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A B S T R A C T   

The precise time, the original location, and the processes involved in the creation of Germany’s capital Berlin are 
still unknown due to a lack of surviving documents. As such, archaeology and bioarchaeology play a critical role 
in understanding the people who lived in medieval Berlin. In this paper, we describe an isotope analysis aimed at 
identifying what the early inhabitants of Berlin were eating and at inferring dietary variation among skeletons 
sexed as male versus female, and among those interred before and after the Yersinia pestis pandemic known as the 
Black Death (1347–1352 CE). Carbon (δ13C) and nitrogen (δ15N) isotope ratios from 66 skeletons from the 
medieval cemetery site of Petriplatz indicate that males consumed proportionately more protein than females 
before the Black Death. However, a significant increase in δ15N values in skeletons associated with post-Black 
Death contexts suggests an increased consumption of animal protein for both males and females. This study is 
the first dietary isotopic analysis to be conducted on the skeletons at Petriplatz and is only the second paleo-
dietary isotopic reconstruction of the High Middle Ages in Germany. Consequently, this study provides key in-
sights into the cultural responses to the ecology of the Black Death by the people of Berlin within the broader 
context of medieval Germany and medieval Europe.   

1. Introduction 

The Middle Ages in Europe comprised a complex time period span-
ning roughly 1000 years. Modern scholars commonly divide it into three 
periods: the Early Middle Ages (c. 500–1000 CE), the Central or High 
Middle Ages (c. 1000–1300 CE), and the Late Middle Ages (c. 
1300–1500 CE). During most of this millennium, the climate of Europe 
was temperate, with slightly warmer temperatures during the Medieval 
Warm Period (900 to 1300 CE) (Easterbrook, 2011), and therefore able 
to support both agriculture and animal husbandry. 

The Black Death refers to the second recorded pandemic caused by 
the Yersinia pestis bacterium, which tore through Europe from 1347 to 
1352 CE and drastically altered European demography, societies, and 
economies. Historians estimate that between 25 and 45 million people, 
or roughly 33–60% of Europe’s population, died during the Black Death 

(Benedictow, 2004; Daileader, 2007; Slavicek, 2008) from a combina-
tion of primary (Y. pestis infection) and secondary mortality (from 
exposure, starvation, dehydration, and/or opportunistic respiratory in-
fections). Farm fields and livestock were left unattended, and there was 
an increased need for certain jobs such as health workers and grave-
diggers (Slavicek, 2008). As farms were abandoned, prices dropped, 
which concerned many of the contemporary historians and chroniclers 
such as Henry Knighton, the late 14th century canon at St. Mary of the 
Meadows in Leicester, England (Rickert et al., 1948). 

The Black Death resulted in altered diversity and availability of di-
etary resources across the European continent. For example, secondary 
historical sources suggest that in Germany, less wheat and oats were 
planted in the decades after the Black Death due to the lower animal and 
human populations, while more vetches and barley were planted 
(Gottfried, 2010). Reconstructing diet among populations prior to and 
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following the Black Death may therefore provide significant insights into 
how Europe’s survivors negotiated their subsistence in the aftermath of 
a cataclysmic five-year pandemic. 

This study employs a dietary isotope analysis of bone collagen and 
carbonate apatite among human remains interred at the site of Petriplatz 
in Berlin, Germany. The analysis centers on the following research 
questions: 1) What were the residents of Berlin who lived prior to the 
Black Death eating? 2) Did the Black Death affect dietary resource use 
differently for men and women in Berlin? We hypothesize that men and 
women in medieval Berlin were consuming similar foods, with a reliance 
on cereal and grains prior to the Black Death, and that afterwards, they 
were eating proportionately more animal protein. The goals of this 
project were to investigate whether diet can be considered a culturally- 
mediated economic response to plague for people in Berlin, and to place 
the city within a broader context of medieval Germany and medieval 
Europe. This study produces the first dietary isotopic analysis of skele-
tons at Petriplatz and is one of only two paleodietary isotopic re-
constructions dating to the High Middle Ages in Germany. 

2. Context 

2.1. Diet and subsistence in medieval Germany 

For much of the medieval period, many of the people of Europe were 
eating beef, sheep, goat, chicken, pork, and grains; bread and gruel were 
the main cereal products eaten during the High Middle Ages (Adamson, 
2002). Specific insight into the historical German diet can also be found 
in primary sources such as a cookbook written by Arnold von Bamberg, a 
14th century physician. The recipes that von Bamberg wrote down 
include instructions for making fried apples, grapes or figs boiled in 
almond milk, cheese cooked in water and then eaten with bread, and 
some recipes that included freshwater fish such as perch (Adamson, 
2002; Kallinich & Figala, 1972). The numerous well-preserved copies of 
this book, Regimen Sanitatis [The Rule of Health], which hearkened back 
to the Galenic medical tradition, speak to the treatise’s popularity into 
the Late Middle Ages. 

Medieval Europe, however, was not monolithic in culture or in diet. 
Differences in climate, terrain, and soil, and variations in class, religion, 
and ethnicity meant that diet varied from region to region, even within 
Germany (Pearson, 1997). According to medieval dietetic literature, in 
the 14th century, rich Germans were eating white bread and drinking 
wine; poor Germans were eating coarse bran bread; and many people 
were eating cheese soup, perch, and various fruit dishes (Adamson, 
2002). Additionally, religious food taboos prohibited the consumption 
of meat, fowl, lard, eggs, and dairy on Fridays and Saturdays, church 
holidays, and during Lent, which altogether amounted to about one- 
third of the calendar year. Christian families that could not afford to 
substitute fish for meat consumed beans, bread, and lentils instead 
(Jeep, 2001). 

Due to the decline in human population following the Black Death, 
some German land reverted to pasture and more animals were raised, 
making animal protein a more common component of the post-Black 
Death diet (Hanawalt, 1986). In sum, both primary and secondary his-
torical sources suggest that prior to the Black Death, the German pop-
ulation was primarily eating wheat, legumes, some meat, and fish, while 
afterwards they were eating more meat from terrestrial domesticates. 

Because the change in dietary resources in medieval Germany is only 
vaguely understood from historical sources, the analysis of human 
skeletons offers an opportunity to investigate this trend at the level of 
individual people and the typical foods they consumed. By analyzing the 
carbon and nitrogen isotopes in the bones of adults who died before and 
after the plague, we are able to add new information on dietary differ-
ences within medieval Berlin and among populations in medieval 
Europe. 

