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Abstract

There is a growing body of bioarchaeological research on eighteenth and nineteenth century colonial Cape Town, a significant
node in the transportation networks of both the Indian and Atlantic oceanic slave trades, attempting to shed light on the lives of
enslaved persons. Here, a preliminary archaeological isotopic dietary baseline for the colonial Cape is presented. It is apparent
from the data that cattle tended to graze far inland from Cape Town in an arid C5-C4 to purely C4 biome. Sheep/goats grazed close
to the settlement or some distance away in Cs to C5-C,4 biomes. A qualitative comparison of the baseline data to that of enslaved
persons at The Cape suggests that this population did not consume large amounts of marine protein as has been concluded in the
past. The archaeological baseline data was utilised, in combination with published modern data, to create a quantitative dietary
reconstruction of a subset of this population using a Bayesian multi-source diet mixing model (FRUITS). The reconstruction
confirms that the Cape’s enslaved did not consume much marine protein but relied predominantly on terrestrial C; plant protein.

Keywords Dietary assessment - Cape colonial diet - Enslaved persons - Dutch East India Company - FRUITS

Introduction

Colonial Cape Town was a significant node in both the Indian
and Atlantic oceanic slave trades from the seventeenth to nine-
teenth century AD. A significant body of historical work ex-
ists for this period (Armstrong 1979; De Kock 1950;
Groenewald 2010; Ross 1983; Worden 1985); however, it
remains difficult to fully explore individual life histories.
This is due in part to the nature of the archives available for
enquiry in which enslaved persons are only mentioned in
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passing, the lack of material culture that can be associated with
enslaved persons’ spaces, and the lack of narratives written by
the enslaved and formerly enslaved to describe their
experiences.

Due to these limitations, archaeologists have increasingly
looked to the skeletal archive to fill in the gaps in knowledge.
Using a treble-isotope approach, it was determined that the
enslaved individuals from the Pacquet Real, which was
wrecked off the coast of Cape Town in 1818, came from di-
verse geographical origins based on a wide range of strontium
isotope ratios and carbon and nitrogen isotope values (Cox
1996; Cox and Sealy 1997). A similar approach has been ap-
plied to two other significant skeletal collections at the Cape.
Cox et al. (2001) used changes in 813C and 6'°N values of
different skeletal elements of the Cobern Street individuals
(AD 1750-1827) to recreate life histories. Building on this
study, Kootker et al. (2016a) employed a dual 87Gr/68r-513C
isotopic approach in conjunction with the presence of cultural
markers to identify migration events experienced by enslaved
persons. Although these studies used the carbon and nitrogen
isotope systems as proxies for palacodiet and palacomobility
(Cox et al. 2001; Kootker et al. 2016a), there are to date no
comprehensive reference carbon and nitrogen isotope baseline
data for the colonial Cape. Mbeki et al. (2017) combined oste-
ological data with stable and radiogenic isotope systems to
identify first-generation migrants to Cape Town in a changing
social landscape and to further contextualise the V&A
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Marina Residence archaeological site (AD 1750-1850). In ad-
dition to the research carried out on Indian Ocean trade net-
works, similar research has been carried out on enslaved indi-
viduals traded in the Atlantic Ocean world (Bastos et al. 2016;
Goodman et al. 2009; Laffoon et al. 2018; Laffoon et al. 2012b;
Nystrom et al. 2011; Schroeder et al. 2009, 2014).

Isotopic ratios can be measured precisely and accurately;
however, the interpretation of the data and the correctness of
geographic provenancing or palaeodietary assessment are
strongly dependent on the presence of background isotope
data and the accuracy thereof. For the Sr isotope system, sev-
eral isotopic landscape maps, or isoscapes, have been pub-
lished that give a first impression of which Sr isotope ratios
are present in either the archaeological or modern environ-
ment (e.g. Bataille et al. 2018; Copeland et al. 2016; Hodell
et al. 2004; Kootker et al. 2016b; Laffoon et al. 2012a). These
predictive models can aid in narrowing the possible geograph-
ic regions of origin in archaeological, historical and forensic
contexts. Although some Cape-focussed studies exclusively
used the carbon and nitrogen isotope systems as proxies for
diet and mobility, there are to date no comprehensive refer-
ence carbon and nitrogen isotope baseline data for the colonial
Cape, essential for an accurate assessment of palacodiet, and
in specific cases, of palacomobility.

This paper presents a preliminary archaeological faunal
carbon and nitrogen isotope baseline dataset representative
of the Cape colonial diet (circa late seventeenth century-mid
eighteenth century) which can provide the basis for future
research. The faunal remains analysed to generate this dataset
were excavated at the Castle of Good Hope in central
Cape Town (Fig. 1). Although these remains were determined
not to have been situated in their primary context, they are
indicative of the animal protein sources available at the
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colonial Cape. Further insights are gleaned from a qualitative
comparison between these faunal data and isotopic informa-
tion gathered from individuals found at the Cobern Street and
Marina Residence burial grounds who were determined to
have been enslaved persons from the eighteenth and nine-
teenth century. The Cobern Street individuals were buried
with care and with burial goods although some of them had
not been at the Cape for long, suggesting that they were
quickly assimilated into a community of marginalised people.
In stark contrast, the Marina Residence individuals were hap-
hazardly buried and some exhibited evidence of medical pro-
cedures suggesting that they perhaps had fallen victim to one
of the many epidemics colonial Cape Town was prone to or
had succumbed to the diseases of seafaring, such as scurvy,
whilst recovering in hospital. A quantitative dietary recon-
struction was performed using the Food Reconstruction
Using Transferred Signals (FRUITS) mixing model for a sub-
set of the Cobern Street population using previously published
collagen carbon and nitrogen isotope data (Cox et al. 2001)
and newly generated dental enamel carbon isotope data
(5"3C earbonate). Hence, this paper provides direct estimations
of'the individual diets of enslaved persons at the colonial Cape
for the first time.

