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The aim of the current work is to investigate whether perinatal infant burials at Hambleden Roman villa
(1st—4th century AD), England, more likely represent infanticides, as has been contended by earlier
workers, or natural deaths. Previous work has noted that when infanticide is practiced it is normally
carried out immediately after birth and so will produce an age at death distribution tightly clustered
around the gestational age of a full-term infant. By contrast, natural deaths in the perinatal period
produce a rather flatter age distribution. In foetal and perinatal infants, long-bone length bears a close
relationship to gestational age. The distribution of age at death in the Hambleden perinatal infants is
compared with those from Roman Ashkelon, Israel, where earlier work showed evidence for infanticide,
and Mediaeval Wharram Percy, England, where previous studies demonstrated a perinatal age at death
distribution consistent with natural deaths. The comparisons between the sites are undertaken using
four different methodologies: direct comparison of distributions of long-bone lengths, and comparison of
ages at death estimated using two different regression methods and using a Bayesian methodology.
Results consistently show a strong clustering in the Hambleden age distribution at an age approximately
corresponding to a full-term infant. In this respect they resemble results from Ashkelon and differ from
those from Wharram Percy. This was interpreted as supporting the suggestion of infanticide at

Hambleden.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Infanticide is the killing of unwanted babies. Until recently, it
was a practice that was widely tolerated in human societies around
the world (Williamson, 1978; Warren, 1985). Prior to modern
methods of contraception, it was one of the few ways of limiting
family size that was both safe for the mother and effective. Despite
being a widespread practice in past societies, infanticide has only
begun to command significant attention from archaeologists in the
last 20 years. This recent interest is in part a reflection of the
increasing attention paid to the archaeology of children and
childhood (Sofaer-Derevenski, 1994; Moore and Scott, 1997; Lewis,
2007: 1—4; Crawford and Lewis, 2008). It also reflects advances in
methods for identifying infanticide in the archaeological record
using human skeletal remains.

Few infant skeletons show evidence of cause of death. Ethno-
graphic and historic studies indicate that infanticide is normally
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carried out by means, such as suffocation, that would leave no trace
on the bones (Langer, 1974; Williamson, 1978). Therefore some
indirect method is needed for its identification in the archaeolog-
ical record. Infanticide is normally carried out immediately
following birth (Williamson, 1978; Scrimshaw, 1984), and therefore
one might expect that the regular practice of infanticide would lead
to a perinatal age at death distribution with a strong peak at an age
corresponding to a full-term infant. By contrast, natural deaths tend
to show a rather more dispersed age distribution.

Smith and Kahila (1992) measured long-bone lengths of nearly
100 infants from Ashkelon, Israel. They found the data to be tightly
clustered around lengths corresponding approximately to a full-
term child, and argued for infanticide as an explanation. The
observation that the infants from this site were not accorded
normative burial treatment, but rather were cast into a sewer that
ran beneath a brothel, supported this idea. A parallel study con-
ducted a comparative analysis of Roman and Mediaeval perinatal
infants from Britain (Mays, 1993). During the foetal and perinatal
period, bone growth is rapid and bears a close relationship to age,
so that age at death can be estimated from long-bone lengths to
within about 2 weeks (Scheuer et al., 1980). Using regression
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analysis (Scheuer et al., 1980) to estimate age (in weeks gestation)
from long-bone length, it was found that the Romano-British peri-
nates (N = 164) showed a strong peak in their age distribution at
about 38—40 weeks, an age corresponding to about a full-term
infant. The Mediaeval data (from Wharram Percy churchyard
(N=61)) showed a flatter, more dispersed distribution with no
pronounced peak at full term. The flat Mediaeval gestational age
distribution resembled that of recent stillbirths and natural deaths
in the immediate post-birth period. The Romano-British distribu-
tion was dissimilar to this natural pattern and was interpreted as
evidence for infanticide. Of course, this does not mean that all the
Romano-British infants were victims of this practice, only that
infanticide was practiced with sufficient regularity to exert an
appreciable effect on the overall perinatal age at death distribution.

