
INTRODUCTION
The aim of this paper is to provide information
about the ancestry, health and diet of the first
British settlers of Australia from teeth recovered
in 1991 and 2008 from the Old Sydney Burial
Ground (OSBG). Our research seeks to derive
information on the range of dental variation in
early Sydney settlers.

The Sydney Town Hall was built on the site
of Old Sydney Burial Ground, Sydney’s first
permanent non-Aboriginal cemetery (Figure 1).
It was set out by Governor Phillip and Reverend
Cowper in September 1792. The burial ground
remained in use until January 1820. During the
28 years in which the cemetery operated at least
2361 people were buried there. Archaeological
excavations were undertaken between January
and March 2008, with some areas being
excavated later in 2008 (Casey & Lowe 2008,
2017; City of Sydney 2008). A total of 68 graves
were recorded. This cemetery is known to have
contained the burials of convicts, free settlers
and soldiers, who had mostly arrived from
Britain, Ireland and other colonies, and probably
some children or younger adults born in Sydney
or its environs. No headstones were found in
2008 but a dislodged stone was found in 1991,
and while some burial registers have survived,
they do not allow for identification of individual
burials (Lowe and Mackay 1992).

Most of the bones recovered were in poor
condition, with severe erosion across the whole
surface completely masking normal surface morphology. The teeth were in better condition, with 76 teeth

recovered from nine individuals. All the teeth found were
loose but within the immediate vicinity of the skulls and
within the confines of the coffins. The teeth of another
individual (OSBG 1991), recovered in 1991, were also
included in the analysis. This individual, displaced into a
vaulted brick tomb known as Grave 2, consisted of a partial
cranium, a mandible, a patella and 17 teeth. Osteological
analysis suggested the cranium belonged to an adult female

43

The Old Sydney Burial Ground: clues from the dentition about the
ancestry, health and diet of the first British settlers of Australia

Denise Donlon1, Rebecca Griffin2 and Mary Casey3

In 2008 the salvage excavation of a section of the Old Sydney Burial Ground (OSBG), one of Australia’s
earliest British cemeteries, found the remains of 68 graves, 33 of which had been at least partially exhumed
previously. Thirty of these graves contained poorly preserved partial skeletal remains and nine contained
human teeth. Attribution of ancestry was investigated by examining tooth size and tooth attrition or wear.
Health and diet were explored by observing the presence of dental caries, enamel hypoplasia, tooth wear,
ante-mortem tooth loss and periodontal disease. Tooth size was compared with prehistoric Australian
Aboriginal remains and modern African, Asian and European populations and was found to be small in
relation to all these groups, which is consistent with the remains being of British ancestry. The teeth were
also compared with eighteenth to nineteenth-century skeletal remains from Britain, and the nineteenth-
century Australian descendants of British settlers. Again, the OSBG teeth were found to be smaller than these
teeth, which may further suggest poor nutritional status. The high prevalence of dental enamel hypoplasia is
indicative of poor health and/or diet up to six years of age while the moderate prevalence of caries is
suggestive of a diet with some sugars and/or fermentable carbohydrates.

1 Discipline of Anatomy & Histology, Bosch Institute, University of
Sydney, ddonlon@anatomy.usyd.edu.au 

2 Discipline of Anatomy & Histology, Bosch Institute, University of
Sydney, rebecca.griffin@sydney.edu.au 

3 Department of Archaeology, University of Sydney, Casey & Lowe,
mary.casey@caseyandlowe.com.au

Figure 1: Location map, Old Sydney Burial Ground, Sydney Town Hall, Sydney. 
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(Donlon 1991; Lowe and Mackay 1992). Therefore, a total of
93 teeth from ten individuals were examined. Given the rarity
of human remains from this period of Australia’s history, an
attempt was made to retrieve as much information as possible
from these teeth about the ancestry and diet of the individuals
buried in this cemetery. However the lack of burial records that
might have indicated age at death and sex makes interpretation
difficult.

Historical records suggest that most of the 2361 indivi-
duals buried in the cemetery were of British descent (Casey &
Lowe 2017). It is unlikely that Aboriginal people were interred
in the cemetery. The tooth size should support this as well as
providing the first available data on the tooth size of the first
British settlers in Australia. 

The diet of the early settlers may also have resulted in
tooth wear, tooth erosion, caries and tooth development in the
form of dental enamel hypoplasia. The period from 1788 to
1792 was one of increasing nutritional stress, with the weekly
ration for male convicts dropping from 7 pounds of biscuit
plus 1 pound of flour to 2 pounds rice, from 7 to 0 pounds of
beef and 4 pounds to 2 pounds of pork, from 3 pints to 0 pints
of peas and from 6 to 0 ounces of butter (Collins 1798:10,
109). By 1792 the weekly food supply had begun to stabilise
with some successful production of grain at Rose Hill
(Parramatta). Between 1795 and 1811 men on the government
rations would have received the following: beef (4–7 lb.) or
pork (2–4 lb.), wheat (4–12 lb.), maize on cob (6–13 lb.), rice
(1/2–3 lb.), peas (3 pints), sugar (6 oz. (HRA Ser. 1, Vol 1:679;
Sydney Gazette 23 Mar. 1811:1). Women and children
received a smaller proportion of this ration but what
proportion is not stated (HRNSW Ser. 1, Vol 3:16). The above
information illustrates the ration and the type of food which
formed the basis of convict food. The ration for soldiers and
free people varied but typically did not include maize which
was replaced by ‘pease 3 pints’ in 1796. These were presum-
ably dried pease (pea) rather than fresh peas to make the
required quantity (see Casey & Lowe 2017 for a more detailed
overview and discussion of the Sydney diet). While the Old
Sydney Burial Ground dates to between 1792 and 1820, many
of those buried there may have been living in the colony
between 1788 and 1792 and their teeth would have been
affected by the diet during that time, as well as by their diet in
Britain prior to transportation or emigration to New South
Wales. This especially applies to children whose teeth would
have been developing at this critical time.