Archaeological setting

The Castle of Good Hope, the oldest surviving colonial build-
ing in South Africa, was built between AD 1666 and 1679 as a
five-pointed “star fort” during a time when the early Dutch
settlement was vulnerable to attack by European powers with
competing mercantile interests. This pentagonal structure
surrounded by a moat was a microcosm of the colonial society
that developed at The Cape, housing the settlement’s highest-
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Fig. 1 Map of Cape Town, South Africa, with historical sites of interest to this study marked
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ranking Dutch East India Company (VOC) official, the gov-
ernor, as well as lowly soldiers and sailors. A granary, prison
cells and a church were also found within its walls. Several
modifications have been identified from archaeological exca-
vations and from the VOC’s extensive written record. For
instance, the moat was partially filled with garbage in the
eighteenth century (Unknown 1996). Periodic flooding in
the Castle due to the high water table was a constant worry
during both the Dutch and British periods and resulted in
raising of floor levels with cultural material-containing fill
(Halkett 1991; Heinrich 2010; Unknown 1999a,b).

Archaeozoological aspects of Cape diet

In order to create a meaningful archacological dietary isotope
baseline for the enslaved of the colonial Cape, it is necessary
to understand contemporaneous animal husbandry practises.
A major contribution to the current understanding of the meat
industry and diet at the colonial Cape has been made by
Heinrich (2010). The essential findings of his
zooarchaeological study from three assemblages from the
Castle of Good Hope are presented below. Although no faunal
remains have been found in a primary context that can con-
clusively be associated with the Cape’s enslaved, urban as-
semblages from several secondary contexts illustrate the range
of foods available for consumption at the colonial Cape.

Heinrich (2010) explains that from the establishment of the
settlement at the Cape in the mid-eighteenth century, the col-
onists relied heavily on mutton for their own consumption and
provisioning of passing ships as the indigenous Khoikhoi
were reluctant to trade their cattle, which represented both
economic and social capital. Company employees released
from service, known as vrijburghers, could win contracts to
supply the Dutch East India Company with meat (mainly
mutton and beef). Through breeding, trade and theft from
the Khoi, the vrijburghers’ herds grew. Sheep consistently
outnumbered cattle by several multiples during the Dutch pe-
riod. Breeding of imported exotic cattle breeds was unsuccess-
ful and the colony was to remain dependent on the indigenous
variety, which was considered to be of poor quality, for
draught and meat.

Heinrich (2010) indicates that pork was also consumed at
the Cape, as is evident from faunal remains at the Castle from
the colonial period, but not in great quantities. Exotic rabbits
were introduced to the colony which already had indigenous
rabbits. Chicken, geese, ducks and other domestic fowl were
also introduced to the Cape by the VOC. Game, including
wild birds such as penguin and ostrich, were hunted by low
ranking VOC employees, particularly when food was scarce.
In addition to the fresh meat supply, salt-cured meats were
imported from Europe to the Cape. Also, wild game caught
at VOC outposts would often be salted before transportation
back to Cape Town, as would ocean-caught fish.

Based on archaeozoological findings, Markell et al. (1995)
have concluded that enslaved persons were heavily reliant on
fish as a source of protein. Andrén (1998) has written about
Martin Hall’s work and the discrepancy between the written
and archaeological records. The former contains numerous
accounts of fish shortages and the latter suggests an abun-
dance of the foodstuff at the Cape. Andrén ultimately states
that “fish was thus associated with slaves” (1998:174). In
time, when the beef and mutton supply became more stable,
many types of fish would be looked down upon as low class or
slave food (Heinrich 2010). This limited variety of foodstuffs
and the influence of Eastern enslaved persons in an African
context gave birth to the creole Cape Malay cuisine that in-
cludes curries and pickled fish (Baderoon 2007). Socio-
economic factors trumped religious law when it came to a
debate over the consumption of crayfish by Cape Muslims
in the nineteenth century. One school of Islamic thought
categorised this shellfish as carrion and thus haraam (unlaw-
ful/forbidden); however, as former enslaved persons and part
of the urban poor, Cape Muslims relied heavily on crayfish
and fish such as snoek [Thyrsites atun] (ibid). To this day
“snoek is an important source of readily available and afford-
able protein to many medium- and low-income households”
in the west-coast region of South Africa (Henning and
Hoffman 2017:1).

The importance of affordable marine resources to the urban
poor diet is also illustrated in older texts. The small Chinese
community at the Cape was described by Mentzel in the late
eighteenth century as “expert fishermen as well as good
cooks” who ran eateries. He goes on to state that “fried or
pickled fish with boiled rice is well-favoured by soldiers,
sailors and slaves. When the fierce North-Westers blow, cray-
fish, crabs, seaspiders and ‘granelen’ [small crabs] are cast
ashore. They are jealously collected by these Orientals,
cooked and sold” (in Armstrong 2012:114). Despite the gen-
eral perception by researchers that Cape Town’s enslaved
population consumed vast amounts of fish, there has not been
any quantitative research to confirm the assumption.

Human isotopic dietary assessment

The stable isotopes of carbon and nitrogen are the preferred
systems for palacodietary assessment. The ratio '*N/'*N
(6"°N) identifies a consumer’s trophic level that is on average
3—6%0 greater than its diet, allowing for a distinction to be
made between herbivores, omnivores and carnivores
(Hedges and Reynard 2007; Kelly 2000; O'Connell et al.,
2012; Schoeninger and Moore 1992). Marine ecosystems dis-
play relatively high 5'°N values as the base of the food chain
is enriched in '°N compared with its terrestrial analogue due to
a difference in nitrogen source (dissolved nitrates vs.
atmospheric/soil nitrogen, see Schoeninger and DeNiro,
1984). Moreover, the marine food chain has more trophic
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levels, also resulting in elevated 5'°N values (Lee-Thorp
2008; Schwarcz and Schoeninger 2011). Other trophic level-
independent factors may contribute to variation in §'°N values
such as nutritional and water stress and consumption of salted
foods (e.g. Ambrose 1991; Ambrose and DeNiro 1986;
Hobson et al. 1993; Preiser et al. 2014). These factors in par-
ticular would be important considerations when interpreting
Cape enslaved individuals’ isotopic values.

Differences in '*C/"*C (5'2C) are directly related to the
manner in which plants metabolise atmospheric CO,. Plants
are separated into three categories based on the photosynthetic
pathway they use to fix CO,. The most significant of these are
the Calvin (C3) and Hatch and Slack (C4) which use ribulose
bisphosphate carboxylase/oxygenase (RuBisCO) and phos-
phoenolpyruvate carboxylase (PEP) enzymes, respectively,
for the fixation of CO, (Calvin and Benson 1948; Farquhar
1983; Hatch and Slack 1966; Marshall et al. 2008). As a result
of these differences, Cs plants have lower 5'3C values than C,
plants. Intermediate 5'°C values are evident in marine plants
as the CO, in marine environments is derived from '*C-
enriched dissolved bicarbonate (HCOj; ). These isotopic dif-
ferences are systematically propagated up the food chain.
Hence, due to the difference in type of vegetation between
the Cape (predominantly Cs) and, for instance, Mozambique
(predominantly C,), carbon isotope values are an effective
proxy for mobility between the two regions (Cox and Sealy
1997).

