Chapter 12

Territory Size in Canis lupus: Implications
for Neandertal Mobility
Christopher S. Walker and Steven E. Churchill

Abstract Inferences about Neandertal home range sizes have historically been
reconstructed with reference to lithic raw material transport distances. Here we use
data on northern latitude social carnivores to predict home range sizes for Neandertal
groups. Given that Neandertals must have relied heavily on animal protein and fat
in the plant food-poor environments of Pleistocene Europe, their home range sizes
and levels of logistical mobility were likely largely determined by prey abundance
and distribution. We use the gray wolf (Canis lupus) to develop a model that relates
climatic variables and predator group aggregate mass to home range size. Pack size
data were combined with average wolf mass values to produce mass-specific territory sizes (in km2 kg−1), which in turn allowed for the prediction of home range
areas for Neandertal groups of varying sizes. Results indicate that even at fairly
small social group sizes (less than 33 individuals) Neandertals likely required and
maintained large territories (≈1,400–5,400 km2), which is consistent with results of
studies of lithic raw material procurement patterns. The concordance between these
two types of estimates lends support to the idea that lithic raw material procurement
was embedded in subsistence mobility in the European Mousterian.
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Introduction

Mobility is arguably the key variable in the adaptive strategies of foraging people,
as it is through the management of camp and individual movement across the landscape that hunter-gatherers deal with problems of biodepletion and temporal and
geographic patchiness of resources, and through which they exploit the resource
structure of their environment (Binford 1980, 2001; Kelly 1983). Two key sets of
questions have emerged in studies of Neandertal mobility: (1) what combination of
camp moves (residential mobility) and individual movement (logistical mobility)
did Neandertals commonly employ to exploit resources in their foraging territories
(i.e., their “home ranges”), and (2) how large were Neandertal home ranges, how
variable was territory size across time and space, and what factors conditioned this
variability?
Despite focused research attention, little consensus has emerged about Neandertal
settlement systems. Site size, faunal indicators of season of site occupation, inferences about site function, lithic indicators of hunting intensity, and lithic raw material procurement distances have all been brought to bear on the question. These
indicators suggest to some that Neandertals employed a settlement system based on
high residential and low logistical mobility [a circulating (Wallace and Shea 2006)
or “forager” (Binford 1980) system], at least at some times and in some places
(Mellars 1996; Çep and Waiblinger 2001; Zilhão 2001; Martínez-Moreno et al.
2004). However, these same indicators suggest that, at certain times and places,
Neandertals might have been employing a radiating mobility system (Wallace and
Shea 2006) also known as a “logistical collector” system (Binford 1980) involving
few residential moves and high logistical mobility (Lieberman 1993; Lieberman and
Shea 1994; Patou-Mathis 2000; Marks and Chabai 2001; Wallace and Shea 2006).
Still others detect evidence of mixed strategies, seasonally alternating between circulating and radiating strategies (Richter 2001), or systems that were complex, temporally variable, or impossible to discern based on current evidence (see Lieberman
1998; Hovers 2001; Adler and Tushabramishvili 2004; Rivals et al. 2009).
For modern human groups, resource distribution and hunting dependence are
central to understanding ranging behavior, with sparse resources and high reliance
on hunting both increasing potential home range sizes (Roebroeks 2003). Since
these ecological parameters are unknown for Mousterian foragers (although reasonable inferences can be made: see below), indirect proxies such as raw material transport distances have been used to infer territory size. Raw material transport distances
are hypothesized to reflect territory use when raw material procurement is embedded in subsistence and settlement systems (see Binford 1979; Milliken 1988), as is
believed to be the case for Neandertals (Kuhn 1995). The maximum transport distance of a material from source to camp has thus been used as an indicator of potential maximum territory size (Fernandes et al. 2008), and the prevalence of resources
from a given distance has been taken as a reflection of home range size and mobility.
Mousterian assemblages, particularly in western Europe, tend to be predominantly
made on very local (within about 5 km of the site: Mellars 1996) sources, although
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most sites contain a small but significant portion of artifacts produced from raw
materials sourced at intermediate distances (5–30 km: Mellars 1996; Kuhn 2011).
However, materials procured from more distant locations (100–200 km at some
Neandertal sites: Conard and Adler 1997; Féblot-Augustins 1997; Slimak and
Giraud 2007; Spinapolice 2012), although rare, have been taken by some to suggest
the maintenance of expansive territories among Mousterian foragers, at least in
northern and central Europe (taking into account zooarcheological data as well:
Féblot-Augustins 1993; Patou-Mathis 2000). Still, the preponderance of local and
near-local flint in Mousterian assemblages suggests moderately-sized territories and
low mobility overall (Féblot-Augustins 1993; Mellars 1996; Fernandes et al. 2008;
Fernández-Laso et al. 2011). High energy budgets, combined with a high energetic
cost of transport and slow walking speeds (Steudel-Numbers and Tilkens 2004;
Wall-Scheffler 2014), may have also constrained the ability of Neandertals to maintain large territories (see MacDonald et al. 2009). In Marine Isotope Stage (MIS) 5a
unit 1 of Baume-Vallée (south-central France), flint was found from as far away as
46 km, suggesting a potential territory of 6,644 km2 (Fernandes et al. 2008).
Similarly, at the nearby MIS 3 site of Le Rond de Saint-Arcons, raw materials were
imported from up to 40 km away, indicating a potential maximum territory area of
