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ABSTRACT

Aim In this paper, we investigate the role of climate and topography in shap-

ing the distribution of Neanderthals (Homo neanderthalensis) at different spa-

tial scales. To this end, we compiled the most comprehensive data set on the

distribution of this species during the Last Interglacial optimum (MIS 5e)

available to date. This was used to calibrate a palaeo-species distribution

model, and analyse variable importance at continental and local scales.

Location Europe and Irano-Turanian region (20° N to 70° N, 10° W to

70° E).

Methods We used archaeological records and palaeoclimatic and topographic

predictors to calibrate a model based on an ensemble of generalized linear

models fitted with different combinations of predictors and weighted back-

ground data. Area under the curve scores computed by leave-one-out were

used to assess variable importance at the continental scale, while local regres-

sion combined with recursive partition trees was used to assess variable impor-

tance at the local scale.

Results Annual rainfall and winter temperatures were the most important pre-

dictors at the continental scale, while topography and summer rainfall defined

habitat suitability at the local scale. The highest habitat suitability scores were

observed along the Mediterranean coastlines. Mountain ranges and continental

plains showed low habitat suitability values.

Main conclusions The model results confirmed that abiotic drivers played an

important role in shaping Neanderthals distribution during the Last Inter-

glacial. The high suitability of the Mediterranean coastlines and the low suit-

ability values of most sites at the northern and eastern distribution limits

(Germany, Hungary, Ukraine) challenge the notion of Neanderthals as a spe-

cies with preference for colder environments.

Keywords

archaeology, ecological niche, habitat suitability, Homo neanderthalensis, Last

Interglacial, MIS 5e, palaeo-species distribution modelling, potential distribu-

tion

INTRODUCTION

Our knowledge about Neanderthals has greatly increased

over the last two decades, with more than 2000 research

papers published in areas as diverse as chronology (Gaudzin-

ski-Windheuser et al., 2014; Higham et al., 2014), ecology

(Finlayson & Carri�on, 2007; Henry et al., 2010), population

dynamics (Sørensen, 2011; Bocquet-Appel & Degioanni,

2013), adaptive traits (Sørensen, 2009; Rae et al., 2011), diet

(Henry et al., 2010; Hardy & Moncel, 2011), technology,

cognition and behaviour (Peris et al., 2012; Shaw et al.,

2012), genetics (Briggs et al., 2009), and their relationship

with anatomically modern humans (Sankararaman et al.,

2012; Hortol�a & Mart�ınez-Navarro, 2013).

Still, there are acute knowledge gaps regarding the ecology

and distribution of Neanderthals left to be addressed, and
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filling these gaps may eventually help us to understand why

Neanderthals lived where they did, and why they eventually

became extinct. In this study we focus on how abiotic factors

shaped their distribution during the Last Interglacial climatic

optimum (MIS 5e, 124-119 ka BP), a warm period with

average temperatures around 2 °C higher than today, that

offered a unique opportunity for hominins to spread

throughout Europe during c. 10,000 years, and therefore can

be considered as a suitable period to assume a maximum

expansion of Neanderthals range.

The distribution of Neanderthals during MIS 5e has been

previously assessed by Richter (2005, 2006), Wenzel (2007),

and Gaudzinski-Windheuser & Roebroeks (2011). These

papers provide valuable knowledge on the distribution of

Neanderthals during a warm period, but are mainly focused

on Neanderthals’ range across Central Europe, and lack

quantitative assessments of the role of ecological factors in

shaping the Neanderthal distribution. Wenzel (2007) pro-

vided the most comprehensive data to date on the distribu-

tion of Neanderthals during MIS 5e, but since its

publication, new Neanderthal remains attributed to MIS 5e

have been found in Spain (Arsuaga et al., 2012), Italy

(Fiorenza, 2015) and France (Moncel et al., 2007; Daujeard

& Moncel, 2010). These new sites have the potential to

change our view about the distribution of Neanderthals dur-

ing the Last Interglacial.

