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AssTRACT: Yersinia pestis caused plagues and haunted Gdansk several times during the 15th and 16th
centuries. This study focuses on the following demographic effects: 1/ distributions of deceased by age
in a plagued city, 2/ parameters of the life tables, 3/ estimation of the natural increase. To assess genetic
effects of the plague, measures of the opportunity for natural selection were considered. Skeletal remains
of 283 people from the 15th — 16th century ossuary 3009 from the Dominican Monastery in Gdansk pro-
vided research material. Yersinia pestis DNA in this skeletal material has already been found (Morozowa
et al. 2017, 2020). Distributions of the deceased by age in the study sample were compared with those for
Gdansk before the plague and with those for the mass burial of plague victims in the 14th century Liibeck.
Neither catastrophic mortality was found in the material studied, nor selective nature of the plague with re-
gard to sex and age had been demonstrated. Using the Weiss method, the rate of natural increase r=-0.005
was reconstructed. With the wide dating range of the ossuary and the fact that it contains results of both
the epidemic and “normal” mortality, the natural increase value at this level seems justified. There was
a deterioration in the values of life tables parameters, especially life expectancy. Newborn life expectancy
dropped to 19.5-22.6 years and for a 20-year-old to 17.7 years. The measures of opportunity for natural
selection also deteriorated primarily due to child mortality: the biological state index Ibs values were low
(within the 0.3-0.4 range) and values of the Im Crow’s index about 1.0. Natural selection also acted on
adults as evidenced by values of the gross potential reproduction rate Rpot below 0.7.

Demographically the study sample was at the level of the early Middle Ages rather than the Rennai-
sance.
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Introduction

The plague is an acute infectious disease
caused by Yersinia pestis, a bacilliform
bacterium. It can be spread by various
routes of transmission. Certain rodent
species, especially rats, are animal res-
ervoir hosts of the plague, and the fleas
which live in rat fur are vectors of the
disease; other vector species, as has been
recently proven, include human ectopar-
asites such as human fleas and lice (Scott
and Duncan 2001; Karpinski 2012; Kacki
2017; Dean et al. 2018; Bosio et al. 2020).

There are three clinical forms of the
plague; the most common one is the bu-
bonic plague, which manifests itself in
abnormally swollen glands (“buboes”)
and subcutaneous haemorrhages, which
shortly turn dark blue, hence the name
“Black Death.” Formally speaking, al-
though this variety of the plague was the
least deadly one, in the past, when anti-
biotic therapy was not available, it caused
death in 40% to 90% of cases, depending
on time and place. Two other forms of
the plague: pneumonic plague and sep-
ticemic plague were fatal in nearly 100%
cases (Margerison and Kntusel 2002;
Karpiiiski 2012; Pechous et al. 2015;
Kacki 2017; Dean et al. 2018). This dra-
matically high mortality and extremely
high infectiousness allowed the plague to
spread rapidly over the world and repeat-
edly return in the form of a pandemic,
killing millions.

The first large-scale, historically and
more recently genetically documented
pandemic, was the Plague of Justinian
dated to the sixth century AD. Howev-
er, Yersinia pestis is much older and was
endemic as early as over 5000 years ago
(Rasmussen et al. 2015). The Plague of
Justinian probably started in Africa. It
came to Europe from Egypt and affect-

ed mostly Byzantium with its capital
in Constantinople. Its first wave killed
20-30% of the pre-pandemic population
(Scott and Duncan 2001; Byrne 2008;
Gladykowska-Rzeczycka 2008; Wojcik
2011; Harbeck et al. 2013; Feldman et al.
2016; Keller et al. 2019). The outbreak of
the bubonic plague triggered the second
pandemic known as the Black Death. It
was the largest and most severe pandem-
ic, which spread from the steppes of Asia
to North Africa, the Levant and Europe.
In Europe, it appeared 1347 and kept re-
curring for four hundred years until the
18% century. It caused dramatic loss of
life; according to various estimates, it
killed 1/3 to 2/3 of the continent’s pop-
ulation (Scott and Duncan 2001; Byrne
2008; Gladykowska-Rzeczycka 2008;
Mozejko 2012). It reached Poland as
well. The third pandemic started in the
1830s in East Asia, mainly in China, and
by 1960 it spread across the globe. Al-
ready in its early stages, in China alone,
it caused deaths of several million peo-
ple (Byrne 2008). Today, the world is not
yet entirely free from this deadly disease.
Yersinia pestis is still endemic in Asia,
Africa and even in Americas. Admittedly,
in the age of modern medicine this has
not led to such death tolls as previous-
ly. However, the WHO still considers it
a serious public health risk (Byrne 2008).

