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Abstract

Craniometric characteristics have long been used to reconstruct among-group variation, potential migration routes and
ancestral origins. This study presents results of the comparison of 946 individuals from 16 British medieval sites using cra-
niometric analyses. The purpose is to determine: 1) if observable cranial variation exists among British medieval groups, 2)
whether it can best be detected from neurocranial or facial measurements, and 3) the potential causes of these differences.
The data were analyzed with multivariate statistical analyses. A selection of 18 variables recorded on each cranium was used
for comparison among separately pooled males and females for each site. Principal component analysis was carried out on
the mean measurements for these pooled samples to detect differences.

The results support findings from previous studies indicating a observable difference in measurements among British sam-
ples. Male and female samples follow the same grouping pattern, indicating the validity of the statistical analysis. Both
neurocranial and facial measurements contribute to the variability of the groups analyzed.

The differences in craniometric measurements are likely determined by immigration from other European areas. Samples
from British towns where migration occurred more frequently during and before the Middle Ages (i.e., Hythe, London
and Scarborough) support this difference. These towns were major ports, and the movement of people was frequent, with
various migrant groups selectively populating them (e.g., Scandinavian, Icelandic, Flemish, French). This is supported by

correspondence of the results with historical and archaeological records.

Keywords craniometric analysis - biological distance - migration - Britain - Middle Ages

Introduction

It has been shown that the main characteristics of an individ-
ual’s cranial morphology are genetically transmitted directly
through generations (Howells 1973; Sparks and Jantz 2002;
Relethford 2004; Harvati and Weaver 2006). However,
the influence of long-standing population migration also
affects the variability of cranial morphology (Relethford
2004; Spradley and Jantz 2021). Both archaeological and
biological data suggest there have been several population
movements in Britain from continental Europe in the past.
This hypothesis is confirmed by historical literature (Hunter
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and Ralston 1999; Gillingham and Griffiths 2000; Topf et al.
2005), and is corroborated by research carried out in the first
half of the 20" century (Little 1943; Stoessiger and Morant
1932).

Genetic and isotopic data also provide proof of human
mobility, confirmed by extensive research to date (Oppenhe-
imer 2006; Lazaridis et al. 2014; Pellegrini et al. 2016; Olalde
et al. 2018; Pearson et al. 2019; Evans et al. 2022). Differences
in Y-chromosomes among populations within the British Isles
have been detected by several researchers. The results sug-
gest different parts of the British Isles have diverse paternal
histories (Capelli et al. 2003; Lall et al. 2021). For example,
Scandinavian populations had an impact in both Scotland and
the Northern Isles (Berry and Firth 1986), and substantial
migration in the Early Bronze Age and Anglo-Saxon periods
occurred in England (Weale et al. 2002; Hemer et al. 2013;
Schiffels et al. 2016; Patterson et al. 2022).

The analysis of stable isotopes from different tissues
is an effective method to gain insight on human mobility
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throughout the course of an individual’s life. In fact, this
analysis proved there was a movement of people from outside
Britain, especially in ports, during medieval times (Kend-
all et al. 2013; Leggett 2021). If migrations can be proven
through interdisciplinary methods, a significant correspond-
ence should also be expected from the craniometric analysis.

Craniometric research is valuable for understanding
population history as it allows measurement reproducibil-
ity (Howells 1973). Human migrations can have differing
impacts on craniometric variation in regard to both genetic
and environmental factors. Craniometric information can,
therefore, be used to detect within and among group varia-
tion, migration routes and ancestral origins.

Migrations are essential for understanding the differ-
ent components of a population. There are close linkages
between population movements as a phenomenon and a
significant number of other processes and behavioral pat-
terns (Anthony 1990). However, British research involving
craniometric data appears sporadically in recent scientific
literature. Much of the research undertaken on British
craniometric data analyzes Pre-Historic, Romano-British
and Anglo-Saxon populations, to investigate whether the
variation is a consequence of ancient migrations; there is a
substantial lack of research performed on British medieval
populations. Moreover, most of these studies are now dated
(i.e., Little 1943; Tattersall 1968; Brothwell and Krzanowski
1974; Dawes and Magilton 1980).

