna Skarin, Technical Editor: Eva Wiklund and Graphic Design: H-G Olofsson, www.rangiferjournal.com

measurements by bone, in relation to the codes
illustrated in Figure 1. The last column gives
important guidelines for certain measurements
on how to hold the bone and/or the calliper.

Supplementary Information #2: detailed in-
formation on the 31 foetus measured provided
by the Zoological Museum of the University
of Oulu, courtesy of Tuula Pudas (species, sex,
finding date, municipality, measurements, etc.).

Supplementary Information #3: description of
how foetal age of modern individuals were esti-
mated for the present study.

Supplementary Information #4: rut (concep-
tion) and calving (birth) periods for different
Rangifer populations.

Supplementary Information #5: foetus “cheat
sheets” showing the average size of long bones
at different foetal ages. Once printed at the
correct scale, these cheat sheets can be used to
quickly assess the age of a foetus bone placed
on top of it.

(@)= Rangifer, 46, (1) 2026


https://doi.org/10.1002/9780470691854.ch4
https://creativecommons.org/licenses/by/3.0/
https://doi.org/10.5281/zenodo.11185706

References

Banfield, A. 1977. The mammals of Can-
ada. Presses de I'Université de Laval et
University of Toronto Press.

Bemilli, C. & Bayle, G. 2009. Aurignacian an-
imal exploitation at Solutré (Sadne-et-
Loire, France). — In: Fontana, L., Chauviére,
E-X., Bridault, A. (Eds.). In search of rotal
animal exploitation by Upper Palaeolith-
ic and Mesolithic hunter-gatherer societ-
ies. Proceedings of the XVih UISPP congress,
session C61. Lisboa, Portugal, pp. 37-47.

Binford, L.R. 1978. Nunamiut Ethnoarchaeol-
ogy. Academic Press, New York.

Binford, L.R. 1981. Bones: Ancient Men and
Modern Myths. Academic Press, New York.

Blackman, M.B. 2006. About Masks: Con-
versations from Anaktuvuk Pass, Alas-
ka. — In: Collignon, B., Therrien, M.
(Eds.). Orality in the 21st century: Inu-
it discourse and practices. Proceedings of the
15th Inuit Studies Conference. Inalco, Par-
is, pp. 1-10.

Boyle, K. 2017. 'The
gy of complexity and specialization dur-
ing the Upper Palaeolithic in Western Eu-
rope: changing diversity and evenness.
— In: Albarella, U., Rizzetto, M., Russ, H.,
Vickers, K., Viner-Daniels, S. (Eds.). 7he
Oxford Handbook of Zooarchaeology. Oxford
University Press. https://doi.org/10.1093/
oxfordhb/9780199686476.013.2

Burch, E. 1972. The Caribou/Wild Rein-
deer as a Human Resource. — Ameri-
can Antiquity 37: 339-368. hittps://doi.
org/10.2307/278435

Castel, J.-C. 1999. Comportements de sub-

et au Badegou-
lien daprés les faunes de Combe Sau-
niére (Dordogne) et du Cuzoul de Vers (Lot).
PhD dissertation, Université Bordeaux 1.

Castel, J.-C. &  Chauviére, FE-X.
2007. Y a-t-il une exploitation spéci-
fique du

zooarchaeolo-

sistance au  Solutréen

renne au Badegoulien en-

Rangifer, 46, (1) 2026

tre Charente et Quercy? —  Inm: Bey-
ries, S., Vaté, V. (Eds.). Les civilisations
du Renne dhier et daujourdhui. Approch-
es ethnohistoriques, archéologiques et anthro-
pologiques. APDCA, Antibes, pp. 279-293.

Castel, J.-C., Discamps, E., Souli-
er, M.-C., Sandgathe, D., Dibble,
H.L., McPherron, S.J. & Goldberg,
P, Turq, A. 2017. Neandertal subsis-
tence strategies during the Quina Mousteri-
an at Roc de Marsal (France). — Quaterna-
ry International 433: 140-156. https://doi.
org/10.1016/j.quaint.2015.12.033

Chang, W., Cheng, J., Allaire, ]J.J., Siev-
ert, C., Schloerke, B., Xie, Y., Allen,
J., McPherson, J., Dipert, A. & Borges,
B. 2023. shiny: Web Application Frame-

work for R. htps://doi.org/10.32614/

CRAN!.package.shin
Connet, N., Bayle, G., Bemilli, C., Ker-

vazo, B., Konik, S., Julien, M., Van-
haeren, M., Boitard, E. & Molez, D.
2012. Stratégies de subsistance des Aurigna-
ciens de Solutré (Sadne-et-Loire) : les apports
de la fouille préventive de 2004. — Gual-
lia Préhistoire, CNRS Editions 54: 33-65.