According to historical sources, the
Black Death was brought to Poland in
1348 or 1349 on a sea vessel. It wrought
havoc in Gdansk, Pomerania and Prus-
sia, and went on to infect Lesser Poland
and Greater Poland. It returned to Poland
many times throughout the 15% century.
The city of Gdansk was the gate through
which the plague made its entry.

A port dating back to early Middle
Ages, 15" and 16% century Gdansk was
a rapidly growing economic centre. Its lo-
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cation on the southern shore of the Baltic
Sea (Gdansk Bay) at the estuary of River
Vistula ensured numerous business con-
tacts. Vistula was used to float commod-
ities made in Poland and neighbouring
countries down to the Baltic Sea. The
sea, in turn, offered trade opportunities
with Scandinavian, German and other
merchants. Gdansk’s membership in the
Hanseatic League, a commercial confed-
eration of market towns, brought enor-
mous profits and an economic boom.
Still, the city’s geographic and commer-
cial position had both benefits and draw-
backs; the latter included constant expo-
sure to epidemics brought by incoming
vessels. In the 15" century, there were
6 to 7 outbreaks of the plague in the city
(source documents reveal varying num-
bers): once or twice at the beginning of
the century, and every 10 to 14 years by
1450. A substantial decline in population
was reported in 1464. In that year, 5800
people, i.e. 19% of the then residents of
Gdansk, died of the plague. Various his-
torical sources contain accounts of that
wave of the pandemic. In 1463, before
reaching Gdansk, it struck the Neth-
erlands (towns and villages), Cologne,
Braunschweig, and then Salzburg (the
Holy Roman Empire). In 1465 it spread
to Saxony, Hamburg, Libeck, followed by
Prussia and Gdansk. The plague returned
to Gdansk 4 to 5 times in the following
two centuries. In 1564, it killed more
than 23,000 people, which amounted
to 30% of the city’s population. The last
wave of the epidemic in Gdansk was re-
corded in 1709, but at that time it took
the greatest number of lives in the city’s
history: Gdansk lost approximately 40%
of its population. Of the 24,535 deaths
reported at that time, 90% were due to
the plague (Kizik 2012; Mozejko 2012;
Trzoska 2012).

Many DNA studies have confirmed
long-term persistence of Yersinia pestis in
Europe, along with the pathogen’s genet-
ic diversity (Bos et al. 2016; Seifert et al.
2016; Klunk et al. 2019; Morozowa
et al. 2020).

In 2017, Morozowa et al. were the
first to confirm the presence of the plague
caused by 15%/16% century Yersinia pes-
tis bacterium in Gdanisk in DNA tests.
Three years later, using '“C carbon, the
dating of bone samples tested for the dis-
case was refined to the years 1425-1469.
In addition, rat bones were discovered
among plague-altered human remains.
DNA tests helped determine that the
bones belonged to the black rat species
(Rattus rattus). In this way, a potential
animal reservoir of the plague in late me-
diaeval Europe was identified (Morozowa
et al. 2020).

In the past, a contagious and deadly
disease such as the plague was a power-
ful population size regulator. Historians
often emphasize the extremely high mor-
taliy caused by the plague. Nevertheless,
its detailed demographic outcomes have
been scantily examined.

Generally speaking, as pointed out by
various palaeodemographers, mortality
patterns in historical human popula-
tions reveal a high degree of uniformity.
It is characterised by a remarkably high
death rate for small children, especially
infants, a clear drop in mortality among
adolescents, and a gradual increase in
the number of deaths among adults.
This type of mortality pattern is referred
to as attritional mortality. Its has its re-
verse in catastrophic mortality, a pattern
emerging in the course of sudden, dra-
matic events such as an epidemic, hun-
ger, natural disaster etc. and manifests
itself by a relatively short mortality cri-
sis, in which all age groups are exposed
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to elevated risk of death. In a catastroph-
ic mortality profile, the likelihood of
death for all individuals is approximate-
ly equal. Accordingly, it should reflect
the age structure of a living population
(Paine 2000; Gowland and Chamber-
lain 2005; Chamberlain 2006). With re-
gard to the plague, it has been discussed
whether it killed people indiscriminately
or selectively, depending on age and sex.
Attempts were made to attribute such
differences to health, as expressed by
the severity of various stress markers on
bones. However, the results presented by
researchers are inconclusive. Some au-
thors report differences in mortality rate
for men and women during the plague
(Hollingsworth and Hollingsworth 1971;
Scott et al. 1996; De Witte 2009; 2010;
Curtis and Roosen 2017), while others
do not point to such relationships (Wal-
dron 2001-02; Kacki 2017; Bramanti et
al. 2018). Certain researchers claim that
the plague caused deaths regardless of
age (De Witte 2010; Kacki 2017; Bra-
manti et al. 2018), while others found
marked differences in the distribution
of mortality between the deceased from
epidemic and non-epidemic graveyards,
sometimes indicating clearly catastroph-
ic mortality patterns due to the plague
(Hollingsworth  and  Hollingsworth
1971; Prechel 1996; Scott et al. 1996;
Margerison and Knusel 2002; Gowland
and Chamberlain 2005).