The purpose of this study is to determine whether cranial
morphological variation between British medieval popula-
tions exists, and the reasons contributing to these differences

(i.e., a result of previous and contemporary population
movements). Craniofacial morphology variability of 946
skulls from 16 British samples was analysed. Craniometric
data were recorded in samples from five osteological collec-
tions and compared with previously published data.

To determine whether there are significant differences
between samples, three main research questions are pro-
posed: 1) Are there quantifiable differences in craniofacial
morphology among British medieval samples? 2) If differ-
ences among these samples exist, can they be determined
by neurocranial, facial measurements or both? 3) Would
these differences likely be a result of the distinctive waves
of migration occurred before and during the Middle Ages
from various parts of Europe?

Materials and Methods
Skeletal samples

For the selection of samples the focus was to acquire data
from material covering a large geographical region from
North to South in Britain. However, due to the limited
archaeological material available, the number of remains
from Southern archaeological sites is greater than that of the
Northern sites (Table 1 and Fig. 1).

This study involves analyses of 946 skulls in 16 British
medieval samples from: Poulton (Cheshire), Linenhall (Ches-
ter), St Owen’s church (Gloucester), St Saviour (London),
Dominican Friary (London), St Mary Graces (London), East

Table 1 Dating and number of individuals analyzed, where ?Males and ?Females indicate probable males and probable females

Site Period Number of ~ Number of Number of Number of Data collected/published by
Males Females 7Males ?Females

Poulton 14"-16™ CE 106 41 11 4 Valoriani (this study)

Linenhall 12-15" CE 7 3 0 0 Valoriani (this study)

St Owen 12-15" CE 48 25 3 3 Valoriani (this study)

St Saviour 11"-16™ CE 52 0 0 0 WORD (2015)

Dominican Friary 13%-16" CE 3 0 4 WORD (2015)

St Mary Graces 14"-16" CE 14 8 7 3 WORD (2015)

East Smithfield 14" CE 31 15 6 4 WORD (2015)

St Mary Merton 12%-16™ CE 59 10 1 WORD (2015)

St Mary Spital 12%-16™ CE 13 7 4 2 WORD (2015)

St Nicholas Shambles 11"-12% CE 14 19 0 0 WORD (2015)

Guildhall Yard 11"-14" CE 4 4 3 1 WORD (2015)

St Gregory 11%-16" CE 45 22 3 4 Valoriani (this study)

St Leonard N/A 75 34 37 53 Stoessiger and Morant (1932)

Castle Hill 212"-16" CE 43 18 0 0 Little (1943)

Guisborough 12"-16" CE 14 8 4 6 Anderson (1994)

Ballumbie 7h-17" CE 22 9 4 2 Valoriani (this study)

Total 550 217 92 87
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Fig. 1 Location of the origin of
the samples analyzed for this
study
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Smithfield (London), St Mary Merton (London), St Mary
Spital (London), St Nicholas Shambles (London), Guild-
hall Yard (London), St Gregory (Canterbury), St Leonard
(Hythe), Castle Hill (Scarborough), Guisborough priory
(Guisborough) and Ballumbie (Dundee).

The nature of the populations represented is both rural
(smaller communities based on an agricultural economy), and
urban (larger cities with a major movement of people, attrib-
uted to an economy based more on trade). The craniometric
data was acquired by the author for five of the samples, i.e.,
Poulton, a rural settlement in Cheshire (Emery 2000), Linen-
hall, a Greyfriars’ burial site from Chester (Davenport 2018),
St Owen’s cemetery from Glocester’s Southgate Street (Atkin
1990) (Fig. 2), St Gregory’s Priory cemetery in Canterbury

(Hicks and Hicks 2001), and Ballumbie parish, a rural site
located three miles north of Dundee (Cachart and Hall 2014,
Hall and Cachart 2005).

Data from the remaining 11 samples were pooled together
for the statistical analysis. The rationale is that these peoples
are thought to be closely related, in part because they are
from the same geographical location. Apart from St Nicho-
las Shambles, which was analyzed and published by White
and Dyson (1988), the data were acquired online via the
Wellcome Osteological Research Database, made available
by the Museum of London Archaeology (MOLA) (WORD
2015). Data for the Hythe crania, recorded and published by
Stoessiger and Morant (1932), and those from the material
recovered at Castle Hill (Scarborough), published by Little
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Fig.2 Male skull from Sk 1468 from Southgate Street (Gloucester)

(1943), are from studies conducted in the early 20™ century.
The human remains from Guisborough were analysed and
published by Anderson (1994).