Since those studies in the early 1990s, other workers have
investigated perinatal age at death distributions in archaeological
material using regression analysis to estimate age at death from
long-bone lengths. Of those with reasonably large sample sizes (at
least 25 individuals), some have produced fairly flat distributions
lacking strong peaks at an age corresponding to full term, a pattern
characteristic of natural perinatal deaths. These include various
cemetery sites from prehistoric Thailand (Halcrow et al., 2008),
Roman Kellis, Egypt (Tocheri et al., 2005), and Mediaeval Raunds
and post-Mediaeval Spitalfields, both in England (Lewis and
Gowland, 2007). Others have produced distributions with strong
peaks around full term. These include prehistoric Khok Phanom Di,
Thailand (Halcrow et al., 2008), and prehistoric Lepinski Vir and
Vlasac, Serbia (Bori¢ and Stefanovi¢, 2004). Whilst recognising that
tightly clustered gestational age distributions were unlike those
expected of the full range of natural perinatal deaths, these authors
resisted interpreting them in terms of infanticide. At Lepinski Vir
and Vlasac, Bori¢ and Stefanovi¢ (2004) argue against infanticide
principally because they felt that the nature of the burials showed
communal concern toward the individuals involved, but they do
not attempt to explain why the age at death distribution did not
match that expected of natural deaths. At Khok Phanom Di,
Halcrow et al. (2008) argue against infanticide because the infants
were accorded normative burial treatment and because, in the
historic period at least, there was no tradition of infanticide in that
region. The peaked age distribution was posited to have arisen due
to burial of pre-term babies elsewhere and selection of full-term
babies for burial in the part of the cemetery which lay within the
excavated area, and/or a naturally high mortality at birth.

In 2002, Gowland and Chamberlain presented a reconsideration
of the interpretation of age at death profiles of perinatal burials.
Whilst not disputing the idea that an age distribution tightly
clustered around full term may potentially be indicative of infan-
ticide, they suggest that the peak observed at around full term in
the distribution of Romano-British infants by Mays (1993) may be
a statistical artifact of the regression method used to age the
remains. This is because there may be a tendency for the distri-
bution of estimated ages in the target population (the archaeo-
logical group) to mimic that in the reference sample used to derive
the regression equations. This phenomenon has been termed ‘age-
structure mimicry’ (Mensforth, 1990). The age structure of the
Scheuer et al. (1980) BCH reference population (which was used to
generate the regression equations used to estimate age in the
Romano-British infants) does indeed show a peak at full term.
Gowland and Chamberlain (2002) advocated the application of
Bayesian statistics to remove this perceived bias. They re-aged the
Romano-British infants of Mays (1993) using this method and
found that the peak at full term was less pronounced. A critique
(Mays, 2003) of Gowland and Chamberlain (2002) provides
empirical evidence that the bias they claim for the regression
approach to ageing perinates from long-bone length does not exist

to any appreciable extent, and points out that for theoretical
reasons one would not expect it to be an important effect. However,
until the performance of various Bayesian and non-Bayesian
methods of recovering perinatal age distributions from long-bone
lengths are assessed on samples of perinates of known age at
death, the issues remain essentially unresolved. Until then, perhaps
the best approach when investigating perinatal age at death
distributions estimated from long-bone lengths is to apply multiple
analytical methods.