https://doi.org/10.3406/galip.2012.2493
Costamagno, S. 2021. La grande faune de

Peyrazet : nouvel exemple de l'importance
du renne dans les modes de vie des groupes
magdaléniens de la zone Périgord-Quercy. —
In: Langlais, M., Laroulandie, V. (Eds.). La
grotte-abri de Peyrazer (Creysse, Lot, France)
au  Magdalénien: Originalité fonctionnelle
d'un habitat des derniers chasseurs de rennes du
Quercy CNRS Editions. Paris, pp. 127-139.
https://doi.org/10.4000/books.editionsc-
nrs.558

Curtis, E. 1930. Eskimo of Cape
Prince of Wales. — 7he North American In-
dian 20: 409-409.

Dachary, M., Merlet, J.-C., Plassard,
F., Chauviére, F-X., Ajas, A., Birouste,
C., Chevallier, A., Eastham, A., Ferri-

This journal is published under the terms of the Creative Commons Attrbution 3.0 Unported License
(oc) EXMN| it in Chief: Anna Skarin, Technical Editor: Eva Wiklund and Graphic Design: H-G Olofsson, wwwrangiferjournal.com 43


https://doi.org/10.1002/9780470691854.ch4
https://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1093/oxfordhb/9780199686476.013.2
https://doi.org/10.1093/oxfordhb/9780199686476.013.2
https://doi.org/10.2307/278435
https://doi.org/10.2307/278435
https://doi.org/10.1016/j.quaint.2015.12.033
https://doi.org/10.1016/j.quaint.2015.12.033
https://doi.org/10.32614/CRAN.package.shiny
https://doi.org/10.32614/CRAN.package.shiny
https://doi.org/10.3406/galip.2012.2493
https://doi.org/10.4000/books.editionscnrs.55875
https://doi.org/10.4000/books.editionscnrs.55875

er, C., Laroulandie, V. & Mistrot, V.
2020. Le Magdalénien supérieur dans
le sud de I'Aquitaine (France): Réflex-
jon a partir des archéoséquences de
la grotte Bourrouilla (Arancou, Pyrénées-At-
lantiques) et de I'abri du Grand Pastou (Sor-
de-I'Abbaye, Landes). — In: Straus,
L.G., Langlais, M. (Eds.). Magdaleni-
an chrono-stratigraphic correlations and cul-
tural Cantabri-
an Spain and Southwest France...and beyond.
Société préhistorique francaise. Paris, pp. 65-
88.

Delpech, F. 1983. Les faunes du Paléo-
lithiquesupérieur dansle Sud-Ouestdela France.
Editions du CNRS (Cahiers du Quater-
naire, 6), Paris.

Discamps, E., Jaubert, J. & Bachellerie, F.
2011. Human choices and environmen-
tal constraints: deciphering the variabili-
ty of large game procurement from Mous-
terian to Aurignacian times (MIS 5-3)
in southwestern France. — Quaternary Sci-
ence Reviews 30: 2755-2775. https://doi.
org/10.1016/j.quascirev.2011.06.009

Finstad, G.L. & Prichard, A.K.
2000. Growth and body weight of free-
range reindeer in  western  Alaska.

Rangifer 20: 221-227. hups://doi.
org/10.7557/2.20.4.1517

Flydal, K. & Reimers, E. 2002. Relationship be-
tween Calving Time and Physical Condi-
tion in Three Wild Reindeer Rangifer taran-
dus Populations in Southern Norway.
— Wildlife Biology 8: 145-151. https://doi.
org/10.2981/wlb.2002.019

Fontana, L. 2017. The four seasons of rein-
deer: Non-migrating reindeer in the Dor-
dogne region (France) between 30 and 18k?
Data from the Middle and Upper Magdale-
nian at La Madeleine and methods of season-
ality determination. — Journal of Archaeo-
logical Science: Reports 12: 346-362. https://
doi.org/10.1016/j.jasrep.2017.02.012

connections  between

44 This journal is published under the terms of the Creative Commons Attribution 3.0 Unported License

Editor in Chief: Anna Skarin, Technical Editor: Eva Wiklund and Graphic Design: -G Olofsson, www.rangiferjourn:

al.com

Froemming, S. 2006. Tradition-
al use of the Andean flicker (Co-
laptes  rupicoln) as a galactagogue in
the Peruvian Andes. — Journal of Ethnobiol-
ogy and Ethnomedicine 2: 1-14. https://doi.
org/10.1186/1746-4269-2-23

Geist, V. 1999. Deer of the world: their evolu-
tion, behaviour and ecology. Swan Hill Press,
Shrewsbury.