For the purpose of this study, males and females were
analysed separately to avoid misclassification due to differ-
ence in measurements as a result of sexual dimorphism. The
plots are also divided by sex and the samples were all given
the name of each archaeological site.

Selection of individuals and craniometric
measurements

Before starting the data collection, a preservation assess-
ment was carried out on the skeletal material. If post-mor-
tem pressure or artificial modification changed a significant
area of the skull, the individual would be excluded from
the analysis (Howells 1973). Additionally, the skulls were
required to have a minimum presence of at least the frontal
bone, right and left parietals, right and left temporals and
occipital (i.e., a full calvarium). The presence of these ana-
tomical areas allowed the collection of the minimum number
of measurements required for the analysis.

For sex estimation, standard cranial and postcranial indica-
tors were used (Buikstra and Ubelaker 1994). For an optimal
selection of adults, two age-at-death indicators were used:
fusion of the spheno-occipital synchondrosis and ectocra-
nial suture closure. Spheno-occipital synchondrosis is a reli-
able indicator of age as complete fusion occurs in females at
approximately 16 years, and around of 18 years of age in males
(Sahni et al. 1998; Schaefer et al. 2009; Shirley and Jantz 2011;

@ Springer

Table 2 Measurements used for data collection in this study and stud-
ies used for comparison

Cranial Measurement Martin and  British Code

Saller Code

Maximum length of the neural skull MS 1 L
Cranial base length MS 5 LB
Maximum neurocranial breadth MS 8 B
Basion-bregma height MS 17 H
Nasion-bregma arch MS 26 S,
Parietal longitudinal arch MS 27 S,
Occipital arch MS 28 S,
Nasion-bregma chord MS 29 S’
Bregma-lambda chord MS 30 S’
Lambda-opisthion chord MS 31 S’
Foramen magnum length MS 7 FL
Length of the face MS 40 GL
Maximum bimaxillary breadth of the MS 46 GB

midface
Height of the upper face MS 48 G’H
Orbital breadth MS 51 (O}
Orbital height MS 52 o’,
Nasal breadth MS 54 NB
Nasal height MS 55 NH’L

Cunningham et al. 2016). Though ectocranial suture closure
(Meindl and Lovejoy 1985) and its limitations have been
extensively discussed in the literature, the methods have been
adopted by the authors to exclude non-adult individuals.
Standard osteometric data recording methods developed by
Martin and Saller (1957) and Borrini (2022) were adopted.
The total number of craniometric measurements that were
collected by the first author (SV) on each cranium amounts
to 45 variables, which were recorded for completeness of the
information. Some of these variables are recorded spatially
adjacent to one another, yielding analogous measurements.
For this reason, to allow an easier analysis of the data,
a Pearson’s product-moment correlation test was carried
out. The test allowed the selection of a set of measurements,
excluding the values that had a correlation of r > .500 (Emer-
son 2015). The resulting dataset was then composed of 21
variables. The measurements were consequently checked for
correspondence with those recorded by the other authors and
reduced to 18 variables for improved data analysis (Table 2).

Statistical methods

First, all individuals that were assigned unknown sex were
removed from the database. Those assessed as “probable
male” or “probable female” were included to maximize sam-
ple sizes. Second, missing value analysis was carried out to
exclude individuals with >50% of the measurements missing.
Finally, any individual that showed extremely low or high
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values in the statistical analysis was checked with the original
data file for accuracy. If no inputting error could be identified,
the individual was left in the dataset. The dataset resulting
from the data preparation consisted of 670 individuals with
less than 50% missing data.

Principal component analysis was carried out in IBM SPSS
Statistics v24, where a set of factors (or PCs) were retained
by the program to determine variability of the sample (Jol-
liffe 2002; Dytham 2011). SPSS Statistics v24 uses Kaiser’s
criterion (Kaiser 1960) to extract these factors, i.e., only the
factors with Eigenvalues greater than 1 were retained. The
factor scores were then used to produce three-dimensional
scatterplots to visualize the results of the analysis.