The current work is an investigation of the perinatal age at death
distribution of infants buried at Yewden Roman villa, at Ham-
bleden, Buckinghamshire, England (Fig. 1). The aim is to shed light
upon whether infanticide was likely practiced at that site. Ham-
bleden was chosen for two reasons. Firstly, it dates to the Roman
period, and documentary sources show that infanticide was prac-
ticed in the Roman world (Harris, 1982, 1994; Wiedemann, 1989).
Motivations included limiting family size, or that the child was not
of the desired sex or was deformed (Brunt, 1971: 150; Langer, 1974;
Wiedemann, 1989: 37). Secondly, although infant burials are not
uncommon in Romano-British domestic contexts (Philpott, 1991:
97; Moore, 2009), Hambleden has yielded the largest number of
perinatal burials (said to number 97 by the excavator (Cocks, 1921))
of any Roman site in Britain. The sheer number was noted as
remarkable by the excavator, who thought it suggested infanticide
with surreptitious disposal of the bodies (Cocks, 1921). Subsequent
commentators have repeated this interpretation (e.g. Watts, 1989;
Philpott, 1991: 98) and some have specifically viewed the infants
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Fig. 1. Location of Hambleden.
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Table 1

1933

Femur diaphysial lengths of known age individuals versus gestational age. Data from Scheuer et al. (1980) and Sherwood et al. (2000). The style of the table is based on

Gowland and Chamberlain (2002).

Gestational age (weeks) Femur length (mm) Total
10— 15— 20— 25— 30— 35— 40— 45— 50— 55— 60— 65— 70— 75— 80— 85—
16—18 1 1 2
17-19 2 2 2 6
20-22 2 5 3 3 3 16
23-25 2 2 2 7 5 18
26—28 2 1 2 5
29-31 1 1 2 1 5
32-34 1 1 2 1 5
35-37 2 1 2 5
38-40 1 6 3 3 13
41-43 1 1 2 4
44—46 1 1
Total 1 5 9 7 5 13 7 4 1 2 5 2 9 4 5 1 80

as unwanted offspring of slaves at the villa (Frere, 1967: 266—7; de
la Bédoyeére, 1993: 83). To investigate whether infanticide is a likely
interpretation in the Hambleden case, the distribution of long-bone
lengths of the Hambleden infants, and that of their estimated ages
at death, are compared with those from two other archaeological
sites: one for which previous work indicated infanticide, the other
where earlier work suggested natural deaths.

2. Materials and methods

Villas are country houses found in Britain from the 1st to 4th
centuries AD when it was a province of the Roman Empire (de la
Bédoyére, 1993). They were working farms. The buildings varied
in their degree of Romanisation. Some were large, high-status
Roman-style country houses, others were simpler dwellings.
Some functioned as estate centres.

Yewden villa at Hambleden was excavated in 1912 (Cocks, 1921).
The villa’s use spans the mid 1st to the late 4th century AD. It was
a complex of buildings with a surrounding boundary wall. It
featured tessellated pavements, baths, and 14 kilns interpreted as
corn dryers. High-status finds were plentiful (Cocks, 1921; Eyers,
2008). The excavations were said by the excavator to have yiel-
ded 103 burials, of which 97 were infants, three were children and
three were adults (Cocks, 1921). Although there is an osteological
report on the adult skeletons, by Keith (1921), there is no published
scientific examination of the infants. The infant remains were long
thought lost, but remains from 62 contexts have recently been re-
located. Many of these are isolated bones or bone fragments, but
35 represent discrete individuals. The infants were chiefly from
ayard on the north side of the villa complex. Most cannot be more
precisely dated than to the general period of use of the villa, but of
the 16 that can be dated more closely, the dates are confined to
between about 120 and 200AD. The remainder are all post first
century, but cannot be dated more closely due to lack of strati-
graphic on-site recording. The infant burials therefore accumulated
over a period of up to about 280 years.

The gross bone preservation is good with minimal post-
depositional surface erosion. Only 12 infants have surviving
dental remains, and smaller elements such as vertebrae and the
bones of the extremities are missing, presumably reflecting the
hand recovery methods on site. The remains were still in their
original packing, and Sir Arthur Keith had noted their approximate
ages at death (mostly full term) on the labels. The only other work
on the remains of which we are aware is an unpublished PhD thesis
(Hillier, 1992) in which deciduous teeth from 6 perinates were
sectioned to search for neonatal lines; none were found, which
suggests that they were either born dead or died within about 14
days of birth (Whittaker and Richard, 1978).

