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In the following papet adaptations to cold stress are discussed with respect to rwo osteological
characters, the Nasal Index and the Crural Index. The Nasal Index measures the constriction of the
nasal opening. The Crural Index measures the relative shortening of the distal segment of the lower
extremity. Based on data supplied by Howells (1989) andTiinkaus (1981), the functional relation-
ship between these osteological characteristics and Mean Annual Temperature was assessed. The
empirical findings thus produced were confronted with data from archaeological contexrs, in order
to elucidace the climatological experiences that the prehistoric populations may have encountered.
The results of the present analysis firmly suggest that the bearers of the Pitced--Ware tradition were

adapted to cold stress, and that the populations buried in South Scandinavian collective graves, i.e.

Middle and Late Neolithic populations, were not. Further, some of the implications of this finding
are discussed, especially with regard to the diet of the Pitted-\Vare tradition.
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Introduction
Humans require chemical energy obtained via a

number of sources in the environment in order
to maintain life. This chemical energy is converted

into a number of useful metabolic by-products,
but much of this energy will be converted into
heat. Heat is needed in order to catalyse different
chemical processes in the body. However, heat

may be lost due to conductance if the tempera-

ture of the surrounding environment - ambient
temperature - is lower than body temperature.

Crucial for understanding heat loss is the lower
critical temperature (LCT). The LCT ofa naked

human is27"C (Feist &\X/hite 1989; Garland
1994), which can be considered quite high, and

it reveals a tropical. origin for Homo.The metabolic
rate will increase in order to balance a fall in body
temperature if the ambient temperature falls

belowthe LCT. However, the increased metabolic
rate can only be sustained for a limited period of
time and eventually, the loss ofheat will be fatal.

Given the distribution ofour species, it is obvious

that Homohas encountered ambient temperatu-
res far below the LCT of the human body at

several locations around theworld. In this respect,

it can be mentioned that the LCT of the Arctic
fox is -6"C (Davenport 1992, p. 10). And yet,

there is ample evidence to suggest that during the

later Pleistocene and Holocene, humans and

Arctic foxes coexisted in the same environment:
the tundra. This narrows down to the funda-
mental question why we find a tropical animal
alongside non-tropical animals in non-tropical
environments. Adaptation to low ambient rempe-
ratures probably represents one of the most fun-
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damental challenges facing prehistoric humans.

However, this is a much larger question than the

one about to be addressed in the following paper.

Conspicuous traces of a Stone Age popula-

tion has been unearthed at several locations in
Southern Scandinavia during the last century.

The material culture encountered has been

labelled as the Pitted-\Vare Culture, named after

the characteristic pit decorations on the pottery.

The majority of the Pitted-\7are dwelling sites

are located on former shorelines of the Littorina
Sea.The tradition has been datedwithin the dme-

span 5000 to 3500 BP (Akerlund 1996). The

emergence of this tradition has been one of the

most intriguing issues presented to Scandinavian

archaeology. The major reason for this is the

distinct adaptation to maritime resources as

evidenced by the archaeological record. Both
animal bones and measurements ofstable isotopes

of human bones indicate a notable portion of
marine protein in the diet (cfl Ericson 1989; Liddn

1995). The frequency of caries - which can be

used as a rough indicator of the degree of
carbohydrates in the diet- is zero in odontological

materials from Pitted-\Vare contexts (Holmer &
Maunsbach 7957).The emergence ofthe Pitted-
'Ware tradition somewhat postdates the intro-
duction of a Neolithic mode of existence in
Scandinavia ca.5200 BP (cf. Akerlund 1996).
tVhythe emergence ofthis hunter-gatherermode

ofsubsistence after the inception ofan agro-pas-

toral economy in South Scandinavia? Several

theories have been advanced to explain this fact

(cf. Akerlund I 996 for further references). Some

scholars argue that there is a continuation between

the Late-Atlantic foraging populations (i.e. the

Ertebolle tradition) and the Sub-Boreal Pitted-

\Vare tradition. This is a salient feature of the

models concerning Neolithization presented by

Zvelel:il (1996), that is, the long and continuous

existence of hunter-gatherer populations in South

Scandinavia. Other scholars argue that the Pit-

ted-'Ware Culture evolved via Neolithic agro-

pastoral populations - the Funnel-Beaker and/

or Battle-Axe traditions - without a direct

relationship with the Mesolithic foragers.