In this paper, we provide a comprehensive compilation of

data on the distribution of Neanderthals during the Last

Interglacial, and use this data set to test a simple hypothesis

on how abiotic drivers (climate and topography) could have

shaped this species’ distribution at two different spatial

scales, continental and local. This hypothesis is rooted in the

hierarchical framework proposed by Pearson & Dawson

(2003), and our current knowledge on the ecology and dis-

tribution of Neanderthals. According to Pearson & Dawson,

climate influences species distribution at global and conti-

nental scales, while the effect of topography is restricted to

scales ranging from regional to local. The hypothesis we

intend to test here follows these principles, and can be

divided into three main points:

1. The northern limit of Neanderthal’s range was con-

strained by low winter temperatures.

2. The southern edge was limited by a combination of high

temperature and low water availability during the summer.

3. High topographic diversity combined with moderate

slopes could have favoured occupation at the local scale.

Low winter temperature has a negative effect over net pri-

mary productivity (Bonan, 2008) and the availability of small

and big game (Badgley & Fox, 2000), compromising the high

caloric intake required by Neanderthals and leading to a

higher mortality rate (Steegmann et al., 2002; Sørensen,

2009). High summer temperatures in southern latitudes

combined with low availability of water might have pre-

vented the occupation of plains in the Mediterranean penin-

sulas due to a seasonal reduction of net primary productivity

(Bonan, 2008) and increased heat stress (Churchill, 2006).

However, Mediterranean coastal areas could have been suit-

able because of the buffering effect of the sea vis-�a-vis tem-

perature, and the ready availability of resources like shellfish

(Hardy & Moncel, 2011). At the local scale, high topographic

diversity could have provided the required abundance and

diversity of prey and shelter (Tews et al., 2003; Daujeard

et al., 2012), whereas gentler slopes could have facilitated

mobility (F�eblot-Augustins, 1993).

We test this hypothesis by applying a palaeo-species distri-

bution model (PSDM; Svenning et al., 2011; Varela et al.,

2011; Franklin et al., 2015), a tool that has been used before

in distribution studies of Neanderthals and anatomically

modern humans (Banks et al., 2008a,b; Beeton et al., 2013;

Burke et al., 2014). Here, we add to these by modelling

Neanderthals distribution during MIS 5e for the first time

with the most complete data set available to date, while pro-

viding a novel insight into the drivers of Neanderthals distri-

bution at different geographical scales.

MATERIALS AND METHODS

Study area, presence data and environmental

predictors

The study area (20° N to 70° N, 10° W to 70° E, see Fig. 1)

comprises Europe and the Irano-Turanian region. It does

not cover the entire known range of Neanderthals, which

extended at least to Okladnikov in Southern Siberia (Krause

et al., 2007), because there is only one single presence record

attributed to MIS 5e beyond the Caspian Sea (Ust-Izhul,

Siberia; Rolland, 2010), and therefore the data available

would be too sparse to fit a reliable model for this region.

We reviewed the literature for sites with Neanderthal fossil

or lithic remains attributed to MIS 5e, and found 50 records

located in 14 countries, 25 of them with absolute dates, and

25 of them with relative dates (see Appendix S1 in Support-

ing Information).

Bioclimatic and elevation maps (1 km resolution) were

downloaded from www.worldclim.com (Hijmans et al., 2005;

Otto-Bliesner et al., 2006), and we derived maps of slope,

topographic wetness index and topographic diversity (see

Appendix S2.1 for further information). All the variables

were aggregated by average to a resolution of 5 km, and the

MIS 5e sea level was set at 7 m a.s.l. (Dutton & Lambeck,

2012). We assessed multicollinearity among the 19 biocli-

matic and three topographic predictors, and based hereon

selected six uncorrelated predictors (see Appendix S2.2 for

further information on variable selection): maximum tem-

perature of warmest month (Bio5), minimum temperature

of coldest month (Bio6), annual precipitation (Bio12), pre-

cipitation of warmest quarter (Bio18), slope and topographic

diversity.