The comparative sites selected for the current work are Ashke-
lon and Wharram Percy. As discussed above, the tight clustering of
the long-bone lengths at Ashkelon suggested infanticide, as did the
disposal of the remains in a sewer beneath a brothel. Wharram
Percy is a deserted Mediaeval village in North Yorkshire, England.
Unlike Ashkelon, the perinatal infants from the churchyard there
received normative burial treatment, and two different regression
ageing methods (Mays, 1993, 2003) and Bayesian ageing (Lewis and
Gowland, 2007), indicate a dispersed age distribution resembling
that expected if they represented some combination of stillbirths
and natural deaths during the immediate post-natal period. In the
current work, the comparison with Wharram Percy uses the data
generated from that site by one of us (see Mays, 1993, 2003, 2007);
that with Ashkelon uses data presented in Smith and Kahila (1992).

Thirty-three infants from Hambleden had one or more
measurable long-bones preserved. Maximum diaphysial lengths of
long-bones were measured using sliding callipers. If both elements
of a bone pair were present then the mean of left and right lengths
was used as the data point for the individual. The sites were
compared using four different methods: the distribution of raw
diaphysial long-bone lengths, and three methods of estimation of
age at death from those measurements. Ages at death were esti-
mated from diaphysial long-bone lengths using the BCH regression
equations of Scheuer et al. (1980), and the regression equations of
Sherwood et al. (2000). These two sets of equations were used
because the reference samples used to generate them have very
different age structures which makes them useful for evaluating
the claims of some (e.g. Gowland and Chamberlain, 2002;
Chamberlain, 2006: 120—123) that when using regression of age
upon bone length to estimate perinatal age, the age distribution of
the target population may tend to mimic that of the reference
population from which the regression equations were derived. The
other ageing method used is a Bayesian approach. The method-
ology follows a modified version of that described by Gowland and
Chamberlain (2002). This involved producing a contingency table

Table 2
Calculation of prior probabilities for Bayesian age at death estimation.

Gestational Stillbirths plus deaths in Prior probability for Bayesian
age (weeks) first week of life? age estimation

29-31 63 0.107

32-34 73 0.124

35-37 105 0.178

38-40 227 0.384

41-43 108 0.183

44—46 15 0.025

Total 591

2 Data from Gibson and McKeown (1951).
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Table 3
Posterior probabilities of age given femur length.

Gestational age (weeks) Femur length (mm)

45— 50— 55— 60— 65— 70— 75— 80— 85—
<32 1.0 0.46
32-34 1.0 054 033 041
35-37 047 059 0.24
38—-40 0.20 0.60 0.66 0.49
41-43 0.16 0.34 0.51
44+ 1.0

of femur length, divided into 5 mm categories, with gestational age,
using data from reference populations of known age. This contin-
gency table is then used in conjunction with appropriate prior
probabilities to assign posterior probabilities that individuals in the
target population belong to particular age categories based on their
femur lengths. The contingency table presented by Gowland and
Chamberlain (2002) is not used in the current study. To prepare
their table of femur length versus age, Gowland and Chamberlain
(2002) relied heavily on data from Fazekas and Kosa’'s (1978)
study of Hungarian foetal and perinatal skeletal material, and on
the studies of Maresh and Deming (1939) and Maresh (1955) of
American infants. In Fazekas and Kosa’s study material, gestational
age was undocumented, and was estimated from body length prior
to maceration. This introduces an inherent circular argument to
their work, a problem that has been recognised previously (e.g.
Molleson, 1989; Scheuer and Black, 2000: 9—21; Tocheri and Molto,
2002; Mays, 2003). That a reference population be of documented
age is a fundamental requirement when formulating an ageing
method, and the fact that Fazekas and Kosa’s was not precluded the
use of their data. Maresh and Deming (1939) measured infant
bones radiographically every 6 weeks from birth, and Maresh
(1955) provides radiographic bone lengths of infants two months
old. In these studies, only age since birth not gestational age was
known, so this data cannot be used to construct a table of bone
length versus gestational age. In recognition of these difficulties,
a new contingency table of femur length versus gestational age was
drawn up (Table 1) using the data of Scheuer et al. (1980) and
Sherwood et al. (2000).