5,024 km2 (Fernandes et al. 2008). A larger territory—13,000 km2—has been suggested for Neandertals of the Aquitaine Basin (south-western France) based on raw
materials in MIS 7-6 levels at Vaufrey and other sites (Geneste 1988; FéblotAugustins 1993). At the (likely MIS 3) eastern European site of Karabi Tamchin in
Crimea, the majority of flint was harvested from 25 km away, implying an approximate territory of only 1,962 km2 (Burke 2006). However, Burke (2006) proposes
that Crimean Neandertals needed the entire 27,000 km2 Crimean peninsula to harvest their mobile primary prey (Equus hydruntinus). This territory estimate, however, is based on population sizes between 175 (the lowest viable breeding
population: Wobst 1974) and 300 Neandertals (an estimate derived from Steele’s
(1996) equation predicting range size from group size based on carnivore and primate models), and thus are not reflective of the home range size of a smaller social
group within that population. In central and north-central Europe, where raw material transport distances are typically larger, flint movement generally suggests territory sizes on the order of 10,000 km2 [for example, at Raj Cave (Poland) and Külna
(Czech Republic): Féblot-Augustins 1993]. Even the largest of these estimates are
moderate in the context of more recent, comparable hunter-gatherer groups.
Nunamiut Eskimo and Crow Indian groups, both of which relied primarily on hunting of terrestrial game (87 and 80 % of total diet, respectively), exploited territories
upwards of 60,000 km2 (Kelly 1983). Other northern latitude groups that relied
more heavily on marine resources, such as the Baffinland Inuit (25,000 km2) and
Netsilingmiut (6,000 km2), utilized somewhat smaller, but still sizeable, territories.
Given a diet with moderately high to high dependency on meat and fat (see Kuhn
and Stiner 2006; Speth 2012), one might expect home range sizes closer to those
observed in modern northern latitude foragers who were consuming mostly terrestrial
game (although the modern groups may have existed at larger sizes: see Kelly 1995).
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Morphologically, Neandertals exhibit high levels of lower limb long bone diaphyseal
robusticity (but not outside the norm for highly-mobile modern human foragers),
which has been interpreted by some to reflect high mobility (Trinkaus 1983a, b).
Might this suggest that they were exploiting large territories?
Carnivores have also been used to model Neandertal territory size, which results
in what seem to be unrealistically small estimates (ranging from 834 km2 for a
group of 25–7,356 km2 for a population of 300: Steele 1996). Data on actual mobility in carnivores (such as day range sizes), however, is scarce and, despite efforts to
empirically delineate the determinants of carnivore mobility (Gittleman and Harvey
1982; Carbone et al. 2005), the resulting models are problematic because (1) they
require input variables which are highly variable across space and which, for
Pleistocene Eurasia, would themselves be highly estimated; (2) they generally
involve proportional equations, but lack proportionality constants, such that direct
estimates are not obtainable; and (3) the results are generally applicable only at a
broad interspecific scale (since the empirical relationships are determined on carnivores that range in size over orders of magnitude). This latter concern is perhaps the
most troubling, since the large intraspecific variation in mobility observed in some
of the larger-bodied species (Gittleman and Harvey 1982; Höner et al. 2005;
Jędrzejewski et al. 2007) causes the observed interspecific relationships to breakdown at the family taxonomic level and below. As with humans, mobility is a variable that can be adjusted by carnivores to adapt to local ecological factors, and as
with humans, this variability makes it difficult to characterize the behavior of any
given species, even within a given biome. Consequently, any carnivore models of
Neandertal mobility are, at best, tools of estimation.
Nevertheless, there are some noteworthy observations from carnivore studies
with potential ramifications for understanding Neandertal mobility. First, across the
order Carnivora, home range size varies positively with metabolic need (and thus
body size) and with the proportion of meat in the diet (Gittleman and Harvey 1982).
Accordingly, we can expect relatively large mammals like the Neandertals, with a
moderately- to heavily- terrestrial animal-based diet (see Kuhn and Stiner 2006), to
have had to range widely to sustain themselves. Second, in both lions and wolves, it
has been shown that territory sizes and core areas vary inversely with the encounter
rates of ungulates (Gittleman and Harvey 1982; Jędrzejewski et al. 2007). Although
primary productivity decreased during colder climatic cycles in the Pleistocene,
attendant changes in plant biomass structure (specifically, a reduction in allocation of
primary productivity to inedible supportive structures), as woodland gave way to
open steppe, would have increased animal production. Thus, Neandertal territory
size and mobility (as well as those of the other members of the large-bodied carnivore guild) would likely have decreased during colder, more open conditions. Finally,
following the observation by Carbone and Gittleman (2002) that it takes a standing
crop of 10,000 kg of prey to support 90 kg of carnivore, regardless of predator body
size, there must exist a relationship between the aggregate mass of a carnivore group,
secondary biomass in prey species, and territory size. A similar relationship would
be expected among Neandertals, although the extent to which they were feeding at a
lower trophic level would weaken this relationship. Following this logic, the aim of
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this paper is to construct a new model for Neandertal territory size based upon Canis
lupus, one of the primary large-bodied carnivores of northern latitudes, that incorporates environmental variables and that, consequently, can be used as a predictive tool
across the entirety of the Neandertal range and climatic events. Note that this model
is based on the empirical relationship between prey biomass and predator biomass,
across all carnivores, and is, thus, robust to any potential differences between wolves
and Neandertals in hunting tactics or prey choice.

