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Supplementary Material S1: Burial Grounds
All Saints by the Castle
The textual sources for the church of All Saints by the Castle have been summarized by Cam (1959: 123–24). The cemetery of All Saints’ was partially investigated in 1973 by Paul Craddock and Vince Gregory, who excavated over 200 skeletons. These excavations have not been published, except for an interim statement (Craddock & Gregory, c. 1975). Further details will appear in Cessford et al. (in prep.). 

All Saints by the Castle is first mentioned in 1217 (Cam, 1959: 123), but is likely to be considerably older. This part of medieval Cambridge appears to have first been occupied in the eight century ad and there is evidence for activity predating the establishment of the cemetery, including pits containing tenth–twelfth-century pottery. All Saints was probably founded as a small local proprietorial church; these first appear in textual sources in the 940s (Blair, 2005: 401–07) while more generally parish churches were no longer created locally by c. 1150 at the latest. On 12 September 1365, the Bishop of Ely granted permission to unite the parishes of All Saints by the Castle and St Giles in Cambridge; this was confirmed on 27 May 1366 (HMC, 1877: 299, fol. 1026), marking the end of burial in the cemetery of All Saints. Radiocarbon dating of other skeletons from the cemetery, not discussed in the article, indicate that one sequence of burials date to 967/1113–1144/1321, while a second dates to 1053/1231–1294/1349. The archaeological sequence, artefactual evidence, and radiocarbon dating are compatible with the cemetery going out of use in the mid-fourteenth century. The site then shows no signs of activity until the seventeenth century.

The burials in All Saints can be generally dated to between the tenth century and the 1360s. Skeleton 82 was one of the later burials in the cemetery, being the third in a stratigraphic sequence of three. Skeleton 82, which tested positive for Y. pestis, can therefore be dated to between 1349, when the Black Death arrived in Cambridge, and the closure of the cemetery in 1365/1366. As there are only two documented outbreaks in England in this period, in 1349 and 1361/1362, Skeleton 82 dates to 1349–1361/1362.
St Bene’t’s
The written documents relating to St. Bene’t’s church have been summarized by Cam (1959: 126–27) and an architectural description features in the Royal Commission volume for Cambridge (RCHM(E), 1959, vol. 2: 263–66). The archaeological excavations that took place there have not been published, although a detailed field report exists (Cessford & Fallon, 2006). 

St. Bene’t’s church is first mentioned in 1077–1093 (Cam, 1959: 126) and the building contains architectural elements dated to c. 1040–1070. This part of medieval Cambridge appears to have first been occupied in the mid/late tenth century and it is likely that the church was established at this time. Construction of the buildings of Corpus Christi College began in c. 1352 and were completed by 1377 (Willis & Clark, 1886, vol. I: 251) and the burials underlying the access route between Bene’t Street and the College, including a mass burial, must predate this. Logistical constraints mean that this route was probably created in the early/mid 1350s.
Archaeological excavations undertaken here by the Cambridge Archaeological Unit in 2006 revealed highly truncated burials predating the creation of the route into the College (Cessford & Fallon, 2006). The skeletons in the mass burial which tested positive for Y. pestis can therefore be dated to between 1349, when the Black Death arrived in Cambridge, and the closure of this area of the cemetery in 1352/77. It is, however, probable that the skeletons were buried no later than the 1350s. As this predates the second documented English outbreak of 1361/2, they are likely that they date to 1349.
St Mary’s, Clopton
Documentary evidence relating to the village of Clopton is discussed by Palmer (1933; see also Wright, 1982). The site was excavated by John Alexander between 1960 and 1964, with the 1964 investigations focusing on the church and the cemetery to the south of it. The excavations have not been fully published, but the results are summarized by Alexander (1968). Further detail will appear in Cessford (in prep.). 
St. Mary’s Clopton is first mentioned in 1254 (Palmer, 1933: 34), but is probably considerably older. Its excavator in the 1960s believed that the southern cemetery was located on an artificial terrace created in the thirteenth century, which sealed a twelfth-century ditch, and that the burials were associated with thirteenth–fifteenth-century pottery (Alexander, 1968: 56–57), although the accuracy of the pottery dating is questionable and unfortunately most of this material could not be located. The population of the village declined steeply from the late fifteenth century onwards and, in 1561, the parish was united with the nearby village of Croydon (Palmer, 1933: 57), bringing an end to burial at Clopton. Radiocarbon dating of a sequence of burials indicates that these individuals died between 1309/1389 and 1468/1543.
The skeletons that tested positive for Y. pestis can be dated to 1349–1561, stratigraphic evidence indicating that more than one outbreak of plague is represented. The earliest possible date for a skeleton with Y. pestis that is later than another skeleton with Y. pestis is the second outbreak of 1361/1362. Several skeletons are not stratigraphically the latest burials and are likely to be earlier than c. 1500.
The Augustinian Friary
The written documents relating to the Augustinian Friary in Cambridge have been summarized by several authors (Cranage & Stokes, 1921; Ellis & Salzman, 1948: 287–88; O’Sullivan, 2013: 75–7; Roth, 1966, vol. II: 250–3). The archaeological excavations that took place there have not been published but a detailed field report has been produced (Cessford, 2017; see also Cessford, 2020).
The Augustinian friary was not included in royal pittances that cover Cambridge in 1276 and 1277 (Farris, 2013: table 66) or the Hundred Rolls of 1279/1280 (Casson et al., 2020a; 2020b), indicating that it was founded after this. Its first mention is in a royal pittance of October 1289 (Farris, 2013: table 68). As there were twenty friars at this time, it has been suggested that it was well established by 1289 (Roth, 1966, vol. II: 51, no. 90). The friary probably acquired the right to bury people in November 1290 (Clark, 1907: 212–14, no. 21), and hence the skeletons must date to 1290 or later. The friary ceased to exist in 1538, so all the burials must date to 1290–1538.