Results

The means resulting from each variable in the different sam-
ples were employed for the data analysis. The pooled sam-
ples were analysed independently to avoid misclassification
because of sexual dimorphism. All samples analysed are
outlined in Table 1 for the males; for the females Guisbor-
ough was not included due to a lack of facial measurements.
This procedure allowed the determination of which variables
had the most significance in discriminating between groups.
After carrying out the PCA, the highest factor scores were
retained to produce the scatterplots. Factor scores with load-
ings of 10% or more were chosen to produce the graphs.

Males
In the analysis of males four principal components were

extracted, which account for 88.1% of the total variance.
For the scatterplot in Fig. 3 only the first three components
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Fig.3 Three-dimensional scatterplot showing PC1, PC2 and PC3 for
the male samples

were used, which explain 79.2% of the variation (PC 1 =
44.242%, PC 2 = 22.566% and PC 3 = 12.408%).

The component matrix in Table 3 shows the loadings
for the different principal components. The variables that
drive most of the variation in the first component are MS
48 (height of the upper face) with a value of .973 and
MS 5 (cranial base length) with a value of .944. Fairly
important are also the variables MS 55 (nasal height),
MS 54 (nasal breadth) and MS 29 (nasion-bregma chord),
with loadings not much dissimilar from the first two. On
the second principal component, most of the difference
between samples is determined by measurements MS 27
(parietal longitudinal arch) with a loading of .928, and MS
30 (bregma-lambda chord) showing loading of .873. The
measurements with a fairly high influence on variability
between samples are MS 1 (maximum length of the neural
skull) and MS 31 (lambda-opisthion chord). On the third
principal component, only two measurements seem to have
a notable impact on variability between groups, i.e., MS
51 (orbital breadth) with a loading value of .824 and MS
40 (length of the face) with a value of -.742.

In Fig. 3, the spatial distribution of samples can be
observed. On the first principal component axis X, the sam-
ples cluster mainly based on their affinities for the facial and
frontal areas. The only two samples that result as outliers are
Linenhall and Guisborough. In fact, regarding facial height,

Table 3 Component loadings, eigenvalues, and variances for male
British samples

Measurement Comp 1 Comp 2 Comp 3 Comp 4
MS1 351 .860 107 179
MS 5 944 -.154 .052 204
MS 8 186 -.163 499 .012
MS 17 .348 -.583 -.268 -.073
MS 26 912 267 -.044 .046
MS 27 -242 928 -.071 -.070
MS 28 .062 497 270 760
MS 29 941 225 .003 -.073
MS 30 -.193 .873 .289 -.136
MS 31 -.163 -.839 .300 282
MS 7 .399 -.072 460 =742
MS 40 -219 -.073 =742 129
MS 46 .843 -.261 187 392
MS 48 973 -.129 -.181 .053
MS 51 -.269 -.100 .824 .001
MS 52 .808 299 -311 -.280
MS 54 .942 -.123 .053 -.167
MS 55 943 159 -.192 .073
Eigenvalue 7.964 4.062 2.233 1.602
Variance (%) 44242 22.566 12.408 8.902
Total Variance (%) 44.242 66.807 79.216 88.118

@ Springer
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Linenhall has the lowest measurement (63 mm), while Guis-
borough shows the highest (76.2 mm). The same can be said
for cranial base length where, again, Linenhall yields the
lowest value (95.3 mm) and Guisborough the highest (102.7
mm). This is also true with regard to dimensions of the nose
and the nasion-bregma chord.

When analyzing the second principal component, the
samples appear more scattered, and differences are mainly
located on the neural skull. The samples that show most
of the similarities are St Owen, Ballumbie, Linenhall
and Castle Hill with a second cluster formed by London,
Guisborough and Linenhall. St Gregory is slightly sepa-
rated from this cluster, while the two extremes are occu-
pied by St Leonard and Poulton. In fact, regarding both
the measurements of the parietal longitudinal arch and
the bregma-lambda chord, St Leonard shows the lowest
values (122 mm and 108.9 mm) and Poulton the highest
(127.7 mm and 114.3 mm).