12.2

Gray Wolf Ecology and Behavior

Though nonhuman primates are the closest living relatives of the genus Homo, ecological differences between extant nonhuman primates and extinct hominins have
led some to suggest that the best models for hominid biogeography are social carnivores, a group that typically exhibits high habitat tolerance (Schaller and Lowther
1969). Behavioral similarities between wolves and Pleistocene hominins, including
a varied diet, social flexibility, and a capacity for endurance locomotion, make
Canis a particularly compelling comparative genus (Arcadi 2006). Of the extant
members of Canis, the gray wolf (C. lupus) most closely fills the niche once occupied by Neandertals and is used here as the model species. Like Neandertals, wolves
occupy northern latitudes, can survive in both extreme cold and milder climates,
prey predominately on large ungulates, and exhibit social flexibility (see Arcadi
2006; Kuhn and Stiner 2006).
Gray wolves are endurance hunters, known to travel as far as 200 km in a day in
search of prey (though average 20–30 km), and up to 20 km actively pursuing prey
(Mech 1970; Mech and Korb 1978; Arcadi 2006). They are capable of sustained
trotting and average 8.7 km h−1 during travel (Mech 1994). Moderate-to large-sized
game such as deer, moose, and bison form the bulk of the gray wolf diet; however,
gray wolves have also been known to prey upon smaller game such as mice, rabbit,
and fish, and will eat plant matter as well (Mech and Peterson 2003; Peterson and
Ciucci 2003). When prey is abundant, gray wolves prefer juvenile or elderly large
game and typically only resort to prime-aged adult large game when prey choice is
limited (Fritts and Mech 1981). Gray wolves can take a diversity of vertebrate prey
due to social flexibility in hunting group size and their relatively small body size
(Arcadi 2006). Thus, an individual gray wolf is small enough to subsist upon small
prey, but multiple wolves can join together to hunt larger animals. Bears are the
primary competition for gray wolves with specific species varying by location.
Smaller bears are typically dominated by a pack of gray wolves; however, gray
wolves are often subordinate to more massive bears such as larger individuals of
Ursus arctos (Ballard et al. 2003). Gray wolves also overlap with felines such as
mountain lions and lynx in many areas, but, as smaller-bodied solitary animals, they
pose less of a threat than bears and, further, as both opportunistic scavengers and
hunters, gray wolves also often compete with scavengers ranging from birds to
foxes to coyotes (Ballard et al. 2003).
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Like extant primates (and, most likely, extinct hominins), wolves and other
canids exhibit flexibility with regard to social dynamics, including group composition and size (Arcadi 2006). Typical gray wolf packs range between 5 and 10 individuals, but can balloon to upwards of 20 individuals (Fuller et al. 2003). Numerous
group types have been observed, including all male groups, single male/single
female groups, large fission/fusion groups, and polygynous groups (Mech and
Boitani 2003). As in humans, both sexes disperse in gray wolves (Lehman et al.
1992; Hill et al. 2011).
Gray wolf territory size is highly variable, ranging from just a few square kilometers to tens of thousands of square kilometers (US Fish and Wildlife Service 2008).
For the majority of carnivores, territory size increases with body mass and the
amount of meat in the diet (Gittleman and Harvey 1982). Studies specific to gray
wolf home ranges have generally found correlations between territory size and variables relating to prey distribution (Van Ballenberghe et al. 1975; Fritts and Mech
1981; Messier 1985; Fuller et al. 1992; Ballard et al. 1997; Jędrzejewski et al. 2007).
Fuller and colleagues (1992) found that wolf territory size is, as might be expected,
negatively correlated with increasing ungulate density. Greater ungulate densities
