
This study presents a broad approach to stable carbon and
nitrogen isotope analysis on bone, and carbon and oxygen
isotopes from tooth samples from one of the earliest European
burial grounds in Sydney – the Old Sydney Burial Ground
(OSBG). It had two major aims: to understand whether a local
‘Sydney’ diet could be observed in the isotopic analysis, and
to determine whether a change in the diet of an individual,
between youth and adulthood, could be associated with
migration from Britain or Ireland to Australia.

Previous studies of carbon and nitrogen stable isotope
analysis in Australia have focused primarily on the past dietary
composition of Aboriginal populations and the move to semi-
sedentism among late Holocene Aboriginal populations
(Owen 2004; Owen and Pate 2014; Pate 1994, 1997, 2008;
Pate and Noble 2000; Pate and Owen 2014; Pate and
Schoeninger 1993; Pate et al. 2002, 2011).

A single study into historical period non-Aboriginal
skeletal populations established a local dietary pattern for
early colonial Adelaide (Pate and Anson 2012). Outside of
Australia stable isotope analysis has been undertaken for
nineteenth-century cemetery populations in England and
Ireland, where the assessment has demonstrated a pattern of
migration from Ireland to London in the mid-nineteenth
century (Beaumont et al. 2013), with discernible differences
between the London and Midlands diets (Trickett 2006).

These studies have been used to establish baseline data
against which the OSBG samples can be contrasted. 

HISTORICAL BACKGROUND 
The Old Sydney Burial Ground
The Old Sydney Burial Ground was the first official cemetery
in Sydney, operating as the primary place for interments
between September 1792 until its closure in January 1820
(Birmingham and Liston 1976:2; Collins 1798:232, 1802;
Murray 2016:20-22; Pitt et al. 2017; Sydney Gazette 5 Feb.
1820:3). Located on the present site of the Sydney Town Hall
and surrounding precincts (Figure 1), historical records
indicate that at least 2361 people were buried on the site (City
of Sydney 2008), although the actual total is likely to have
been higher due to periods of poor record-keeping. 

The consumption of maize in Sydney 
Historical records show that the early British colonists bought
maize seed en route to Sydney and that maize, for a short
period of time, became a vital crop, regularly consumed by the
British in Sydney (Kass et al. 1996; Newling 2015:104). The
initial colonial rations included measures of wheat as either
bread or grain. Attempts to grow wheat and other grains
proved problematic at Sydney Cove with its shallow poor
soils, but these crops grew successfully at Parramatta,
Toongabbie and farms in the Hawkesbury region. Maize,
along with wheat, oats and barley were reliable (Cushing
2007; Davey et al. 1945:203-207; Newling 2015:126;
Wentworth 1819:91). Watkin Tench, who left the colony in
December 1791, remarked: 

Of the vegetable productions, transplanted from other
climes, maize flourishes beyond any other grain. And
as it affords a strong and nutritive article of food, its
propagation will, I think, altogether supersede that of
wheat and barley. (Tench 1793:164-165)
Agricultural returns between 1792 and 1820 testify to the

enduring importance of maize production (Figure 2). Although
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a smaller area was planted with maize than wheat, maize
produced much higher average yields, meaning that its overall
production was generally higher. Typical maize yields ranged
from 40–60 bushels per acre (3.6–5.4  m3/ha), up to 80–100
bushels per acre (7.2–9.0 m3/ha) on the Hawkesbury/Nepean
floodplains, compared to 18–40 bushels per acre for wheat
(1.6–3.6  m3/ha) (HRA Ser. 1, Vol. IV:396; Wentworth 
1819:92-93). 

Therefore between 1790 and the 1820s maize became a
consistent component of the colonial diet, especially the diets
of convict and ‘lower’ classes. Convicts’ and soldiers’ bread
and general rations were often cut with a percentage of maize
(Mann 1811:42; Newling 2015:104). Maize was consistently

cheaper and more reliable to grow than other grains,
which made it attractive to poorer colonists (Bigge
1822:66l; Fletcher 1976:45, 234). It was also widely
used to feed livestock, particularly pigs (Cushing
2007:114; Fletcher 1976:45; HRA Ser. 1, Vol. I: 557;
Sydney Gazette 26 Jun. 1803:1; Wentworth 1819:91).