Material and methods

The faunal assemblage analysed for this study is an aggregate
of animal bones excavated at the Castle of Good Hope (exca-
vated between 1978 and 1992) and curated by Iziko
Museums. Although this assemblage was not excavated in
its primary context, we believe that it is representative of the
protein sources available at the Cape during the colonial peri-
od. Thus, the isotopic values are applicable to the assessment
of the Cape enslaved persons’ diets.

A large variety of taxa were chosen to generate a broad
baseline and to be as representative as possible of the colonial
Cape diet; hence, 60 archaeological samples representing 23
species from three biological classes (mammalia, aves and
pisces) were collected from the Castle of Good Hope
(Table 1). To obtain the highest minimum number of individ-
uals (MNI), the same skeletal element of the same symmetry
was selected per species. Where this approach was not feasi-
ble, skeletal elements of the same species with different mor-
phological features and/or metric dimensions were selected to
avoid the selection of intra-individual elements.

Sheep and cattle were raised at outposts at the Cape and the
animals were driven to town for slaughter for provisioning of
ships and local consumption; thus, the assemblage is

@ Springer

representative of the end of the meat production process.
The mammals in the assemblage were excavated from a sec-
tion of the Castle moat with deposits from the 1720s. The
majority of the sheep were in their prime (1.5-6 years), while
most cows were older than 4-5 years. The pigs in the assem-
blage varied in age from sub-adult to adult (Heinrich and
Schrire 2011). All the birds in the assemblage were recovered
from the granary and date from the late seventeenth century to
the mid-eighteenth century. Only adult birds are represented;
however, this may be a result of taphonomic processes
(Heinrich 2010).

The complete Cobern Street burial collection is curated at
the Department of Human Biology, University of Cape Town.
The collection is available for academic research. All neces-
sary permits were obtained, which complied with all relevant
regulations. Permission for sampling and analysis was granted
by Heritage Western Cape (Ref.: 130129TS09) and an export
permit for samples was obtained from the South African
Heritage Resource Agency (Ref.: 9/2/018/0206. Permit ID:
219). Dental enamel samples for 8"3Cenamel analysis were ob-
tained simultaneously with the sample collection for strontium
isotope analysis (see Kootker et al. 2016a for more
information about the selection process).

Preparation of samples
Fauna

Following the selection of appropriate elements, a subsample
was taken with a target weight of 5-10 g using a diamond cut-
off wheel on a Dremel Rotary Tool and if needed a coping
saw. The samples were transferred to the Vrije Universiteit
Amsterdam. Here, the samples were carefully cleaned of ad-
herent soil, crushed, and circa 300 mg of small bone fragments
roughly uniform in size was subsampled and transferred to
polypropylene vials (Elkay). The specific collagen extraction
protocol employed and analytical details for carbon and nitro-
gen isotope analysis are described elsewhere (Mbeki et al.
2017). Stable isotopes were measured using an elemental
analyser (NC2500; ThermoQuest) coupled to a Delta Plus
ThermoQuest Finnigan isotope ratio mass spectrometer at
the Vrije Universiteit Amsterdam. For calibration, USGS 40
and USGS 41 were used. The reproducibility of the analyses
determined by repeated analysis of an internal standard
(Bovine liver, NIST 1577¢) was within 0.08%o for '°N and
0.01%o for §'3C (n=17). The 5'C values are reported relative
to standard Vienna PeeDee Belemnite (VPDB) and the §'°N
data relative to standard Ambient Inhalable Reservoir (AIR).

New human apatite data

Circa 5 mg of dental enamel powder was sampled using an
acid-cleaned diamond-tipped burr, collected in glass 2-ml
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Table 1 Taxa selected from the

Castle of Good Hope Class Common name Taxon N
archaeological faunal assemblage
for carbon and nitrogen isotope Mammalia Cat Felis catus 1
analysis Cattle Bos taurus 10
Dog Canis lupus familiaris 4
Hyena Hyaenidae sp. 1
Pig Sus domesticus 3
Rabbit Oryctolagus cuniculus 2
Sheep/goat Ovis aries/Capra hircus 11
32
Aves Bustard Otididae 1
Cape cormorant Phalacrocorax capensis 1
Cape francolin Pternistis capensis 2
Cape teal Anas capensis 2
Chicken Gallus Gallus domesticus 4
Common greenshank Tringa nebularia 2
Crow Corvus sp. 1
Domestic duck Anas platyrhynchos domesticus 2
Francolin Phasianidae 2
Goose Anser sp. 2
Penguin Spheniscidae 1
Pigeon Columba sp. 2
Raven Corvus corax 2
Turkey Meleagris gallopavo 2
White breasted cormorant Phalacrocorax lucidus 1
27
Pisces Sea breams/porgies Sparidae 1

vials and transferred to the Vrije Universiteit Amsterdam.
Here, circa 0.3 mg of dental enamel was subsampled for
8" Cenamel analysis. The isotope composition was analysed
using a Thermo Finnigan GasBench II preparation device
interfaced with a Thermo Finnigan Delta+ mass spectrometer.
The measured isotope values are normalised to international
standard IAEA-CO1 (8'°C =2.55+0.05, 10, n=11) and are
reported relative to the Vienna Peedee Belemnite (VPDB)
standard. The reproducibility during the four analytical ses-
sions was on average £0.11%o (10).

Multisource mixing model (FRUITS)

One of the primary purposes of developing an isotopic base-
line of the local and/or regional ecology is to interpret human
stable isotope data from archaeological contexts. There has
been an increasing trend in the application of mixing models
for isotopic dietary reconstructions in recent years (Moore and
Semmens 2008; Newsome et al. 2004; Parnell et al. 2010;
Parnell et al. 2013; Phillips 2001; Phillips and Gregg 2003).
In this study, a multisource mixing model (Food
Reconstruction Using Isotopic Transferred Signals -

FRUITY) is applied to derive quantitative estimates of the
relative contributions of different food groups to individual
diets. Specifically, individual isotopic data were analysed with
the Bayesian mixing model software FRUITS v2.1.1
(Fernandes et al. 2014). The FRUITS programme was consid-
ered ideal for this study owing to its capacity to incorporate
macronutrient, elemental and isotopic data, in addition to the
integration of associated uncertainties of both consumer and
food source. The model utilised four food sources: terrestrial
animals, marine animals, C; plants and C, plants. The model
setup and input parameters are reported elsewhere (Pestle and
Laffoon 2018).