result in less travel required to find prey and, consequently, smaller ranges. Others
have pointed to moose density, specifically, as the primary determinant of pack
size, and, in turn, territory size (Messier 1985). Similarly, Van Ballenberghe and
colleagues (1975) note a correlation between high prey density, large packs, and
small territories. Some research, however, suggests that pack size and territory size
are not correlated and that latitude (a proxy inversely related to terrestrial ecosystem
productivity) is the single best predictor of territory size in gray wolves (Jędrzejewski
et al. 2007). Alternative findings include a negative correlation between prey density
and dispersal events (Fritts and Mech 1981) and a positive correlation between territory size and prey migration (Ballard et al. 1997). Not only is territory size smaller
when prey are abundant, but new, typically small, territories are formed during times
of plenty (Fritts and Mech 1981). Further, while gray wolves do not commonly follow the migrations of prey such as caribou, they will pursue migrating herds during
periods of low prey density (Ballard et al. 1997). This creates a temporary, yet dramatic, spike in range and can lead to new territory formation (Ballard et al. 1997).
Lastly, regardless of territory size, within a given normal (nonmigratory) territory,
often a more commonly used core territory exists (Jędrzejewski et al. 2007).
As a starting point, we might predict that mass-specific territory size (that is, the
area required to support one kilogram of wolf) is inversely proportional to prey
biomass density, and that prey biomass density will account for most of the variance
in wolf territory size once pack size (and thus pack aggregate mass) is controlled
for. We might also expect that climatic variables (mean winter temperature and
precipitation) and geography (latitude), as a proxy measure of environmental variables, will be highly intercorrelated with prey biomass and will fall out of the model.
Assuming that a significant relationship between prey biomass density, wolf pack
aggregate mass, and territory size can be established, we can then use this relationship
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to predict the territory sizes of Neandertal social groups of varying sizes (varying
aggregate mass) living in varied prey biomass densities.

12.3

Materials and Methods

Data on 104 wolf packs from ten locations across North America and Europe were
collected from the literature (Table 12.1). Only wolf packs for which reliable environmental and prey data could be obtained were included in the study. Six variables
were analyzed in the construction of the model: wolf territory size (km2), group
aggregate mass [kg; calculated by multiplying pack size by the regional average
mass of mature wolves, derived from Kolenosky (1972), Fritts and Mech (1981),
Messier (1985), Ballard et al. (1997), and Jędrzejewski et al. (2007), and ranging
between 27.8 kg for wolves in east-central Ontario and 44.4 kg for wolves in Alaska,
with a global mean of 34.5 kg], prey biomass (kg km−2), latitude (°N), average
winter temperature (K), and average winter precipitation (mm). Some evidence suggests that productivity of the prey population is a primary determinant of wolf territory size (Carbone and Gittleman 2002; Fuller et al. 2003), however, prey biomass
has been found to be negatively correlated with territory size in wolves (Jędrzejewski
et al. 2007), and is used here due to a lack of published secondary productivity (the
addition of new animal cells per unit time per unit area) data for modern wolves, and
because Pleistocene estimates of secondary productivity would be less reliable than
those of prey biomass. Data on wolf territory size, pack size, and prey biomass were
collected from Ballard et al. (1987), (1997), Fritts and Mech (1981), Fuller (1989),
Hayes and Harestad (2000), Jędrzejewski et al. (2007), Kolenosky (1972), Mech