2.2. Stable isotope analysis and diet reconstruction 

Isotopes are variants of a given element that differ in the number of 
neutrons in the nucleus and therefore their atomic weight (Schoeninger, 
1995; Tykot, 2006; Katzenberg, 2008). Isotope ratios are expressed 
permil (‰) in delta notation (δ), which represents “difference of a ratio 
of the numbers (or the amounts) of two isotopes in a specimen” relative 
to established geological and environmental standards (Coplen, 2011, p. 
2538). 

Bone carbonate (CaCO3) carbon isotope ratios (13C/12C, or δ13C) 
represent those in the carbon drawn from blood bicarbonates (HCO3–), 
in equilibrium with the CO2 produced during cellular respiration 
(Krueger and Sullivan, 1984; Tieszen and Fagre, 1993). Consequently, 
carbonate apatite δ13C values (δ13Cap) represent the values in the carbon 
from all diet resources–carbohydrates, fats, and protein–that are 
metabolized for energy. These resources derive from terrestrial and 
marine animal products, and plants with C3 versus C4 photosynthetic 
pathways. The majority of the proteins found in bone is collagen; bone 
collagen carbon isotope ratios (δ13Cco) appear to disproportionately 
represent the carbon produced from animal- and plant- based dietary 
protein (Ambrose & Norr, 1993; Froehle et al. 2010; Kellner and 
Schoeninger, 2007). Analysis of carbon isotopes from human bone helps 
to elucidate what types of foodstuffs humans consumed; for example, C3 
plants such as wheat, rice, and potatoes, C4 plants such as millet and 
maize, or terrestrial and marine animals. Overall, if an individual was 
eating mostly C3 foods, their collagen δ13C value would range from 
− 20‰ to − 35‰, whereas an individual who ate mostly C4 foods would 
have a collagen δ13C value range from − 9‰ to − 14‰ (Katzenberg, 
2008). The positive linear relationship between bone apatite and 
collagen means that an individual with a low δ13Cap value (e.g., − 12‰) 
would generally be indicative of a C3-based diet while a higher δ13Cap 
value (e.g., − 1‰) would be indicative of a C4-based diet (Krueger and 
Sullivan, 1984). Thus, the non-overlapping isotopes values of C3 and C4 
plant ranges provide a useful method of revealing palaeodiet from pre-
served human tissues. 

Different forms of protein can produce similar δ13C values, however, 
making a combination of apatite and collagen carbon isotopes with ni-
trogen isotopes extremely valuable in reconstructing diet. Bone collagen 
nitrogen isotope ratios (δ15N) reflect the types of dietary protein from 
the different trophic levels of terrestrial and marine foodwebs (Ambrose 
et al., 1997; Schoeninger et al., 1983; Schoeninger & DeNiro, 1984), 
including animal (Lee-Thorp et al. 1989), vegetable (Pollard & Heron, 
2008), and pulse and leguminous foods (Katzenberg 2008) from a va-
riety of environmental contexts (Deniro and Schoeniger, 1983; Ambrose, 
1991). However, δ15N isotopic values are influenced by the overall 
concentration of nitrogen from higher trophic level animals and food-
stuffs consumed in the diet (O’Connell et al. 2012), and can increase due 
to physiological mechanisms for water conservation in arid contexts 
(Ambrose, 1991) and catabolism of muscle as a response to starvation 
(Fuller et al., 2005). Higher δ15N values are found in marine resources 
because of the 15N-enriched nitrates in saltwater due to the longer ma-
rine food chains (Hakenbeck et al., 2010). Terrestrial animals have a 
mean bone collagen δ15N of 5.9‰, while marine animals have a mean 
value of 15.6‰ (Schoeninger et al., 1983; Pollard & Heron, 2008). Ac-
cording to Pollard and Heron (2008), individuals subsisting on a mostly 
marine diet will have δ15N values between 17 and 20‰, while a diet 
composed of mostly terrestrial resources will reflect δ15N values be-
tween 6 and 12‰. 

Several palaeodietary isotopic studies have been conducted in Ger-
many to date. Most of the isotope data, however, come from the 
Neolithic period (Grupe et al., 1997; Price et al., 2001, 2002; Bentley 
et al., 2002; Nehlich et al., 2009; Oelze et al., 2011; Ash et al., 2016), and 
many of these studies focus on migration. The paleodietary studies that 
do focus on the Middle Ages in Europe mostly deal with the Early Middle 
Ages (Schutkowski et al., 1999; Czermak et al., 2006; Strott et al., 2007; 
Hakenbeck et al., 2010; Knipper et al., 2013; Varano et al., 2020); few 
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focus on the High to Late Middle Ages (Grupe et al., 2009; Olsen, 2013). 
To date, there are two dietary isotope studies that focus on medieval 

eastern Germany (Hakenbeck et al. 2010, Olsen 2013). Hakenbeck et al. 
(2010) studied diet and mobility through carbon and nitrogen isotopes 
and burial practices. In investigating three cemeteries in Bavaria dating 
to the Late Roman/Early Medieval period (3rd-7th c CE), they found a 
diet of C3 plants heavily supplemented with animal protein. They also 
found that no diets changed considerably between the Late Roman and 
Early Medieval periods but that there was a significant difference be-
tween the diets of males and females, as well as evidence of differential 
burial practices for outsiders or migrants, suggesting higher mobility for 
females. The study that is most comparable to our High Middle Ages 
time period is Karyn Olsen’s 2013 dissertation on diet and disease at the 
sites of Regensburg and Dalheim. At Regensburg, a cemetery dating 
from the 12th to 16th centuries that likely belonged to a poorhouse, 
Olsen found that these individuals had differential access to freshwater 
foods and did not rely on millet as a primary grain, meaning the people 
likely came from various socioeconomic backgrounds. At Dalheim, a 
cemetery associated with a small parish church in Lichtenau, Germany, 
and dating from the 9th to 15th centuries, Olsen found that the in-
dividuals relied on C3 plant consumption with the addition of some 
millet or animals foddered on millet (Olsen, 2013; Olsen et al., 2018). 
She also found that the population likely did not rely on marine re-
sources due to Dalheim’s inland location and access to freshwater re-
sources (Olsen, 2013). Although Regensburg is approximately 500 km 
from Berlin, these growing cities were similar ecologically, culturally, 

and geopolitically during the High Middle Ages (Fuhrmann, 1986; 
Mitteis, 1948; Geiger, 1961), making Regensburg the best available 
comparative site for this study. 