According to this model, the Pitted-\Vare popu-

lation can be regarded as an original agro-pasto-

ral population re-adapting to a hunter-gatherer

mode ofexistence due to a climatic deterioration

during the Sub-Boreal chronozone. Finally, some

scholars argue that the Pitted-\flare Culture
represents a western section of the North-Eastern

Comb-\Vare Culture. Clearly, understanding the

emergence of the Pitted-\Vare Culture will
undoubtedly be crucial for the understanding of
Neolithization in the region. All the models

presented above are based upon different aspects

of the material culture. None of the models

described incorporates the anthropological ma-

terial.
The principal aim ofthis paper is to broaden

the context in which the Pitted-\Vare tradition
ought to be understood, this by reference to the

anthropological record. In a recent paper, I have

demonstrated that the mean Crural Index (see

below) ofskeletons attributed to the Pitted-'Ware

tradition is relatively low, comparable to recent

populations ofSaami and Inuit origins (Ahlstrcjm

1997). Following the results ofThinkaus (1981),

this suggests that the population producing the

Pitted\(are material culture was adapted to low
ambient temperatures. This finding contrasts

with the results from other South Scandinavian

late Mesolithic and Neolithic (i.e. Funnel-Beaker

and Late Neolithic) materials. These latter
populadons do not show any apparent skeletal

indications of adaptations to low temperatures.

My approach in the present paper is as follows:

First I will discuss adaptations to cold stress from
a general anthropological point of view. In the

end, this discussion will narrow down to rwo

osteological characteristics that convey informa-

tion on cold stress: the aforementioned Crural
Index and the Nasal Index. Next, I will carry out
an analysis ofintergroup differences with respect

to these indices. This analysis will include
anthropological material from Mesolithic,
Funnel-Beaker, Pitted-'Ware and Late Neolithic
South Scandinavian contexts. Finally, this is
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followed by a discussion on the significance of
the findings from an archaeological perspective.

Adaptations to cold

The empirical findings of over a century of re-

search into the biological anthropology of man
demonstrate a correlation berween morphological
variation andenvironment (So 1980; Ruff1994).
However, a strong correlation per se need not
implyacausative mechanism. \7e cannot assume

that a trait is adaptive just because it covaries

with the environment. The adaptive value of a

trait should be proved rather than taken for
granted. Alas, proofs are in fact very difficult to
obtain. In the following, the discussions on the

specific osteological characteristics will be some-

what hampered by this fact. They can - in a broa-

der sense - be considered as well-informed
conjectures. The present study will use the
comparative method in order to correlate
morphological differences between recent human
populations with Mean Annual Temperature as

an ecological factor. These recent human
populations have been sampled from different
locations around the world. The reason for this
is to reduce the risk of inferring causative
relationships from populations that are morpho-
logically similar due to an immediate common
ancestry. Further, it is assumed that the
morphology of these spatially distinct groups is

a product of an evolutionary ancestral environ-
ment that is equivalent to the present geographical

location. The relevance of this assumption will
be discussed below. The findings from these analy-

ses will be compared with the characteristics of
Late-Atlantic and Sub-Boreal populations from
Southern Scandinavia, in order to elucidate the

climatological realiry that these populations may
have encountered. I will specifically address two
osteological characteristics that have been

demonstrated to convey information on
adaptations to low temperatures: the Crural In-
dex and the Nasal Index.

Basically, the Crural Index measures the

NASAL INDEX

CRURAL INDEX

Fig. 1 . Osteological characteristics that have been shown
to covary with ambient temperature, the Nasal Index
and the Crural Index.

relative shortening of the length of the shin bone
(tibia) compared with the length of the thigh
bone (femur). The Nasal Index measures the

constriction of the nasal opening. Before
discussing these characters at length, I shall brie-
fly introduce the biological theory that seeks to
explain their covariation with temperature.

There are basicallytwo options available upon
encounteringlowambienttemperatures and cold
stress: adaptation or escape. The adaptation
governed by cold stress will include strategies for
decreasing heat loss as well as increasing heat

production (Feist & \7hite 1989). In order to
decrease heat loss, humans had to increase the
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physical and physiological insulation of the body.

Culturally induced acclimations to increase

insulation include hides for clothing, control of
fire and sheltered dwellings. An adaptation to

cold stress will also require alterations of the

human morphology and physiology in order to

improve insulation. The osteological conse-

quences of this will be discussed at length below.

Heat production may be increased by a diet
proportionally rich in enerffi i.e. diet-induced

thermogenesis, the consequences of which will
be discussed below.

Apart from its olfactoryfunction, the human

nasal cavity contains anatomical structures to

filter, humidify and heat inspired air - the

turbinate bones. Although the turbinate bones

are confinedwithin the nasal cavity, there is ample

evidence suggesting a correlation between the

shape of the anterior nasal opening - the piri-
form aperture- and climate (Thomson & Buxton

I 923; Davies 1 932;'Weiner 1 954;'W'olpoff 1 968).

In cold and dry climates the piriform aperture

tends to be narrow, in hot and damp climates the

piriform aperture tends to be broad. In the con-

text of cold stress, it has been argued that the

narrowingofthe nasal openingreduces the inflow
of cold air and prevents damage to the lungs.