Recent research suggests that, contrary to previous
commentary on the conditions of the First Fleet convicts, they
were well fed on stores provided at the instructions of
Governor Arthur Phillip, leader of the First Fleet, who was
keen to strengthen the health of the convicts before leaving
Portsmouth for their long journey to New South Wales, so that
they would survive the voyage in reasonable health. The
condition of many of the convicts when they arrived at
Portsmouth was poor due to cramped, dank, rat infested,
unhygienic and disease-spreading conditions in gaols. There
were illnesses during embarkation, such as ‘fluxes’ (dysentery
or cholera) (Frost 2011:143–149, 155). The key illness during
the voyage was scurvy, when the body’s store of vitamin C
could be lost in 68 to 90 days, if not replenished through fresh
food or direct vitamin intake. Scurvy can cause gum disease
and loss of teeth and was the scourge of long-distance sea
travel until the early twentieth century and most crew and
passengers on sailing ships would have suffered from it during
these long voyages (Lamb 2017). Governor Phillip was aware
of the issues associated with scurvy due to his many years of
long distance sailing. He sought to have fresh food provided at

Portsmouth, prior to the fleet’s departure, and orders were
made by the government to provide fresh food but it was
limited to one shilling per person per day for both marines and
convicts. During the eight-month voyage the fleet visits to
Tenerife, Rio de Janeiro and Cape Town allowed for
provisions of fresh food to be provided to the convicts and
marines. In addition, they took on board considerable fresh
supplies to supplement the ships’ rations (Frost 2011:143-149,
155, 166-169). This new evidence indicates that the health of
convicts prior to and during the voyage to New South Wales
was better than previously described. It is therefore likely that
diseases present in the teeth relate to their lives prior to
imprisonment on the hulks for transportation and subsequent
to their arrival in the new colony, which was faced with
considerable drought and reduced rations in times of scarcity.

Very few historic European settler cemeteries have been
excavated in Australia (Casey & Lowe 2017; Pitt et al. 2017).
In addition to the Old Sydney Burial Ground (1792–1820), the
most notable sites in Australia are the Destitute Children’s
Asylum at Randwick in Sydney (late nineteenth century;
Godden Mackay and Austral Archaeology 1997); Cadia
Cemetery near Orange (late nineteenth and early twentieth
centuries; Edward Higginbotham 2002; Lazer 2001); St
Mary’s Cemetery, Adelaide, South Australia, in use between
1851–1927 (Anson 2004; Coussens et al. 2002; Matic 2003;
Pate and Adams, 2000); Lang Park in Brisbane, Queensland
(Haslam et al. 2003; Rains and Prangnell 2002). Further to
these was the excavation in 2001 of a mass grave of the
victims of the Batavia, Beacon Island in Western Australia
(Paterson and Franklin 2004).

The OSBG is unique in that it is the oldest European
cemetery so far investigated in Australia. Of the above sites,
comparative tooth measurements and data for tooth wear and
prevalence of dental enamel hypoplasia were available from
the Destitute Children’s Asylum (Godden Mackay and Austral
Archaeology 1997), as well as the previously recovered skele-
ton from the OSBG (Donlon 1991). Data on dental enamel
hypoplasia were also available from the St Mary’s excavation
in South Australia (Anson 2004). There is limited information
available on the teeth from the remaining sites. 

METHODS
Because of the poor condition of the skeletons, the teeth were
the main source of information about the individuals buried at
the Old Sydney Burial Ground. Almost all teeth were
represented by crowns only. The pH of the soils over the site
averaged 6–-6.5, which is slightly acidic and therefore was not
conducive to preservation (Donlon 2011). The enamel of the
teeth was cleaned of soil using cotton buds and a weak
solution of alcohol in water. Some teeth were conserved using
Paraloid. Others were left unconserved as they were to be used
for stable isotope analysis.

Age is best determined by utilising a variety of changes in
the dentition and skeleton, but because of the poor condition of
the bones, skeletons were aged using a combination of factors:
the overall size of the coffin, the presence of adult-sized bones
in coffins with bones and teeth, and the eruption of the teeth.
It seems reasonable to assume that coffins roughly corres-
ponded to the size of the individual buried. Substantially
oversized coffins would have used more materials, and
required more labour, both in construction and in digging the
grave. Where data is available, several burial sites, including
the North Brisbane Burial Ground, St Mary’s Adelaide and
Christ Church Spitalfields, London, show a broad correlation
between the size of the coffin and the age and/or stature of the
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individual buried (Anson 2004:385; Friends of Christ Church
Spitalfields 2003; Haslam et al. 2003:3; Matic 2003:137-138). 