3. Materials and methods 

The sample that was used in this study was excavated from the 
cemetery at St. Peter’s Church in what today is called Petriplatz, located 
in contemporary Berlin, Germany (Fig. 1). Human presence on the Spree 
and Havel rivers in Germany has been traced back to the Paleolithic 
Period (Melisch & Wemhoff 2015), but the history of Berlin dates back 
to the 12th century CE, when settlers began moving eastward, a phe-
nomenon known as mittelalterlicher Landesausbau (Meinhardt et al., 
2009). Founded alongside Berlin was its sister city, Cölln, located on the 
opposite side of the Spree River (Melisch & Sewell, 2014). It is likely that 
Berlin and Cölln began as marketplaces. Both places were situated 
within the boundaries of the later Margraviate of Brandenburg, a terri-
tory which attracted during the 12th and 13th century many artisans 
and merchants who established numerous small towns and villages 
(Stöver, 2013). However, the oldest surviving written source for the 
history of modern Berlin is a document from 1238 that describes an 
event which took place the year before. In 1237, 21 witnesses signed a 
document on the settlement of a tax dispute between the Margraves and 
the Bishop of Brandenburg. One of the witnesses was Symeon, priest of 
St. Peter’s Church in Cölln. 

As Cölln’s town center, Petriplatz was the main focus of a 2007–2010 

Fig. 1. 1652 Map of Berlin by Johann Gregor Memhardt, republished in 1720 by Gabriel Bodenehr. Image from Wikipedia, in the public domain. North arrow added 
(Wikipedia, public domain); St. Peter’s Church and the Petriplatz cemetery circled. 
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archaeological excavation led by Claudia Melisch, the purpose of which 
was to uncover the cemetery and the remains of St. Peter’s Church 
before urban development began in the area (Melisch & Sewell, 2014). 
AMS dates indicate that the cemetery at St. Peter’s Church was used 
from the mid-12th century, when it was founded, to 1717, when the 
cemetery is recorded as having been closed (Melisch, 2015). The exca-
vations at Petriplatz have so far unearthed more than 3000 graves 
containing more than 3700 individuals (Melisch et al., 2016). About 
10% of the graves at Petriplatz were multiple burials containing be-
tween two and twelve individuals each. 

The limited size of the cemetery grounds combined with the large 
number of graves led to a high-occupancy cemetery with densely packed 
burials, most of which have been disturbed by other graves, resulting in 
heavily mixed soil, with outlines of graves only visible at the deepest or 
earliest level. However, based on the Harris Matrix, every grave could be 
dated to within a 50-year time span through stratigraphy and 14C dating 
(Melisch, 2015). The earliest graves date to the 1150s; these provide 
evidence that Berlin was founded earlier than the first documents note. 
Earlier graves may also be found eventually, as the adjacent street, 
Gertraudenstraße, still covers part of the cemetery, and successive 
church buildings destroyed other graves (Melisch et al., 2016). 

Rib samples were taken for isotope analysis from 66 adults (osteo-
logical age 20+). This bone was chosen in order to understand the recent 
premortem diet, as it remodels quickly due to a high surface-to-volume 
ratio of trabecular bone (Hill & Orth, 1998). Individuals were chosen 
using a stratified sampling process to capture both sexes and a range of 
adult ages from three chronological periods: pre-plague (1100–1315 CE; 
N = 39), post-plague (1400–1700 CE; N = 15), as well as an interme-
diate period (1315–1400 CE; N = 12). The pre-plague date range of 
1100–1315 represents the early years of medieval Berlin but also pre- 
dates the period of the Great Famine of 1315–1322, which may have 
affected dietary resources. The Black Death reached southern Germany 
in 1349 and the rest of Germany in 1350 (Benedictow, 2005), so we 
selected 1400–1700 as the post-plague era at Petriplatz. Date ranges for 
12 individuals span the pre- and post-plague years, meaning they could 
have died during or shortly after the Great Famine or the Black Death. 

Age-at-death and sex were estimated by Natasha Powers in Berlin 
using Museum of London Archaeology (MOLA) methods; the individuals 
were analyzed for sex using macroscopic assessments of features of the 
skull and pelvis (Melisch et al., 2016). A combination of methods was 
used to estimate age-at-death of the adult skeletons, including pubic 
symphysis changes (Brooks and Suchey, 1990; Buikstra and Ubelaker, 
1994), auricular surface changes (Buikstra and Ubelaker, 1994; Lovejoy 
et al., 1985), sternal rib morphology (İşcan et al., 1984, 1985), and 
dental attrition data (Brothwell, 1981). Large-scale analysis of palae-
opathological indicators in the skeletons and teeth has not yet been 
accomplished for the Petriplatz cemetery population. 

Rib bone samples were prepared for stable isotope mass spectrom-
etry following procedures detailed in Turner et al. (2018) and adapted 
from van der Merwe et al. (1995), Ambrose (1993), and Schoeninger 
et al. (1989). The early stages of bone preparation took place in bio-
logical anthropology lab spaces in the Department of Anthropology at 
the University of West Florida by Zechini and Killgrove. Rib samples 
were abraded with a hand-held rotary tool to remove trabecular bone 
and surface contaminants from cortical bone, then cleaned ultrasoni-
cally and air dried. Cleaned bone samples were crushed with an agate 
mortar and pestle and filtered through a 120 mesh (125 µm) sieve; the 
coarser bone was reserved for collagen isolation, while the fine 
powdered bone was used for carbonate apatite isolation. 

Samples were packaged and sent to Georgia State University’s Bio-
archaeology Laboratory, where they were processed for tissue substrate 
isolation by Schaefer and Turner. Samples for collagen isolation were 
flushed with a 10:5:1 solution of methanol, chloroform, and distilled 
water (18 Ω) in an annealed thimble in a Soxhlet distillation apparatus 
for four hours. Afterwards, the samples were demineralized for 14 days 
in a 0.5 M hydrochloric acid (HCl) solution at 4 ◦C, with replacement of 

the solution every 48 h, then rinsed to neutral pH. Then, the samples 
were soaked in a 0.2% potassium hydroxide (KOH) solution for 48 h to 
remove humic contaminants, then rinsed to neutral pH. The collagen 
was gelatinized in 0.05 M HCl solution at 95 ◦C until the solution 
reduced (Turner et al. 2010). The gelatinized samples were then filtered 
through a 0.045 μm Millipore syringe tip, filtered into 5 ml borosilicate 
tubes, and subsequently freeze-dried under vacuum. The freeze-dried 
samples were sent to the Department of Geological Sciences at the 
University of Florida, Gainesville. 