Further, the narrowing of the piriform aperture

may enhance the recovery of heat from expired

air (Franciscus & Long 1991). In order to
elucidate the functional relationship between the

shape of the nasal opening - as measured by the

Nasal Index - and temperature, I have used the

database on cranial metrics collected by W W
Howells (1989).

Crucial for heat loss due to conductance is

thevolume ofthe bodyand its associated surface.

Relatively larger objects will have relatively smal-

ler surfaces, as the surface ofan object increases

disproportionally with an increase ofvolume. In
this respect, the extremities of the human body

have a relatively greater surface exposed to the

environment than the core- or the trunk- ofthe
body. Thus, extremities provides significant
pathways for heat loss. One way to reduce the

contrast in temperature benveen the body and

the environment is to lower the temperature of
the extremities, known as peripheral hetero-

thermy (Feist & Vhite 1989). Peripheral
heterothermy implies that the extremities are

relatively cold compared with the body core.

Crucial for the establishment ofthis temperature

gradient is peripheral vasoconstriction and

countercurrent heat exchange (Bligh I97 3; Feist

&\fhite 1989, Davenportlgg2). Heat loss can

be controlled by the sympathetic nervous system

by diverting blood flow away from the surface of
the body. This is accomplished by a contraction

of blood vessels (vasoconstriction) close to the

surface, which reduces blood flow. Counter-
current heat exchange implies that warm arterial

blood leaving the core ofthe body gives up heat

to the cold venous blood returning from the

extremities. This system will level the differences

with regard to temperature between the body

core and the extremities and reduce heat loss.

Both vasoconstriction and countercurrent heat

exchange may be crucial for understanding the

relative shortening of the distal segment of the

Iower extremity in cold stressed populations.

Tlinkaus (1 98 1) argued that decreased blood

flow to the lower extremity due to vasocon-

striction would truncate growth of the distal seg-

ment - i.e. the tibia - and produce a relatively

short bone. This would explain the low crural

indices associated with recent cold stressed

populations. As bone growth demands a well-

vascularized milieu, where blood supplies the

growing tissues with both oxygen and nourish-

ment, it would - superficially - seem to be a

plausibleexplanation. FollowingThinkaus (ibid.),

the relative shortening of the distal segments of
the lower extremity is a result of ecophenotypic

plasticiry (acclimation), induced by climate and

not a result of natural selection (adaptation).

However, there are drawbacks with this theory.

Bass (1988) - originally from Stewart - publis-

hed a chart comparing the growth of the femur

for Inuits and Caucasians. As is evident from a

mere inspection of this chart, the growth
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trajectories for the two populations are different,
divergent already at birth. Now this may not be

of immediate importance to the problem
presented here. There seems to be ample evidence

to suggest that Inuit growth follows a slower

tempo than that ofCaucasia ns (Auger et al. 1980;
Zammit et al. 1994). However, it is unlikely that
this can be regarded as an acclimation to cold
stress as the human foetus - reared within the

warm body core of the female - obviously is

secured from the effects ofvasoconstriction and
countercurrent heat exchange. If it can be

demonstrated that the relative shortening of the

distal segment ofthe lower extremity is present at

birth among cold stressed populations, and not
so among populations from warmer climates, I
would suggest that this implies an adaptation via
natural selection rather than an acclimation.
However, at present, this question cannot be

answered. One could speculate that the relative

shortening of the distal segmenr of the lower
extremity increases the effectiveness of counter-
current heat exchange among humans. As Lynch
(1986) points out, if there is genetic variability
and a selection pressure induced by cold stress is

present, even small advantages will be selected.

Trinkaus (ibid.) demonstrated a functional
relationship berween the relative shortening of
the distal segment of the lower extremity and

temperature, although the cause of this
covariation may be discussed. For an application
of the same principles to European Upper
Palaeolithic and Mesolithic materials, see Jacobs
(1985a,b).

Thinkaus also studied the Brachial Index, an

index that measures the relative shortening ofthe
distal segment (radius) of the upper extremity.
He was able to establish an even stronger associa-

tion between this index and Mean Annual
Temperature compared with the Crural Index.
Howeve! he also demonstrated that this index is

influenced by sexual dimorphism and should be

studied separatelywith regard to sex. As the sexual

determinations in the prehistoric database (see

below) arevaried with respect to the completeness

of the individuals, methodology employed, and
so on, I have felt reluctant to include the Brachial
Index in the present study.

Material and methods

The recent samples of human populations used

in order to elucidate the functional relationship
between osteological characters and Mean Annual
Temperature (MAf) are reported inThbles I and
2. The data on the Nasal Index was derived from
the worldwide database collected by Howells
(1989). The data concerning the Crural Index
have been adapted by and large from Tiinkaus
(1981), although I have added some further data

on circumpolar populations from Jorgensen
(I9 53). Data on Mean Annual Gmperatures (i.e.