Over time maize became increasingly associated
with convictism, poverty and animal feed. An 1831
enquiry heard: ‘maize is the food of pigs in the colony,
and that is the cause of the prejudice’ (Busby in House
of Commons 1831:80). After the cessation of convict
transportation in 1840, maize rapidly disappeared
from the regular diet of colonial New South Wales
(Cushing 2007). At the same time, the early Sydney
diet left its enduring mark on Australian English; from
the early nineteenth century onwards, the word ‘corn’
came to refer solely to maize, unlike in England where
it continues to refer to wheat (Cushing 2007:113;
Meredith 1844:57; Australian National Dictionary
1988; Oxford Dictionary of English 2010).

The two primary grains consumed in early Sydney
photosynthesise on two distinctly different photosyn-
thetic pathways: wheat is a C3 plant, whereas maize is
C4. If consumed in sufficient quantities (directly or
through consuming livestock, e.g. pigs, raised on
maize) the distinct isotopic carbon signature for maize
may be detectable through stable isotope analysis of
bone collagen. For those individuals born in Sydney, a
maize influenced carbon isotope signature may also
be identified in tooth enamel. Given the slow

biochemical turnover rates of bone collagen, a sudden change
in diet to incorporate maize would not be immediately
detected; rather, an individual would need to consume maize,
and/or animals fed predominantly on maize, for a period of
10–15 years, before the distinct isotope signature becomes
prevalent (Pate 1994; Sealy et al. 1995). Tooth enamel
isotopes are permanently fixed during the formation of each
tooth. Therefore, if as an adult an individual changed their
dietary regime from C3 to C4, for instance as a consequence of
migration to Australia, a difference between the carbon isotope
ratios in the teeth and bone may be detectable. 

The identification of maize consumed by the early British
people living in Sydney is confounded by the consumption of
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Figure 1: Location of the Old Sydney Burial Ground, Sydney.

Figure 2: Cultivation of
wheat and maize in NSW,
1792–1820 (Sources:
Collins 1802:74; Fletcher
1976: 229; HRA Ser 1,
Vol I:401-402, Vol II:198,
384, 632, Vol III:595, Vol
V:33, 608, 773, Vol
VI:161, Vol VII:283, 423,
639, Vol VIII:189, 601,
Vol IX:92, 377, 724, Vol
X: 535).



seafood which also enriches stable carbon isotopes within
bone collagen and tooth enamel. However, multivariate
nitrogen and carbon analysis, and/or Δδ13Ccollagen-enamel (‰)
and δ13Cenamel (‰) analysis, may allow for distinction between
consumption of C4 (maize) rich diets and those based on
seafood (such as a Sydney coastal Aboriginal Holocene diet). 

STABLE CARBON AND NITROGEN ISOTOPES 
Stable carbon and nitrogen isotopes are components of all
food-webs. They have biological significance and are incor-
porated from diet into human bone collagen, bone apatite and
tooth enamel, reflective of the proportions consumed and
trophic levels of the food stuff (DeNiro and Epstein 1978;
Larsen 1997; Loftus and Sealy 2012). 

Carbon has two stable isotopes, 12C and 13C. 12C and 13C are
measured from bone collagen, bone apatite and tooth enamel
as a ratio and represented in parts per thousand (‰) relative to
an international standard, and presented as delta (δ) values.
The proportions (or ratios) in which these two isotopes are
incorporated into plant tissue reflects the photosynthetic
pathways of the baseline plants, primarily in Australia C3 or C4
pathways. Simply C4 plants have less negative δ13C values
than C3 plants; marine plants have a δ13C value between C3
and C4 (Larsen 1997). 

Nitrogen has two stable isotopes, 14N and 15N. The incor-
poration of nitrogen into plant material is affected by either the
aridity of the location (Pate and Noble 2000), or whether
plants are marine or terrestrial, where the mechanism for
nitrogen ‘fixing’ results in substantially more positive nitrogen
δ15N values for marine plants.