Bayesian approaches require initial assignments of probabilities
that individuals in a target population belong to particular age
categories — so called prior probabilities. Prior probabilities of
individuals belonging to particular age classes can be uniform or
modelled. Uniform priors assume an equal likelihood of an indi-
vidual belonging in any particular age category. In reality, human
mortality samples exhibit an uneven distribution of individuals
across age classes, not least because risk of death varies with age.
The use of uniform priors is therefore not usually appropriate
(Chamberlain, 2006: 114—5). The alternative is to base one’s prior
probabilities on some age distribution thought likely for the target
population, the so-called model prior. For perinatal age estimation,
it is probably most appropriate to use model priors based upon

Table 4
Summary statistics for long-bone lengths (mm).
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natural perinatal mortality patterns (Gowland and Chamberlain,
2002; Lewis and Gowland, 2007). For the current purposes, the
model priors were generated using the combined gestational age
distributions for stillbirths and infants dying in the first week post-
partum (N=591) in mid 20th century England (Gibson and
McKeown, 1951) (Table 2).

The posterior probability of a particular age (age;) for a given
bone length (length;) is given by the prior probability of age;
(PpriorAi) multiplied by the probability of that length given age;
(p(LjAy), divided by the sum of probabilities of that length given
age across all age categories each multiplied by the appropriate
prior probability — i.e.:

ppriorAi X p(Lj|Ai)
> (p (Lj‘Ai) X ppriorAi)

(Gowland and Chamberlain, 2002).
For the contingency table approach used here this becomes:

p(AilL) =

_ ppriorAi x (cell/row)
Z(ppriorAi X (cell/row))
This was used to produce the contingency table of posterior prob-

abilities of age given femur length shown in Table 3. This was used
to age the archaeological samples.

p(AilLy)

3. Results

Table 4 summarises the long-bone length data for Hambleden
and for the comparative sites of Ashkelon and Wharram Percy. The
data for the humerus for all three sites are depicted graphically in
Fig. 2. The Hambleden data are clustered tightly around bone
lengths which earlier work (e.g. Scheuer et al., 1980; O’Brien and
Queenan, 1981; Hadlock et al., 1982; Hohler and Quetel, 1982;
Chitty et al., 1994; Hill et al., 1992; Sherwood et al., 2000; Adalian
et al, 2002; Olsen et al., 2002) has established correspond
approximately to a full-term infant. The Hambleden data contrast
with the more dispersed Wharram Percy distribution. The coeffi-
cients of variation in the Hambleden material are, for each bone,
less than half those at Wharram Percy. The statistical significance of
the difference between the coefficients of variation of the long-
bone length distributions at Hambleden and Wharram Percy was
evaluated using the variance ratio test (Lewontin, 1966; Zar, 1999:
141—-142). A requirement of this test is that the log transformed
data (not the raw data) be normally distributed. K-S Lilliefors tests
indicate that the log transformed bone lengths in the current data
sets do not deviate from normality. The variance ratio tests indicate
that, for each bone, the coefficients of variation differ significantly
at the two sites (Table 5). Thus the dispersion of the Hambleden
long-bone lengths is significantly less than at Wharram Percy. In
terms of central tendency and dispersion, the Hambleden distri-
butions resemble those at Ashkelon (Table 4).