Samples for carbonate isolation were soaked for 24–72 h in a 2% 
NaOCl (bleach)/ distilled water (18 Ω) solution to remove organic ma-
terial. The samples were then centrifuged, rinsed to neutral pH with 18 
Ω distilled water and then soaked for 2–4 h in a 0.2% acetic acid solution 
at 4 ◦C to remove any exogenous carbonates (Garvie-Lok et al., 2004). 
Samples were again centrifuged and rinsed to neutral pH, freeze-dried 
under vacuum, and analyzed in a Finnigan-MAT 252 isotope ratio 
mass spectrometer coupled with a Kiel III carbonate preparation device 
at the Department of Geological Sciences at the University of Florida, 
Gainesville. Analytical precision based on standard USGS40 was 
±0.05‰ for δ15N and ±0.08‰ for δ13Cco, relative to the Vienna PeeDee 
Belemnite geological standard (VPDB) for δ13C and atmospheric nitro-
gen (AIR) for δ15N. Bone apatite value precision is based on NBS-19 
standard reported with respect to VPDB. Both δ13Cap (±0.04‰) and 
δ18Oap (±0.06‰) are reported in Table 1; however, we do not further 
discuss the oxygen isotope values because of the diet focus of this paper. 

4. Results 

4.1. Human isotope ratios of bone collagen and carbonate apatite 

Table 1 presents the results of the carbon and nitrogen isotope 
analysis, as well as sample demographics and time period. Also included 
are atomic C:N ratios, which are used as a measure of sample integrity 
and preservation of biogenic, rather than diagenetic, isotope ratios 
(DeNiro 1983), and δ18Oap values that were measured with carbon as 
noted above. 

Collagen from 60 individuals produced well-preserved samples, as 
judged by the C:N atomic ratio. The δ13Cco values (N = 60) range from 
− 21.6 to − 19.3‰, with a mean of − 20.0 ± 0.3‰. The δ15N values (N =
60) range from 9.8‰ to 13.9‰, with a mean of 11.7 ± 0.8‰. Carbon 
apatite values were able to be characterized from all but two of the 
samples (N = 64). In terms of δ13Cap, the results range from − 15.8‰ to 
− 12.7‰, with a mean of − 14.5 ± 0.5‰. These data indicate that adults 
at Petriplatz were eating a diet primarily reliant on C3 foodstuffs 
(Figs. 2–4). 

Outliers in one or more isotopes – that is, those individuals whose 
dietary resource use is somewhat anomalous compared to the rest of the 
population – were determined by looking at the individuals whose 
isotope values fell outside of 2σ from the mean. For the δ13Cco results, 
two individuals lie 3σ away from the mean (one higher – 3581 - and one 
lower – 5311), and one individual (4888) lies 5σ lower than the mean. In 
terms of the δ15N results, three individuals stand out as anomalous 
(3381, 1953, 4887) and are all 3σ away from the mean (two high and 
one low). For the δ13Cap values, three individuals (3225, 3443C, 1953) 
lie 3σ away from the mean (two high and one low). 

The outliers presented in Table 1 were not excluded from statistical 
analysis, since most of these individuals are only anomalous in one 
isotope rather than multiple isotopes. In other words, an individual may 
be anomalous for δ15N, but fall within the normal range of carbon. This 
aberration in a single isotope is much more likely to be due to a slightly 
different diet than to partaking of a completely different food web, 
which would result in differences in multiple isotopes. 

4.2. Comparisons with faunal data 

A faunal sample was not able to be obtained from Petriplatz, as the 
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Table 1 
Palaeodietary isotope results from human bone collagen and carbonate apatite from Petriplatz. Anomalous skeleton IDs are bolded and discussed in the text. A * is used 
for values that are 3 standards of deviation (σ) away from mean and ** indicates a value 5σ away from mean. A dash means there was no isotope data obtained. @ 

Periods are defined as noted above: Period I (Pre-Plague) = 1100–1315 CE; Period II (Great Famine and Plague) = 1315–1399 CE; Period III (Post-Plague) =
1400–1700 CE.  