Il2(average max. temp. + average min. temp.))
were collected from Lamb (1973).The question
whether the osteological characteristics depend

on Mean Annual Temperature was assessed by
means of a linear regression analysis (Sokal &
Rohlf 1981).

The Mesolithic specimens used in this analy-

sis derive from the cemeteries at Skateholm, Sca-

nia, Southern Sweden. This material, dated
roughly to 6 000 BB has been published by Pers-

son & Persson (1988). The skeletal material
atributed to theMiddle NeolithicFunnel-Beaker
Culture has been collected from Brdste et al.

(1956). However, it should be emphasized that
much ofthis material has not been securely dated

by means of radiometric datings. Anthropological
material from Pitted-\Vare contexts derives from
the cemeteries at Ire (Gejvall I 97 4; Sjsv oId 197 4),
Fridtorp (Persson & Persson 1 982), Visby (Dahr
1946; Gejvall 1974, Sjovold 1974) andVdster-
bjers (Dahr 19 43; Gejvall 197 4; Sjsvold 197 4).
It should be remembered that the geographical

distribution of these materials is highly localized

to the island of Gotland. Finally, the Late-
Neolithic material has been collectedfrom Brriste

et al. (1955).

Nasal shapewas measured bythe Nasal Index
(ND = nasal breadth x 100/nasal height. The
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12.63.85t.310N Maori28

12.64.948.9l0S Maori27

1.84.r45.t
.108

Inuit, Inugsuk26

1.43.850.2109Siberia, Buriat)<
5.74.654.886Ainu, Hokkaido24

27.94.254.169Andaman Island23

17.05.361.490Bushman, San22

26.74.151.557Guam21

26.64.055.o50Philippines20

22.14.653.947Taiwan, Atayal19

22.34.752.683China, Hainan18

16.83.751.09IS Tapan, North Kyushut7

574.550.087N Japan, Hokkaidot6
13.04.450.3110South America, Peru15

17.14.049.8102North America, Santa Cruz14

2.63.450.369North America, Early Arikarar3

12.34.t48.6108Polynesia, Moriori12

20.317\7785Polynesia, Easter Island11

23.93.952.1100Polynesia, Mokapu10

26.84.557.4110Melanesia, Tolai9

12.55.460.287Tasmania8

17.24.156.4101South Australia, Lake Alexandrina7

20.63.858.2101South Africa, Zulu6

29.34.360.099\West Africa, Dogon5

17.44.757.583East Africa, Teita4

9.84.850.5109Central Europe, Berg3

10.84.250.29BCentral Europe, Zalavar2

5.84.049.2110Northern Europe, Norse, Oslo1

MAT'CSDMeanNPopulationNo.

Tabie 1. Data on mean Nasal Index and temperature for 28 recent populations

Source: Howells 1989. MAI ("C) fromLamb 7973

relative shortening ofthe shin bone was measured

by the Crural Index (CI) = maximum length of
tibia x 100/physiological length of femur. The
majoriry of the texts cited above report the maxi-

mum length of the femur, rather than the

physiological length of the bone. However, the

physiological length of the femur is consistendy

smaller than the maximum length of the bone,

and this difference amounts to approximately 4

mm. In the following, I have reduced the reported

maximum length of the bones by4 mm prior to
the calculation of the Crural Index. Thus, the

CIs reported in this text replace the ones reported

in Ahlstr6m (1997). It was not possible to
calculate the CI on an individual basis for the

Middle and Late Neolithic materials, as these

derive from collective graves with disarticulated
skeletal remains. However, as the mean of the

CIs measured on an individual basis is equivalent

to the CI derived from taking the ratio from the

means ofthe lengths ofthe individual bones, this

is not amajor obstacle. In this context it is assumed

thatwell-preserved disarticulated individuals are

equally well-preserved with respect to the
individual bones of the lower extremiry.
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2r.51.685.540N. Africans, Egypt15

26.52.285.440Afro-Americans14

20.284.8)4Africa, Pygmiesr3
26.885.2)()Melanesia, New CaledoniaI2
16.82.383.7r5San, Bushmen11

21.42.t86.223Amerindians, Aizonal0
t6.12.686.730S. Africa, Bantus9

20.12.185.040Amerindians, New MexicoB

9.r3.082.340Belgians7

92.483.130Euro-Americans6

1 1.8')<83.739Southern Europe, Yuqoslavia5

4.51.681.140Inuit, Kodiak Island4
-4.08 1.8t4Inuit, N.-East Greenlandr3

1.878.774Inuit, Inugsukl2

1.979.1t40Northern Europe, Saami1

MAT "CSDMeanNPopulationNo.