Grennow, B., Meldgaard, M. & Nielsen,
J. 1983. Aasivissuit, the Great Summer
Camp: Archaeological, Ethnographical and
Zoo-archaeological ~ Studies of a Caribou-
hunting Site in West Greenland. Commis-
sion for Scientific Research in Greenland,
Copenhagen. https://doi.org/10.7146/mog-
ms.v5.145407

Gubser, N.J. 1965. The Nunamiut Eskimos:
Hunters of Caribou. Yale University Press,
New Haven and London.

Gunn, A. & Fournier, B. 2000. Caribou Herd
Delimitation and Seasonal Movements based
on Satellite Telemetry on Victoria Island 1987-
1989. Government of the Northwest Ter-
ritories, Wildlife and Economic Develop-

ment.

Holston, W. 1963. The Diet of the Moun-
tain Men. — Cualifornia Historical Soci-
ety Quarterly 42: 301-309. https://doi.
org/10.2307/25155578

Hungry Wolf, B. 1980. 7he Ways of My Grand-
mothers. William Morrow & Co, New York.

Ingstad, H. 1992. The Land of Feast and Fam-
ine. McGill-Queenss University Press. https://
doi.org/10.1515/9780773563438

Jenness, D. 1922. The Life of the Copper Es-
kimos. — Report of the Canadian Arctic Ex-
pedition 1913-18 XII: 277-277.

Kassambara, A. 2023. ggcorrplot: Visuali-
zation of a Correlation Matrix using “gg-

plot2.”  https://doi.org/10.32614/CRAN.

package.ggcorrplot
Kelsall, J.P. 1957. Continued barren-ground car-

Canadian Wildlife ~ Service,

ibou  studies.

(@)= Rangifer, 46, (1) 2026


https://doi.org/10.1002/9780470691854.ch4
https://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1016/j.quascirev.2011.06.009
https://doi.org/10.1016/j.quascirev.2011.06.009
https://doi.org/10.7557/2.20.4.1517
https://doi.org/10.7557/2.20.4.1517
https://doi.org/10.2981/wlb.2002.019
https://doi.org/10.2981/wlb.2002.019
https://doi.org/10.1016/j.jasrep.2017.02.012
https://doi.org/10.1016/j.jasrep.2017.02.012
https://doi.org/10.1186/1746-4269-2-23
https://doi.org/10.1186/1746-4269-2-23
https://doi.org/10.7146/mog-ms.v5.145407
https://doi.org/10.7146/mog-ms.v5.145407
https://doi.org/10.2307/25155578
https://doi.org/10.2307/25155578
https://doi.org/10.1515/9780773563438
https://doi.org/10.1515/9780773563438
https://doi.org/10.32614/CRAN.package.ggcorrplot
https://doi.org/10.32614/CRAN.package.ggcorrplot

Ottawa.

Kojola, I. 1986. Rutting behaviour in in enclo-
sured group of wild forest reindeer (Rangifer
tarandus fennicus Lonnb.). — Rangifer 6:
173-179. https://doi.org/10.7557/2.6.2.643

Magniez, P 2009. Taphonom-
ic Study of the Middle and Up-
per Palacolithic Large Mammal As-
sem-blage from Tournal Cave
(Bize-Minervois, France). — Journal of Ta-
phonomy 7: 203-233.

Miller, EL. 2002. Multi-Island Season-

al Home Range Use by Two Peary Cari-
bou, Canadian High Arctic Islands, Nuna-
vut, 1993-94. — Aretic 55: 133-142. hteps://
doi.org/10.14430/arctic697

Morin, E. 2004. Late Pleistocene popula-
tion interaction in Western Europe and mod-
ern human origins: new insights based on
the faunal remains from Saint-Césaire, South-
western France. PhD dissertation, Univer-
sity of Michigan.

Nieminen, M. & Helle, T. 1980. Variations
in body measurements of wild and semi-do-
mestic reindeer (Rangifer tarandus) in Fen-

noscandia. — Annales Zoologici Fennici 17:
275-283.

Nieminen, M. &  Petersson, C.].
1990. Growth and relation-

ship of live weight to body measurements in
semi-domesticated reindeer (Rangifer taran-
dus tarandus L.). — Rangifer: 353-361.
https://doi.org/10.7557/2.10.3.879
Paletta, C. 2005. L¥évolution des comporte-
ments de susistance des hommes du Mous-

térien au Solutréen dans la région Poitou-
Charentes  (France). PhD  dissertation,
Muséum National d’Histoire Naturelle de
Paris.