Skeleton Sex Age Date Time Period@ δ13Cco δ15N C:N δ13Cap δ18Oap 

1173 M Adult 1250–1299 I − 20.1 11.7 3.3 − 15.1 − 4.1 
1470.1 PF Adult 1463–1634 III − 20.0 11.6 3.3 − 14.8 − 3.6 
1470.2 PF Adult 1463–1634 III − 20.1 13.0 3.3 − 15.1 − 3.9 
1863 F Adult 1649–1699 III − 19.6 12.9 3.3 − 14.3 − 4.1 
1953 M Adult 1550–1599 III − 19.5 13.9* 3.3 − 15.8* − 3.9 
1979 M Adult 1500–1549 III − 19.8 12.2 3.2 − 15.3 − 4.7 
2291 U Adult 1263–1280 I − 20.0 11.9 3.3 − 13.4 − 4.1 
2366.1 M Adult 1350–1399 II − 19.9 11.6 3.3 − 13.6 − 4.2 
2490 I Adult 1500–1549 III − 20.0 12.3 3.2 − 13.3 − 4.1 
2597 PM Adult 1187–1252 I – – – − 15.2 − 5.3 
2803 F Adult 1450–1499 III − 19.9 12.8 3.3 − 14.5 − 3.7 
2899 M Adult 1212–1249 I − 19.8 12.5 3.2 − 14.2 − 4.5 
3020.1 I Adult 1407–1431 III − 20.3 11.7 3.2 − 14.0 − 4.2 
3225 F Adult 1426–1442 III − 20.4 12.0 3.4 − 12.7* − 3.8 
3362 M Adult 1289–1384 II – – – − 14.7 − 4.5 
3381 PM Adult 1188–1244 I − 19.7 13.4* 3.3 − 14.3 − 3.8 
3443.1 M Adult 1168–1208 I − 19.5 12.7 3.3 − 13.7 − 4.0 
3443.2 M Adult 1168–1208 I − 20.0 12.2 3.6 − 14.0 − 3.9 
3443.3 M Adult 1168–1208 I − 19.8 10.8 3.3 − 13.0* − 4.2 
3581 M Adult 1445–1478 III − 19.3* 12.2 3.3 − 13.8 − 4.4 
3597.12 F Adult 1414–1430 III − 20.1 11.9 3.3 − 13.8 − 3.0 
3649.3 F Adult 1350–1399 II − 20.1 11.3 3.3 − 13.8 − 5.0 
3824.2 F Adult 1400–1450 III − 19.8 12.6 3.3 − 14.4 − 4.0 
3935 F Adult 1350–1399 II − 19.98 11.84 3.3 − 14.8 − 3.9 
3998 PF Adult 1415–1432 III − 20.1 12.4 3.2 − 13.7 − 3.9 
4045 F Adult 1350–1399 II − 20.0 12.3 3.4 – – 
4046 M Adult 1218–1254 I − 20.0 12.3 3.4 − 14.7 − 4.4 
4306 M Adult 1219–1255 I − 19.6 12.0 3.3 − 14.4 − 4.4 
4636 F Adult 1300–1349 II – – – − 15.1 − 5.4 
4813 M Adult 1400–1449 III − 20.1 11.4 3.3 − 13.8 − 4.3 
4855 M Adult 1400–1449 III − 20.0 12.5 3.2 − 14.5 − 3.8 
4869 M Adult 1297–1387 II − 20.1 13.1 3.3 − 14.0 − 4.0 
4887 PM Adult 1190–1247 I − 20.3 9.8* 3.2 − 14.1 − 4.5 
4888 F Adult 1279–1377 II − 21.6** 10.9 3.3 − 14.8 − 4.0 
5012 M Adult 1171–1215 I − 19.7 11.6 3.3 − 14.5 − 4.0 
5039 F 40–50 1268–1281 I − 20.4 10.7 3.2 − 14.5 − 3.9 
5224 PF Adult 1161–1199 I − 20.2 10.0 3.2 − 14.9 − 4.3 
5228 F Adult 1350–1399 II − 20.2 12.0 3.2 − 15.1 − 3.7 
5234 PF Adult 1200–1249 I − 20.3 12.2 3.3 − 14.7 − 4.4 
5262 PM Adult 1230–1276 I – – – − 14.3 − 3.6 
5284 F Adult 1220–1254 I − 20.2 10.6 3.2 − 14.3 − 4.2 
5304 PM 50–60 1300–1349 II − 20.2 10.8 3.4 − 15.2 − 4.2 
5310 F Adult 1293–1387 II − 19.7 11.2 3.3 − 14.2 − 4.2 
5311 M Adult 1279–1376 II − 20.9* 11.5 3.7 − 14.6 − 4.6 
5328 M Adult 1170–1221 I − 20.1 11.3 3.3 − 14.5 − 4.6 
5333 PM Adult 1225–1261 I − 19.8 11.2 3.3 − 14.5 − 4.5 
5371 F Adult 1224–1276 I − 20.1 10.9 3.3 − 14.9 − 4.7 
5374 U Adult 1200–1249 I − 19.8 11.9 3.3 − 14.5 − 4.1 
5385 F Adult 1150–1199 I − 20.4 10.9 3.4 − 14.0 − 4.0 
5387 PM Adult 1047–1160 I − 20.4 11.6 3.3 − 14.9 − 4.2 
5391 M Adult 1222–1274 I − 20.3 13.2 3.3 − 15.2 − 4.6 
5394 F Adult 1190–1276 I − 19.8 11.2 3.4 − 14.4 − 5.0 
5412 PF Adult 1150–1193 I − 20.0 10.8 3.3 − 15.1 − 4.5 
5413 F Adult 1169–1256 I − 20.7 10.8 3.4 − 14.8 − 4.1 
5419 PF Adult 1230–1255 I − 20.2 10.3 3.3 − 14.7 − 4.4 
5432 F Adult 1225–1281 I − 19.6 11.0 3.3 − 14.3 − 3.8 
5435 PF Adult 1221–1256 I − 20.0 12.0 3.2 – – 
5444 F Adult 1057–1244 I − 19.8 11.0 3.3 − 14.9 − 4.3 
5446 M Adult 1047–1217 I − 19.6 11.5 3.3 − 14.9 − 4.2 
5453 F Adult 1261–1293 I − 19.8 10.7 3.3 − 14.9 − 4.8 
5454 M Adult 1230–1287 I – – – − 14.6 − 4.3 
5458 PM Adult 1170–1192 I − 20.0 11.6 3.4 − 14.7 − 4.7 
5468 M Adult 1188–1264 I − 20.2 12.0 3.2 − 14.8 − 3.9 
5488 PF Adult 1200–1249 I – – – − 15.3 − 4.3 
5496 F Adult 1191–1264 I − 19.7 11.1 3.3 − 15.4 − 4.3 
5877 PM Adult 1174–1220 I − 20.1 10.7 3.3 − 14.8 − 5.1  
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burials did not contain animal bones. For the purposes of this study, the 
adult humans are compared with published faunal isotope data (N = 17) 
from a medieval cemetery in Regensburg, Germany (Olsen, 2013), 
located approximately 500 km south of Berlin. These data are plotted 
with the Petriplatz human rib results in Fig. 2. 

As expected, terrestrial animals such as sheep, goat, cow, and pig had 
lower δ15N values than humans since they occupy lower trophic levels. 
The δ15N values from the Petriplatz humans were on average 4.2‰ 
higher than terrestrial animals from Regensburg; in terms of δ13Cco, 
adults from Petriplatz were on average 1.1‰ higher than the terrestrial 
animals from Regensburg. These numbers fall within trophic shift cor-
rections (O’Connell et al., 2012; Hedges & Reynard, 2007; Bocherens & 
Drucker, 2003), which suggests that Petriplatz adults were likely 
consuming protein from animals in the C3 food chain. The few 

exceptions are one pig, a cat, and a hare. These animals have δ15N and 
δ13Cco values more similar to humans, which suggests that they were 
being fed similar foods. Additionally, since the cat is a carnivore, this 
may explain its isotope values closer to humans. 

Regensburg and Petriplatz were politically and culturally similar in 
the High Middle Ages (Fuhrmann, 1986; Mitteis, 1948). They are, 
however, 500 km apart, which undoubtedly means slight differences in 
ecology. While Berlin is located in the Northern European Plain, 
Regensburg is situated just west of the Danube Plain. Still, both are 
considered to have a temperate, oceanic climate (Cfb) on the Koppen- 
Geiger climate classification scale (Geiger, 1961), meaning they are 
broadly comparable. More zooarchaeological and palaeobotanical work 
in medieval Berlin specifically and in Germany in general would, how-
ever, be extremely beneficial to this and other studies of human 

Fig. 2. Human palaeodietary isotope values from Petriplatz plotted with faunal isotopes from Regensburg (Olsen, 2013).  