Hambleden Ashkelon Wharram Percy

N Mean sd cv N Mean sd cv N Mean sd cv
Femur 23 74.1 53 7.2 51 70.9 6.4 9.0 39 75.2 12.2 16.2
Tibia 18 624 4.2 6.7 70 62.6 4.0 6.4 37 61.1 8.7 14.2
Fibula 9 60.8 3.9 6.4 24 59.7 5.2 8.6 17 59.9 9.2 154
Humerus 20 64.1 34 53 55 63.2 4.0 6.3 48 67.4 9.5 14.1
Radius 17 51.6 2.8 5.4 39 50.5 3.1 6.2 37 544 7.2 13.2
Ulna 7 59.0 24 4.1 76 57.6 3.2 5.6 12 59.3 10.6 17.9
Clavicle 6 42.7 25 5.9 — - - — 27 449 6.7 14.9
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The distribution of gestational ages, estimated using the
regression equations of Scheuer et al. (1980), is shown in Fig. 3. The
Hambleden distribution shows a strong peak at 38—40 weeks, an
age approximately corresponding to a full-term foetus. It resembles
the Ashkelon site rather than the flatter Wharram Percy distribu-
tion. The ages estimated using the Sherwood et al. (2000) regres-
sion equations show similar patterns (Fig. 4).

The age structure of Sherwood et al.’s (2000) reference sample
and Scheuer et al.’s (1980) BCH group are very different, the former
being generally younger than the latter (Fig. 5). Ageing the same
target populations using both sets of regression equations is
a useful empirical test of whether there is a tendency toward the
age distributions of the target samples resembling that of the
reference sample used to derive the ageing method. If this effect
were important, then we might expect the age distribution in the
target populations inferred from the Sherwood et al. (2000)
method to be biased downward toward Sherwood et al.’s refer-
ence sample median age compared with those generated from the
Scheuer et al. (1980) regression equations. Comparison of Figs. 3
and 4 shows that in fact the opposite is the case: for each site the
ages estimated using Sherwood et al. (2000) are in general older by
about a week. This is evident as a slight shuffling to the right of the
age distributions generated using this method (Fig. 4) compared
with those produced by the Scheuer et al. method (Fig. 3).

The age distributions for Hambleden and Wharram Percy
generated using the Bayesian approach are shown in Fig. 6 (the data
on Ashkelon are not presented by Smith and Kahila (1992) in a way
which permits reanalysis using the Bayesian method). The contrast
between the Wharram Percy and the Hambleden data seen in the

Table 5
Variance ratio tests, long-bone lengths at Hambleden versus Wharram Percy.
F statistic p
Femur 5.1 <0.001
Tibia 433 0.002
Fibula 5.75 0.2>p>0.01
Humerus 6.67 <0.001
Radius 5.67 <0.001
Ulna 21.0 0.02 >p >0.01
Clavicle 6.57 0.05>p >0.02

regression methods persists, with Hambleden showing a clustering
around an age corresponding to a full-term infant. The peak around
full term is less pronounced than with the regression approaches.
For the distributions generated using the Scheuer et al. (1980) and
the Sherwood et al. (2000) equations, 72% and 67% respectively of
the Hambleden infants fall into the 38—40 week age class; for the
Bayesian method the figure is 52%.

4. Discussion

The dispersion of the Hambleden long-bone length data is
low and the distribution clusters around bone lengths which

%

80

] Wharram Scheuer
Il Hambleden Scheuer

V774 Ashkelon Scheuer

26-28 29-31 32-34 35-37 38-40 41-43 44-46 47 +
Gestational age (weeks)
Fig. 3. Perinatal age distributions, ages estimated using the BCH regression equations

of Scheuer et al. (1980). N =32, 55, 61 for Hambleden, Ashkelon and Wharram Percy
respectively.
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Fig. 4. Perinatal age distributions, ages estimated using the regression equations of
Sherwood et al. (2000). N =33, 55, 61 for Hambleden, Ashkelon and Wharram Percy
respectively.

approximately correspond with those expected of a full-term
foetus. The coefficients of variation of bone lengths are significantly
less than in a group of infants from Wharram Percy, an archaeo-
logical site where perinatal infant burials appear to represent
natural deaths. The central tendency and dispersion of bone lengths
at Hambleden resemble those from an archaeological site at Ash-
kelon where infants likely represent infanticides. Age at death, in

%

50

B sherwood et al. 7 Scheuer et al.