Determination of sex in adults is best done by examination
of the morphology of the pelvis. The skull and the size of the
femoral head are also useful (Buikstra and Ubelaker 1994.
Because of the fragmentary nature and the poor condition of
the bones, sex assessment was carried out only on those
individuals with some remaining pelvic bones. While there 
is a small amount of sexual dimorphism in the teeth, the
accuracies are too low to be used on individual cases (Iscan
and Steyn 2013).

Ancestry was assessed by comparing tooth size with
Australian Aboriginals (Donlon 1987) and modern African,
Asian and European populations (Pilloud et al. 2014). Dental
measurements were limited to bucco-lingual and mesio-distal
diameters. Bucco-lingual crown diameter was defined as ‘…
the greatest distance between the labial or buccal surface and
the lingual surface of the tooth crown measured with a sliding
caliper held at right angles to the mesio-distal diameter of the
tooth’ (Barrett et al. 1964:280). Mesio-distal crown diameter
was defined as ‘… the greatest distance between the
approximate surfaces of the crown measured with a sliding
caliper held parallel to the occlusal and vestibular surface of
the crown’ (Barrett et al. 1963:152). Comparisons were made
using ANOVA in the SPSS software program. The ANOVA
one-way analysis of variance is used to determine whether
there are any significant differences between the means of
three or more independent (unrelated) groups. It has been
shown that Australian Aboriginals have significantly larger
teeth than other populations, including Europeans, who have
amongst the smallest (Barrett et al. 1963; Hanihara and Ishida
2005). Given the large discrepancy in tooth size between
Europeans and Australian Aboriginals it may be possible to
exclude Australian Aboriginals from the burials found on the
basis of tooth size. It may not be possible to exclude other
ancestries on this basis. 

Measurements of adult teeth were also compared with
those of close biological affinity such as nineteenth-century
children (permanent teeth only) from the Randwick Destitute
Children’s Asylum (Godden Mackay and Austral Archaeology
1997). This is the largest available database of non-Aboriginal
Australian tooth size from the period before the twentieth
century and probably consisted mainly of descendants of
British settlers. Comparisons were also made with teeth from
burials in the crypt of Christ Church in Spitalfields, London,
as these burials cover the period from 1727–1857 and there-
fore may represent those ancestral to and contemporaneous
with the OSBG (Molleson and Cox 1993). Only mesio-distal
measurements of mandibular teeth were available from Spital-
fields (McVeigh 1999).

Health status and diet were investigated by examining the
incidence of calculus, caries, ante-mortem tooth loss and
periodontal disease, dental enamel hypoplasia and tooth wear.
Caries or decay is the result of progressive demineralisation of
the tooth enamel caused by localised fermentation of food
sugars by bacteria in dental plaque to produce acid. It is
identified as any ‘necrotic pit in the enamel large enough to
admit a dental probe’ (Turner 1979). Caries were recorded by
examination under a stereomicroscope using x20 magnifica-
tion. Assessment of caries in the OSBG teeth was also made
by Dr Russell Lain, forensic odontologist. 

Calculus is a mineralised plaque that accumulates at the
base of the tooth and may be linked to poor oral hygiene.
Calculus deposits were recorded according to Brothwell’s
method (1981) as slight, moderate or severe.

Malnutrition and infectious diseases during childhood can
result in abnormal enamel formation (either enamel hypo-
plasia and/or enamel opacities). The form and frequency of
such developmental disturbances may reflect health status and
diet quality (Goodman and Rose 1990). Enamel hypoplasia
appears as depressions of isolated or aligned pits and/or
continuous lines and grooves on the crowns of the teeth. In
order to aid identification of hypoplastic defects, teeth were
observed wet at 16x under a light microscope with oblique
lighting. Defects observed were recorded using the method of
Buikstra and Ubelaker (1994), and the type and location of
each defect recorded. The location of each defect on the
enamel surface was then converted into an approximate age of
occurrence using the ages of enamel formation in northern
European populations calculated by Reid and Dean (2006).

Dental attrition or wear of the enamel is generally con-
sidered to be the result of environmental factors such as the
consumption of coarse food or grinding the teeth (bruxism)
and occurs to varying degrees in all individuals. Therefore, it
may shed light on diet and on ancestry, given that Australian
Aboriginals before British colonisation are known to exhibit
severe tooth wear because of their coarse diet (Barrett 1958).
The scoring technique used to record the wear on molar teeth
from the OSBG is that of Scott (1979). This method is based
on rate of wear rather than degree of wear and is based on the
amount of enamel present on the occlusal surface of the tooth.
This is done by visually dividing the occlusal surface of a
molar into four equal quadrants. Each quadrant is scored
according to a 1–10 scale and the sum of the four quadrants is
the score for that tooth. In molars there is an approximate six-
year interval between the eruption of the first, second and third
molars and comparison of the degree of wear between the first
and second molar and between the second and third molar can
give some idea of the rate of wear. The method for the incisors,
canines and premolars was that used by Littleton and Frohlich
(1993) and is a modification of Scott’s system.