Table 12.1 Wolf pack summary data
Country
Canada
Canada
Canada

Region
East-central Ontario
Southwestern Quebec
Yukon

Poland

Bialowieza Forest

Romania

Brasov

USA
USA
USA
USA
USA

North-central MN
Northeastern MN
Northwestern MN
Northwestern Alaska
South-central Alaska

Mean
territory (km2)
224
351
849

Latitude
50 °N
47 °N
62 °N

Packs
2
14
28

201

52.5 °N

4

164

45.5 °N

2

47.75 °N
48 °N
48.5 °N
66 °N
63 °N

4
11
8
6
25

116
243
344
1,868
1,193

Source
Kolenosky (1972)
Messier (1985)
Hayes and Harestad
(2000)
Jędrzejewski et al.
(2007)
Promberger et al.
(1998)
Fuller (1989)
Mech (1973)
Fritts and Mech (1981)
Ballard et al. (1997)
Ballard et al. (1987)
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(1973), Messier (1985), and Promberger et al. (1998). Temperature and precipitation data were obtained from online databases of the Western Regional Climate
Center (http://www.wrcc.dri.edu/spi/divplot1map.html), Canada’s National Climate
Data and Information Archive (http://www.climate.weatheroffice.ec.gc.ca/index.
html), the Alaska Climate Research Center (http://climate.gi.alaska.edu/), and the
European Climate Assessment and Dataset (http://eca.knmi.nl/). Mean winter temperature and precipitation data are specific to the year in which wolf data were collected and come from weather stations nearest the wolf study areas. Climate
estimates for Late Pleistocene Europe are from Stage 3 Project published datasets
(ftp://ftp.essc.psu.edu/pub/emsei/pollard/Stage3/).
Data were analyzed using a pairwise correlation test and backward elimination
regressions with Durbin-Watson tests for autocorrelation in JMP Pro 10 (JMP®,
Version 10 Pro. SAS Institute Inc., Cary, NC). A Pairwise correlation test was used
to examine the relationship between all model variables and to identify potential
sources of cross-correlation. Backward elimination regressions were then utilized to
identify an equation, with the fewest possible variables, that best explains change in
wolf territory size. A Durbin-Watson test was applied to each regression model to
identify the presence or absence of autocorrelation. Lastly, late Pleistocene European
climate estimates and Neanderthal aggregate mass estimates were introduced to the
model to produce a probable range of potential Neandertal territory sizes.
Many researchers believe that Neandertals were organized into small groups, perhaps on the order of 8–12 individuals (e.g., Smith 2007; Vallverdú et al. 2010;
Lalueza-Foxa et al. 2011). Among modern, non-sedentary foragers, modal group
sizes tend to be around 25–30 individuals (Kelly 1995). We thus sought to model
Neandertal home range sizes for social groups between about 10–30 individuals.
According to Ruff and colleagues (1997), the body size of an average Neandertal
was 77.9 ± 4.7 kg for males and 66.4 ± 4.8 kg for females. For the purpose of group
composition projections, 36 kg (one-half the mean male/female body size) was chosen to represent the size of a juvenile Neandertal. Neandertal aggregate mass values
of 500, 1,000, and 1,500 kg were used as sample estimates for input into the model.
The number of Neandertals represented by these aggregate masses would vary
depending on the age and sex composition of the group, but if one makes some simplifying assumptions [dependency ratios varied between 1.25–3.00 (Binford 2001),
all dependents were juveniles (see Caspari and Lee 2004), and sex ratios among
producers were equal] these values should roughly correspond with groups of 10–11,
19–23, and 29–33 individuals, respectively. Average winter temperature during MIS
3 Warm Interval (59,000–44,000 years before present) and the last glacial maximum
(LGM) (25,000–16,000 years before present) estimated by the Stage 3 project
(Figs. 12.1 and 12.2, respectively; ftp://ftp.essc.psu.edu/pub/emsei/pollard/Stage3/)
were incorporated into the model for two regions: southern France and the Crimean
Peninsula, where territory estimates based upon archeological evidence have been
published (Burke 2006; Fernandes et al. 2008). While Neandertals appear to have
been fully extinct by the LGM (MIS 2), we used the LGM average winter temperature estimates from the Stage 3 project as broadly representative of climatic conditions endured by Neandertals during the preceding glacial maxima (MIS 4 and 6).
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Fig. 12.1 Marine Isotope Stage 3 warm interval (59,000–44,000 B.P.) European Winter Climate
Map; Credit: The Stage 3 Project (http://www.esc.cam.ac.uk/research/research-groups/oistage3/
stage-three-project-simulations)