Food source isotope data includes the new faunal collagen
carbon and nitrogen isotope data presented in this study, com-
bined with a compilation of both archaeological and modern
animal and plant isotope data sets gathered from relevant lit-
erature (n=1012, see Supplementary Data for a complete
overview of the reference data). To increase the amount of
fish data, modern anchovy (Engraulis capensis, n=12) and
round herring (Etrumeus whiteheadi, n=5) collagen data
(Sholto-Douglas et al. 1991) and hake (Merluccius capensis,
n=201, and Merluccius paradoxus, n=180) dorsal muscle
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isotope data (provided by C. van der Lingen) are included in
this study. Stable isotope data from modern samples were
corrected by + 1.5%o (terrestrial) and + 3.0%0 (marine) to
5'3C values to account for the Suess effect (Keeling et al.
1979; Marino and McElroy 1991; Pestle 2010).

Human carbon and nitrogen isotope data from
Cape Town’s Cobern Street collection was used (Cox et al.
2001). Out of the 53 analysed individuals, 13 were selected for
input into the FRUITS model. The sampling strategy for this
aspect of the study focuses on individuals believed to have
originated from the Cape and surrounding area (i.e. locals).
Locals (burial numbers 18, 23, 32, 42A, 47 and 61) were
identified either by local *’St/*®Sr values (0.7086-0.7179),
determined from human and faunal data and/or local
8"C eancellous bone (— 18.8%0 to — 13.5%0) (Cox et al. 2001;
Kootker et al. 2016a). Non-local individuals (burial numbers
14,21, 34, 50, 54, 57 and 58) were also analysed to determine
the extent to which individual diets changed upon migration to
the Cape. These individuals’ childhood diets represent those
of their place(s) of origin and thus do not reflect diet at the
colonial Cape. Strontium isotope data have demonstrated the
uncertainty of life for enslaved persons in the Indian Ocean
world where migration of enslaved labour between different
regions was prevalent. Determining whether and how diet
varied between places of origin and the Cape demonstrates
how enslaved persons were affected culturally by being
uprooted from one society and implanted in another.

Human isotopic data were first converted to account for
diet to tissue fractionation. The tissue-diet (apatite-whole
diet) fractionation factor for &'>Cepamer (bioapatite) was stipu-
lated as 10.1 +0.4%o0 (Fernandes et al. 2012). For 615Ncollagen7
a trophic fractionation offset (collagen-protein) of 3.6 + 1.2%o
was applied, as reported in various controlled studies of om-
nivorous mammals (Ambrose 2002; DeNiro and Epstein
1981; Edgar Hare et al. 1991; Howland et al. 2003;
Sponheimer et al. 2003; Warinner and Tuross 2009). The
consumer-foodstuff offset and associated error for
613C0011agen was determined using the linear regression
(8"Cprotein(%) = (0.78 x 813C,,) — (0.58 x AC,, —co) —
4.7) described in Pestle et al. (2015). Instrumental uncer-
tainties of 0.1%o were input into the model for all three mea-
sured stable isotope values.

Macronutrient composition for the four food sources was
estimated based on the reported composition of similar foods
in the USDA National Nutrient Database for Standard
Reference (USDA 2013). Dry weights were calculated after
subtraction of the water portion, fibre, and the protein and
energy (fats plus carbohydrates) macronutrient composition
for each food was determined. These values were then con-
verted to a percentage and averaged to determine the mean
and standard deviation for each food group. The elemental
compositions of each food group were calculated based on
the formulae in Morrison et al. (2000). The isotopic offsets
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between measured bulk food isotope values and the isotopic
values of its constituent macronutrients were derived from
Tieszen (1991). Relevant food source isotope data for both
animals and plants was gathered from the published literature
and can be found in Supplementary Data. Summary statistics
of bulk food source and macronutrient isotope data are listed
in Table 2.

In order to control for variations in the routing of different
elements between diet and tissue, 100% of nitrogen in bone
collagen was assumed to derive from dietary protein. Carbon
in hydroxyapatite (bioapatite) was stipulated as reflecting an
average of dietary carbon from all three macronutrient
sources, and the carbon composition of bone collagen was
estimated to represent approximately 74% + 4% dietary pro-
tein and 26% +4% energy (Fernandes et al. 2012). A mini-
mum (10%) and maximum (45%) of protein intake were input
into the FRUITS prior data option to account for the lower and
upper limit of possible human protein consumption (WHO
2007).

Results and discussion
Quality indicator collagen

Collagen quality was assessed using four indicators (collagen
yield, weight %C, weight %N and atomic C/N) commonly
employed by stable isotope and radiometric dating laborato-
ries worldwide (Pestle and Colvard 2012; Pestle et al. 2014).
Despite multiple attempts to extract collagen of reasonable
quality, seven samples did not possess appreciable amounts
of collagen (< 0.5 wt%). The remaining 53 (88%) faunal col-
lagen samples had more than the preferred lower threshold
values of carbon (> 13.0 wt%C) and nitrogen (>4.8 wt%N:
(Ambrose 1990). Descriptive statistics of the data are present-
ed in Table 3. Faunal wt% N and wt% C data are plotted
against each other in Fig. 2. These quality indicators vary
proportionally to one another and form a well-defined regres-
sion line (R* = 0.9785). This suggests that the collagen from
these samples retained its integrity and was not subject to
attack by bacteria that target carbon-rich amino acids (Pestle
and Colvard 2012).