Fig. 3. Bivariate plot of carbon isotope values from bone collagen and carbonate apatite for Pre-Plague, Intermediate, and Post-Plague period cohorts, compared to 
regression lines for dietary estimation from Kellner and Schoeninger (2007:1122). 
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palaeodiet in the European Middle Ages. 

4.3. Dietary variation within the Petriplatz sample 

Comparisons within the Petriplatz sample can be made on the basis 
of sex and time period. When compared using the nonparametric Mann- 
Whitney U test, there were no significant sex-related differences in the 
δ13Cco (N = 27 for males; N = 29 for females) or δ13Cap (N = 31 for 
males; N = 29 for females) isotopes between males and females at Pet-
riplatz (δ13Cco: Mann Whitney U = 313.5, p = 0.2; δ13Cap: U = 407.5, p 
= 0.542). However, there are significant temporal (U = 96.5, p < 0.001) 
differences in nitrogen values between the adults pre-Black Death (N =
35) and post-Black Death (N = 15). The increase in nitrogen values 
following the Black Death indicates an increased consumption of animal 
protein. 

In order to further investigate these broad results, we looked at sex- 
specific differences in the pre- and post-plague periods. For females who 
died before (N = 15) and after the Black Death (N = 8), there is a sig-
nificant difference in the δ15N values (U = 5.5, p < 0.001). The pre-Black 
Death female average for δ15N is 11.0‰, and the post-Black Death fe-
male average is 12.4‰. The 1.4‰ increase in δ15N likely indicates the 
increased consumption of animal protein following the Black Death. For 
males, there is also an increase over time, from 11.8‰ to 12.4‰; how-
ever, this is not statistically significant (U = 27.5, p = 0.2). There is a 
very slight decrease in δ13Cco for both males and females following the 
Black Death. Finally, in looking at the sex-specific differences in the pre- 
plague period, males have significantly higher average δ15N values 
(11.8‰) than do females (11.0) (U = 53; p = 0.003). Overall, it can be 
interpreted that males were eating proportionately more protein from 
higher trophic level foods (likely animal meat and some amount of fish) 
than females before the Black Death and that all adults were eating 
proportionately more animal/fish protein following the Black Death. 

The high δ15N levels, especially following the Black Death, yet 
relatively low δ13C values could indicate the consumption of freshwater 

fish at Petriplatz. Both males and females show a similar level of increase 
in δ15N values, meaning both sexes were consuming similarly larger 
amounts of animal protein or fish. While there is some speculation 
surrounding how freshwater fish is shown isotopically (Hedges and 
Reynard, 2007), since Petriplatz is located on the Spree River, it is 
reasonable to assume that the population supplemented their diet with 
freshwater fish. 

It is also possible that the δ15N levels may have been affected by 
farming practices. During the Middle Ages, it was common for animal 
manure to be used to fertilize crops (Bogaard et al., 2007; Jones, 2012), 
and one study found that fertilization of grain crops with cow manure 
could increase δ15N by 3–5‰ (Bogaard et al., 2007). This means that 
someone eating a mainly vegetarian diet could still exhibit higher δ15N 
values due to variation in agriculture practices. Additionally, animal 
feed can influence carbon and nitrogen isotope values. A relatively low 
δ13C value could indicate that the animals that humans were eating were 
consuming more C3 plants or grasses. An example of this comes from 
England, where fodder mostly came from meadow grasses that could be 
dried, cut, and fed as hay to animals (Hoffmann, 2001). At present, 
however, the extent of these farming practices in Berlin is unknown and 
more information is needed in order to understand if these practices 
significantly affected dietary isotope values. 

4.4. Dietary comparisons between Petriplatz and other High and Late 
Middle Ages populations 

Basic inter-populational comparisons in palaeodietary isotopes can 
also be made between the adults from Petriplatz and three archaeolog-
ical sites dating to roughly the same time period: Giecz, Schleswig, and 
Regensburg. 

The site of Giecz in west-central Poland, 300 km from Berlin, in-
cludes a parish church with burials dating from the 11th-12th centuries 
CE. Reitsema and colleagues (2013) selected 24 adult individuals - an 
equal number of males and females - for their pilot study on ancient diet. 

Fig. 4. Multivariate isotopic plot of carbon and nitrogen isotope values from bone collagen and carbonate apatite Pre-Plague, Intermediate, and Post-Plague period 
cohorts; values are compared to K-means cluster centroids for dietary estimation developed by Froehle et al. (2012). 
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They determined that the people living at Giecz consumed an omnivo-
rous diet in which dietary protein came from terrestrial sources with no 
significant indications of freshwater fish eating (Reitsema et al., 
2013:1418). These results led them to conclude that the Catholic prac-
tice of substituting fish for meat was not a large part of this population’s 
diet. In statistically comparing Period 1 of Petriplatz (1100–1350 CE) (N 
= 35) with individuals from Giecz, we find that Berlin’s nitrogen isotope 
average (11.4‰) is statistically higher than Giecz (9.2‰) using a Mann- 
Whitney U test (U = 8, p < 0.00001). At − 18.9‰, Giecz has a signifi-
cantly higher carbon isotope average than Berlin (− 20.0‰) (U = 0, p <
0.0001). Given the findings of Reitsema and colleagues (2013), these 
results suggest that people in proto-urban Berlin were consuming a diet 
with more marine resources and less millet than were the people of rural 
Poland. 

The small town site of Schleswig Schild is in far north Germany, near 
the Danish border, roughly 400 km from Berlin. Grupe and colleagues 
performed a large human palaeodiet study in 2013 that included a total 
of 175 adult individuals from two cemeteries in Schleswig dating from 
1070 to 1210 CE (Grupe et al., 2013). In that study, the average carbon 
isotope ratio was − 19.6‰, while the nitrogen average was 12.0‰. 
Mann-Whitney U comparisons between Period 1 Petriplatz noted above 
and the large Schleswig sample find significant differences in both car-
bon (U = 1504.5, p < 0.00001) and nitrogen (U = 2258, p = 0.01) 
isotope means. The higher average nitrogen isotope value is expected for 
a population living on a fjord that opens onto the Baltic Sea. 