Fig. 12.2 Last Glacial Maximum (25,000–16,000 B.P.) European Winter Climate Map;
Credit: The Stage 3 Project (http://www.esc.cam.ac.uk/research/research-groups/oistage3/
stage-three-project-simulations)
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Results

Many of the six variables analyzed in the present study are highly correlated
(Table 12.2). Wolf pack territory size and latitude (r = 0.92; p < 0.001), aggregate
mass and latitude (r = 0.93; p < 0.001), and aggregate mass and territory size
(r = 0.92; p < 0.001) are the most highly correlated variables in the study. Given
that aggregate mass, latitude, and territory size are all significantly positively
correlated, wolf packs at higher latitudes control larger territories and attain
greater aggregate masses. Prey biomass and aggregate mass are significantly, but
moderately, negatively correlated (r = −0.63; p = 0.049), indicating less wolf
mass in areas of high prey density. Further, average winter precipitation was only
significantly correlated with average winter temperature (r = 0.72; p = 0.02), suggesting that precipitation plays little to no role in wolf aggregate mass and territory dynamics.
The first step of the backward elimination regression incorporated all variables
(Primary Model). Together, latitude, prey biomass, aggregate mass, average winter
temperature, and average winter precipitation explain about 90 % of the variation
(r2 = 0.90) in wolf pack territory size. Since average winter precipitation was most
weakly correlated with territory size, it was removed from the regression, yielding
an r2 value of 0.90. Ultimately, the strongest two variable equation in explaining
territory size incorporated aggregate mass and average winter temperature (Fig. 12.3;
r2 = 0.90 Durbin-Watson Statistic = 2.53; Root-Mean-Square Error = 204.49). In a
simple linear regression, aggregate mass alone accounts for 84 % of the variation
(r2 = 0.84) in territory size, but average winter temperature was the only other single
variable in the study that increased r2 beyond 0.87.
Primary model predictive equation:

(

)

TerritorySize km 2 = 5, 258.7 + ( Aggregate Mass ( kg ) ´ 3.65 )
- ( Average Winter Temperature ( K ) ´ 20.91) ± 205 km 2

Table 12.2 Correlation coefficients (r)
Territory
size (km2)
0.92
0.92
−0.48

Aggregate
Latitude (˚N) mass (kg)
_
_
0.93
_
−0.58
−0.39

Average winter
precipitation
(mm)
_
_
_

Variable
Latitude (˚N)
Aggregate mass (kg)
Average winter
precipitation (mm)
Average winter
−0.81
−0.82
−0.68
0.71
temperature (K)
Prey biomass
−0.63
−0.47
−0.63
0.19
(kg/km2)
All variables included in models. Bold values are significant (p < 0.05)

Average winter
temperature
(K)
_
_
_
_
0.57
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2000

Territory Size
(km2) Actual

1500

1000

Locality
Canada, East-central Ontario
Canada, Southwestern Quebec
Canada, Yukon
Poland, Bialowieza Primeval Forest
Romania, Brasov Region
USA, North-central Minnesota
USA, Northeastern Minnesota
USA, Northwestern Alaska
USA, Northwestern Minnesota
USA, South-central Alaska

500

0
0

500

1000

1500

2000

2

Territory Size (km ) Predicted
P=0.0003 RSq=0.90 RMSE=204.49

Fig. 12.3 Primary model—actual vs. predicted territory size. Independent variables: aggregate
mass and average winter temperature. Solid symbols < 300 kg aggregate mass, open symbols > 300 kg aggregate mass. RMSE root-mean-square error