Faunal carbon and nitrogen isotopic data

The collagen data for the 53 samples with acceptable quality
indicators are presented in Table 4. Although some of the
sample sizes representing the different taxa are small, some
tentative conclusions can be made based on the isotopic data.
Notably, cattle seem to have consumed a mixed C5/C4 to
purely C, diet; their 5'°N values range from 5.4 to 10.3%.
The highest values could be a reflection of grazing in an arid
region and the associated water stress. In response to water
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Table2  Adjusted isotope data for four food source groups. Protein and energy are given in percent (%). 5'>C is reported in per mil (%o) versus VPDB.
5'>N is reported in per mil (%o) versus AIR. SD: standard deviation

Food group N, total Protein SD Energy SD N, carbon 8 SD ]vnitrogcn 8 SD % SD & SD & SD

! 3Cbulk ! 5Nbulk 13Cprotein ! 3Cenergy ! 5Nprotein

Land animals 96 58 25 42 25 96 -169 49 50 9.4 24 -104 49 -229 49 94 24
Marine animals 518 75 22 25 22 518 —13.1 2.0 472 12.9 25 -10.8 20 —183 2.0 129 2.5
C; vegetation 356 18 14 82 14 346 —255 1.8 344 1.4 3.5 —-26.0 1.8 —254 1.8 14 3.5
C, vegetation 42 10 1 90 1 28 —-10.0 22 40 23 24 -9.6 22 -10.1 22 23 2.4

stress, high-urea-content urine is passed by mammals. Due to
fractionation, this urea is enriched in the lighter nitrogen iso-
tope, '*N, and the resulting nitrogen pool in the body is
enriched in "N (Ambrose 1991). Three sheep/goats in the
assemblage display a purely Cs signal (31, 34, 35: 6"°C <—
18.3%0) consistent with grazing closer to Cape Town. The
remaining four sheep (30, 36, 37, 38: 5'3C —11.0 to —
16.0%o0) display mixed C;5/C,4 values suggesting that they, like
the cattle, grazed some distance from Cape Town.

As mentioned before, vrijburghers in the Cape province
grew their herds by breeding, trade and theft from the indige-
nous Khoi. The two cattle exhibiting purely C,4 dietary signals
(54, 60: 6'3C —8.8%0 and — 7.1%o, respectively) may have
been supplied by the Khoi or they may illustrate the extent
to which the Dutch colonists laid claim to vast tracts of land
formerly used by the indigenous Khoi to graze their herds.
This would have been in direct response to the demand for
fresh meat for passing ships and the rapidly expanding settle-
ment. Not only is intra-species isotopic variation evident for
sheep/goats, it is also evident among animals that would be
found in the domestic sphere. Two dogs consumed a purely
C; diet (44, 48: §'3C —20.7 %o and — 20.9%o, respectively)
and plot among the domestic fowl. The other two dogs (45,
49) were omnivorous and consumed a mixed Cs/C, diet (5'°C
— 14.1%o0 and — 14.4%o, respectively) with a possible marine
protein contribution indicated by their high "N (~ 13%o).

The two rabbits in the sample (41, 42), which one would
expect to have consumed a terrestrial diet, display unusually
elevated 6'°N (13.2%0 and 14.6%o, respectively). Perhaps they
were hunted in an arid area, such as that on which the cattle
were grazed. As rabbits engage in coprophagy and recycle at

least 40% of their faeces, this could also result in elevated
§'°N values (Giovannetti 1982). Another unexpected feature
of the dataset is that the hyena, a carnivore, plots in a similar
region as the domestic fowl and pigs. The chickens, turkeys,
domestic duck, geese and pigs, animals that are raised in do-
mestic spaces, are also enriched in I5N. The four chickens
analysed all consumed a C; diet (6"°C > 17.3%0), but there
was considerable variation in their '°N (7.6-12.0 %o). The
elevated '"N values of these animals may be the result of
consuming plants grown on manured soil (Bogaard et al.
2007). Moreover, if these plants were close to the coast, they
would also be subject to sea spray which would also result in
elevated 5'°N values. Miildner et al. (2014) have suggested
that Belgian herbivores with a 6'°N > 9%o were subject to a
coastal influence that incorporated sea spray, soil salinity and
pH effects on the plants they ate. Increased soil salinity results
in an increase in pH which in turn increases NHj3 volatilisation
and plant uptake of '°N-enriched NH,* (Van Groenigen and
Kessel 2002). These factors may also have been at play at the
Cape.

To determine which protein sources were major contribu-
tors to the diet of enslaved persons at the Cape, the §'°C and
§'°N values of all fauna are plotted in Fig. 3 along with the
mean isotope values for the Cobern Street (Cox et al. 2001)
and Marina Residence (Mbeki et al. 2017) individuals. We
assume that the individuals who were buried at these two sites
are representative of the enslaved (privately and Company-
owned) and formerly enslaved population at the Cape.

Surprisingly, marine fish, such as anchovy and round her-
ring, were not a major source of protein for the enslaved of
Cape Town at this point in time (AD 1750-1850). The one

Table 3  Descriptive statistics (n = 53). 33C s reported in per mil (%o) versus VPDB. 5N is reported in per mil (%0) versus AIR
Yield (%) 8"*N (%o) wt% N 8"3C (%o) wt%C Atomic CN ratio
Average 9.7 10.0 12.8 -159 37 34
SD 5.8 2.5 1.9 3.9 5.1 0.1
Min 1.7 5.1 8.5 -222 25 32
Max 20.8 17.2 15.2 =71 43.6 3.6
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Fig. 2 Faunal wt% N vs wt% C 16
showing R? = 0.98 (n=53)

WT% NITROGEN

25 27 29

fish represented in the archaeological assemblage, sea bream,
also does not appear to have contributed significantly to the
diet of enslaved people. This is indeed perplexing, as we have
outlined above, common wisdom amongst Cape historians
and others (Andrén 1998; Baderoon 2007; Heinrich 2010;
Moenieba 2013) is that marine fish was frequently consumed
by enslaved persons. The results from the current research
suggest that this population did not consume large quantities
of the marine fish represented in this dataset. Inclusion of
other types of marine fish, particularly snoek, and other marine
resources such as molluscs and shellfish in the dataset may
lead to firmer conclusions about the extent to which
Cape Town’s enslaved population exploited marine protein.
The Cobern Street individuals are a trophic level above the
average sheep/goat (A'°N =3.3%0, A"*C = 0.2 %o) suggesting
that they could have consumed this protein source. The
Marina Residence individuals are nearly two trophic levels
above sheep/goats (A'°N 5.6%0) suggesting factors other than
a trophic effect are involved. Illness, consumption of more
salt-preserved protein or consumption of higher trophic level
marine resources have been suggested (Mbeki et al. 2017).
Beef does not appear to have been a significant part of the
diet of either the Cobern Street or Marina Residence individ-
uals. Again, the isotopic data are in contrast to the written
sources in which Company enslaved persons’ diet is recorded.
The Company journal entry of September 27th, 1674 states:
The wagon arrives from Hottentoos Holland with a cask of
salted beef and mutton, the carcases of cattle and sheep that
had been killed in consequence of their leanness and decaying
strength. It will be distributed here as food for the slaves
(Leibbrandt 1902):215). Company-owned enslaved diets
may have included beef; however, the Cobern Street and
Marina individuals, who may be representative of privately
owned enslaved persons, did not eat it in significant quantities.
The daily lives of privately owned enslaved persons were
poorly documented, if at all, but it is apparent from the isoto-
pic data that there may have been a significant difference in
the diet of Company-owned persons relative to that of
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privately owned enslaved persons. Domestic and wild birds,
and pork do not seem to have been consumed by the enslaved
in significant quantities, and their presence in the faunal as-
semblage is most probably as a result of their consumption at
the governors table as suggested by Heinrich (2010).