As carbon and nitrogen isotopes move up the food chain
(between trophic levels), a process of enrichment occurs –
δ13C and δ15N values become more positive (observed in
Figure 3 through the spacing between C3 and C4 herbivores
and marine carnivores). Carbon analysis alone may allow
inference between the consumption of C3 and C4 plants, or
animal products derived from C3 and C4 plants (Ambrose and
DeNiro 1986; van der Merwe and Vogel 1978). Nitrogen
analysis allows for an inference of food consumed at each
level from the food chain, because metabolic fractionation of
2-5‰ can occur at each trophic level (Schoeninger and
DeNiro 1984). Classically, nitrogen analysis is used to infer
the relative consumption of marine food, which demonstrate
enrichment in nitrogen values, although consumption of an
arid environment diet also results in nitrogen fractionation
(Anson 1997; Pate and Anson 2008). 

Bivariant analysis of carbon against nitrogen allows for a
distinction to be drawn between the different types of diet: for
instance, terrestrial versus marine, C3 versus C4 and possible
impacts of arid land diets (Larsen 1997). 

Australian mammals consuming restricted diets have been
analysed to establish baseline bone collagen stable carbon and
nitrogen values (see Figure 3 below). These provide baseline
values that are then used to contrast human diets through
analysis of the percentages of C3 plants, C4 plants or seafood
consumed (methods, samples and values are presented in Pate
and Owen 2014). For example, the arboreal koala (Phasco-
larctos cinereus) with a specialised eucalypt leaf diet provides
an example of a C3 herbivore; the northern tropical antilopine
wallaroo (Macropus antilopinus) represents a C4 herbivorous
diet (Dawson 1989; Hume 1982; Sanson 1982); and the sea
lion (Neophoca cinerea) provides an example of an upper
trophic level marine carnivore (Ridgway and Harrison 1981). 

It is important to understand the geographic distribution of

indigenous C3 and C4 grasses. The southern temperate coast is
dominated by C3 grasses, while the abundance of C4 grasses
increases toward the north and they become dominant in the
arid desert interior and tropical northern regions of Australia
(Hattersley 1983; Pate and Noble 2000). As the southern
tablelands of NSW are predominantly a C3 environment, both
stable carbon and nitrogen isotope values can be used to
distinguish between marine and terrestrial dietary inputs in
this region. However, for the post-1788 European population
of Sydney, stable carbon isotope values could be altered by the
deliberate consumption of C4 foods, such as maize.

Stable isotope analysis from St Mary’s cemetery, Adelaide,
South Australia, provided an interpretation of diet for 20 adult
unmarked graves. The study provided an insight into the
protein components in the diets of the mid to late nineteenth-
century working-class Anglican population; it was found that
a diet comprising ~60 per cent terrestrial meat (e.g. beef,
mutton), 32 per cent seafood (e.g. fish, shellfish), and 8 per
cent terrestrial vegetation (e.g. C3 wheat and barley) was con-
sumed by men and women (men ate a small percentage more
seafood than women; Pate and Anson 2012). This study
provides an Australian context against which to assess the diet
of the OSBG population. 

Stable carbon and nitrogen analysis of English and Irish
burials has established isotopic differences between regional
diets in contemporary British and Irish populations. Two
London burial populations, Chelsea (Trickett 2006) and
Spitalfields (Nitsch et al. 2011), had diets with demonstrated
enriched stable nitrogen values, a consequence of night soil
manuring, estuarine influences or marine foods. A third
London cemetery (Lukin Street) contained Irish Catholics,
reported to have consumed a diet different to the Londoners,
preferring one based on potato and basic dairy produce
(Beaumont et al. 2013). Diets from the English Midlands
cities, Birmingham (Richards 2006) and Coventry (Trickett
2006), showed less enrichment in both carbon and nitrogen;
this was determined to be a consequence of less dietary
variability and consumption of more primary produce than
those living in London – that is, less meat and fish.