Table 2. Data on mean Crural Index and temperature for 15 recent populations

Source: Tlinkaus 198i except (t) from Jorgensen 1953. MAI ('C) from Lamb 1973

Table 3. Results oflinear regression analysis.

Results

The relationship between the Nasal Index, Crural
Index and Mean Annual Temperature are shown

in Figures 2 and3. The results of the regression

analysis are reported in Thble 3.

The correlation between the NI and MAI
("C) is 0.520.Thefunctionalrelationship between

the NI and MAI (oC) can be written as MAT +

7.9 (C) = -46.447 + 1. 166xNI.The coefficient
of determination is 0.270, implying that only
27.0o/o ofthe variation with regard to the NI can

be explained by variation in Mean Annual
Temperature. The regression coeffi cient, however,

is significantlydifferent fro mzero, implying that
an increase in M,{f ("C) is followed byan increase

in NI: the warmer the climate, the broader the

nasal opening. The correlation between CI and

MAT ("C) is 0.843, suggesting a stronger
causative relationship than was the case with the
NI. The functional relationship between the CI
and MAT ("C) can be written as MAT + 5.3 ("C)

= -260.000 + 3.277 x CI. The coefficient of
determination is 0.711, implying that7l.lo/o of
the variation with regard to the CI can be

explained byvariation in MeanAnnualTempera-
ture. The regression coemcient is significantly
different from zero, implying that an increase in
MAf fC) is followed by an increase in CI: a

warmer climate will be followed by a relatively
longer shin bone. The results reported above are

consistentwithpriorknowledge (tinkaus I 98 1 ;

Franciscus & Long l99I). These empirical
findings will suffice as references as we vivisect

0.0005.5520.7rr3.2770.843r5Crural Index

0.0053.1010.2701.1650.52028Nasal Index

Pr-RatioCoefficient of
determination

Regression
coefficient

Corre-
lation

NDependent
variable
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Fig. 2. Resuits ofregression analysis ofNasal Index and

Mean Annual Temperature. Data from Thble 1. M =

Mesolithic, F = Funnel-Beaker, P = Pitted-\7are and L
= Late Neolithic (refer to Thble 4).

CrualIndex

Fig. 3. Results ofregression analysis ofCrural Index and

Mean Annual Temperature. Data from Thble 2. M =

Mesolithic, F = Funnel-Beaker, P = Pitted-\ilare and L
= Late Neolithic (refer to Table 4).

the bioanthropological variation present in Late-

Atlantic and Sub-Boreal contexts from Southern

Scandinavia.

fu is evidentfromThble 4, there are differences

between the various archaeological groups. Y/ith
respect to the NI, the lowestvalues are associated

with the Pitted-\Vare Culture. In fact, the mean

NI for this group is lower than any mean estimated

from the recent database of Howells (see Thble

2). Estimated MAf ("C) of the archaeological

groups is presented in Thble 5.

The functional relationship between NI and

MAI suggests that the Pitted-\Vare tradition
confronted a Mean AnnualTemperature of about

4.2 + 7 .9"C. For both the Middle and the Late

Neolithic groups, the evidence from the mean

NI suggests a climatological regime with a MAT
equal to l2.I +7 .9"C and 1 I .0 t 7.9'C. The NI
of the Mesolithic sample suggests a MAI of 6. 1

+7.9"C. As the calculation of NI is based on a

very modest number of specimens (7), this fin-
ding could very well be an effect of stochastic

behaviour in the data.'S7ith respect to the CI, the

mean of the Mesolithic sample suggests a MAI
of 15.6 ! 5 .3"C, distinctly higher than the case

with the NI for this group. For both the Middle
and the Late Neolithic samples, the mean CI of
these groups suggests a MAI of 9 .7 + 5.3"C and
13.6 + 5.3"C, more or less consistent with the

findings for the NI. Finally, the estimates of the

MAI from the mean CI for the Pitted-Ware tra-

dition, 5.I X5.3"C, are consistentwith the results

from the NI. In this respect, it can be noted that
the Pitted-\Vare tradition is groupedwith Saami

and Inuit groups.