The second strongest regression model (Secondary Model) incorporated latitude
and prey biomass (Fig. 12.4). Latitude was the second best single variable predictor
of wolf territory size (r2 = 0.84), whereas prey biomass was the fourth best (r2 = 0.39),
only topping average winter precipitation (r2 = 0.23). Together latitude and prey biomass explained 89 % of the variation (r2 = 0.89) in wolf pack territory size (DurbinWatson Statistic = 1.88; Root-Mean-Square Error = 217.34). One potential
complication with using latitude in a model for Neandertal territory size, however,
is that factors tied to latitude that are likely contributing to the high correlation with
territory size, such as temperature, biome type, and even decreased human population, have been reshaped due to climate change (that is to say, ecological conditions
at a given latitude differed between the Pleistocene and today). Consequently, only
the primary model is particularly useful in estimating Neandertal home ranges.
Tables 12.3 and 12.4 summarize output of the primary model. At the smallest group
size (aggregate mass = 500 kg; 3–4 adults and 6–8 children), the model predicts
MIS 3 warm phase territory sizes of between 1,375 km2 and 1,543 km2 in southern
France and 1,375 km2 and 1,459 km2 in the Crimean Peninsula. At a group size of
approximately 8–13 adult and 16–25 children (1,500 kg), the model predicts
territory sizes of 5,025–5,193 km2 and 5,025–5,109 km2 in southern France and the
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2000

Territory Size (km2) Actual

1500

1000

Locality
Canada, East-central Ontario
Canada, Southwestern Quebec
Canada, Yukon
Poland, Bialowieza Primeval Forest
Romania, Brasov Region
USA, North-central Minnesota
USA, Northeastern Minnesota
USA, Northwestern Alaska
USA, Northwestern Minnesota
USA, South-central Alaska

500

0
0

500

1000

1500

2000

Territory Size (km2) Predicted
P=0.0005 Rsq=0.89 RMSE=217.34

Fig. 12.4 Secondary model—actual vs. predicted territory size. Independent variables: latitude
and prey biomass. Solid symbols < 50 °N Latitude, letters = 50–60 °N Latitude, open symbols >
60 °N Latitude. RMSE root-mean-square error
Table 12.3 Predicted Neandertal territory size during Marine Isotope Stage 3 Warm Interval
(59,000–44,000 years B.P.)

Neandertal aggregate mass

Southern France estimated
territory size (km2)
0 °C/273 K
−8 °C/265 K

Crimea estimated
territory size (km2)
0 °C/273 K
−4 °C/269 K

500 kg
1,375
1,543
1,375
1,459
(≈3–4 adults, 6–8 children)
1,000 kg
3,200
3,368
3,200
3,284
(≈6–8 adults, 11–17 children)
1,500 kg
5,025
5,193
5,025
5,109
(≈8–13 adults, 16–25 children)
Massif Central in southern France contained two temperature zones during the winter months
(December, January, February) of MIS 3 Warm Interval: 0 °C to −4 °C and −4 °C to −8 °C. The
homologous landmass to modern day Crimea was dominated by temperatures ranging between
0 °C and −4 °C during the same period

Crimean Peninsula, respectively. During the colder LGM, groups of 500, 1,000, and
1,500 kg are predicted to have maintained territories of 1,459–1,543 km2,
3,284–3,368 km2, and 5,109–5,193 km2, respectively, in southern France; and
1,459–1,794, 3,284–3,619, and 5,109–5,444 km2, respectively, in Crimea.
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Table 12.4 Predicted Neandertal territory size during last glacial maximum (25,000–
16,000 years B.P.)

Neandertal aggregate mass

Southern France estimated
territory size (km2)

Crimea estimated territory
size (km2)

−4 °C/269 K

−4 °C/269 K

−8 °C/265 K

−20 °C/253 K

500 kg
1,459
1,543
1,459
1,794
(≈3–4 adults, 6–8 children)
1,000 kg
3,284
3,368
3,284
3,619
(≈6–8 adults, 11–17 children)
1,500 kg
5,109
5,193
5,109
5,444
(≈8–13 adults, 16–25 children)
During the winter months (December, January, and February) of the last glacial maximum
(25,000–16,000 years B.P.), temperatures in Massif Central, southern France ranged between
−4 °C to −8 °C. The area most closely approximating modern day Crimea experienced temperatures between −4 °C and −20 °C