Finally, the third principal component distinguishes
between samples based on the orbital breadth and length of
the face. For this comparison, samples form two different
clusters: 1) St Leonard, Poulton, and Ballumbie, and 2) St
Owen and St Gregory. London and Linenhall are somewhat
distinct, while samples that differ the most for these traits are
Guisborough and Castle Hill. Concerning orbital breadth,
Guisborough yields the greatest measurement (42.5 mm)
and Castle Hill the smallest (38 mm).

Females

For analysis of the females, five principal components were
extracted, accounting for 91% of the total variance. To gen-
erate the scatterplot in Fig. 4, the first three components
were used, which account for 73.1% of the overall variation
(PC1=137.835%, PC 2 =20.164% and PC 3 = 15.184%).
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Fig.4 Three-dimensional scatterplot showing PC1, PC2 and PC3 for
the female British samples
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Table 4 shows the component matrix, with the loadings
assigned to each variable used for this analysis. The vari-
ables with the largest loadings for the first principal com-
ponent are MS 30 (bregma-lambda chord) with a value of
.973 and MS 1 (maximum length of the neural skull) at .964.
Significant impact is given by other variables, which are MS
27 (parietal longitudinal arch), MS 31 (lambda-opisthion
chord), and MS 28 (occipital arch). The differences deter-
mined by the second component are related to the measure-
ment MS 52 (orbital height) with a loading of .881. Rela-
tively high values, but lower than the latter, are shown by the
measurements MS 8 (maximum neurocranial breadth), MS
54 (nasal breadth), and MS 5 (cranial base length). Finally,
the third principal component shows that the main differ-
ences are determined by MS 48 (height of the upper face),
with a loading of .752, and MS 40 (length of the face), with
a value of .745.

The spatial relations between samples is presented in
Fig. 4. It was not possible to include Guisborough in the
analysis, as the female sample did not have a complete set of
measurements. The differences in the first component seem
to distinguish most by neurocranial measurements. A cluster
is formed by Poulton, Linenhall, St Owen and St Gregory.
London is located slightly on the side of this group, while St
Leonard is plotted in a more isolated location. The two most
divergent samples are Ballumbie and Castle Hill. The first

Table 4 Component loadings, eigenvalues, and variances for female
British samples

Measurement Comp1l Comp2 Comp3 Comp4 CompS5
MS1 .964 181 .088 122 -011
MS 5 599 -.658 372 -.072 .246
MS 8 -.183 .694 -.353 .058 568
MS 17 .671 -.510 .033 -.106 471
MS 26 .810 .296 -.305 .070 311
MS 27 957 .037 .108 .188 163
MS 28 .850 281 -.232 .080 -.307
MS 29 789 .290 217 -.356 143
MS 30 973 .073 -.084 -.007 .003
MS 31 875 -.098 -.115 -.017 -.133
MS 7 -217 .057 .652 -.643 .245
MS 40 123 -572 745 217 .001
MS 46 -.196 -413 -.633 310 391
MS 48 -112 378 752 241 157
MS 51 254 .266 -.226 -.530 -.196
MS 52 185 .881 204 -.153 -255
MS 54 -426 .671 154 .018 .549
MS 55 128 462 417 756 -.129
Eigenvalue 6.810  3.630  2.733 1.699 1.520
Variance (%) 37.835 20.164 15.184 9.440 8.445
Total Variance (%) 37.835 57.999 73.183 82.623 91.068
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sample shows for both the bregma-lambda chord and the max-
imum length of the neural skull the lowest measurements (104
mm and 170.8 mm). On the other hand, Castle Hill showed
the greatest measurements (113.4 mm and 180.7 mm).

The second component discriminates between female
samples mainly by orbital height. The scatterplot shows the
main cluster of Linenhall, St Gregory, Poulton, and Castle
Hill. On the side is St Owen, with slightly lower values,
while the samples at the greatest distance are St Leonard
and London on one side, and Ballumbie on the opposite.
However, regarding orbital height, Ballumbie does not have
the greatest measurement (35.5 mm); this is shown by Castle
Hill instead (35.8 mm). On the opposite side, London has
the smallest mean (32.2 mm), which is near the value of
St Leonard (32.6 mm). Analyzing maximum neurocranial
breadth, Ballumbie does not report the highest mean value
(142.9 mm). The highest is Poulton (143.2 mm). In this case,
London and St Leonard are analogous, as they report an
equivalent value (139.9 mm), but not the smallest, which is
found in Poulton (138.2 mm). Conversely, Ballumbie and
London represent opposites based on nasal breadth, where
the first sample evidences the highest value (24.4 mm),
while the second reports the lowest (23.4 mm).