Conclusion
Of the mo osteological characters studied in the

present analysis, the CI provides a somewhat

better estimate of MAI ("C) than the NI, as

judged by the standard error of estimates (* J.3

and+7 .9 respectively). By all means, these stan-

dard errors of estimates are rather large. The fact

that the NI does not show a stronger association

with MAI ("C) might imply that olfactory and

respiratory functions counter-select the selection

pressures induced by cold stress. There might be

a restriction to the narrowing of the piriform
aperture, as the nasal organs supply other
functions crucial for the fitness of an individual.
Another aspefi that is crucial in the present con-
text is the initial assumption made in the analy-

sis. The basis for the assumption that the present

geographical locations of the populations
assembled inThbles I and 2 are equivalent to the

evolutionary ancestral environments that shaped

theirmorphology, maybequestioned. Migrations
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Table 4. Mean Crural Index and Nasal Index for prehistoric Scandinavian populations

83.5764.649.337Late Neolithic Culture4

2.080.9483.943.444Pitted-tVare Culture3

82.3)\5.750.228Funnel-Beaker Culture2

)<84.tto)q45.17Mesolithic CultureI
SDMeanNSDMeanN

Crural IndexNasal IndexPopulationNo.

maydistofi the picture and produce the residuals

we see in Figures 2 and3. Another fundamental
question for which there is no answer at the
moment, is how fast cold-induced stress would
select for the anatomical rearrangemenrs discussed

in the present paper. Alas, we cannot esrimate the
selection coefficients associared with NI and CI
with respect to cold stress. However, Livingstone
(1969) did demonstrate that selecrion operating
on polygenic traits could produce morphological
changes relatively fast. He esrimared that in the
case of a characteristic determined by four loci
and a fitness of l2o/o, it would take about 150

generations - or about 3500 years - for a

morphological change to occur. In this case, Li-
vingstone discussed the change from Neanderthal
to modern man, and subsequently found that
this change could be accomplished in averyshort
time. The osteological characteristics discussed

in the present context are certainly not of that
magnitude. But the fact still remains - as has

been shown by the present starisrical analysis -
that the CI and NI do in fact covarywith ambient
temperature in a consistent manner.

The results of the present analysis firmly sug-

gest that the bearers ofthe Pitted-\flare tradition
were adapted to cold stress, and that the
populations buried in South Scandinavian
collective graves were not. For both CI and NI,
the results suggest low estimates of MAI ('C)
and are consistent for both indices. Based on
recent populations, these results suggests that
Pitted-\Vare populations were adapted to Boreal

conditions. The situation with regard to the
Mesolithicsample from Skateholm is somewhat

Thble 5. Estimated MAT (oC) for prehistoric Scandina-
vian populations.

NI=11.0+7.9
ct = 13.6 t5.3

Late Neolithic Culture4

NI = 4.2 t7.9
cI = 5.1+ 5.3

Pitted-\Vare Culture3

NI = 12.1 +7.9
cI=9.7+5.3Funnel-Beaker Culture2

NI = 6.1+7.9
cl=15.6x5.3Mesolithic CultureI

Estimated MAT fC)PopulationNo.

ambiguous. The results from the Nasal Index
suggest cold stress, but the results from the Crural
Index do not. Further data will clariS, this issue.

Given the fact that we can substantiate two di-
vergent climatological experiences in the
archaeological record during the Sub-Boreal
chronozone, howshould these be explained?The

question still remains whether any ofthese groups
are too "hot" or too "warni' given the contempo-
rary palaeoecological circumstances.

There are several indications supplied from
palaeoecology suggesting that the inception of
the Sub-Boreal chronozone is marked by a
climatic deterioration. Berglund (1991) lists
several environmenral parameters that changed
during this time: an increased frequency of tree-
pollen, expanding glaciers in Northern Scandi-
navia at 5000-4500 BP, distinctively retreating
tree-lines at ca. 5000 Bf; and, finally, a regression

of the Littorina Sea at ca. 5000 BP (cf Akerlund
1995, p. I24). Nl this taken rogether implies
lower temperatures compared with the Atlantic
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chronozone. But the question arises whether this

climatic change was so drastic that it can account

for a local Boreal adaptation on Gotland? Today,

the gradient with regard to Mean Annual
Temperature is deg. +0.4oC between Southern

Scandinavia (l .l'C1 and Gotland (6.9"C) (Ang-

strdm 197 4) . The results of the present analysis

suggest a steeper temperature gradient than this.

Now, I am not suggesting that the osteological

characteristics discussed in the present paper can

be used as independent methods for assessing

palaeoecological conditions. But the contrasts

with respect to the different groups are never-

theless clear. Although the climate during the

beginning of the Sub-Boreal period deteriorated

compared with the Atlantic period and produced

a more continental climate, the climate was not
significantly different from the present climate.

Thus, it seems exceedingly unlikely that the

climatological differences between Gotland and

Southern Scandinavia were so radical that a local

adaptation to cold stress was present on Gotland,

but not so in Southern Scandinavia. Now, we do

not know how fast a deteriorating climate would
select for anatomical rearrangements as discussed

in the present paper, but it is unlikely that the

palaeoecological setting in Southern Scandinavia

was so extreme that it could initiate a selection.

I would argue that we have to look further north
or east on the Eurasian continent in order to
identify the evolutionary ancesffal environment

responsible for the cold stress experienced by the

Pitted-\Vare population.