What this qualitative approach affords us is a general indi-
cation of the possible protein sources that were consumed by a
population. We can neither gain insights into the proportions
of different proteins consumed by individuals, nor the plant
food contribution to diets. Despite the absence of comprehen-
sive baseline data, Kootker et al. (2016a) placed significant
constrains on the local isotopic dietary signature of the
enslaved of Cape Town. The individual dietary reconstruc-
tions provided by FRUITS are the first attempts to fill this
gap in knowledge.

Quantitative dietary reconstruction with multisource
mixing model (FRUITS)

Human stable isotope data for 13 individuals from the Cobern
Street burials at the colonial Cape of Good Hope are listed in
Table 5. For this sample population, the human isotopic data
are from dentine collagen and enamel hydroxyapatite
(bioapatite). The collagen isotope data derive from the study
by Cox et al. (2001) and the apatite isotope data represent the
results of new analyses generated for the present study. The
use of bioapatite carbon isotope values from dental enamel as
a sampling material is preferable as it is generally considered
highly resistant to post-mortem contamination (diagenesis),
whereas bone bioapatite has been documented to be much
more susceptible to diagenesis (e.g. Lee-Thorp and
Sponheimer 2003). The enamel apatite carbon isotope values
reflect an average of whole diet, while the dentine collagen
isotope signal is dominated by the protein component of diet.
The formation times of enamel and dentin (from the same
dental element) are not identical, but both represent dietary
intake during childhood (Nelson and Ash 2010).
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Table 4  Isotopic data from faunal remains from the Castle of Good Hope dating from the colonial period. Supplementary fish isotopic data from
Sholto-Douglas et al. (1991). 313C is reported in per mil (%o) versus VPDB. 5N is reported in per mil (%) versus AIR

VU  Class Taxon Common name % g % 5C %C CN Element Symmetry Find

ID Yield N N ratio number

21 Aves Anas capensis Cape teal 13.2 172 145 —16.1 422 34 Coracoid  Right -

22 Aves Anas capensis Cape teal 5.1 89 11.8 —149 358 3.6 Coracoid  Right -

3 Aves Anas platyrhynchos ~ Domestic duck 133 10.6 146 —192 415 33 Radius - -
dom.

13 Aves Anser sp. Goose 20.8 7.1 147 —19.0 409 33 Humerus  Right -

14 Aves Anser sp. Goose - 9.6 13.1 —17.0 383 34 Coracoid  Left -

26 Aves Columba sp. Pigeon 134 104 143 —-203 41.6 34 Humerus  Right -

27 Aves Columba sp. Pigeon 16.3 9.7 112 —19.8 325 34 Humerus  Left -

4 Aves Corvus corax Raven 12.9 10.7 142 —17.3 409 34 Coracoid  Left -

1 Aves Corvus sp. Crow 19.8 84 151 —179 43.0 33 Ulna Left -

17 Aves Gallus gallus Chicken 9.9 7.6 140 —189 39.7 33 Tibia Left -
domesticus

18 Aves Gallus gallus Chicken 16.9 120 148 —17.3 425 33 Tibia Left -
domesticus

19 Aves Gallus gallus Chicken 133 95 150 —18.8 43.6 34 Tibia Left -
domesticus

20 Aves Gallus gallus Chicken 13.8 11.6 145 —185 418 34 Tibia Left -
domesticus

15 Aves Meleagris gallopavo ~ Turkey 18.8 127 149 —-19.6 41.8 33 Coracoid  Left -

16 Aves Meleagris gallopavo  Turkey 17.9 109 145 —182 414 33 Coracoid  Left -

12 Aves Otididae Bustard 20.8 9.1 148 —17.1 427 34 Coracoid  Right -

24 Aves Phalacrocorax Cape cormorant 16.1 152 149 —135 429 34 Coracoid  Left -
capensis

25 Aves Phalacrocorax White breasted 12.7 144 127 -102 373 34 Humerus  Left -
lucidus cormorant

10 Aves Phasianidae Francolin 142 6.7 145 —21.0 420 34 Coracoid  Right -

11 Aves Phasianidae Francolin 16.1 51 148 —222 427 34 Coracoid  Left -

8 Aves Pternistis capensis Cape francolin 11.3 10.8 13.8 —20.7 40.6 3.4 Tibia Right -

Aves Tringa nebularia Common greenshank 16.8 103 12.6 —18.1 37.1 34 Humerus  Right -
Aves Tringa nebularia Common greenshank 11.4 12.1 13.8 —20.6 40.5 34 Humerus  Left -