12.5

Discussion and Conclusions

Any equation attempting to model life in the past must include variables that are
both relevant and attainable for the period. Although latitude is highly correlated
with territory size in wolves, its usefulness in a model for Neandertals is questionable. Latitude is used primarily as a proxy for ecological productivity in the modern
world, but it is fixed, unlike the climates and ecological productivity of a given
region. Modern day European high latitude grasslands are likely less productive
than Pleistocene steppe because they experience decreased insolation and higher
albedo, and thus shallower summer thaws and shorter growing seasons (Guthrie
1982). Consequently, a model that omits latitude (primary model) is favorable over
the secondary model. Average winter temperature can explain many of the environmental and ecological factors explained by latitude, but it is not fixed. Group aggregate mass is an integral part of the equation due to its relationship to carrying
capacity, per group member kill rate, and prey biomass. Pairwise correlations indicate that, in wolves, prey biomass is negatively correlated with both group aggregate
mass and territory size and that group aggregate mass is positively correlated with
territory size, suggesting that wolves cope with decreasing available prey by increasing territory size and pack size. Since large packs are able to capture more prey than
small packs, but less prey per individual (McNay and Ver Hoef 2003), increasing
pack size minimizes the risk of not catching prey at the expense of increased mobility and decreased per capita dividends.
Applied to Neandertals, the wolf model suggests that Neandertals required and
maintained large territories (ca. 1,400–5,400 km2). These home ranges are large
relative to those of most tropical foragers using predominantly circulating settlement systems (Kelly 1983; Binford 2001), and are large relative even to those of
most mid-latitude groups for whom data are available (Kelly 1983), although many
of these groups relied to some degree on marine resources (and, thus, their home
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range sizes were determined less by terrestrial productivity and were smaller than
would be expected if they had relied entirely on terrestrial resources). While there
appear to exist no simple relationships between home range size and settlement
system, a few implications of these results merit discussion. First, the home range
sizes estimated by our model imply territories with radii on the order of 20–40 km
[we note that these values are consistent with strontium isotope evidence that a
single Neandertal individual was interred about 20 km from the area in which he/
she spent some childhood years (Richards et al. 2008). However, 20 km is not far
for mobile foragers, and the results of Richards and colleagues would be consistent
with a territory of almost any size greater than about 300 km2]. Thus, return-trip
movement across a territory (either from a residential camp positioned near the
center, or from one positioned near the margin) was unlikely to be within day-trip
distance. Average day-trip distances among modern foragers (on foot) vary by sex
and group, ranging between about 6–17 km for females and 12–25 km for males,
and generally occur at walking speeds between 2.2–2.6 km h−1 (Binford 2001).
Consequently, logistical forays away from camp, if taken, may have required travel
times of up to a week if moving across the home range diameter and back. At the
smaller end of our home range size estimates, full exploitation of the territory could
likely be accomplished via day-trips or single overnight excursions away from a
residential camp, and thus a settlement system based on limited residential moves (a
radiating mobility system) may have sufficed to ameliorate problems of biodepletion and spatial patchiness of resources. At larger territory sizes, however, residential moves likely became increasingly necessary to position foragers closer to
temporally limited resource patches or to limit logistical mobility while uniformly
exploiting the home range (and thus avoiding problems of biodepletion). A similar
relationship between territory size and residential moves would not be expected to
hold for modern foragers with transportation technology (such as dog sleds, snowmobiles, or canoes). In the absence of transportation technology, Neandertals
undoubtedly faced energetic and burden-carrying constraints on logistical foraging
radii (Steudel-Numbers and Tilkens 2004; Wall-Scheffler 2014), which may have
forced a heavy reliance on camp moves as a personnel positioning strategy (see
MacDonald et al. 2009).
Second, we find interesting the high degree of concordance between our estimates, based on the ecology of gray wolves and some generous assumptions about
Neandertal ecology, and estimates which have been independently derived from
lithic raw material movement distances. This supports the suggestion that raw
material procurement was embedded in the subsistence rounds of Neandertal
groups (see Binford 1979). The preponderance of local flint at Mousterian sites is
likely to be a reflection of the tendency of Neandertal groups to collect flint during
hunting or gathering trips within the “foraging radius” of the sites (Féblot-Augustins
1999; Mellars 1996). The less frequent occurrence of flint from more distant locations likely reflects the movement of some curated tools, made at distant locations
from raw material that was locally-collected there, during residential moves or
logistical excursions. While it appears that at some times and in some places
Neandertals scheduled raw material procurement separately from subsistence
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rounds (Milliken 2007; Spinapolice 2012), which might suggest a more complex,
radiating mobility strategy, they were generally not doing so. We wish to avoid
making too much of these results, since human foraging systems are highly dynamic
across space and time, and thus it is inherently foolish to make gross generalizations about Neandertal mobility and settlement systems. Nonetheless, territory
sizes estimated by the wolf model and by lithic studies, and the concordance
between these two independent estimates, seem to us consistent with settlement
systems that may have relied more heavily on residential than logistical movement
(circulating mobility), in territories that, by virtue of their large size, demanded
fairly high mobility levels of their occupants.
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