Gestational age (weeks)

Fig. 5. Age distributions of reference samples of Sherwood et al. (2000) (N =63) and
Scheuer et al. (1980) (BCH data, N=17).
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]
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Gestational age (weeks)

Fig. 6. Perinatal age distributions, ages estimated using Bayesian analysis. N =23 and
39 for Hambleden and Wharram Percy respectively.

weeks gestation, was estimated from long-bone lengths using three
different methodologies, two regression-based and one Bayesian.
For Hambleden, these indicated a tightly constrained distribution
of ages centred on about 38—40 weeks gestation, which corre-
sponds approximately to a full-term infant. These patterns con-
trasted with those from Wharram Percy — for each analysis the
Wharram Percy infant ages at death showed a more dispersed
distribution than Hambleden, with a greater proportion of deaths
pre-term and in the first few weeks of post-natal life — but they
resemble those for Ashkelon.

The study provides empirical evidence that, for perinatal ages
estimated from long-bone lengths using regression methods, the
tendency of age distributions of target populations to mimic those
of the reference populations used to generate the regression
equations does not exist to any appreciable extent. In general, the
poorer the correlation between an age indicator and age, the
greater the tendency toward age-structure mimicry (Konigsberg
and Frankenberg, 1992). For foetal and perinatal infants, the
correlation between long-bone lengths and age is generally high —
for example for the femur, the most widely studied bone in this age
class, correlation coefficients between length and age of about 0.95
or higher are routinely reported (e.g. Scheuer et al., 1980; Hadlock
et al, 1982; Yeh et al, 1982; Warda et al.,, 1985; Ejalde and de
Ejalde, 1986; Hill et al, 1992; Sherwood et al., 2000; Adalian
et al., 2002). The lack of an observable age-structure mimicry
effect is thus largely as expected on theoretical grounds. The clus-
tering of the Hambleden data is seen not only in the age profiles
constructed from the regression methods, but also in the raw bone
measurements and in the Bayesian analysis. This constitutes
further evidence that the peak at full term is not an artifact of
ageing using regression equations of bone length upon age, as does
the fact that the regression approaches do not produce this peak
when applied to the Wharram Percy material. The reason that the
Bayesian analysis produces a less pronounced peak at ages corre-
sponding approximately to full term than do the regression-based
techniques is not removal of an age-structure mimicry effect in
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the regression-based methods but rather the introduction of a bias
inherent in the Bayesian method. The maximum percentage that
could be placed into the 38—40 week category using the Bayesian
methodology outlined here is only 66% (this would occur if all the
infant femurs measured between 75 and 79 mm (Table 3)). The
contingency tables produced by Gowland and Chamberlain (2002)
have a similar bias — the maximum percentage of infants that could
be placed in their age category centred on 40 weeks gestation using
their contingency table of femur length based on model priors
(Gowland and Chamberlain, 2002: Table 5) is 64%.

Because the Hambleden perinatal age distribution does not
resemble that expected of natural deaths, some explanation is
called for. The excavator noted 97 infant burials on site (Cocks,
1921), but only 35 infant skeletons could be located in the site
archive. This leaves open the possibility that the age distribution
found in the current work may not be representative of that of all
the burials noted by Cocks (1921). For this to be the case, there
would need to have been selective retention in the site archive of
those aged about 38—40 weeks gestation, which seems improbable.
It also seems unlikely that the age distribution could be an artifact
of bone survival or on-site recovery methods. This would require
selective destruction, or non-recovery, of many infants slightly
younger and older than full term, whilst those of full-term age were
recovered in abundance. In addition, the age distribution at
Wharram Percy was very different even though this site had similar
recovery methods (hand recovery without sieving for small bones)
and soil conditions (chalk geology) to Hambleden. A further
possibility is that for some reason, the excavated area at Hambleden
was used for burial of mainly full-term infants with most slightly
younger or older ones being buried elsewhere. The Hambleden
perinatal age distribution resembles those produced from other
Roman sites in Britain (Mays, 1993), so for this to be an explanation
it would have to apply more generally, with interment of pre-term
foetuses and infants dying in the first few weeks of life in ways
which have left no trace archaeologically. We know of no evidence
that this sort of burial selection process was carried out in the
Roman world.