46 Mammal Bos taurus Cattle 11.6 89 11.6 -99 321 32 Calcaneum Right 394.1

52 Mammal Bos taurus Cattle 1.7 87 102 —125 302 35 Calcaneum Left P4.34

53 Mammal Bos taurus Cattle 3.1 103 8.6 —-9.7 252 34 Calcaneum Left K15.4.13

54 Mammal Bos taurus Cattle 2.8 65 9.0 —-88 27.1 35 Metatarsus - 4.8

55 Mammal Bos taurus Cattle 44 80 112 —-10.6 32.8 34 Calcaneum Left 4.5

56 Mammal Bos taurus Cattle 4.5 9.1 127 —-103 363 3.4 Calcaneum Right 42

57 Mammal Bos taurus Cattle 33 54 119 —-11.7 339 33 Tibia Left 4.1

58 Mammal Bos taurus Cattle 3.8 56 122 —-104 364 35 Tibia Left P.4.27

59 Mammal Bos taurus Cattle 2.3 81 10.1 —13.0 29.8 34 Metacarpus - 4.7

60 Mammal Bos taurus Cattle 29 75 11.7 —=7.1 340 34 Tibia Left 12.4.4

44 Mammal Canis lupus Dog 72 11.1 10.0 —20.7 27.7 32 Mandible  Right -
Sfamiliaris

45 Mammal Canis lupus Dog 3.8 126 121 —14.1 354 34 Mandible  Left J10.4.2
Sfamiliaris

48 Mammal Canis lupus Dog 34 109 113  —209 339 35 Mandible  Right G12.4.8
Sfamiliaris

49 Mammal Canis lupus Dog 2.6 129 10.6 —144 30.7 3.4 Mandible  Left TBC
Sfamiliaris

47 Mammal Felis catus Cat 9.1 11.5 149 -13.8 41.1 32 Mandible  Left 7.4.12

51 Mammal Hyaenidae sp. Hyena 4.2 122 85 —165 250 34 Maxilla Right 10.4.1

41 Mammal Oryctolagus Rabbit 93 146 134 —132 385 34 Humerus  Left P.4.69
cuniculus
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Table 4 (continued)

VU  Class Taxon Common name % 5 % 5"C %C CN Element Symmetry Find
ID Yield "N N ratio number
42 Mammal Oryctolagus Rabbit 9.2 132 145 —145 415 33 Humerus  Left P4.73
cuniculus
30 Mammal Ovis aries/Capra Sheep/goat 4.9 83 120 —13.5 353 35 Tibia Left 4.106
hircus
31 Mammal Ovis aries/Capra Sheep/goat 32 7.6 119 —195 357 35 Tibia Left 4.23
hircus
33 Mammal Ovis aries/Capra Sheep/goat 13.3 106 149 —-16.0 419 33 Tibia Left 44
hircus
34 Mammal Ovis aries/Capra Sheep/goat 12.4 88 13.6 —20.1 38.6 33 Tibia Left 4.1.78
hircus
35 Mammal Ovis aries/Capra Sheep/goat 14.1 83 152 —183 426 33 Tibia Left 4.204
hircus
36 Mammal Ovis aries/Capra Sheep/goat 18.3 94 127 —14.1 359 33 Tibia Left 421
hircus
37 Mammal Ovis aries/Capra Sheep/goat 2.7 73 137 —11.0 393 34 Tibia Left 4.24
hircus
38 Mammal Ovis aries/Capra Sheep/goat 5.6 72 119 —133 339 33 Tibia Left 443
hircus
39 Mammal Sus domesticus Pig 2.1 102 114 —188 35.1 3.6 Humerus  TBS 42
40 Mammal Sus domesticus Pig 4.6 108 12,5 —19.1 362 34 Tibia Left 43
50 Mammal Sus domesticus Pig 10.5 11.1 125 ——184 35.7 33 Mandible  Right T23.4.2
43 Pisces Sparidae Sea breams/porgies 4.6 124 95 —11.8 282 35 Os dentale - -
Pisces Anchovy (ave.) 10.6 -11.0
SD 0.5 0.6
Pisces Roundherring (ave.) 11.3 -11.6
SD 1.1 0.9

The results of the quantitative analyses (model outputs) are
listed in Table 6 and displayed in Fig. 4. Combining the model
outputs for all individuals (sample population mean, n = 13),
land animals accounted for 17.2+13.1% of total dietary in-
take, marine animals accounted for 13.5 + 8.9%, C; plants for

Fig. 3 Cape of Good Hope
archaeological faunal data and
modern average + 1 SD anchovy
and round herring data, together
with the average + 1 SD isotope

16

values for the Cobern Street (CS: 14
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Residence (MR: Mbeki et al. -
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54.7+10.9% and C, plants for 14.7+8.2%. These dietary
estimates, however, include several individuals who have
been identified as non-locals based on strontium isotope anal-
yses of dental enamel and/or M1 dentin 5'°C values that are
uncharacteristic of the assumed Cape enslaved diet, and thus,
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Table 5 Human stable isotope data from the Cape. 5'C is reported in per mil (%o) versus VPDB. §'°N is reported in per mil (%) versus AIR. Human
613Cdemine and 515Ndemine data from Cox et al. (2001)

Burial UCT Sex Age Dental element 8'3Cenamet Dental element 5"3Cyentine 0" Nyentine 8 Cuhore 6" Corotein élszmcm
# # (year) (FDI) (FDI) diet

18 508 F >50 18 -10.3 26 -139 11.8 -204 -17.7 8.2

23 516 F 17-19 38 -10.0 36 -153 12.0 -20.1 -19.7 8.4

32 526 M 50-60 48 -12.0 46 —18.0 114 -22.1 -222 7.8

42A 539 M 40-50 16 -94 16 —14.6 13.6 -19.5 -19.1 10.0

47 545 M 3040 46 —10.1 46 —-153 12.1 -20.2 -19.7 8.5

61 559 M 35 46 -11.0 46 -15.5 14.6 -21.1 -19.4 11.0
Mean “local” population -10.5 -154 12.6 —20.6 -19.6 9.0

14 502 F  45-55 48 -11.5 46 -19.2 8.8 -21.6 —24.1 5.2

21 514 F 2535 38 -10.7 46 -113 12.3 -20.8 -13.8 8.7

34 528 F  14-15 46 -134 46 -19.8 10.3 —235 -23.9 6.7

50 548 M 35-50 48 -3.0 46 -9.8 7.6 —13.1 -16.3 4.0

54 552 M 30-35 48 -12.5 46 —18.6 9.9 —22.6 -2238 6.3

57 555 F  20-30 48 -124 32 - 184 11.8 -22.5 -22.5 8.2

58 556 F 3540 18 -92 36 -11.9 11.7 -19.3 —155 8.1

Mean immigrant population -10.4 -15.6 103 -20.5 -19.8 6.7

Mean complete investigated population -10.4 —15.5 11.5 -20.5 -19.7 7.9

not all of them clearly reflect colonial Cape diets. Removing
these non-locals from the calculations, the typical local mean
colonial Cape diets (n = 8) are based on land animals 16.0 =
12.5%, marine animals 16.5+9.9%, C; plants 55.8 +10.0%

and Cy4 plants 11.7 £7.9%.