The Irish site was the Kilkenny Union Workhouse
cemetery. Data from this site presented evidence for isotope
dietary analysis correlating with historical data. Prior to 1847
the Irish diet was based mainly on C3 plants (grain and
potatoes), with little seafood or meat. Following the Irish
famine in 1847, large quantities of C4 maize were imported
from America and became a dietary staple. Analysis of Irish
juvenile skeletal material post-1847 clearly demonstrates the
shift in the dietary basis from the native C3 plants to C4 maize
(Beaumont et al. 2013).

Two studies have examined the late Holocene Aboriginal
diets from Sydney and across South Australia. South Aus-
tralian Holocene Aboriginal diets have been examined in detail
by Pate and Owen (2014), whereas a single isotope value has
been determined for an Aboriginal occupant of the Sydney
region (McDonald et al. 2007). These Aboriginal diets differ
notably to the London, Midlands and Irish diets and Adelaide
colonist diet (see Table 2 below). These late Holocene
Aboriginal diets provide a ‘human’ baseline, acting as local
controls, against which colonist’s diets may be contrasted. 

Samples and stable isotope analytical method 
OSBG samples of teeth and bone were selected from skeletal
material available for post-excavation analysis. Bone samples
were submitted to the Beta Analytic Inc AMS and isotope
laboratory for standard collagen extraction, target preparation,
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δ13C and δ15N analysis. Acid insoluble extracts were identified
as collagen by measuring atomic C:N rations (DeNiro 1985).
Isotope ratios are expressed as delta (δ) values in parts per
thousand (‰) relative to the Pee Dee Belemnite (PDB) and
atmospheric nitrogen (AIR) standards. Analytical precision
was better than ± 0.1‰ for carbon and ± 0.3‰ for nitrogen.
Atomic C:N ratios in modern collagen were employed to
determine the presence of acceptable collagen in archae-
ological extracts in relation to stable isotope analysis, with an
atomic C:N ratio of 3.1. 

Oxygen and carbon isotope analyses on the tooth enamel
were undertaken using an automated individual-carbonate
reaction (Kiel) device coupled with a Finnigan MAT 251 mass
spectrometer at the Research School of Earth Sciences, ANU.
Approximately 4 mg of each powdered enamel sample was
reacted with 103 per cent H3PO4 at 90°C to liberate sufficient
CO2 for isotopic analysis. Calibration to the PDB is through
National Bureau of Standards NBS-19. Enamel δ13C results
were normalised on the VPDB scale such that the NBS-19
calcite standards yield δ13CVPDB values of +1.95‰ and
δ18OVPDB values of -2.2‰. 

While 23 individuals were sampled for stable carbon and
nitrogen analysis of bone collagen, collagen extraction –
suitable for consequential isotope analysis – was obtained
from only a single sample (OSBG 65). The absence of
collagen in all other samples was attributed to burial
conditions, particularly water movement through the burial
site and the generally acidic nature of soils throughout the
burial ground (pH 5.5 to 6.5, Donlon 2017 in Casey & Lowe
2017). A combination of these two factors appears to have
created poor conditions for the retention of bone collagen and
resulted in a rapid disintegration of human bone. 

Tooth enamel from nine individuals returned samples with
sufficient extraction for analysis. Teeth sampled were either
premolars, M2 or M3, unless unavailable (Table 1); in three
instances canines were the only samples available (OSBG 32,
50 and 72). It is acknowledged that canines may be subject to
enriched carbon isotope values as a consequence of breast
feeding. These samples are included for reference but not
subject to further detailed analysis. 

Tooth carbon isotope enamel values were converted to
collagen values following a standard value defined by Loftus
and Sealy (2012). Loftus and Sealy (2012) defined the

standard conversion value from a range of South African
human samples, living in different regional C3 environments.
It is acknowledged that further study could demonstrate that a
different conversion value should be applied for the inhabit-
ants of Britain and Ireland. However, as all the British and
Irish samples originated from C3 environments, it is suggested
that the conversion factor is appropriate.

Dietary reconstruction of the Sydney diet (based on protein
consumption, as reflected in bone collagen) was undertaken
using the methods presented in Owen (2004) and consequently
used by Pate and Anson (2012). A complex mixing model was
applied, with reconstruction of whole of diet based on require-
ments for whole of diet (e.g. the required proportions of pro-
tein, fat, carbohydrates, as well as base energy consumption). 