Differences between groups on the third component are
mainly driven by height of the upper face. Two clusters can
be distinguished on the scatterplot. The first is formed by
Castle Hill, Poulton and Ballumbie, while the second is
formed by a looser association between London, St Gregory,
and St Leonard. The most divergent samples are Linenhall
and St Owen. Linenhall reported the lowest measurement in
height of the upper face (63.5 mm), while St Owen expressed
the greatest (67.6 mm). Similarly, regarding the length of the
face, Linenhall expressed the lowest (86.5 mm), while the
highest measurement is reported by St Owen (94 mm).

Discussion

In answer to the first research question, there is a quantifi-
able difference in craniofacial morphology among the Brit-
ish medieval samples. They do not cluster based on spatial
proximity, which is not unexpected given that this analysis is
restricted geographically. Such variation would occur when
there is a bioclimatic effect on the populations that leads to
adaptation with different anthropometric distributions (Beals
et al. 1984). Furthermore, the samples are not temporally
distinct, as all date from the Middle Ages. However, discrim-
ination could be a consequence of immigration of peoples
outside Britain. The samples from cemeteries in towns with
a historical record of resident immigrants are identified as
outliers, i.e., Hythe, Scarborough, and London.

The second research question was proposed to under-
stand what measurements drive the difference among British

samples, and the results suggest they are detected by both
facial and neurocranial dimensions. On the first principal
component, male samples differ mainly in the face (e.g.
nasal height, height of upper face, and cranial base length).
On the second component, large loadings are associated with
the neurocranium (e.g. bregma-lambda chord and parietal
longitudinal arch). There is, however, a discrepancy in the
female sample analysis that shows major discrimination
based on the neurocranial measurements (e.g. bregma-
lambda chord, parietal longitudinal arch, lambda-opisthion
chord and occipital arch). The second principal component
is associated with orbital height instead.

Previous studies proved a temporal trend leading to
microevolutionary change over time in Britain (Mays
2000). The degree of variation between Neolithic and
Bronze Age is reasonably high (Brothwell 2014). Accord-
ing to the author, further discrepancies among Anglo-Saxon
and medieval peoples cannot be explained in terms of rapid
microevolution. Brothwell and Krzanowski (1974) under-
lined differences between early Neolithic and Beaker/Food
Vessel samples, suggesting a significant change in popula-
tion composition. Two further medieval groups (brachyce-
phalic in contrast with previous dolichocephalic samples)
were compared. A different vault morphology from previous
indigenous populations is evident, indicating further separa-
tion between Saxons and medieval samples. The theory is
also supported by Tattersall (1968) and Goose (1981).

The comparison among British samples suggests homo-
geneity in craniofacial morphology during the Middle Ages.
However, some groups present few dissimilarities, such as
Guisborough. The archaeological and historical records do
not mention any occurrence of migration during this time,
neither the presence of Viking or Roman settlements in the
previous periods. The discrepancy among craniometric
data could be due to the small number of individuals (18
males and 14 females). In addition, females from this sample
lack most of facial measurements, which is why they were
excluded from analysis. The same can be said for Linenhall
(males n=7, females n=3).

Another sample with evident dissimilarities is Scar-
borough, consistent with the findings of Tattersall (1968)
and Little (1943). The latter author describes the cranial
series as “aberrant” (1943: 33) and underlines how it can-
not belong to any populations inhabiting the British Isles
since Mesolithic times. Brothwell and Krzanowski (1974)
reiterate these results. Several hypotheses are proposed. Lit-
tle (1943) reports that Scarborough was a base for Vikings,
who probably occupied the site until the 11" century, and
the town was the only known settlement of Icelanders in
England. By late 13™ century, eastern ports were reached
by a significant number of foreign sailors. They were mainly
arriving from Flanders, northern France, Germany, Denmark
and Norway. Scarborough was indeed the busiest port and

@ Springer
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hosted 235 naval landings during 1305 alone. It is estimated
that approximately 4500 non-British fishermen were visit-
ing Yorkshire fishing grounds each year. Furthermore, these
ports had commercial links with Iceland. The demand for
dried cod and stockfish encouraged British fishers to exploit
Icelandic fisheries (Kowaleski 2003, 2007).