Ante-mortem tooth loss is usually the result of infection
due to severe tooth wear, severe caries, periodontal disease or
a combination of these. It was identified by the loss of the
tooth and the resorption of the surrounding alveolar bone.
Periodontal disease results from the accumulation of bacterial
plaque at the gum margins, leading to inflammation and
destruction of the periodontal tissues that anchor the tooth to
the jawbone. It results in bone destruction, with the teeth
loosening leading to premature tooth loss (Ogden 2007). 

RESULTS
Only one individual had teeth still embedded in sockets in the
jaws, TH 1991. In grave OSBG 35 the teeth were lying on the
poorly preserved alveolar bone of the jaws. The teeth in the
remaining individuals were not in the jaws but were lying
loose in the area where the skulls would have been. These
were OSBG 14, 24, 30, 32, 37, 50, 56 and 72. The number of
teeth from the 1991 and 2008 excavations totalled 93. 

All individuals with teeth were assessed as being adult on
the basis of adult-sized bones, tooth eruption and coffin size
(Casey & Lowe 2017). In addition, no deciduous teeth were
present. There were four skeletons with enough of the pelvis
in sufficient condition to determine sex. These were OSBG 9,
37, 43 and 72 and all had broad greater sciatic notches,
indicating they were probably female. The remains from
OSBG 1991 were assessed as female on the basis of
measurement of the cranium and mandible (Giles 1963, 1970). 

Survival rates of teeth ranged between 0 per cent for
mandibular lateral incisors to 10.3 per cent for maxillary first
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molars and mandibular first premolars. Because only two of
the individuals with teeth (OSBG 37 and OSBG 72, both
female) could be sexed on the basis of the pelvis, means of
tooth size were not determined separately for each sex. Means,
ranges and standard deviations for pooled sexes are given here
for the teeth that could be measured (Table 1). 

Comparison of tooth size 
In order to investigate ancestry, tooth size was compared with
a variety of racial groups (Figure 2). Mean tooth size for all
teeth was smaller in the OSBG remains than for Australian
Aboriginal remains, with the exception of the bucco-lingual
diameter of the maxillary lateral incisor. Thirty distinct tooth
dimensions (e.g. the medio-distal dimension of upper molar 1)
were compared in this analysis. Out of these, 20 dimensions
were significantly smaller (p<0.05) in the OSBG population
than in Aboriginal remains from the region. It is therefore
unlikely that any remains examined here are of Aboriginal
descent. The skeletal remains excavated in 1991 were able to
be identified as European based on cranial morphology. The
cranial vault was wide with a rounded sagittal contour, the
lower nasal margin was sharp and the gonial angle of the
mandible was obtuse, all of which are consistent with
European ancestry (Iscan and Steyn 2013).

Significant differences were also observed
between mean tooth size in the OSBG remains
and modern teeth from individuals of African,
Asian and European descent. Out of 30 tooth
measurements, 20 were significantly smaller
(p<0.05) in the OSBG remains than in modern
African populations and 27 were significantly
smaller (p<0.05) than in modern Asian popu-
lations. The mean tooth size was most similar
to that observed in European populations,
suggesting that these remains are most likely of
European ancestry.

Comparison of tooth size in the OSBG
remains with those of close biological affinity
revealed there were significant differences in
tooth size between the OSBG remains and
modern European populations (Figure 3), with
15 measurements significantly smaller (p<0.05)
and five measurements significantly larger
(p<0.05) in the OSBG remains. Significant
differences tended to be more common in the
bucco-lingual measurements (13 measure-
ments), which were smaller than in modern
European populations (with the exception of the
upper second incisor and lower canine).

It was possible to compare the permanent
teeth of the OSBG remains with those of the
children and adolescents from the late nine-
teenth-century Destitute Children’s Asylum, as
most of the latter had some erupted permanent
(adult) teeth. This comparison indicated that the
OSBG teeth were smaller than the Destitute
Children’s Asylum permanent teeth (Figure 4).
This was significant (p<0.05), but for only eight
out of the 30 tooth measurements. 
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Figure 2: Comparison of maxillary and mandibular
mesio-distal and bucco-lingual diameters for OSBG,
Australian Aboriginal (Donlon 1987), African, Asian
and modern European teeth (Pilloud et al. 2014).
Sample sizes, sexes pooled: OSBG: 10, Aboriginal: 38,
African: 858, Asian: 3718, modern European: 1055.