Table 1 provides an overview of the individuals success-
fully sampled, their sex and age (if known), and their potential
region of origin (after Owen and Casey 2017).

RESULTS AND ANALYSIS  
Bone collagen: stable carbon and nitrogen isotopes 
The results from the analysis of a sample from OSBG 65,
along with other historical period and faunal comparisons, are
provided in Table 2 and shown in Figures 3 and 4.

The results of carbon and nitrogen bone collagen stable
isotope analysis (Figure 3 and Table 2) demonstrate that
OSBG 65 consumed a diet different from all other previously
recorded early to mid-nineteenth-century diets (Adelaide,
England and Ireland). This diet may be reflective of a specific
‘early Sydney diet’, indicating the consumption of C4 maize.
This early Sydney diet is closest to the Irish post-1847 diet,
which was a vegetation diet based on C4 maize. There is an
overlap between the OSBG 65 result and the ‘range’ of
individual values from Kilkenny post-1847; however, the
overlap is distinguished by temporal spacing, with ~27 years
separating the end of interment in OSBG and the Kilkenny
burials. Also, the OSBG 65 result indicates a slight enrichment
of the nitrogen and carbon values, reflecting the consumption
of more meat and seafood than the post-1847 Irish diet. As
such, it is accurate to state that OSBG 65 had a diet that falls
outside the isotopic ranges recorded in most contemporary
British and Irish samples analysed to date. Whilst presenting
sound evidence for a distinct ‘early Sydney diet’ isotopic sig-
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Table 1: Samples analysed using stable isotopic techniques.
Sample     Sex              Age                  Sample         Possible birth origin (after Owen and Casey 2017)
No.
14              Unknown      Adult                  Molar (M2)      England: Mansfield, Scunthorpe, Doncaster, York. Scotland: Inverness or Perth. 
24               Unknown      Adult                  Premolar         England: Carlisle, Ingleton, Chester, Liverpool, Warrington, Gloucester, Swindon, Oxford, Reading, 
                                                                                         Slough, London, Colchester or Ipswich. Scotland: Wick, Paisley, Lanark or Gretna. 
30              Unknown      Adult                  Molar (M3)      Not born in Sydney, Britain or Ireland. 
32              Unknown      Adult                  Canine            England: Wigton, Milnthorpe, Preston, Southport, London, Bristol, Bath or Farnborough. Wales: 
                                                                                         Denbigh. Scotland: John o’Grotes, Halkirk, Strontian, Largs or Gretna.
34              Unknown      Adult                  Molar (M3)      Scotland: Central uplands, around Pitlochry, Blair Atholl to Aberfeldy.
37              Unknown      Adult                  Premolar         Scotland: Central uplands, around Pitlochry, Blair Atholl to Aberfeldy.
50              Unknown      Adult                  Canine            England: Ramsey (Isle of Man), Taunton, Yeovil, Southampton or Eastbourne. Wales: Rhyd-y-foel or 
                                                                                         Cardiff. 
65               Unknown      Adult                  Bone              Unfortunately, no teeth were present with the burial and therefore enamel analysis was not possible. 
                                       (estimated 
                                       16-19 years)
72              Female          Adult                  Canine            England: Dorchester or south Isle of Wight. Scotland: Kinloch (Isle of Rum). 
                                       (possibly late 
                                       adolescent)
TH1991     Female          Adult                  Molar (M3)      England: Carlisle, Ingleton, Chester, Liverpool, Warrington, Gloucester, Swindon, Oxford, Reading, 
Grave 2                                                                             Slough, London, Colchester or Ipswich. Scotland: Wick, Paisley, Lanark or Gretna. 



nature, which correlates with historical records, the interpre-
tation is based on a single sample. As such, further analysis of
early historical period burials (ideally pairing bone collagen
against tooth enamel) will be required to verify the outcome.