The aim of the present work was
to evaluate the biodemographic effects
of the plague epidemic on the basis of
ossuary material from 15%/16% cen-
tury Gdansk. Mortality profiles in the
plague-stricken city were compared to

non-epidemic mortality in early medi-
aeval Gdansk (Pudlo 2016) and mortal-
ity reported for a mass grave of plague
victims in the 14* century Liibeck (Pre-
chel 1996; Pudto 2012). The assessment
also included the rate of natural increase
and life table parameters. Diseases, es-
pecially epidemics such as the plague
have been a significant modifier of gene
pool changes and the condition of a pop-
ulation, and as such they constitute
a crucial (and previously basic) factor
in human microevolution. Therefore,
this article is also aimed at determin-
ing the opportunity for natural selection
in the analysed Gdansk population from
the early modern period.

Material and methods

Human bone remains used in this study
derived from Ossuary 3009 - one of the
ossuaries discovered during archaeologi-
cal excavations in Dominikanski Square
in Gdansk. Work at the site was carried
out by the Archaeological Museum in
Gdansk in the years 2009-2011 (Szysz-
ka 2017). The bones collected from the
ossuaries were subjected to multi-dis-
ciplinary analyses in fields such as ar-
chaeology, anthropology and history.!
Ossuary 3009 was related to the the
church/monastery compound, which
consisted of St. Nicholas’s Church and
the Dominican Monastery. Both the
church and the monastery were built in
the mid-14% century. The Dominicans
stayed there until 1813, when the mon-
astery was destroyed by Russian artillery
fire during Napoleonic wars, and subse-
quently pulled down. The church func-

1 Results of anthropological, archaeological and historical studies were analysed in interdisciplinary re-

search under the project co-financed by the Ministry of Culture and National Heritage from the funds

of the “Cultural Heritage” Program, Priority: “Protection of archaeological relics” (grant no. 04695/16).
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tions to this day (Szyszka 2017). The
bones from Ossuary 3009 were deposit-
ed in a pit dug in the cloister garth, un-
der the eastern wall of the lavatory. The
ossuary was dated to the 15%/16% centu-
ries by means of archaeological methods
(the period when the lavatory was built,
metal artefacts discovered during bone
exploration) (Szyszka 2017; Trawicka
2017).

Skeletal material from the ossuary
was radically mixed and the bones were
laid down without any anatomical or-
der (Figure 1). The ossuary was special
in terms of the way in which the bones
had been treated. Substantial amounts
of lime were found in it, almost entirely
covering the upper layer of the bones.

Fig. 1. Ossuary 3009. Photo. M. Szyszka.

As a result, some skeletal material that
reacted with lime was severely damaged,
which prevented its use in the study.

The determination of the exact size of
the ossuary proved impossible, as the ar-
chaeological survey at the site was per-
formed as a rescue excavation, hence its
limited scope. Nevertheless, it provided
valuable information on the history of
Gdansk.

Ossuaries offer unique and particu-
larly challenging material for anthropo-
logical reconstruction. Due to the accu-
mulation of loose and mixed bones in
Ossuary 3009, the first step of anthro-
pological analysis was to determine the
number of individuals buried at the site.
The details of the analysis are present-
ed in a separate publication (Pudlo et al.
2017). All of the bone types unearthed at
the site were subjected to in-depth anal-
ysis. They were assessed in terms of their
original location within the skeleton,
body side (right- or left-hand), as well as
their condition, size, shape, colour, age
and sex of the individual, if permitted
by the extant diagnostic features. In ad-
dition to main bones (frontal, occipital,
temporal, mandibular, humeral, pelvic,
femoral, tibial), the analysis involved
smaller bones, such as vertebrae, clavi-
cles, forearm bones, fibular bones, ster-
num, ribs, and bones of the palm and the
foot. A total of 11,578 bones were exam-
ined, of which 72% were main bones and
38% small bones. Over 90% of them be-
longed to adult individuals, 9.4% to chil-
dren, and only 0.5% to adolescents. The
right- and left-hand side of the body were
represented by similar number of bones.
The most common bone fragments pres-
ent in the material were used to estimate
the so-called minimum number of indi-
viduals (MNI) (Szczepanek 2013). Since
femoral bones are the longest and strong-
est parts of the skeleton (Bochenek and
Reicher 1990; White and Folkens 2005),
they are usually best-preserved in the
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material from excavations. The MNI for
Ossuary 3009, estimated on the basis
of (left) femoral bones, indicates that it
contained the remains of at least 715 in-
dividuals. Interestingly, femoral bones
were also the largest extant bone group
in other ossuaries, providing the basis
for determining MNI (Henneberg and
Henneberg 2002, 2006; Georges 2007;
Rost 2011; Szczepanek 2013; Blanchard
et al. 2014).