Table 1:  Means, ranges and standard deviations for mesio-
distal (M-D) and bucco-lingual (B-L) diameters for maxillary
and mandibular teeth of the OSBG skeletons (sexes
unknown). Central incisor (I1), lateral incisor (I2), canine (C),
first premolar (PM1), second premolar (PM2), first molar (M1),
second molar (M2), third molar (M3). See text for definition of
mesio-distal and bucco-lingual diameters.
              M-D        M-D           M-D           B-L         B-L            B-L
              Mean      Range       SD             Mean      Range       SD
UI1         6.3          6.5-7.8      0.9192       6.3          6.5-7.8       0.9192
UI2         7.4          6-7.1         0.8261       7.4          6-7.1          0.8261
UC          7.925      6.8-7.5      0.3774       7.925      6.8-7.5       0.3774
UP1        8.52        6-6.4         0.1643       8.52        6-6.4          0.1643
UP2        8.53        6.2-6.8      0.264         8.53        6.2-6.8       0.264
UM1       10.41      9.2-10.1    0.4024       10.41      9.2-10.1     0.4024
UM2       10.15      9-10          0.7071       10.15      9-10           0.7071
UM3       9.6          8.2-10.4    0.9037       9.6          8.2-10.4     0.9037
LI1          5.65        5.5-5.8      0.2121                                       
L12                                                                                            
LC          6.725      6.2-7.2      0.4991       7.625      7.4-8.1       0.3304
LP1         6.7          6.2-7.8      0.5932       7.26        7.1-8.3       0.6024
LP2         6.9          6.2-7.5      0.5354       7.46        7-8.1          0.568
LM1        9.9          9.1-10.6    0.7549       9.833      9.3-10.4     0.5507
LM2        10.15      9.8-10.5    0.3109       9.44        9.3-10.2     0.5128
LM3        10.15      10-10.3     0.2121       8.95        8.5-9.4       0.5128



Comparison of the OSBG teeth with the limited
data on permanent teeth (mandibular mesiodistal
only) from Spitalfields showed the OSBG samples
were smaller in all teeth except the lower central
incisors (Figure 4).

Dental health
All aspects of dental health are summarised in
Table 2. Calculus was present in only one
individual, the probable female found in 1991
(Figure 5). In this individual calculus was seen on
all teeth present. Calculus was mild on the mesial
and buccal surfaces of the maxillary left first molar
and moderate on the mesial and buccal surfaces of
the right first molar. On the mandibular teeth
calculus was scored as mild on the left canine, first
and second premolars and first molar on the lingual
surfaces, severe on the right lateral incisor, mild on
the distal and lingual surfaces of the right canine
and mild on the first and second right premolars on
the lingual surfaces.

Dental decay (caries) was seen in 40 per cent
(four of ten) of the skeletons from which teeth were
recovered (Figure 6). Of those teeth missing it is
not known if they were lost ante-mortem or were
not recoverable for taphonomic reasons. Of the 93
teeth examined, only seven teeth or approximately
15 per cent in each skeleton were affected by
caries. Those teeth affected by caries were the
mandibular left second premolar of OSBG 14, the
right maxillary first and third molars of OSBG 30,
the mandibular left first premolar of OSBG 37 and
the right maxillary first molar and the right first

premolar of the 1991 skeleton. The small number of teeth on
which caries were present makes comparison with other
samples difficult. It is also possible that if the individuals
recovered were young adults or adolescents then they may not
have developed many caries.

Because the condition of the alveolar bone was so poor in
almost all remains it was not possible to observe ante-mortem
tooth loss or the presence or absence of periapical abscesses 
or periodontal disease, except in the case of the skeleton
recovered in 1991 in which there was ante-mortem tooth loss
of the left second maxillary molar and the right mandibular
molar. It is not clear whether the third molars of this individual
had failed to develop (agenesis), had been extracted or had not
yet erupted. 

Dental enamel hypoplasia was present in seven of the ten
individuals. Of these individuals, seven had linear enamel
hypoplastic defects, and three of these had pit defects.
Furthermore, of the 93 teeth examined, 33 had hypoplastic
defects, giving a prevalence by tooth of 35 per cent (Table 3).
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Figure 4: Comparison of mandibular mesio-distal diameters for OSBG,
Destitute Children’s Asylum (DCA) (Godden Mackay and Austral
Archaeology 1997), Spitalfields (McVeigh 1999) and modern European teeth
(Pilloud et al. 2014). Samples sizes, sexes pooled: OSBG: 10, DCA: 57,
Spitalfields: unknown.

Figure 3: Comparison of maxillary and mandibular mesio-
distal and bucco-lingual diameters for OSBG, Randwick
Destitute Children’s Asylum (DCA) (Godden Mackay and
Austral Archaeology 1997) and modern European teeth
(Pilloud et al. 2014). Samples sizes, sexes pooled: OSBG:
10, DCA: 57, modern European: 1055.



Of these teeth, 22 had linear enamel hypoplastic defects and
12 had pit defects. OSBG 35 in particular displayed very high
levels of enamel hypoplasia (Figure 7). In contrast, enamel
hypoplasia on the skeleton found in 1991 was only mild.
Seven individuals were affected by enamel hypoplasia, formed
at the ages of 4–7 years (OSBG 14), 2–6 years (OSBG 24),
1–7 years (OSBG 30), 1–6 years (OSBG 35), 5–7 years
(OSBG 56), 1–6 years (OSBG 72) and 2–7 years (OSBG
1991). This appears to indicate that these individuals may have
experienced high levels of stress during early childhood. 