Excavations in 2016–17 by the Cambridge Archaeological Unit revealed a cemetery located south of the friary church with thirty-two articulated individuals, plus a later chapter house in which six individuals were buried. The four burials that tested positive for Y. pestis can be divided into two groups. One individual was buried in the cemetery that predates the construction of the friary cloister, while the other three were buried in the chapter house that forms part of that cloister. A combination of radiocarbon dating, architectural typology, and stratigraphic evidence indicates that the cloisters were constructed in c. 1360/1390–1400/1440 and almost certainly between c. 1380 and 1420.

The burial from the cemetery that tested positive for Y. pestis is therefore dated to 1349–1380/1420. Stratigraphically this was not the latest burial there, and the sequence suggests that the burial must be earlier than c. 1380. The Y, pestis aDNA from this individual is ‘potentially identical to other Black Death genomes’ (Spyrou et al., 2019: 3) indicating that they probably died of plague in 1349.
The three burials from the chapter house must date to c. 1380/1420–1538. The floor of the chapter house was significantly modified, most probably c. 1450. All three Y. pestis positive burials were stratigraphically later than this remodelling. One of the burials (skeleton 1975) has been radiocarbon dated. Although the basic result of this is 1437–1619 (Supplementary Table S1), adjustment for the marine reservoir effect and bone turnover result in a date of 1490–1645 (Supplementary Table S2; see also Supplementary Material S2). Bayesian modelling then produced a result of 1476–1536 (Supplementary Table S2). This dating is compatible with the phylogenetic analysis of the strain of Y. pestis from skeleton 1975 (Spyrou et al., 2019). The dating of skeletons no. 1975 and no. 1771 is also compatible with the typological dating of girdle buckles associated with the skeletons. 
Supplementary Table S1. Radiocarbon determination of skeleton no. 1975 from the Augustinian friary.
	SUERC lab. no.
	Material dated
	Sex
	Age
	Õ13C
	Õ15N
	C14 age (BP)
	68% High Probability Density
	95% High Probability Density

	78902
	Human bone, rib
	Male
	11–12
	-19.3
	11.0
	404±26
	1445–1485
	1437–1619


Supplementary Table S2. Radiocarbon determinations on F.230 from the Augustinian friary at 95.4 per cent High Probability Density ranges for adjusted and modelled results.
	SUERC lab. no.
	Marine reservoir adjusted
	Marine reservoir and bone turnover adjusted
	Bayesian modelled