Table 2: OSBG stable bone collagen carbon and nitrogen
isotope results, with results from comparison samples.
Site/Location                                   No. of      δ13C (‰)           δ15N (‰) 
                                                         samples   (X ± SD)           (X ± SD)
Sydney (OSBG 65)A                         1               -17.0 ± 0.1        10.4 ± 0.3
St Marys Cemetery, AdelaideB         20             -18.6 ± 0.8        12 ± 1.1
Sydney mid Holocene AboriginalC    1               - 11.8                15.9
Adelaide Plain late Holocene           1               -18.6                 7.4
AboriginalD
Kilkenny Works Union pre-1847      14             -19.3 ± 0.9        10.9 ± 0.5
(Ireland)E
Kilkenny Works Union post-1847    3               -16.4 ± 0.2        9.3 ± 0.5
(all juveniles) (Ireland)E
Lukin Street (London)E                     119            -19.13 ± 0.93    12.6 ± 0.6
Chelsea (London)F                            30             -18.87 ± 0.72    12.71 ± 0.4
Spitalfields (London)G                       92             -18.78 ± 0.48    13.28 ± 0.6
Coventry (Midlands)H                        12             -19.55 ± 0.55    12.03 ± 0.5
Birmingham (Midlands)I                    17             -19.16 ± 0.34    12.02 ± 0.6
A: this study; 
B: Pate and Anson 2012, adult samples only; 
C: McDonald et al. 2007 – 95% marine diet; 
D: Owen and Pate 2014 – 95% terrestrial diet; 
E: Beaumont et al. 2013, adult samples only, post-1847 removed; 
F: Trickett 2006; 
G: Nitsch et al. 2010; 
H: Trickett 2006; I: Richards 2006.

For an ‘early Sydney’ signature to become isotopically
distinct, the diet must have been consumed for approximately
ten years prior to death. Unfortunately, it was not possible to
infer the origin of this individual through enamel assessment
(as a tooth sample was not available), and it is not known
whether OSBG 65 was born in Sydney, Britain or Ireland. It is
therefore not possible to determine whether this is a different
diet from that consumed over the early years of life. 

It is possible that an early Sydney diet was therefore differ-
ent from that consumed in Britain, Ireland or Adelaide. It is
telling that this diet is considerably different to that consumed
by the early immigrant inhabitants of Adelaide, or the local
marine food-based Aboriginal diet, and demonstrates a
different subsistence base for Sydney’s early inhabitants. 

Estimation of OSBG 65’s diet indicates a diet with a pro-
tein content comprising approximately 70 per cent terrestrial
meat (e.g. beef, mutton, pig), 10–15 per cent seafood (e.g. fish,
shellfish), and 15–20 per cent terrestrial vegetation, with a
high proportion of the C4 grain maize. Therefore, the
difference between the Sydney and the Adelaide isotope
results centres upon both the percentage of seafood consumed
and the consumption of maize as a grain staple. Approximately
twice as much seafood appears to have been consumed by the
early Adelaide inhabitants compared to those in Sydney. This
may not be surprising given the difference in access to marine
resources between the two geographical locations – Adelaide’s
settle-ment was situated along a sea coast, while Sydney was
based on the harbour at Sydney Cove (which was quickly
over-fished) and extended inland up the Parramatta River and
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Figure 3: Bivariant plot of
stable bone collagen carbon and
nitrogen isotope, showing mean
and 1SD, for individuals and
faunal samples. References and
errors (1SD) for baseline
datasets are provided in Table 2. 



over the Cumberland Plain (away from the harbour and
without easy access to marine resources). 

Of the grain consumed, the OSBG 65 sample appears to
have included approximately 75–80 per cent maize, as could
be expected from an enriched carbon isotope value (δ13C of 
-16.5 to -16.0). For this consumption to become isotopically
distinguishable consumption would have been required for a
period of at least ten years. 

Some trophic level enrichment from the consumption of a
large quantity of meat may also account for some enrichment
of the carbon isotope value. This interpretation is reinforced by
lower stable nitrogen values, which argues against a large
contribution of seafood, or effects resulting from nitrogen
enrichment by night soil manuring or estuarine influences, as
found in the London diet (Beaumont et al. 2013). 