Table 3: Prevalence of dental enamel hypoplasia by tooth.
Tooth type                              Number              Number with 
                                                observed             hypoplastic defects
Upper first incisor                           3                                 3
Upper second incisor                     2                                 2
Upper canine                                  4                                 3
Upper first premolar                       6                                 1
Upper second premolar                 5                                 2
Upper first molar                            6                                 3
Upper second molar                       5                                 0
Upper third molar                           2                                 0
Lower first incisor                           4                                 2
Lower second incisor                     4                                 1
Lower canine                                10                                7
Lower first premolar                     10                                2
Lower second premolar                 6                                 2
Lower first molar                            6                                 2
Lower second molar                       8                                 3
Lower third molar                           3                                 0

Diet
The degree and type of wear on the teeth may also give us
some clues about diet. The degree of wear ranged from mild to
moderate with very few showing severe wear. The difference
in the wear of the first and second molars was small, suggest-
ing the rate of wear was not fast. One individual (OSBG 72)
had what appeared to be clay pipe-stem wear on both
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Table 2: Summary of features recorded to investigate health status.
Burial    Sex              Teeth         Calculus        Teeth with caries                           Antemortem tooth loss                       Dental          Tooth wear
                                  present                            and % affected                                                                                              enamel
                                  (of pos-                                                                                                                                                     hypoplasia
                                  sible 32)
14           Unknown         10            Absent           2 Maxillary right second pre-           Unknown as teeth found in sieve           Present          Mild
                                                                            molar Mandibular left P2, 20%
24           Unknown         11            Possible on   Absent                                              Unknown due to poor preserva-            Present          Severe
                                                     one molar                                                                tion of bone supporting teeth                 
30           Unknown         13            Absent           2 interproximal caries on max-        Unknown due to poor preservation       Present          Minor
                                                                            illary M3 and right M1, 15.4%          of bone supporting teeth
32           Unknown           3            Absent           Absent                                              Unknown due to poor preservation       Absent           Slight to severe
                                                                                                                                     of bone supporting teeth                                              plus chipping
35           Unknown         15            Absent           Absent                                              Unknown due to poor preservation       Present          Moderate
                                                                                                                                     of bone supporting teeth
37           Female              7            Absent           1 interproximal caries on                 Unknown due to poor preservation       Absent           Mild to moderate
                                                                            mandibular left P1                            of bone supporting teeth
50           Unknown           4            Absent           Absent                                              Unknown due to poor preservation       Absent           Moderate plus 
                                                                                                                                     of bone supporting teeth                                              chipping
56           Unknown           2            Absent           Absent                                              Unknown due to poor preservation       Present          Moderate plus 
                                                                                                                                     of bone supporting teeth                                              chipping
72           Female            11            Absent           Absent                                              Unknown due to poor preservation       Present          Mild to Moderate
                                                                                                                                     of bone supporting teeth
1991       Female            17            Yes                 2 right maxillary first molar and       Yes, of two teeth                                    Present          Moderate to severe
                                                                            right first premolar

Total      30%                93            Possibly       Present in 40% of individuals      Too little data to say                            Present        Present on all.  
              identified                       two                and on a total of 7 teeth                                                                               on 70%         Ranging from mild 
              as female                                                                                                                                                                                            to severe

Figure 5: Maxillary dentition OSBG 1991 showing calculus. 
Image: Russell Workman, Gallery2, for Casey & Lowe. 

Figure 6: Caries in right first premolar and right first molar in maxilla
of OSBG 1991. Image: Russell Workman, Gallery2, for Casey & Lowe.



maxillary canines and on the mandibular left
canine. The same individual (OSBG 72) had
brown staining on many teeth, which may have
been the result of smoking or chewing tobacco.
OSBG 1991 also had pipe-stem wear and brown
staining on the teeth, suggesting smoking
(Figure 8). As both of these were female skele-
tons it is rare evidence supporting smoking by
women. 

While all individuals had some degree of
tooth wear, the type of wear was different to that

of pre-contact Australian Aboriginals. In the OSBG remains
the wear resulted in the enamel appearing to be scooped out
(Figure 9) or showing ‘rock pools’ while in Australian
Aboriginals wear is usually flat across the occlusal surfaces of
the teeth (Figure 10; Richards and Brown 1981). A possible
explanation for this scooping out of the tooth crowns might be
that it was the result of post-mortem erosion from the mildly
acidic nature of the soil within the burial ground. This is
unlikely in the case of the OSBG 1991 skeleton, which was
not in soil but in a crypt and had the same kind of scooped out
appearance. Chipping was also noted on the occlusal surfaces
of the left mandibular second molar (OSBG 50) and on the
buccal surface of the mandibular left first premolar (OSBG
56). Chipping can also be seen on the Aboriginal teeth in
Figure 10.

DISCUSSION
There could be a few reasons for the small tooth size in the
OSBG teeth. While tooth size is mainly under genetic control
it may also be influenced by environmental factors. It is
known from living populations that those suffering physio-
logical stress tend to have smaller teeth than those who are
healthy (Larsen 1995). It may be that the OSBG sample size
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Figure 7: Dental enamel hypoplasia in OSBG 35. 
Image: Russell Workman, Gallery2, for Casey & Lowe.

Figure 9: Molar and premolar of OSBG 1991 skeleton showing scooped
wear. Image: Russell Workman, Gallery2, for Casey & Lowe.

Figure 8: Pipe stem wear in OSBG 1991 skeleton. 
Image: Russell Workman, Gallery2, for Casey & Lowe.

Figure 10: Severe wear on Australian Aboriginal teeth.
Image: Shellshear Museum. 



was too small (ten individuals) to adequately represent the
population at the time. Another possibility is that there are
more females (with smaller teeth) represented in the ten
individuals examined. We were able to determine three of the
10 were female but the condition of the remaining seven was
too poor to determine sex. 