We compared the distributions of the sites with absolute

and relative dates over the environmental predictors using

density plots and a Wilcoxon signed-rank test, finding that

there was no bias in the data attributable to the type of
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dating method (see Appendix S2.3). We reduced sampling

bias and spatial clustering in the presence records by impos-

ing a minimum distance of 100 km between nearby sites

(Boria et al., 2014), and used a non-metric multidimensional

scaling (metaMDS function of the R library ‘vegan’; Oksanen

et al., 2013) to ensure that sites with unique combinations of

environmental conditions were not removed by the spatial

filtering (Varela et al., 2014; see Appendix S2.4). After the fil-

tering, 33 presence records were considered suitable to cali-

brate the PSDM (see Appendix S1 and Fig. 1). Finally, we

computed descriptive statistics of the values of the predictors

at the selected sites to offer a simplified description of the

topo-climatic niche of Neanderthals during MIS 5e, and

compared the density distributions of the presence and the

background data for each predictor as an aid to understand

the preferences of Neanderthals for each ecological factor.

Species distribution modelling

After considering the features of the data, we selected gener-

alized linear models (GLMs) calibrated with weighted back-

ground (Barbet-Massin et al., 2012) and second-degree

polynomials (Austin, 1999; Panzacchi et al., 2015) as mod-

elling method. The use of a weighted background compen-

sates for the lack of absences by providing a comprehensive

sampling of the ecological conditions available across the

study area. It further allows modelling ‘use versus availabil-

ity’ instead of ‘probability of presence’. However, the

geographical distribution of the background points affects

modelling outcomes (VanDerWal et al., 2009), and a few

studies recommend restricting the background to areas

within the dispersal distance of the focus species (Acevedo

et al., 2012). As there are no available data on the maximum

migration distance of Neanderthals to develop such criteria,

we applied a conservative buffer of 2000 km around the

presence records, and sampled 20% of all cells within

the buffer to be used as background data. We divided one by

the number of cases of each group to obtain the respective

weights of presences (n = 33, weight = 0.030) and back-

ground points (n = 195079, weight = 5.126 9 10�6).

To reduce the risk of over-parameterization when fitting a

GLM, at least five presence points per predictor are required

(Agresti, 2007). Considering our data (six predictors and 33

presence records) and our decision to fit second-degree poly-

nomials, the maximum number of predictors we could use

to fit a model was three. We used the ‘dredge’ function of

the R package ‘MuMIn’ (Barto�n, 2015) to generate all the

GLM equations combining the six predictors in groups of

one, two and three, resulting in 41 different models to fit.

Model selection and ensemble model forecasting

We applied a leave-one-out approach to compute AUC (area

under the receiver operating characteristic curve) based on

1000 pseudoabsences not used to calibrate the model (Field-

ing & Bell, 1997; Pearson et al., 2007). This allowed us to

Figure 1 Neanderthal sites in the European

and Irano-Turanian Region used to calibrate
the models and habitat suitability during

MIS 5e. Site codes: 1 – Lehringen; 2 –
Veltheim Steinm€uhle; 3 – Neumark Nord; 4

– Burgtonna; 5 – Waziers; 6 – Jaskinia
Nietoperzowa; 7 – Caours; 8 – Gouberville;

9 – Velykyj Glybochok; 10 – Horka Ondrej;
11 – Yezupil; 12 – Subalyuk Cave; 13 –
Krapina; 14 – Betalov Podmol; 15 – Kabazi
II; 16 – Grotte Vauffrey; 17 – Payre; 18 –
Abri des Pêcheurs; 19 – Oyambre; 20 – El
Castillo; 21 – Lezetxiki; 22 – Crvena Stijena;

23 – Saccopastore; 24 – Estragales; 25 –
Grotta del Cavallo; 26 – Grotta Riparo del

Poggio; 27 – G�anovce; 28 – Bolomor Cave;
29 – La Carihuela; 30 – Del Angel Cave; 31

– Karain Cave; 32 – Es Skhul; 33 – Tabun.
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evaluate relative omission error (Phillips & Dud�ık, 2008),

and adjusted explained deviance to assess goodness-of-fit

(Guisan et al., 1999). Models with average AUC higher than

0.75 and average adjusted explained deviance higher than

0.20 were calibrated again using the complete presence data

set. The ensemble of models fitted with small subsets of pre-

dictors has been successfully applied before to model the dis-

tribution of rare species with very few presence records

(Lomba et al., 2010; Breiner et al., 2015). Following this idea,

we computed the average and the standard deviation of the

selected models to produce the final ensemble (Araujo &

New, 2007; Marmion et al., 2009). To represent the response

curves, we applied the R function ‘scatterSmooth’ and ‘low-

ess’ to generate scatter plots showing the relationship

between habitat suitability and the values of each predictor

across all the cells within the study area.