Different theories were suggested for the interpretation
of Scarborough’s place name. Whaley (2010) offers differ-
ent options for the name, proposing Icelandic and Old Norse
toponym’s origins. The Nordic form is Skardaborg in both
languages, and originates from the word Skard, meaning ““gap,
cleft”, together with borg, which probably means “fortification”.
Different options are proposed for the first part of the name,
which indicates an anthroponym or the landscape surrounding
the town. In the first case, it could refer to Skardi, a fore- or
nickname from the early Nordic world. The second option could
originate from the word skard, a topographical etymology linked
to the landscape features of the area (Field 1980; Room 1988).

A difference is also detected between Guisborough and
Castle Hill. Although the two towns are geographically
close, one is coastal and the other is a rural town. As Ander-
son (1994) suggests, Guisborough could represent a closed
breeding group. The dissimilarity could be a consequence
of a major influx of people in Scarborough’s port. Another
explanation could be offered by the different background and
origin of the towns. The possible presence of a Nordic set-
tlement in Scarborough before the Middle Ages could have
brought some variation in this group’s cranial measurements.

As the national center for government and trading, London
attracted people from all over Britain and Europe. It had dif-
ferent communities of foreigners, such as Italian merchants
from Lucca known for silk trade (Lambert 2018), and oth-
ers beyond Europe, such as Muslims from North Africa and
the Middle East, and Jewish groups (Ormrod et al. 2018).
Resident immigrants formed at least 6% of the population
(Bolton 1998) and according to Lutkin (2016), between the
years 1336 and 1584, 17,376 foreign residents can be identi-
fied, most of which were men. In London’s suburbs, another
6725 foreigners were reported in Southwark and Middlesex.
The largest identified group was “Teutonic”, followed by Ital-
ians, French, Greek, Irish, Icelanders, Portuguese, and Dan-
ish. Teutonics were highly specialized artisans, such as weav-
ers, cobblers, cordwainers, cappers, hat makers, goldsmiths,
tailors, and beer brewers. Italian merchants and clerks were
using the city as a trading outpost. French immigrants were
reported as predominantly occupying servant roles. Most
foreigners might have used London as first point of entry
and moved to other areas of the country to seek employ-
ment (Lutkin 2016). Based on the record of alien subsidies
and information of the time, the foreign community did not
remain a closed group. Though numerous immigrants relo-
cated with their nuclear family, evidence suggests that many
married into the local community (Lutkin 2016).

@ Springer

The sample that most differs from the others is St Leonard,
Hythe. The results demonstrate a clear separation from the
main cluster. This relationship is consistent with Stoessiger
and Morant (1932) findings, who also report that Hythe is
widely removed from other series, with the shortest cranial
length and narrowest orbits. Tattersall (1968) found that
Hythe differs from other British samples at the 95% level of
probability for the same indices and measurements.

Several authors (Parsons 1908; Stoessiger and Morant
1932; Wrathmell 2012) agree that this variability reflects
a presence of people from Continental Europe. The singu-
larity of this group could not be linked to a battle, as there
are no evident signs of skeletal trauma. The authors believe
Hythe may be considered “alien” as it cannot represent the
population of the country at any time. A similarity with the
Spitafields collection is proposed, which also resembles
Italian crania, supposing that Hythe could represent Roman
marine and auxiliaries’ direct descendants who were his-
torically stationed in the area (Stoessiger and Morant 1932;
Wrathmell 2012). However, many Frenchmen resided in the
region, who reached 58% of people with known national-
ity among outsiders (Ormrod et al. 2018) and people with
a Flemish or Walloon origin. The influx could be a result
of the town’s importance as one of the Cinque Ports. The
major towns, especially on the southern coast, were attrac-
tive to immigrants (Ormrod et al. 2018). In the 14t century,
King Edward IIT encouraged skilled workers to move to East
Anglia’s and Kent’s historic centers of woollen cloth produc-
tion. The latter, together with Sussex, Hampshire, Surrey and
Middlesex report the highest concentration of immigrants in
the country. The Cinque Ports and London covered 41.2%
of the national figure for taxpayers (Edwards 2002; Ormrod
et al. 2018). The arrival of foreigners in Hythe could have
therefore contributed to the variation detected by cranio-
metric analysis.