	78902
	1488–1643
	1490–1645
	1476–1536


The Hospital of St John

The textual sources relating to the Hospital of St John have been published in detail (Rubin, 1987; Underwood, 2008), as have the archaeological excavations conducted there (Cessford, 2015; additional detail in Cessford, 2012). 
The Hospital of St John was founded in c. 1190–1200. Between c. 1204–1215, most probably in 1204, it acquired legal burial rights (Karn, 2013: 10). An intensive radiocarbon dating program indicates that burial had begun at the excavated cemetery by 1214 and that it continued until 1467 or later. The hospital ceased to exist in 1511, when St John’s College was created, and the excavated cemetery went out of use. The excavated burials can therefore be dated to between 1204/1214 and 1467/1511, which is compatible with all the stratigraphic and artefactual evidence. The stratigraphic sequence, intensive radiocarbon dating program, and Bayesian modelling means that the proportion of skeleton dating to the period of the second pandemic can be accurately estimated.
Midsummer Common
From 1574 until the last outbreak in Cambridge in 1665/1666, some individuals infected with the plague were isolated and moved to pest houses, located some distance from the town in its surrounding fields. Although primarily about quarantine and isolation of the living, parish registers record that from at least 1603 onwards some individuals who died at pest houses were buried there rather than returned to their parish cemetery (Cooper, 1845: 3). The location of the pest houses changed over time, with at least four locations known. These all appear to have been located on land of low agricultural value close to water sources. Ditches with small timber bridges were dug to enclose the areas and timber buildings erected. One of these sites was Midsummer Common, where pest houses are mentioned in 1593 and 1630 (Cooper, 1843; 523; 1845: 228–29).

Two skulls discovered in the late nineteenth or early twentieth century at Midsummer Common were presented to the Duckworth Collection by the town clerk, John Edleston Ledsam Whitehead (1853–1923, town clerk 1887–1923). These may relate to the discovery of human remains in 1889–1903 documented in the Watch Committee Minute Book of the Municipal Corporation of Cambridge (p. 277). There are no other post-medieval burial grounds near Midsummer Common and a tooth from one of the skulls was dated to 1450–1630 cal ad (Supplementary Table S3). When various factors are taken into account, this individual probably died between 1510 and 1686, indicating that these remains were almost certainly from individuals who died at the pest houses on Midsummer Common.

In August 1952, excavations for the erection of a marquee for the Cambridge Trades Fair revealed portions of several human skeletons (Williamson, 1957: 59). Although these were believed to be plague victims, this was based on a casual remark by Charles Bernard Denston of the Duckworth Laboratory, which he appears to have regretted (Denston, 1989: 482–83). None of this material appears to have been retained.

Supplementary Table S3. Radiocarbon determination from Midsummer Common.

	Lab. no.
	Skeletal element
	δ13C relative to VPDB
	δ15N relative to air
	C/N ratio (Molar)
	Radiocarbon age (BP)
	95% High Probability Density

	SUERC-90823
	Human tooth, lower right molar
	-20.1
	11.1
	3.3
	371±21
	1450–1630


Supplementary Material S2: Radiocarbon Dating Methodology
The radiocarbon determinations for the ‘After the Plague’ project were undertaken at the Scottish Universities Environmental Research Centre (SUERC) radiocarbon laboratory, following their standard procedures (Dunbar et al., 2016). Analysis was undertaken using OxCal v.4.3 (Bronk Ramsey, 2009; Bronk Ramsey & Lee, 2013) and the IntCal13 calibration curve (Reimer et al., 2013). Following basic calibration, allowance was made for reservoir effects and bone turnover.