Parget, A. 2004. The People of the Plains. Uni-
versity of Regina. Canadian Plains Research
Center.

Pelletier, M., Kotiaho, A., Niinimiki, S. &
Salmi, A.-K. 2020. Identifying early stag-

Rangifer, 46, (1) 2026

es of reindeer domestication in the archae-
ological record: a 3D morphological in-
vestigation on forelimb bones of modern
populations from Fennoscandia. — Ar-
chaeological and Anthropological Sciences 12:
169. https://doi.org/10.1007/s12520-020-
01123-0

Pelletier, M., Kotiaho, A., Niinimiki, S. & Sal-
mi, A.-K. 2022. Impact of selection and do-
mestication on hindlimb bones of mod-

reindeer Archaeologi-

ern populations:
calimplicationsforearlyreindeermanagement
by Sdmi in Fennoscandia. — Historical Biol-
ogy 34: 802-820. https://doi.org/10.1080/0
8912963.2021.1947268

Pétillon, J.-M., Langlais, M., Kuntz, D.,
Normand, C., Barshay-Szmidt, C., Costa-
magno, S., Delmas, M., Laroulandie, V. &
Marsan, G. 2015. The human occupation of
the northwestern Pyrenees in the Late Gla-
cial: New data from the Arudy basin, lower
Ossau valley. — Quaternary International
364: 126-143. hteps://doi.org/10.1016/].
quaint.2014.09.022

Pinson, E. 2004. Alaskas Daughter. An Es-
kimo Memoir of the Early Twentieth Century.
Utah State University Press, Logan. https://
doi.org/10.7330/9780874215052

Puputti, A.-K. & Niskanen, M. 2008. The
estimation of body weight of the reindeer
(Rangifer tarandus L.) from skeletal measure-

ments: preliminary analyses and application
to archaeological material from 17th- and
18th-century northern Finland. — Environ-
mental Archaeology 13: 153-164. https://doi.
org/10.1179/174963108X343272

R Core Team. 2022. R: A Language and Envi-
ronment for Statistical Computing. R Foun-
dation for Statistical Computing, Vien-
na, Austria.

Reimers, E. 1983a. Reproduction of wild rein-
deer in Norway. — Canadian Journal of Zo-

ology 61: 211-217. https://doi.org/10.1139/
283-026

This journal is published under the terms of the Creative Commons Attrbution 3.0 Unported License
(oc) EXMN| it in Chief: Anna Skarin, Technical Editor: Eva Wiklund and Graphic Design: H-G Olofsson, wwwrangiferjournal.com 45


https://doi.org/10.1002/9780470691854.ch4
https://creativecommons.org/licenses/by/3.0/
https://doi.org/10.7557/2.6.2.643 
https://doi.org/10.14430/arctic697
https://doi.org/10.14430/arctic697
https://doi.org/10.7557/2.10.3.879
https://doi.org/10.1007/s12520-020-01123-0
https://doi.org/10.1007/s12520-020-01123-0
https://doi.org/10.1080/08912963.2021.1947268
https://doi.org/10.1080/08912963.2021.1947268
https://doi.org/10.1016/j.quaint.2014.09.022
https://doi.org/10.1016/j.quaint.2014.09.022
https://doi.org/10.7330/9780874215052
https://doi.org/10.7330/9780874215052
https://doi.org/10.1179/174963108X343272
https://doi.org/10.1179/174963108X343272
https://doi.org/10.1139/z83-026
https://doi.org/10.1139/z83-026

Reimers, E. 1983b. Growth and
body  size  differences in  Ran-
gifer, a study of causes and effects.
— Rangifer3:3-15. https://doi.org/10.7557/
2.3.1.463

Revelle, W.R. 2023. psych: Procedures for Psy-
chological, Psychometric, and Personality Re-
search. Northwestern University, Evanston,
Illinois.

Roine, K., Nieminen, M. & Timisjérvi, J.
1982. Foetal Growth in the Reindeer. —
Acta vet. scand 23: 107-117. htps://doi.
org/10.1186/BF03546827

RStudio Team. 2020. RStudio: Integrated De-
velopment Environment for R. RStudio, PBC.,
Boston, MA.

Russell, P.N. 1995. Some Large Game Animal
Traditions of the Inland Dena’lna. Fairbanks.
Available at: https://www.uaf.edu/anla/re-
cord.php?identifier=T1977K1995

Simmons, 1. 2023. this.path: Get Execut-

ing Script’s Path. https://doi.org/10.32614/

CRAN!.package.this.path
Skoog, R.O. 1968. Ecology of the caribou (Rang-

ifer tarandus granti) in Alaska | FRAMES.
PhD Thesis. University of California, Berke-
ley.