Even though St Gregory and Hythe are located in the
same region, they do not resemble each other as expected.
Canterbury is not a port, and evidence suggests the influx of
foreigners occurred later, during the 16™ and 17™ centuries
(Edwards 2002).

The scatterplots show that both British and Hythe’s
sexes exhibit differences; however, the difference is more
strongly displayed by male groups. The dissimilarity could
thus be explained with a significant influx of men from
Continental Europe, reflecting that the town was a major
medieval port, and sailors were mainly men. The same can
be said for the arrival of skilled artisans. The movement of
the workforce would have been mainly made up of males,
followed by women as part of the family unit. As reported
by Kowaleski (2007), labor shortages raised a demand for
sailors, and foreign men were recruited for ship crews. Eng-
lish kings employed foreign ships to transport troops and
supplies for the Crown. Crews comprised Flemish, Dutch,
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Irish, Prussians, Portuguese, Spanish and Italians. Some
sailors remained in the ports for extended periods and often
contributed to the local economy, before returning home.
However, others chose to stay, especially in the port towns
(as confirmed by the alien subsidies).

Finally, St Owen, St Gregory, Poulton and Ballumbie
cluster together. The last two represent rural locations, in
which the populations probably led similar, agricultural
lifestyles. In contrast, Gloucester and Canterbury are urban
contexts, and therefore more open to the movement of peo-
ple. Canterbury most likely experienced a later influx of pil-
grims, and it is likely that the sample is part of a cemetery
that was used predating this influx. Gloucester was known
for its importance as an administrative and trading center,
but its prominence was likely obfuscated by the nearby port
of Bristol. According to Kowaleski (2007), Bristol witnessed
abundant immigration, while Gloucester attracted more peo-
ple from the surrounding countryside.

Overall, it could be that the samples from cities that wit-
nessed waves of immigration immediately before and during
the Middle Ages tend to differ most from ones considered
more isolated. It is therefore important to underline how vari-
ation in craniometric measurements supports the impact that
immigration had on population history and human variability,
addressing answer the third research question noted above.

Conclusion

This study demonstrates that British medieval population
samples show significant variability in morphology and
dimension of the skull. Dissimilarities among males are
driven mainly by facial measurements on the first principal
component, while on the second component discrimination
is based on neurocranial measurements. In contrast, the
female sample is primarily discriminated by neurocranial
measurements. These differences led to the identification
of a few outlier samples: Scarborough, London, and Hythe.
The reason could be linked to foreign individuals migrating
from outside Britain. The results are consistent with histori-
cal records of immigrants arriving and living in these urban
sites. Scarborough was one of Britain’s main eastern ports
in the Middle Ages, with immigrants arriving from Iceland,
Flanders, northern France, Germany, Denmark and Norway
(Kowaleski 2003, 2007). Its Nordic origins are also reflected
in the name-place Skardaborg (Whaley 2010).

Another outlier, London, was the national center for gov-
ernment and trading, which attracted a considerable num-
ber of foreign peoples identified as “Teutonic”, followed by
Italians, French, Greek, Irish, Icelanders, Portuguese, and
Danish (Lutkin 2016). The number of immigrants living
and working in the city is confirmed by the records of alien
subsidies and historical information from the time.

Hythe, one of the Cinque Ports, demonstrates results as far
removed from the others. The presence of immigrant com-
munities and influence on the local population is supported
by several authors (Stoessiger and Morant 1932; Tattersall
1968; Ormrod et al. 2018). In fact, in the town were many
French and peoples of Flemish or Walloon origin.

The authors believe that the present research demonstrates
the utility of craniometric analysis as a modern and reliable
approach in reconstructing ancient population history. Cra-
niometry can be carried out in conjunction with other disci-
plines (e.g., genetic, history, linguistics, archaeology) but can
also be undertaken without other evidence. Furthermore, the
study demonstrates that modern Britain is the result of the
positive impact immigrants had in building contemporary the
country as a multicultural and biologically complex entity.
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