It is also possible that a δ13C of -17.0 reflects a diet based
on C4 terrestrial vegetation diet (from maize consumption) and
C3 based animal protein (that is, animal husbandry practices
fed animals native C3 plants, rather than maize). Validation of
such a hypothesis could be made through stable isotope
analysis of contemporary locally-reared Sydney faunal
material. 

Tooth enamel: stable carbon isotopes
The results from carbon isotope values from tooth enamel
analysis are presented in Table 3, along with a conversion of
the enamel to collagen values (following Loftus and Sealy
2012). As carbon enamel values are fixed in early life (by 12
years) and do not vary with age, unlike bone collagen carbon
and nitrogen isotope values, the enamel carbon isotope values
can be used to infer early diet, in association with the possible
origin of an individual. Assuming that all individuals born in
Britain or Ireland were consuming a C3 based diet (suggested
by the results presented in Figure 3), any enrichment evident

in carbon enamel is reflective of localised variations as a
consequence of trophic level enrichment (NB: famine-period
Irish diets post-date the cessation of burial in the OSBG). The
δ13Ccollagen results from cemeteries in London, the Midlands
and Ireland (Table 2) demonstrate the small shift in carbon
isotope values between these population centres. As such, it is
possible that further regional variation in British and Irish diets
could be reflected in the variability of δ13Cenamel and/or
δ13Ccollagen values. Given that the current study has analysed
individuals with a range of potential birth origins within
Britain (Table 1), it may be expected that a range of stable
carbon isotope values were returned. It is noted that the
inference of origin based on this premise is limited due to a
lack of baseline data outside London and the Midlands. 

In general, the stable carbon enamel values from analysis
of the OSBG population are more enriched than the results
from the London and Midlands cemeteries (Tables 2 and 3).
This could be a consequence of two factors: either these
carbon enamel values represent other British diets or the
results indicate a pattern of fractionation between diet and
tooth enamel that requires further investigation, especially if
correlation is to be drawn against bone collagen and/or apatite
values, as discussed by Loftus and Sealy (2012). However, as
Loftus and Sealy (2012) demonstrate a pattern of fractionation
does not prevent comparison between diet and origin, and the
use of enamel from carbon is a valid means of determining diet
and possibly the connected origins of an individual, when
combined with stable oxygen and strontium isotopes.  

An understanding of stable carbon isotope values has been
achieved for nineteenth-century diets in London (Nitsch et al.
2011; Trickett 2006), the Midlands (Richards 2006; Trickett
2006) and the central uplands in Scotland (based on outcomes
for the origins of two samples; Owen and Casey 2017). The
nature of oxygen isopleths within the UK and Ireland (Owen
and Casey 2017) mean there should be little correlation
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Figure 4: Bivariant plot of stable bone
collagen carbon and nitrogen
isotopes, for historic samples from
Sydney, Adelaide, England and
Ireland. References and errors (1SD)
for baseline datasets are provided in
Table 2. 



between the stable oxygen values and the range sample of
carbon values derived from regional diets (e.g. this study and
the sample sets quoted above). Statistical analysis of this
premise shows that little correlation exists (R2 = 0.1897). 

Table 3: Stable carbon isotope results from dental enamel.
Sample        δ13C (‰)   δ13C (‰)    Comment 
No.               enamel      converted 
                                      to bone 
                                      ‘collagen’ 
OSBG 14     -14.10        -17.9          
OSBG 24     -14.85        -18.65        
OSBG 30     -13.50        -17.30        C3 based diet, possibly from a 
                                                        British colony near the equator 
                                                        (based on oxygen isotope values)
                                                        – perhaps India?
OSBG 32     -13.37        -17.17        Canine sample, no further
                                                        inference made.
OSBG 34     -13.96        -17.76        Provides a baseline carbon isotope 
                                                        value for an inland Scottish diet 
                                                        (if Sr isotopic interpretation is correct).
OSBG 37     -13.51        -17.31        Provides a baseline carbon isotope 
                                                        value for an inland Scottish diet 
                                                        (if Sr isotopic interpretation is correct).
OSBG 50     -14.48        -18.28        Canine sample, no further inference 
                                                        made.
OSBG 72     -15.44        -19.24        Canine sample, no further inference 
                                                        made.
TH 1991      -12.84        -16.64        
Grave 2       
Average      -14.01                          
SD               ± 0.77                           

For seven of the samples a comparison was undertaken
between the strontium isotope ratios and stable carbon isotope
values (Figure 5). On the basis that very generally, within the
UK, the strontium ratio increases geographically west and
north (Owen and Casey 2017), some patterning may be
present. This analysis is preliminary and tempered by the
small sample set, the known mapping of strontium isotope

packages (Evans et al. 2010) and extent of overlap between
samples when one standard deviation is considered. 