On average, C; plants comprise the largest single dietary
component representing the majority of overall intake, followed
by marine and land animals, and C, plants in descending order. It
stands to reason that the C; plant and C; plant-consuming ani-
mals are the majority of the overall intake as consumption of a

Table 6 Individual model results. Non-local individuals have been excluded from some calculations (see text for explanation). Osteological data from

Cox et al. (2001). SD: standard deviation

Contribution per food group in percentage (%)

Burial # UCT # Sex Age (year) Land SD Marine  SD Cs SD Cy SD Animal  Vegetation
18 508 F >50 16.0 11.5 195 137 503 8.9 142 92 355 64.5
23 516 F 17-19 20.1 154 168 8.9 525 119 107 63 36.8 63.2
32 526 M 50-60 1.9 8.0 10.5 5.8 675 6.3 10.1 75 224 77.6
42A 539 M 40-50 155 129 207 124 499 94 139 938 36.2 63.8
47 545 M 3040 148 94 14.8 9.1 587 103 11.8 78 29.5 70.5
61 559 M 35 176 17.8 169 9.6 557 133 98 7.0 345 65.5
Mean “local” population 16.0 125 165 9.9 558 10,0 11.7 79 32.5 67.5
14 502 F 45-55 219 21.0 92 7.2 574 193 115 72 31.0 69.0
21 514 F 25-35 268 183 174 10.7 417 143 141 94 44.2 55.8
34 528 F 14-15 5.6 53 5.5 4.0 823 6.1 6.6 5.5 11.1 88.9
50 548 M 35-50 144 112 95 9.1 219 79 542 141 238 76.2
54 552 M 30-35 13.0 114 82 5.7 720 11.7 6.8 4.9 21.2 78.8
57 555 F 20-30 133 11.6 95 6.9 692 9.6 8.0 6.3 22.8 77.2
58 556 F 3540 323 16.1 16.8 122 315 132 194 118 49.1 50.9
Mean immigrant population 182 136 109 8.0 537 1.7 172 85 29.0 71.0
Mean complete investigated population 17.1  13.0 137 89 54.7 109 145 8.2 30.8 69.2
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Fig. 4 Individual mean modelled
dietary contributions
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0%

"LOCAL" POPULATION

mainly C; diet with some C,/marine contribution was one of the
criteria used to identify locals. Statistical assessments of simulat-
ed dietary contributions were made using Student’s ¢ tests, as-
suming unequal variances (based on the results of associated F-
tests). Owing to the possibility of overfitting with large sample
sizes based on the 10,000 simulation runs of the FRUITS model,
an alpha value of 0.01 was used for comparisons of differences in
model outputs. Statistical tests of the model outputs for the
trimmed dataset (excluding non-locals; n =7) for all four food
source groups revealed significant differences for certain
pairwise combinations. For example, the mean contribution of
C; plants was significantly higher than that of C4 plants (1=
8.917, df=28, p<0.01).

Nevertheless, substantial inter-individual variation was al-
so observed even within the trimmed dataset with the calcu-
lated mean dietary contributions of land animals ranging from
11.9+8.0 to 20.1 = 15.4%, of marine animals from 10.5+5.8
to 20.7+12.4%, of C; plants from 49.9+9.4 to 67.5+6.3%
and of C,4 plants from 9.8+7.0 to 14.2+9.2%. A closer ex-
amination of the modelled outputs, however, indicates that
much of the observed variation is represented by a few indi-
viduals that deviate significantly from the average values (out-
liers). For example, considering the relative proportions of
land versus marine animals, only two individuals (18 and
42A) have an estimated marine input that is higher than the
land input. Individual 42A, who was determined to have been
an indigenous person buried before the arrival of the colonists,
was included in the sample for comparison. Although this
individual’s total animal and plant dietary intake is compara-
ble with that of the colonial individuals, she consumed the
highest amount of marine protein (20.7 + 12.4%).

Returning to the overall data set (including the non-local in-
dividuals), even more inter-individual variation in diets is ob-
served. Combining the model outputs for land and marine ani-
mals into a single ‘animal food’ category, and the C; and C4
plant food groups into a single ‘plant food’ category, it is clear
that for all individuals, plant foods (mean=69.4+13.7%;
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range = 50.9 to 88.9%) represented a larger dietary component
than animal foods (mean=30.6+15.8%; range=11.1 to
49.1%).

The data presented here demonstrate significant variation
in the circumstances, and therefore the diet, of the enslaved
and the newly freed. The varied dietary reconstructions may
be due to, for instance, an individual’s network and the ability
it afforded them to acquire specific foods. Some enslaved
persons earned money (koelij geld) peddling goods for their
masters and this relative freedom would have a significant
effect on what foods were accessible to an individual.

Conclusions

This study has shed some light on animal husbandry practices at
the Cape and its hinterland and provided the first dietary baseline
for application to the delineation of the underclass diet at the
colonial Cape. The isotopic data from the fauna demonstrate that
herds of cattle were possibly grazed far inland in an arid C,
biome. A few sheep/goats have similar isotopic compositions
suggesting they too were grazed far from the coast. Animals from
the domestic sphere displayed elevated 5'°N values probably as a
result of consumption of manured plants and/or a combination of
coastal influences. These data have served mainly to exclude
wild and domestic fowl, pork, beef and even marine fish as
significant protein contributors to enslaved diets. Fowl were rare,
and cattle were in short supply and probably reserved for provi-
sioning passing ships and would not be set aside for enslaved
persons. Mutton is a possible contributor to underclass diet which
is in agreement with archaeological studies (Markell et al. 1995).
There is still room to extend this baseline, particularly with fish
isotopic data.

Where the qualitative approach allowed us to exclude pos-
sible protein sources, the quantitative reconstruction of diets
using FRUITS gives a first insight into the proportions of
terrestrial animals, marine animals, C;3 plants and C,4 plants
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that the enslaved individuals consumed. The data generated
here are the first of their kind available for enslaved persons at
the Cape. The data demonstrate that marine fish intake was
limited amongst enslaved persons despite its abundance and
affordability, a fact that is not evident from either the archae-
ological or historical records. The different circumstances of
these individuals, which have previously been
underestimated, are evident from their heterogeneous diets,
an insight that is not evident from the VOC archive which
only recorded the diet of Company-owned enslaved persons.
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