One aspect of the Pitted-'Ware Culture that

becomes clearer ifwe subscribe to the theory that

the Boreal zone was the evolutionary ancestral

environment of the Pitted-Sf'are tradition is the

diet. It has already been noted that the diet ofthe
Pitted-'Ware tradition is highly specialized towards

marine protein and that clear indications of
carbohydrates are lacking. Also, it has been noted

that heat production may be increased by a diet

proportionally rich in energy, i.e. diet-induced

thermogenesis. Anthropologists have established

that foraging populations living at high latitudes

incorporate more hunting and fishing rather than

hunting and gathering in their foraging
behaviours (Kelly 1995). The proximal cause

behind this foraging behaviour may have been a

selection for diet-induced thermogenesis. Thus,

an increased food intake may elevate the metabolic

heat production. In this respect, meat is richer in
energy than the products ofgathering. Perhaps

this is the cause of the'Arctic diet" that is shown

by the Pitted-\Vare tradition. This Arctic diet is

broughtto alowerlatitudebythis traditionduring
the Sub-Boreal period, even though the climato-

logical situation in Southern Scandinavia per se

probably never selected for it. Of all the models

discussed in the introduction, which one seems

most likely given the findings of the present analy-

sis? It is hard to find evidence that the Pitted-

\Vare tradition represents a de-Neolithized agro-

pastoral population, as the contrasts with respect

to these skeletal indices are so marked berween

the these populations. At the moment, the

differences between the Mesolithic foragers and

the Pitted-\Vare tradition is somewhat ambi-

guous. The Nasal Index may suggest a relation-

ship, but the Crural Index does not. As the

findings from the Crural Index are somewhat

more secure than the findings based on the Nasal

Index, I am more prone to conclude that there is

not an immediate relationship. There is, ofcourse,

a significant chronological difference between

these materials. However, a selection pressure for
cold-induced stress was certainly not present in
Southern Scandinavia during this time-span. The

model that seems most likely is the model that

links the Pitted-'Ware tradition to north-eastern

Neolithic foraging populations. The major fin-
ding of this paper is that the Pitted-\7are tradi-
tion ought to be understood in a circumpolar

perspective.

46 ToRBJoRN AHLSTROM



References

Ahlstr,iim, T. 1997. Den exogama grlinsen: Kring inter-
abtionen rne llan j iigar-samlare och bi;nder-boshaps-
s bti tare under me llanneo litis k tid.stockholm Studies
in Archaeology (in press).

Akerlund, A. 7996. Human Responses to Shore Displace-
ment: Liuing by the Sea in Eastern Middle Sueden
during the Stone Age. Diss. Stockholm.

Angstrtim, A. 1974. Sueriges klimat. Stocl4-tolm.
Auger, H., Jamison, P L., Balslev-Jorgensen, J., Lewin,

T., De Pena, J. & Skrobak-Kaczynski, J. 1980.
Anthropometry of circumpolar populations. In
Milan, F. A. (ed.), The Human Biology of Circum,
p o lar Populatiozs. Cambridge.

Bass, \fl 1988. Human Osteology. Missouri.
Berglund, B. 1991. The Early Neolithic Landscape:

Landscape, Land Use, andVegetation. In Berglund,
B. (ed.), The Cubural Landscape during 6000 Years

in Southern Sueden. Ecological Bulletins 41 .

Bligh,l. 1973. Tbmperature Regulation in Mammals and
Oth er Wrte brates. Amsterdam.

Br6ste, K, BaslevJorgensen,J., Becker, C. J., Brondsted,

I. 1956. Prehistoric Man in Denmark. Copenhagen.
Dahr, E. 1943. Anthropologischer Bericht. In Stenber-

ger M., Dahr, E. & Munthe, H., Das Grabfeld uon
Vristerbj ers auf Gotland. Stockholm.

- 1946. Studier ijver kranier frin en neolitisk boplats i
Visby, tillvaratagna iren 1936-1939. Fornurinnen
41.

Davenport, I. 1992. Animal Life at Low Temperdture.

London.
Davies, A. 1932. A Resurvey of the Nose in Relarion to

Climate. Journal of the Royl Anthropological Insti-
tute 62.

Ericson, P. G. P 1989. Sal och siiljakt i Ostersj6omridet
under stenildern. In Iregren, E. & Liljekvist, R.
(eds.), Faunah istorh ba studier ti llAgnade Jo hannes
Lepiksaar. Institute of Archaeology, Report series

33. Lund.
Feist, D. D. &Vhite, R. G. lg8g.TerrestrialMammals

in Cold. In rVang, L. C. H. (ed.), Adaances in
Comparatiue and Enuironmental Physiology 4. Ani-
mal Adaptation to Cold. Berlin.

Franciscus, R. G. &Long,J. C. lggl.Variationin Hu-
man Nasal Height and Breadth. AmericanJournal of
Physica I Anthropology 85.