In terms of ancestry, the evidence from tooth size is
consistent with the ten individuals having a European, rather
than Aboriginal, origin as the tooth size in this population is
much smaller than reported in Australian Aboriginal remains
from the Sydney area (Donlon 1987). Comparison with data
from modern populations shows that the tooth size of this
population is most similar to that of modern European
populations. Results of the isotope analysis of the OSBG teeth
support at least three individuals (OSBG 34, OSBG 35, OSBG
37) being of British origin. Isotope results for OSBG 30
suggest this individual was not from Britain but from some-
where close to the equator. Unfortunately, the cranial bones of
OSBG 30 were not in good enough condition to assess
ancestry morphologically. Isotope analysis for other individ-
uals tested (OSBG 14, OSBG 24, OSBG 32, 0SBG 50, OSBG
1991) was inconclusive when it came to ancestry (Owen and
Casey 2017). The evidence appears to suggest that these
remains are unlikely to be of African or Asian ancestry. How-
ever, given the small sample size of the OSBG population,
further data would be needed to confirm these trends.

While tooth size is smaller than in the Destitute Children’s
Asylum cemetery, this difference was only statistically signifi-
cant for eight out of the 30 tooth measurements compared and
the difference is not large enough to suggest that the two
groups belong to different populations. The Destitute Child-
ren’s Asylum teeth could be larger because, being young, there
was little interproximal wear, which would have affected the
mesio-distal measurements but not the bucco-lingual.  

The population of Sydney at the time the cemetery was
operational was 69–86 per cent male (excluding children), due
to the focus of the British government on the transportation of
more convict men than women, it is unlikely many females are
represented in the sample other than the three or 30 per cent
currently identified from the ten people examined in the
sample (Vamplew 1987:25). The small tooth size in this
population may also be the result of poor diet and disease in
the mother and in the early development of the individual. If
this was the case, then it would suggest that the earliest British
settlers to Australia were under considerable nutritional stress
compared with their descendants later in the nineteenth
century. 

The generally smaller tooth size in the OSBG remains,
compared with those of Spitalfields, may reflect a poorer diet
than an earlier population of similar biological affinity.
Unfortunately, historical evidence relating to the diet of the
Spitalfields sample has not survived (Molleson and Cox
1993). The smaller tooth size of the OSBG remains compared
with those from the Destitute Children’s Asylum and modern
European populations also suggests that changes may have
occurred in tooth size in European populations over this time
period. This may reflect the improving diet of modern
populations and increasing admixture with non-European
populations. However, it is possible that this trend may also
reflect the different ancestry of the modern European group
included in this study, which were predominantly from
mainland Europe (71 per cent). Further analysis of tooth size
in both modern and archaeological European Australian
populations is needed to better understand the trends observed
here.

The scarcity of calculus in this population may be the
result of good dental hygiene or, given the poor condition of
the remains, due to taphonomic conditions such as the nature
of the soil whereby the calculus may have been dissolved or
become dislodged. 

While not all the teeth from each individual were
represented, the presence of caries in 40 per cent of the
individuals from whom teeth were recovered appears to
indicate a moderate incidence of decay. The missing teeth may
of course have been lost ante-mortem due to caries and thus
the percentage of caries may have been higher. Because these
dental remains consisted almost entirely of isolated teeth, it
was not possible to apply the caries correction factor of Lukacs
(1992) to estimate the impact of ante-mortem tooth loss on the
caries rates observed. In the twenty-first century one of the
first teeth to be affected is the first molar as it erupts so early
(age six years). The first molars were rarely affected by caries
in the teeth from the OSBG, which supports the hypothesis
that this population experienced a low rate of decay. There are
a number of possible reasons for this. One is that these people
had a diet low in sugars and fermentable carbohydrates. The
weekly allowance of sugar was 6 oz., which equates to 170 g.
Today Australians consume on average 735 g or 26 oz. of
sugar per week (ABS 2016). This includes sugars in other
foods such as fruit, although the first settlers probably did not
have access to substantial amounts of fruit. The isotope
analysis of the OSBG teeth suggested maize was a component
of the diet as well as seafood and terrestrial meat (Owen et al.
2017). Maize contains a high percentage of carbohydrates and
may have contributed to the caries found. It is also possible
that the individuals in this cemetery died at a young age before
substantial amounts of tooth decay had occurred in their
dentition. Unfortunately, it was not possible to test this as we
do not know the ages of the adults. The skeleton found in 1991
had decay in the right maxillary first molar and the right first
premolar was almost completely decayed and the degree of
wear suggested this was not a young individual. At the Cadia
Cemetery there was an incidence of caries among 32 of 34 the
adolescents and adults (Lazer 2001). It may be that in the later
period represented by the Cadia Cemetery (the late nineteenth
and early twentieth centuries) there was a higher level of sugar
in the diet. At St Mary’s Cemetery in South Australia, caries
were common and were found in all 20 adults (Anson 2004).
This is from a similar period to the Cadia Cemetery. The
presence of caries in 40 per cent of individuals buried at the
OSBG is low compared with that of Spitalfields where more
than 87 per cent of all individuals had experienced caries.
However, those individuals at the OSBG with caries
experienced an only slightly lower incidence of carious teeth
(15 per cent) compared with those of Spitalfields (17.9 per
cent). The consumption of sugar is thought to have been high
in the Spitalfields population (Molleson and Cox 1993).