Importance of environmental factors

We ranked the models according to their average AUC and

explained deviance values to assess the relative importance of

the predictors at the continental scale. To evaluate variable

importance at the local scale, we defined 50 9 50 km cells,

based in the estimated daily home range of Neanderthals

(F�eblot-Augustins, 1993; Daujeard et al., 2012). We fitted

one linear regression model per cell and environmental pre-

dictor, using habitat suitability as response variable. For any

given predictor, we considered the r2 of the regression model

to be an indicator of its importance at the local scale. We

measured local importance of the predictors in two different

ways: (1) We compared (in a boxplot) the distributions of

the r2 values obtained by each predictor across all modelling

sites (see Fig. 1); (2) We selected 44 target localities across

the study area (see Appendix S2.5 and Fig. 4), and applied

recursive partition trees (rpart library; Therneau et al., 2015)

to classify them into groups of areas with similar ecological

processes driving to similar habitat suitability values, by

using the r2 values of the predictors as partition variables

and habitat suitability as response variable.

RESULTS

Neanderthal sites occupied during MIS 5e showed a maxi-

mum thermal range around 58 °C, from �19.3 °C (average

temperature of the coldest month, northern edge) to

38.4 °C (average temperature of the warmest month, south-

ern edge). The range of annual rainfall was c. 900 mm, and

requiring high precipitation during the summer. Slope var-

ied between 0.5 and 6.8° in most populations, and the

Neanderthal sites were also characterized by a high topo-

graphic diversity (median = 72.8%; see Table 1). The com-

parison between the distributions of the presence and the

background data showed high use versus availability in sites

with higher average temperature of the coldest month and

annual rainfall values, and slopes between 2 and 5° (see

Appendix S2.6).

Twenty-seven models were above the selection thresholds

for AUC and explained deviance, with an average AUC of

0.81 (SD = 0.04), and an average explained deviance of 0.29

(SD = 0.06). Interestingly, several sites (G�anovce, Estragales,

Veltheim Steinm€uhle, Subalyuk Cave, Burgtonna, Yezupil,

Velykyj Glybochok and Neumark-Nord) consistently showed

low habitat suitability scores (< 0.5) during the leave-one-

out evaluation (see Appendix S2.7 and S2.8 for further

details).

The final model (Fig. 1) showed high habitat suitability

values and low standard deviation (see Appendix S2.9) in

central and southern France, Italian Peninsula, the Mediter-

ranean islands, along the Atlantic coast of the Iberian Penin-

sula, as well as along the southern coast of the Black Sea and

the Levantine coasts of the Mediterranean Sea. Medium

habitat suitability values were found at the continental areas

of the Iberian Peninsula, British Isles, Dinaric Alps, Balkan

Mountains, continental areas of Anatolia and the southern

coasts of the Baltic Sea. Very low habitat suitability values

were dominant across the high-altitude regions of the Alps

and Pyrenees, across the Scandinavian Shield, and the cur-

rent Arabian Desert. The lack of agreement among the best

models was high in the north of the British Isles, the Scandi-

navian uplands, the margins of the Alps, and along the

northern limits of the Arabian Desert.

The average habitat suitability of the modelling records

was 0.72 (SD = 0.16), but most sites at the north and eastern

distribution limits (Germany, Hungary, Ukraine) showed rel-

atively low suitability values. The average standard deviation

was 0.12 (SD = 0.04), but the two Slovakian sites (G�anovce

and Hôrka-Ondrej) showed higher deviation values (see

Appendix S2.10).

According to the response curves (Fig. 2), the average

temperature of the warmest month showed a close-to-normal

distribution with an optimum around 30 °C. Annual rainfall
and slope showed left-skewed response curves, while the

remaining variables showed sigmoidal trends, but with an

inconsistent pattern showed by precipitation of the warmest

quarter.