Tentatively, within this small sample set, there may be
some patterning, with possible separation between the three
strontium groups and stable carbon isotope values (Figure 5).
OSBG 30 (strontium group 2) overlaps with OSBG 34 and 37
(strontium group 3). However, inference of origin for OSBG
30 suggested a location outside of Sydney, Britain or Ireland.
The diet suggests a C3 base, without a marine content. This
could provide evidence of a possible origins in a British
colony. Given the elevated oxygen isotope value, a location
near the equator may be feasible – India is one possible
location of origin. TH 1991 presented a strontium ratio
indicative of birth either in Sydney or the UK, and the
converted carbon isotope value (-16.64) is similar to the early
Sydney diet from sample OSBG 65. However, the oxygen
isotope value was considerably outside the indicated Sydney
range. Interpretation for this sample is therefore somewhat
ambiguous, but may be elucidated by further baseline
sampling from individuals known to be born in Sydney. 

This analysis is tempered by the nature of strontium packs
(Evans et al. 2010), which are not linear across the UK.
Further research is required to determine whether this analysis
is statistically valid. 

DISCUSSION 
The results of stable isotope analysis demonstrate the
additional opportunities such analysis can add to the
morphological investigations of human skeletal material. The
evidence assessed has considered carbon, nitrogen, strontium
and oxygen values. When applied to an historical under-
standing that describes access to food groups (e.g. C3 or C4
plants, marine resources or terrestrial animal groups), new
insight into food access, consumption and individual mobility
can be developed. This insight creates a context for further
historical enquiry and research. 

Historical sources indicate that the early Sydney diet
comprised quantities of maize. This study suggests that the
diet consumed by OSBG 65 contained a sufficient portion of
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Figure 5: Bivariant plot of
stable enamel carbon isotopes
and strontium isotope ratios.



C4 maize (or animals fed on maize), for an adequate duration,
to become an identifiable signature in this sample’s bone
collagen. This local early Sydney diet appears to have been
based on terrestrial meat, where a combination of pork,
mutton, less occasionally beef, and possibly local native
species, may have been consumed. The diet was supplemented
with the grain maize and a small intake of seafood. Maize
grew well in the Sydney district and produced higher yields
per acre than wheat. Historically it is known that pigs were fed
on maize due to its abundance and general dislike by the wider
population (House of Commons 1831:80; Newling 2015:126),
the isotopic signature from pig’s maize consumption thus
being passed up the food chain to humans. As such, it is cur-
rently not possible to distinguish between human and animal
consumption of maize.

However, the influence of maize consumption within the
early Sydney foodweb is apparent, and provides the context
for future identification through analysis of human and faunal
samples, along with the contrasted results from bone collagen
and tooth enamel from the same individual. 

This outcome establishes a credible hypothesis for future
stable isotope analysis. Archaeological investigations have
previously sought to ascertain status through the value and
quality of material culture. Questions associated with the
consumption of maize, its duration as a food staple and asso-
ciations with consumption by different social and economic
‘classes’ could be addressed. Given the perceived historical
connection between maize, convictism and poverty, it may be
possible to address temporal socio-economic questions
through analysis of diet, provided suitable archaeological
assemblages are available for study. 

The origins of some individuals buried within the OSBG
was characterised by the combined approach of oxygen and
strontium analysis. Further analysis of stable carbon isotope
values, correlated against known diets from Britain and Ire-
land, has presented new data for future stable isotope studies
into regional UK diets, particularly within England and Scot-
land. This data should be of considerable value to future Brit-
ish cemetery studies and provides a baseline for new avenues
of research into nineteenth-century burial populations. 
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