Garland, H.O.1994. Altered Temperature. In Case,

R. M. & \Waterhouse, 
J. M. (eds.): Human Physio-

hgy: Age, Stess and the Enaironment. Oxford.
Gejvall, N.-G. 1974. Description of the Human Skele-

tons from the Graves and Some Associated Animal
Bones. InJanzo n,G., Gotlands mellanneolitisha gra-

a,ar. Stockholm Studies in North-EuropeanArchaeo-
logy 6.

Holmer, U. & Maunsbach, A . B. 19 57 . Odontologische
Untersuchung von Zehnen und Kiefern des
Menschen aus der Steinzeit in Schweden. Odonto-
hgisk tidskrifi64.

Howells, \f. \7. 1939. Shull Shapes and the Map.
Craniometric Analyses in the Dispersion of Modern
Homo.Papers of the Peabody Museum ofArchaeo-
logy and Ethnology, Harvard Universiry 79.

Jacobs, K. H. 1985a. Evolution in rhe Postcranial
Skeleton oflate Glacial and Early Postglacial Euro-
pean Hominids. Zeitschrifi f)r Morphologie und
Anthropologie 75.

- 1985b. Climate and the Hominid Postcranial Skeleton
in \Wiirm and Early Holocene Europe. Current
Anthropology 26.

Jorgensen, J. B. 1953. The Eshimo Sheleton: Connibutions
to the Physical Anthropology ofthe Aboriginal Green-
landers. Meddelelser om Granland, 146:2.

Kelly, R. L. 1995. The Foraging Spectrum: Diuersity in
Hunter- Gath erer Lifewalts. \Tashington.

Lamb, H. H.1973. Climate: Present, Past and Future l.
Fundamentals and Climate Now. London.

Liddn, K. 799 5. Prehistoric Diet liansitions.Diss. Stock-
holm.

Livingstone, F. B. 1969. Evolution ofQuantitative Char-
acteristics \X4rich Are Determined by Several Addi-
tive Loci. American Journal ofPhysical An th rop o lo gy
31.

Lynch, C. B. 1 986. Genetic Basis of Cold Adaptation in
Laboratory andrWild.Mice, Mus domesticus. In Craig,
H., Heller, H. V., Musacchia, X. J. & \flang,
L. C. H. (eds.), Liuing in th e C o ld, Phys i o logical and
Bi o c h emical Adaptatio ns. Amsterdam.

Persson, O. & Persson, E.,1982. Det mellanneolitiska
skelemmarerialet frin Fridtorp, Gotland. In Eng-
lund, S. (ed.), Stenlldersboplatsen uid Fridtorp - En
presentation au grauarna. RAGU I 982:1.

- 1 988. Anthropological Report concerning the Interred
Mesolithic Populations from Skateholm, Southern
Sweden. Excavation Seasons 1983-1984. In Lars-
son, L. (ed.), The Skateholm Projectl. Man and
Endronment. Stockholm.

Ruf[ C. B. I 994. Morphological Adaptation to Climate
in Modern and Fossil Hominids. Yearbook ofphysical
Anthropology 37.

Sjovold, -1. 1974. Some Aspects of Physical Anthro-
pology on Gotland during Middle Neolithic Ti-
mes. In Janzon, G., Gotlands mellanneolitiska gra-
uar. Stockholm.

So, J. K. 1980. Human Biological Adaptation ro Arctic
and Subarctic Zones. Annual Reuiew ofAnthropo-

PITTED-IOTARESKELETONS 47



hct9.
Sokal, R. E. & Rohlf, F. J. 1981. Biomeny' NewYork.

Thomson, A. & Buxton, L. H. D. 1923. Mant Nasal

Index in Relation to Certain Climatic Conditions.

Journal of the Rolal Anthropological Institute 59 .

Tiinkaus, E. 198 1 . Neanderthal Limb Proportions and

Cold Adaptation. In Stringer, C. (ed.), Aspects of
Hurnan Eao lution. London.

\Weinex J. S.1954. Nose Shape and Climate American

Journal of Physical Anthropo logy 12.

\folpoff, M. H. 1968. Climatic Influence on the Ske-

letal Nasal Aperture. American Journal of Physical

Anthropology 29.

Zammit, M. P., Kalra,V., Nelson, S., Broadbent, B. H.,

& Hans, M. G.1994. Growth Patterns oflabrador
InuitYouth: IL SkeletalAge. Arctic Medical Research

53.

Zvelebil,M. 1996. The Agricultural Frontier and the

Transition to Farming in the Circum-Baltic Region.

In Harris, D. R. (ed.), The Origins and Spread of
Agricuhure and Pastoralism in Eurasia. London.

English reuised b1 Alan Crozier

48 ToRBJoRNAHLSTRoM