Table 1 The topo-climatic niche of Neanderthals in the

European and Irano-Turanian Region during MIS 5e. Bio5:
maximum average temperature of the warmest month; Bio6:

minimum average temperature of the coldest month; Bio12:
annual rainfall; Bio18: precipitation of the warmest quarter;

Slope: topographical slope; T. diversity: topographic diversity.

Predictor Minimum

0.05

quantile Median

0.95

quantile Maximum

Bio5 (°C) 22.9 28.9 31.3 37.4 38.4

Bio6 (°C) �19.3 �17.8 �1.2 5.7 6.2

Bio12 (mm) 477 533 775 1361 1393

Bio18 (mm) 26 36 150 333 393

Slope (°) 0.2 0.5 2.1 6.8 13.2

T. diversity

(%)

49.3 51.9 72.8 78.8 83.0
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The analysis of variable importance showed that the most

important predictor at the continental scale was annual rain-

fall (AUC = 0.79, D = 0.21), followed by average tempera-

ture of the coldest month (AUC = 0.73, D = 0.15), and

slope (AUC = 0.72, D = 0.10). The remaining predictors

produced models performing close to a random expectation

(AUC = c. 0.5) when used alone. The combinations of vari-

ables with higher predictive power were: (1) Bio12, Bio6 and

Bio5 (AUC = 0.89, D = 0.42); (2) Bio6, Bio5 and topo-

graphic diversity (AUC = 0.89, D = 0.40); (3) Bio12, Bio6

and Bio5 (AUC = 0.88, D = 0.40). See Appendix S2.7 for

further details.

At the local scale (Fig. 3), the most important predictor

across Neanderthal sites was slope, followed by average tem-

perature of the warmest month, precipitation of the warmest

quarter, and average temperature of the coldest month. The

recursive partition analysis (Fig. 4) revealed that sites mainly

located in the southern coastlines and showing high habitat

suitability (node 7) were determined by the interaction

between higher slopes and summer rainfall. A second group

of sites with moderate habitat suitability values (node 6)

showed a lower dependence on slope values, and were

located in topographically less varied areas, like the Po Valley

(ID=32), or Central Germany (ID=36). Minimum habitat

suitability values were reached when Bio5 was the most

important factor (node 2) in places that were too cold or

too warm, like the Alps (ID=1), or Central Anatolia (ID=5).

DISCUSSION

Our model of the distribution of Neanderthals across Europe

during the Last Interglacial optimum (MIS 5e), calibrated

Figure 2 Response curves of the habitat

suitability model of Neanderthals during the
Last Interglacial. The kernel density plot

represents the availability of cells holding
each combination of habitat suitability and

predictor values across the study area. The
trend line was computed with the R

function ‘lowess’. Bio5: maximum average
temperature of the warmest month; Bio6:

minimum average temperature of the
coldest month; Bio12: annual rainfall;

Bio18: precipitation of the warmest quarter.
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with the most complete presence data set available to date,

revealed that abiotic environmental variables shaped habitat

suitability for this extinct hominin at continental and local

scales. This model facilitates the evaluation of our proposed

hypothesis regarding how climate and topography shaped

Neanderthals distribution.

Richter (2005, 2006), Wenzel (2007), and Gaudzinski-

Windheuser & Roebroeks (2011) have made important recent

contributions to the discussion of the distribution and adapta-

tions of Homo neanderthalensis during MIS 5e. Together, these

papers (specially Gaudzinski-Windheuser and Roebroeks,

2011) provide a valuable review on Neanderthal sites, and con-

tinue an earlier controversial discussion that started with Gam-

ble (1986) and raged during the 1990s on whether or not the

dense forests present in Central Europe during MIS 5e were

suitable for Neanderthals due to a presumed lack of large herds

of mammals. Important elements of this discussion appear

somewhat out-of-date from an ecological perspective, since

clear evidence now suggests that the interglacial forests of Wes-

tern and Central Europe were not homogeneously dense and

did harbour abundant populations of large herbivores (San-

dom et al., 2014; Pop & Bakels, 2015). According to our

results, the North European Plain, whether it was covered by

dense forests during MIS 5e or not, was slightly colder and

flatter than the optimal Neanderthal habitat. We do not claim

abiotic factors to be more relevant than habitat structure in

shaping Neanderthal distribution, but to disentangle the rela-

tive effect of climate, topography and vegetation across the

Neanderthals’ northern range edge would require a reliable

land cover vegetation model, which preliminarily exists for the

Holocene (Allen et al., 2010; Gaillard et al., 2010; Fyfe et al.,

2015), but not for our period of interest here.