The best comparison site for Petriplatz, however, is Regensburg, 
Germany, a city about 500 km south with a similar history to Berlin’s. 
Human remains from the site of Regensburg (Olsen, 2013) dating to the 
12th-16th centuries are the closest comparative data available due to 
Regensburg’s similar culture, politics, and ecology compared to Berlin. 
The means of the carbon values at Regensburg are higher than the mean 
carbon values at Petriplatz, with the population at Regensburg having a 
mean δ13Cco value of − 19.7‰ and a mean δ13Cap value of − 14.0‰, and 
Petriplatz having a mean δ13Cco value of − 20.0‰, and δ13Cap value of 
− 14.5‰. When the average adult diets at Petriplatz (N = 60) and 
Regensburg (N = 60) are compared using a nonparametric Mann- 
Whitney U test, the δ13Cco and δ13Cap values were found to be statisti-
cally different (U = 666.5, p < 0.0001 and U = 992.5, p < 0.0001, 
respectively). This result suggests that adults at Petriplatz could have 
been consuming a larger proportion of C3 plants, whereas the Regens-
burg population could have been consuming a greater proportion of C4 
plants, such as millet, which was common throughout Europe during the 
Middle Ages (Hakenbeck et al., 2010). It could also mean that the plants 
these individuals were consuming were isotopically different, perhaps 
because of where they were grown (O’Leary, 1981; Swap et al., 2004; 
Ma et al., 2012). Differences in humidity levels, substances in the soil, or 
precipitation levels may also affect plant isotope values (Ma et al., 
2012), but generally not very drastically (O’Leary, 1981). The Δ13Cap-co 
spacing average of the Regensburg individuals is 5.9‰, while the 
average spacing at Petriplatz is 5.6‰, meaning both populations exhibit 
an omnivorous diet that is slightly more carnivorous. This, in conjunc-
tion with the large range of δ15N values from both sites (8.0–13.4‰ for 
Regensburg, and 9.8–13.9‰ for Petriplatz), suggests there is evidence of 
varied access to protein sources from terrestrial meat or potentially from 
freshwater fish (Olsen, 2013). 

These cross-site comparisons, however, are complicated for two 
main reasons: first, inter-laboratory differences in measurement of iso-
topes could be biasing the statistics (Pestle et al. 2014), and second, the 
comparative sites do not have the exact same timeframe or phasing as 
Petriplatz. Giecz and Schleswig both date to the High Middle Ages, so 
are only comparable to Petriplatz’s Period 1 (pre-plague). Regensburg 
dates fall within the High/Late Middle Ages range of Petriplatz, but are 
not broken down into shorter time periods; thus, we were unable to 
compare pre- and post-plague phases at Petriplatz with concomitant 
ranges at Regensburg. Future analyses of medieval European sites with 
pre- and post-plague phasing would be a welcome complement to this 

study of Berlin. 

5. Discussion 

We began this project with the hypothesis that adults’ dietary iso-
topes likely shifted following the Black Death based on historical sources 
that suggest an increase in consumption of animal protein following the 
pandemic due to the lower human population size relative to livestock 
(Hanawalt, 1986; Dyer, 1989; Arcini, 1999; Yoder, 2010). Based on the 
sample of adults from early modern Berlin whose palaeodietary isotopes 
were analyzed (N = 60), we found a statistically significant increase in 
δ15N values following the Black Death, which bolsters the written record 
of an increase in meat consumption over time. It is important to note, 
however, that the post-plague sample dates range from 1400 to 1699 CE. 
While an increased consumption of meat seems to be a trend that per-
sisted in Berlin/Cölln following the Black Death, factors such as famine, 
war, and repeated plague outbreaks also may have affected this 
population. 

Looking at women’s diets at Petriplatz, aside from the increase 
through time in δ15N, there is evidence of a slight increase in δ13Cap after 
the Black Death. A change in the carbon apatite generally reflects a 
change in the carbohydrate consumption rather than protein con-
sumption. In this case, women seemed to be eating an increased pro-
portion of carbohydrates in the period after the Black Death, possibly 
due to differences in social stratification. 

Before the Black Death, Petriplatz males seem to have been eating 
more protein than females, indicated by the higher average nitrogen 
value for males in the pre-Black Death sample. However, both sexes 
show an increase in nitrogen after the Black Death, indicating that 
everyone was eating more animal protein following the Black Death, 
while males were eating comparatively more than females in both pe-
riods. Males are slightly higher than females in δ13Cco in both pre- and 
post- Black Death time periods; however, there are no statistically sig-
nificant differences. Overall, we interpret these data as showing that: 1) 
males were eating more animal protein than females before and after the 
Black Death; and 2) all adults were eating more animal protein following 
the Black Death. 

Three individuals stand out as anomalous in the post-Black Death 
population. Skeleton 3225 has the highest δ13Cap value of the entire 
sample population at − 12.7‰ and a Δ13Cap-co spacing value of 7.7‰. 
Her isotope values indicate she ate an omnivorous diet consisting of 
mostly C3 foods, so while she does stand out as an anomalous individual, 
it is likely that she was only eating a slightly different diet, rather than a 
radically different one. Skeleton 4888, an adult female from the inter-
mediate to post-plague period, was likely eating mainly C3 foods. 
Someone eating a 100% C3 diet has a carbon collagen value around 
− 20.0‰ and an apatite value of around − 12.0‰; Skeleton 4888 has 
isotope results similar to this (δ13Cco = − 21.6‰, δ13Cap = − 14.8‰). 
Finally, Skeleton 1953, a post-plague adult male with anomalously high 
nitrogen and low carbonate apatite values (δ15N = 13.9‰, δ13Cap =

− 15.8‰), was likely eating large amounts of animal protein and 
potentially more fish, sometime after the Black Death. 

The isotope values produced in this study may suggest a change in 
use of animal protein in the adult diet in the High Middle Ages in Berlin, 
Germany, which would be consistent with historical accounts of both 
economic changes and religious practices. Owing to the increase in the 
ratio of domesticated farm animals to people following the Black Death’s 
decimation of the population of Europe, higher nitrogen values in the 
Petriplatz population that lived after the plague may reflect a greater 
consumption of animal protein (see also DeWitte and Noymer, 2014). If 
this is the case, however, we would have to assume that these medieval 
Germans were shifting from a diet focused on the meat or milk of do-
mestic herbivores like cows and goats to one based on meat from 
omnivorous species such as domesticated pigs; this shift to consuming 
species with a higher trophic level could explain the increase in nitrogen 
isotope values. 
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A second explanation for the increase in nitrogen values over time at 
Petriplatz could relate to an increase in fish consumption, possibly 
linked to religious taboos. Since terrestrial meat consumption was pro-
hibited on religious holy days that made up one-third to one-half of the 
calendar year (Jeep, 2001; Hoffmann, 2001; Adamson, 2002; Müldner & 
Richards, 2006), it is possible that Petriplatz adults were substituting 
fish for terrestrial meat in their diets, which may help explain the 
moderately high δ15N levels. Fish consumption has been found isoto-
pically at other medieval European sites (Mays, 1997; Müldner and 
Richards, 2005, 2007; Reitsema et al. 2013), and historically, medieval 
cookbooks from Germany included salmon, pike, perch, and other fish 
recipes (Adamson, 2004). Since the 11th century, cod and herring were 
transported throughout Europe and consumed by much of the popula-
tion (Hoffmann, 2001; Müldner and Richards, 2006), so some fish may 
have been readily available for Petriplatz adults even if they were not 
using the Spree River as a source. The nitrogen isotope values from the 
people buried at Petriplatz are quite variable, ranging from low (9.8‰) 
to moderately high (13.9‰), so it is worth investigating whether the 
source of the higher nitrogen values is marine or freshwater fish. 