One could argue that the age distribution of natural perinatal
deaths was simply different in the past, with a larger percentage of
stillbirths occurring at full term, and/or the gestational ages of
a larger percentage of infants dying immediately after birth being in
the 38—40 weeks category than was the case in recent times. There
seems little reason to believe that the gestational ages of stillbirths
in the past were very different from those of recent infants. The
medical care available to infants in recent times means that peri-
natal mortality is much lower than in the past. However, it is
difficult to think of reasons why the gestational ages of natural
deaths in the immediate post-partum period should be more
strongly clustered about 38—40 weeks in antiquity. If adverse
extraneous factors, such as disease, resulted in high numbers of
38—40 week gestation infants in the mortality sample then one
would also expect high numbers of deaths among pre-term and, in
particular, slightly older infants who lived a little longer, so that
there would not be a pronounced peak in the age distribution at the
38—40 week cohort. Secondly, a study of perinatal mortality in
modern Americans showed that whilst mortality was higher in
socially disadvantaged groups, this made no difference to the
pattern of mortality with respect to gestational age (Allen et al,,
2000), suggesting that living conditions did not greatly influence
this latter. Lastly, the observation that perinatal age distributions
from many archaeological sites, such as Wharram Percy, and at the
others discussed in the introduction to this paper, are fairly flat with
no pronounced peak at full term shows that in many cases gesta-
tional age distributions of perinatal infants from archaeological
sites do in fact resemble those of modern perinatal natural deaths.

Although other possibilities cannot be definitively excluded, the
most plausible explanation for the patterns of long-bone lengths
and estimated ages at death among the Hambleden infants appears
to be infanticide. The results need not, of course, imply that all the
infants from Hambleden were killed deliberately, but rather than
infanticide victims make up a sufficient proportion of the total to
exert a marked effect on the perinatal age at death distribution.

5. Conclusions

The results of the current work support the interpretation made
by the excavator (Cocks, 1921) that the Hambleden infant burials
provide evidence for infanticide. The current study, together with
previous work on perinatal infants from other Romano-British sites
(Mays, 1993, 2003), suggests that infanticide may have been
regularly practiced in Britain when it was a province of the Roman
Empire. This parallels the work at Ashkelon (Smith and Kahila,
1992), which provides archaeological evidence for infanticide in
the eastern part of the Empire. However, evidence for infanticide is
not present from some other parts of the Empire. The material from
Roman Kellis in Egypt failed to show evidence for infanticide, the
perinatal age distribution being consistent with natural deaths
(Tocheri et al., 2005).

The current work adds to the archaeological studies which show
perinatal age distributions consistent with infanticide (Owsley and
Jantz, 1985; Mays, 1993; Smith and Kahila, 1992; Bori¢ and
Stefanovi¢, 2004; Halcrow et al., 2008). That this should be a fairly
frequent finding should not surprise us. Infanticide was widely
practiced in premodern societies. In a survey of 393 recent human
societies, Divale and Harris (1976) found that infanticide was prac-
ticed to some extent in nearly 80%. Indeed, infanticide is an act often
carried out in private and easily concealed (Mays, 2000), so its true
prevalence may have been even higher. Although most modern
societies find the practice of infanticide abhorrent, it was not
uncommon in the past.
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