Wenzel (2007) and Richter (2006) discuss the use of bea-

ches to obtain marine foods. Indeed, Romagnoli et al. (2014,

2015) provide specific examples of the exploitation of marine

resources by Neanderthals. Furthermore, Cohen et al. (2012)

also consider coastal areas as highly suitable spaces for Euro-

pean hominids. Intriguingly, a handful of recently discovered

sites in Spain and Italy attributed to MIS 5e are located close

to the coastlines (Fiorenza et al., 2011; Arsuaga et al., 2012).

Our model suggests that habitat suitability was high across

most Mediterranean, Atlantic, Adriatic, Aegean and Black

Sea coasts. In fact, the high habitat suitability values found

along the Mediterranean coastline challenges the notion of

Neanderthals as a Central European species adapted to cold

conditions (Steegmann et al., 2002; Weaver, 2003). Our

model suggests that the presence records in northern Ger-

many (Neumark-Nord, Burgtonna), Ukraine (Velykyj Glybo-

chok), or Hungary (Subalyuk Cave), could represent the tail

of Neanderthal distribution during MIS 5e, while abiotic

conditions were optimal or close to optimal along the south-

ern coastlines, as in Israel (El Skhul), Italy (Grotta Riparo

del Poggio), Spain (El Castillo, Oyambre, Lezetxiki), France

(Payre, Grotte Vaufrey) or Montenegro (Crvena Stijena).

According to our findings, Neanderthals could have been a

species thriving in warm coastline habitats during MIS 5e, a

distribution perhaps linked to the exploitation of marine

resources (Stringer et al., 2008; Colonese et al., 2011) and

small game in coastal habitats (Blasco et al., 2014). This

result is consistent with earlier suggestions regarding the

importance of coastal habitats in human evolution and dis-

persal (Bailey, 2004; Cohen et al., 2012), but contrasts with

traditional notions of Neanderthals as a Central European

cold-adapted species.

Hypothesis on the drivers of Neanderthals

distribution

The first point of our hypothesis states that the northern

edge of the Neanderthals distribution was limited by cold

winters due to a low net primary productivity leading to a

scarcity of prey, and increased cold stress. Our results suggest

that the average temperature of the coldest month was the

second most important predictor at the continental scale. At

the local scale, lower habitat suitability values occurred when

the average temperature of the warmest month was the most

important factor, as it happens in places with cold summers

like Pyrenees or the Alps. The low suitability observed in

these high mountains could be the result of a false absence

pattern produced by an increased erosive activity of moun-

tain glaciers during the Last Glacial Maximum that could

have erased any evidence of Neanderthal’s presence. But the

high abundance of cave bear (Ursus spelaeus) remains dated

before the onset of the LGM (Sp€otl et al., 2014) found in

multiple alpine caves that were covered by ice during the

glaciation confirms that the preservation of archaeological

remains is possible under glacial conditions, and therefore

the low suitability found in Alps and Pyrenees is likely the

result of a true absence pattern.

According to our hypothesis, warm and dry summers

could have shaped the southern limit of the Neanderthal

0.0 0.2 0.4 0.6 0.8

Local importance

R−squared

t. diversity
bio12

bio6
bio18

bio5
slope

Figure 3 Importance of predictors at local scale across
modelling sites. R-squared scores were computed by linear

regression within a 50 km cell containing each modelling record,

using each environmental factor as predictor, and habitat
suitability as response variable.
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distribution due to a seasonal decrease in net primary pro-

ductivity and increased heat stress. The analysis of variable

importance at the local scale showed that a few localities

with Mediterranean influence (Central Anatolia and south-

eastern coast of the Iberian Peninsula) consistently presented

low habitat suitability due to an increased importance of

summer temperatures. Other regions with similarly high

summer temperatures but also elevated summer rainfall as

well as coastlines, where temperatures are modulated by the

sea, showed increased habitat suitability values.