Marine animals have a mean bone collagen δ15N value of 15.6‰, and 
humans who consume a lot of marine animals will exhibit higher δ15N 
values since humans occupy higher trophic levels. Freshwater fish, on 
the other hand, exhibit bone collagen δ15N values between 10 and 
12.5‰, and terrestrial animals have bone collagen δ15N values between 
6 and 10‰ (Tykot, 2004). Freshwater fish δ13Cco values are unfortu-
nately quite variable due to the many sources of carbon in freshwater 
ecosystems (Katzenberg & Weber, 1999; Katzenberg, 2008; Fuller et al., 
2012; Fernandes et al., 2016). The δ15N and δ13Cco values of Petriplatz 
adults do not fit with the ranges of a marine-based diet, as they are too 
low, on average (11.7‰ and − 20.0‰, respectively). However, fresh-
water fish consumption is usually identified as high δ15N and low δ13C 
(Rutgers et al., 2009), and the Petriplatz adults do exhibit this pattern, 
suggesting they may have supplemented their diet with freshwater fish. 
Berlin’s location on the Spree River, which is home to many freshwater 
fish species (Baade & Fredrich, 1998; Pusch & Hoffmann, 2000; Acton, 
2012; Tockner et al., 2009), further bolsters this interpretation. Ac-
cording to Adamson (2004), Central European populations were more 
likely to consume freshwater fish and since Berlin is not near a port, it is 
likely adults participated in the fish trade, consuming whatever re-
sources were available to them and affordable. If this is the case, then the 
consumption of freshwater and/or preserved marine fish could have 
played a role in the increase of δ15N. 

While increased freshwater fish consumption can explain the rise in 
nitrogen values over time at Petriplatz, the reason for the dietary change 
is still unknown. Researchers such as Reitsema and colleagues (2013) 
and Müldner & Richards (2005) found in Medieval Poland and the U.K., 
respectively, that shifts in nitrogen averages may be explained by 
Christian fasting practices. All but one individual in the present study 
(1863, a woman who died in the second half of the 17th century) could 
have been born and raised under Catholicism in the Kingdom of Ger-
many, as it was not until the Peace of Augsburg in 1555 that the split of 
Christianity into Roman Catholicism and Lutheranism was finalized. An 
increase in adherence to Catholic fasting practices is a possible outcome 
of the Black Death by a worried populace turning to the Church for 
advice; but we are unaware of comprehensive primary or secondary 
sources that would confirm whether the plague created more opportu-
nities for religious food practices to spread or whether people lost faith 
in the church and gave up their fasting practices (Logan, 2012). 
Regardless of whether there was a prime mover, the combination of the 
growth of these religious food practices throughout Europe post-1000 
CE with the nascent market economy and the evidence of trade in pla-
ces like Berlin and Regensburg almost certainly contributed to shifts in 
dietary consumption (McCormick, 2001). 

As our post-plague skeletal sample included only 15 people, we 
propose that additional research into dietary change in the High Middle 
Ages is necessary to better understand the pattern of shifting resource 

use in Berlin and the greater German countryside and to tease out po-
tential cultural reasons for the dietary shifts. Regardless of the reason, 
however, the increase in average δ15N isotope values following the Black 
Death is intriguing and fits with both historical and archaeological an-
alyses of pre-modern Germany that suggest a pattern of shifting dietary 
protein resources among adults. 

6. Conclusion 

Overall, the diet of adults who were buried in the medieval cemetery 
of Petriplatz in Berlin, Germany, consisted of a diet of plants and animals 
in the C3 foodweb. This finding is consistent with historical records that 
suggest a diet based on grains such as wheat and meat from terrestrial 
animals. There is a significant difference between diets before and after 
the Black Death for both sexes at Petriplatz, specifically a significant 
increase in δ15N values following the Black Death, which supports his-
torical evidence that people were consuming different protein sources 
after the pandemic and that the proportion of protein in their diet 
coming from meat may have increased. 

There are many avenues for future research at Petriplatz as more 
data become available. Additional research on this population should 
include a larger sample size to create a more precise picture of diet in 
medieval Berlin. Our sample only included 66 skeletons out of thousands 
that were recovered from Petriplatz. Our sample also included more pre- 
plague individuals than post-plague, and a larger sample size should 
include an equal number of people from both time periods. In addition to 
more individuals and more precise date ranges, a distinction between 
the rich and poor, if possible, should be noted. Historical sources indi-
cate that German rich and poor ate slightly different things, making 
social class a possible explanation for observed dietary differences. A 
local faunal sample should also be established. The faunal data used to 
illustrate this study were taken from Regensburg, 500 km from Berlin, 
which is therefore complicated by potential regional variation. Addi-
tionally, the extent of some agricultural practices, such as using animal 
manure to fertilize crops, needs to be researched as that can also have an 
effect on isotope signatures. Finally, as other researchers have discov-
ered relationships between health status and isotope values (e.g., 
Beaumont et al., 2016, 2013; Geber & Murphy, 2012; Geber, 2015) 
during the Great Irish Famine, large-scale palaeopathological analyses 
of bones and teeth from Petriplatz would be extremely useful in fully 
understanding the Medieval diet and its health correlates. 

Since few historical records survive from the Medieval period in 
Berlin, archaeological and bioarchaeological analyses are crucial in 
understanding the history of the city. However, the lack of historical 
records also makes interpretation of isotope analyses difficult as there 
are rarely any supplemental sources. This study has contributed new 
information on dietary resource use to the early history of Berlin and has 
demonstrated variation in food consumption following a pandemic in 
the High Middle Ages in Germany. 
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