Soppela, P. & Nieminen, M. 2001. The ef-
fect of wintertime undernutrition on the
fatty acid composition of leg bone marrow
fats in reindeer (Rangifer tarandus tarandus L
.). — Comparative Biochemistry and Physiol-
ogy Part B: Biochemistry and Molecular Biol-
ogy: 63-72. https://doi.org/10.1016/S1096-

rate

Paléolithique supérieur aux Abeilles (Haute-
Garonne, France). — PALEO 25: 287-307.
https://doi.org/10.4000/paleo.2829

Speck, E. 1935. Naskapi: The Savage Hunt-
ers of the Labrador Peninsula. Universi-
ty of Oklahoma Press.

Spiess, A. 1979. Reindeer and caribou hunters:
an archaeological study. Studies in Archaeol-
ogy, Academic Press, New York.

Stefansson, V. 1914. Prehistoric and pres-
ent commerce among the arctic coast Eski-
mo. Government Printing Bureau, Ottawa.
https://doi.org/10.4095/104962

Wickham, H. 2016. ggplor2: Elegant Graphics
for Data Analysis. Springer-Verlag New York.
https://doi.org/10.1007/978-3-319-24277-
49

Wickham, H. & Bryan, J. 2023. readxl:
Read Excel Files. https://doi.org/10.32614/

CRAN!.package.readxl
Wickham, H., Francois, R., Henry, L.,

Miiller, K. & Vaughan, D. 2023. dplyr:
A Grammar of Data Manipulation. https://
doi.org/10.32614/CRAN.package.dplyr
Wickham, H., Pedersen, T.L. & Seidel, D.
2023. scales: Scale Functions for Visualiza-

tion. https://doi.org/10.32614/CRAN.pack-

age.scales
Yaworsky, P.M., Hussain, S.T.& Riede, F.

2023. Climate-driven habitat shifts of high-
ranked prey species structure Late Up-
per Paleolithic hunting. — Scientific Re-

ports 13: 4238. https://doi.org/10.1038/
s41598-023-31085-x

4959(00)00297-9

Soulier, M.-C. 2013. Entre alimentaire et tech-
nique: lexploitation animale aux débuts du
paléolithique supérieur: stratégies de subsistance
et chaines opératoires de traitement du gibier 4
Isturitz, La Quina aval, Roc-de-Combe et Les
Abeilles. PhD dissertation, Université Tou-
louse 2.

Soulier, M.-C. 2014. Lexploitation alimen-
taire et technique du gibier au début du

46 This journal is published under the terms of the Creative Commons Attribution 3.0 Unported License

Editor in Chief: Anna Skarin, Technical Editor: Eva Wiklund and Graphic Design: -G Olofsson, www.rangiferjourn:

al.com

Manuscript recieved 13 May 2024
revision accepted 22 May 2026
manuscript published 31 July 2026

(@)= Rangifer, 46, (1) 2026


https://doi.org/10.1002/9780470691854.ch4
https://creativecommons.org/licenses/by/3.0/
https://doi.org/10.7557/2.3.1.463
https://doi.org/10.7557/2.3.1.463
https://doi.org/10.1186/BF03546827
https://doi.org/10.1186/BF03546827
https://www.uaf.edu/anla/record.php?identifier=TI977K1995
https://www.uaf.edu/anla/record.php?identifier=TI977K1995
https://doi.org/10.32614/CRAN.package.this.path
https://doi.org/10.32614/CRAN.package.this.path
https://doi.org/10.1016/S1096-4959(00)00297-9
https://doi.org/10.1016/S1096-4959(00)00297-9
https://doi.org/10.4000/paleo.2829
https://doi.org/10.4095/104962
https://doi.org/10.1007/978-3-319-24277-4_9
https://doi.org/10.1007/978-3-319-24277-4_9
https://doi.org/10.32614/CRAN.package.readxl
https://doi.org/10.32614/CRAN.package.readxl
https://doi.org/10.32614/CRAN.package.scales
https://doi.org/10.32614/CRAN.package.scales
https://doi.org/10.1038/s41598-023-31085-x
https://doi.org/10.1038/s41598-023-31085-x

	Expanding the use of reindeer foetal bone measurements forzooarchaeological applications
	Introduction
	Figure 1.
	Material and methods
	Results
	Correlation between skeletal measurements
	Estimating foetal ages using skeletal measurementsof fossil bones
	Figure 2.
	Figure 3.
	Inter-individual variation according to sex andsubspecies

	Discussion
	Figure 4.

	Conclusion
	Figure 5.
	Acknowledgments
	Supplementary Information
	References