Finally, our hypothesis puts emphasis on the importance

of topographic factors at the local scale: diverse enough to

promote a high availability of ecological niches, and hence

providing hunting and gathering resources, but not too

rough to obstruct the high mobility requirements of Nean-

derthals. At the continental scale, slope was the third most

important predictor, while at the local scale it was the most

relevant across all Neanderthal sites. Topography played a

key role in driving the high habitat suitability values found

along the Mediterranean coast, especially in areas with a

topographic setting similar to the foothills of larger moun-

tain ranges (e.g. eastern Pyrenees), calcareous and karst areas

(e.g. Karain cave, in the Western Taurus calcareous zone,

Turkey) and coastal hilly areas (e.g. Bolomor Cave, in the

south-eastern coast of the Iberian Peninsula).

The effect of temperature and rainfall on the distribution

of Neanderthals can be linked to physiological constraints in

the case of extreme temperatures (cold and heat stress

Figure 4 Patterns of local importance of

predictors across regions. R-squared values
for each predictor and region (region names

in Appendix S2.5) were computed by local
regression (50 km cells) using habitat

suitability as response variable. Recursive
partition trees (rpart R library) were applied

to group regions by suitability values.
Regions belonging to each terminal code

were plotted using the same colour. The size

of the circles represent the reliability
(inverse of the residuals of the partition

tree) of the classification for the given
region.

Journal of Biogeography
ª 2016 John Wiley & Sons Ltd

7

Abiotic drivers of Neanderthals distribution



leading to a higher mortality rate) and to a scarcity of

resources due to a low net primary productivity (NPP). Cli-

mate is a proximal driver of NPP at the global scale (Lieth,

1975; Bonan, 2008), and both very cold (i.e. tundra) and

very warm and dry (i.e. desert) areas have low NPP values

(Geider et al., 2001). NPP is known to be one of the main

factors influencing population density and home range size

in hunter–gatherer societies (Hamilton et al., 2007; Freeman

& Anderies, 2015), and has also been used as a surrogate of

carrying capacity to model the geographical expansion and

gene flow of anatomically modern humans during the Late

Pleistocene (Eriksson et al., 2012). To use NPP as a predic-

tor would have likely improved our model, but the lack of a

reliable vegetation map for MIS 5e combined with the chal-

lenge of modelling NPP in forested versus open vegetation

areas (Del Grosso et al., 2008) prevented it. Nevertheless,

using proximal predictors representing resource gradients

(sensu Guisan & Zimmermann, 2000) should be considered

a priority in order to broaden the scope of the questions

about hominin biogeography that can be answered by

PSDMs.

CONCLUSIONS

Our model shows the highest habitat suitability values along

coastal areas with mild summers, while the Central European

sites, which have dominated our view about the Neanderthal

lifeways during the MIS 5e, showed low habitat suitability

and were interpreted as part of the distribution tail. There-

fore, many current interpretations of Neanderthal adaptation

during MIS 5e may not accurately represent this species’ pre-

ferred coastal, mild-climate habitat. Further research is

needed to investigate the cultural and technological differ-

ences between Neanderthal populations inhabiting habitats

with such contrasting ecological features.

Our methodology for analysing habitat suitability models

is novel, and has proven useful to obtain an insight into the

abiotic factors driving habitat suitability at the local scale in

different regions across the study area. This methodology can

help to avoid discrete representations of presence/absence,

using instead SDMs as a source of hypothesis-testing and as

a source of valuable information for interpreting the ecologi-

cal conditions at Pleistocene archaeological sites. Impor-

tantly, our analysis draws attention to the fact that many

currently known Neanderthal (and other hominid) sites may

represent the marginal tails of a given species’ distribution,

an aspect rarely addressed explicitly in the pertinent archaeo-

logical literature.

Finally, considering the match between the results of the

model and the predictions of our hypothesis, and the overall

scarcity of quantitative studies on the distribution of Nean-

derthals, we believe that our hypothesis offers a productive

framework that can help to understand the relationship

between Neanderthal presence and abiotic factors at different

scales, and one that can be readily integrated with archaeo-

logical studies performed at regional or local scales.
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