Consumption of various foods, particularly marine fish, can make radiocarbon determinations older than the time an individual died. This was allowed for by estimating the marine dietary component using δ13C (Arneborg et al., 1999). As some of the assumptions this is based on are unproven, it is best considered to be a moderately accurate approximation. The percentage of the marine component in diet is typically estimated from δ13C values by linear interpolation, with -12.5‰ and -21.0‰ taken to be the endpoint values for a purely marine and purely terrestrial (pure C3) diet respectively, with a difference of -8.5‰ (Arneborg et al., 1999). This means that each l.0‰ difference implies a c. 11.8 per cent change in marine carbon content. The actual relationship is, however, unlikely to be as straightforward and linear as this method assumes, meaning that it is at best thought a moderately accurate approximation. The radiocarbon determinations from the Hospital of St John’s detached cemetery have measured δ13C values of -20.2‰ to -18.0‰, with a mean value of -19.1‰ and the results from the other broadly contemporary sites also lie within this range. This suggests that the diet of the individuals buried at the hospital’s detached cemetery had a 9–35 per cent marine component, with a mean value of 22 per cent. The marine reservoir was incorporated using the OxCal Mix_Curve function defined over IntCal13 and a local marine curve. Given the range of fish consumed, and based on advice from SUERC, a ΔR value of 0±50 was adopted to create a local marine curve from the Marine13 modelled ocean average curve (Reimer et al., 2013). Each individual’s specific marine reservoir corrected calibration curve was created in Mix_Curve with the δ13C-derived diet share applied to the local marine curve and a standard error of two, roughly 10 per cent of the mean marine diet share.

Allowance was also made for bone turnover, the replacement of bone tissue through bone remodelling or metabolism that also make radiocarbon determinations older than the time an individual died. Although this is sometimes estimated as approximately 10 per cent of the skeleton per year, the process is much more variable. Bone turnover varies according to the age and sex of an individual and by skeletal element; again, allowance for this involves various assumptions, meaning it results in moderately accurate approximation. Work on the turnover of collagen proteins, which are the material that radiocarbon determinations targets, in adult femoral mid-shafts indicated a high level of turnover in adolescents (aged 10–15 years) with rates of 5–15 per cent per year and males having a signiﬁcantly higher turnover rate than females, by up to a factor of two (Hedges et al., 2007). The rates in adults are much lower and decrease over time. In females, the rate falls from four per cent to three per cent per year between ages 20–80, whilst in males it falls from three per cent to 1.5 per cent per year between 25–80 years. Rib bones appear to have a more rapid rate of bone turnover that femora, although the degree of this is uncertain.

Once both reservoir effects and bone turnover have been allowed for on an individual determination, we have effectively reached a state where the archaeological stratigraphic events (burials) and the material being radiocarbon dated (human bone from the articulated in situ skeletons in those burials) have been rendered chronologically identical, albeit with the proviso that both allowances represent best fit approximations for phenomena that are not well understood. The results were then subjected to Bayesian calibration and modelling, with various types of prior information being incorporated. This was an iterative process, with more information being added over time. The results were constantly checked using OxCal’s agreement indices, which provide numerical values indicating how well the OxCal model and the data agree. Values over 60, which are similar to the 95 per cent probability in a chi-square test, indicate consistency, whilst values under 60 indicate the model and the data are inconsistent (Bronk Ramsey, 1995: 427–28). In a ‘good’ model we would hope to see all the agreement indices in excess of 60. However, with more than 50 determinations in our model, it is to be expected that one or two may have agreement indices below that threshold. Some radiocarbon determinations may also simply be statistical outliers; as these are random variables, approximately one in 20 radiocarbon ages should be expected to fall outside the true 95.4 per cent probability range. The first information incorporated was dates from textual sources for when a burial ground started or ceased operation, which were used to constrain the possible results, and the stratigraphic relationships between burials, which allowed particular burials to be defined as earlier or as later than each other. Samples were selected to maximise the number of such stratigraphic relationships, so that ‘chains’ of burials could be analysed. The next stage was that when a later burial caused significant truncation to an earlier skeleton it was assumed that at least 20 years had elapsed, as it was apparent that this only took place once bones were no longer connected by other tissues. This was operationalised in OxCal using the Gap() function, with a value of 20 years to ensure a minimum gap of that length. We also experimented with other more complex approaches (e.g. uniform distributions defined over certain ranges for inter-burial time), but the simple use of the Gap function provided archaeologically reasonable estimates. The final stage was that skeletons that tested positive for Y. pestis were constrained as having to date to 1348 or later, ideally this would have been incorporated from the start, but the information only became available part way through the analysis.
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