The rate of enamel hypoplasia in the OSBG population
appears to have been relatively high but comparable to that
observed in roughly contemporary cemeteries in Australia
(Godden Mackay and Austral Archaeology 1997) and the UK
(e.g. St Martin’s in Birmingham; Brickley et al. 2006). At
Cadia the observed frequency of linear enamel hypoplasia was
described as not very high but this may have been skewed by
the large number of individuals with ante-mortem tooth loss
although no specific details of occurrences of this are provided
(Lazer 2001). At St Mary’s Cemetery, enamel hypoplasia was
found in 19 of the 20 adults excavated and was present in
approximately 40 per cent of the teeth observed (Anson 2004).
Most commonly affected were the canines, followed by the
incisors.
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At the OSBG site, the majority of affected teeth displayed
linear enamel hypoplasia, but there were also a substantial
number of pit hypoplasias, both as rows of pits and as indivi-
dual pit defects. While rows of pits may have similar causes to
linear hypoplastic defects, the causes of single pits are less
well defined and may include localised trauma to the tooth
during development (Griffin and Donlon 2009). However,
given that all instances of single pit hypoplasia in the OSBG
population occurred in individuals whose teeth also displayed
linear hypoplastic defects, it seems likely that all the hypo-
plasias in this population were linked to episodes of poor
health.

Enamel hypoplasia in the OSBG population reached its
peak rate of formation at around 2.1–6.4 years of age, later
than observed in the Destitute Children’s Asylum cemetery
(Godden Mackay and Austral Archaeology 1997). Dental
enamel hypoplasia was uncommon at Spitalfields (Molleson
and Cox 1999). The timing of these episodes of poor health
appears to be too late to be ascribed to weaning, and covers a
substantial period of childhood. It therefore seems likely that
they instead represent poor childhood health in general rather
than a single cause. This pattern may represent the nutritional
deficiencies experienced in Britain prior to sailing to New
South Wales, and the likely low socio-economic status of
many of the earliest convicts and settlers, which may have
increased their exposure to malnutrition and infectious
diseases. Historical and archaeological records point to the
primary causes of death in colonial Australia as being viral and
bacterial infections, especially tuberculosis, dysentery, typhoid
and diarrhoea, as the primary causes of death in colonial
Australia (Casey & Lowe 2017; Cumpston and Lewis 1989;
Lewis 2003:28-31; Watt 1989).

The degree of tooth wear was mild to moderate and there
was also a low rate of wear. It may be that the degree and
lower rate of wear observed was due to the individuals in the
cemetery dying at a young age or the consumption of a diet
that was not particularly coarse.

The presence of abrasion such as chipping on the teeth
might be due to sand or soil in the food or poorly ground maize
or wheat. It could also be the result of cultural activities such
as holding objects such as clay pipes, needles or other tools
between the teeth. The type and extent of the interproximal
wear suggests a lot of masticatory activity while eating and
this type of wear can reduce mesio-distal tooth size.

There was no evidence of any restorations or surgical
dentistry.

CONCLUSIONS
Limited but promising information was gleaned from the tooth
enamel of ten individuals from the OSBG. The comparison of
tooth size with that of Australian Aboriginals suggests that
these ten individuals were of European ancestry. The OSBG
burials had smaller teeth than the burials recovered from the
eighteenth and early nineteenth-century Spitalfields cemetery
and a later nineteenth-century European Australian sample
(Randwick Destitute Children’s Asylum). This smaller tooth
size might suggest the first settlers were under greater
nutritional stress in Britain or the colonies than their
descendants. The presence of very severe dental enamel
hypoplasia in one individual and more moderate prevalence in
others supports the theory of greater nutritional stress as the
main factor. The relatively high rate of enamel hypoplasia and
broad peak age of formation of the enamel hypoplasias in this
group is consistent with a generally poor level of health for
this population during childhood. This contrasts with the lack

of hypoplasia in the Spitalfields population. The rate of
enamel hypoplasia was consistent with that observed in
contemporary populations of likely similar socioeconomic
status. The small tooth size observed could therefore be due to
a combination of both environmental and genetic factors.

The moderate rate of caries in the OSBG individuals
suggests a diet with some sugar and fermentable carbohy-
drates. However, the lack of complete dentitions makes
interpretation difficult. The evidence from the type of tooth
wear and chipping of the teeth is somewhat contradictory, the
former suggesting a not particularly coarse diet or death at a
young age in adulthood while the latter suggests a coarse diet
or some other cultural cause of the chipping. The particular
scooped appearance of the tooth wear or erosion is quite
different to that of pre-contact Australian Aboriginals and
therefore may be useful in distinguishing between those two
groups. 

The scarcity of dental data from post-contact Australian
contexts makes the dental remains from the OSBG a valuable
resource to start to understand diet and health of those early
‘native’ born settlers. Until this study, we have had almost no
data on tooth size or dental health of the first European settlers
to Australia. This rare data set, although very small, represents
the first such data from this critical period in British settlement
of Australia. 
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