Sex and age was determined on the
basis of several types of bones. For this
purpose, we used a set of diagnostic fea-
tures commonly applied in anthropology.
The research methods were discussed in
the aforementioned publication, which
also cites relevant literature (Pudlo et al.
2017). The age of individuals with less
precise features were estimated as mem-
bers of relevant age categories accord-
ing to mortality sequence. Sex was suc-
cessfully determined for 140 men and
92 women. The remains of 283 individ-
uals (37 children and 246 adults) were
ultimately considered suitable for paleo-
demographic analyses.

The deceased were grouped by age on
the basis of estimated age at death, both
for the entire material and separate-
ly for adult men and women. Regression
curves for changes in death rate across
ages (trend lines) were also introduced
to emphasize the shape of mortality dis-
tributions generated in this manner. In
addition, cumulative mortality distri-
butions depending on age at death were
also created. In order to find whether
they could be considered catastrophic
or attritional, distributions for early me-
diaeval Gdansk (Pudlo 2016) and 14"
century Liibeck (Prechel 1996) were pre-
pared on the basis of data available from
publications. The early mediaeval grave-
yard in Gdansk dated from the mid-10"

century to 1227 represents pre-epidem-
ic mortality profiles. The material from
Liibeck includes victims of the Black
Death from a mass grave at the city’s
Holy Spirit Hospital. Differences be-
tween distributions were compared by
means of the Kolmogorov-Smirnov test
(Blalock 1997).

Death rates in successive age catego-
ries were also used to create life tables.
The tables were used for two model situ-
ations: the stationary population model,
using the classical Halley method (Acsadi
and Nemeskéri 1970) and the stable pop-
ulation model, adjusted for a non-zero
value of natural increase (Pressat 1966;
Holzer 1999).

Natural increase estimation for
pre-historic and early historical popu-
lations is very difficult and challenging.
The rate of natural increase corresponds
to the difference between the number of
births and deaths at a given time and
place, and is standardised for popula-
tion size. If death rate is the only reli-
able indicator, we may merely attempt
to reconstruct the value of natural in-
crease. In the present study a number
of life tables were created for various
model assumptions (different numbers
of children per woman at the end of the
reproductive period and different natu-
ral increase levels). Life tables built in
this way were juxtaposed with Weiss’s
model life tables (1973). The table clos-
est to the model was selected as the
most representative one. In this way
the most likely value of natural increase
was determined.

As previously mentioned, the ossu-
ary contained the remains of very few
children. Insufficiency of child bones in
skeletal material from excavation sites is
a common issue. In this study the prob-
able number of children in the ossuary
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was reconstructed according to the for-
mula proposed by Henneberg (1977):

2R,
d,,, =1-
0-14 [Rmeo]

where d |, is the death rate at a pre-re-
productive age, R, is the net reproductive
rate, R is the potential gross reproduc-
tive rate, and U, is the number of chil-
dren per woman after the reproductive
period. It was assumed that an average
woman from the analysed population
gave birth to 5 or 6 children.

The potential gross reproductive rate
R, isone of the measures of the opportu-
nity for natural selection by varied mortal-
ity (Henneberg 1975; 1976). It is a com-
bination of death rate among adults from
successive age categories (from age 15 up to
and including the age of the oldest individ-
ual in the group, ) and the so-call repro-
ductive loss rate s . The s_comes from the
“fertility archetype” for non-Malthusian
populations, in which reproduction occurs
according to the natural fertility regime. It
stands for the likelihood of an individual
aged x not having the total number of chil-
dren. The potential gross reproductive rate
is expressed by the formula:

R, =1—idxxsx

x=15

Its value ranges from O to 1. It is a compo-
nent of the biological state index I, (Hen-
neberg and Piontek, 1975; Henneberg
1976; Stephan and Henneberg 2001):

I, :I—Z:dxxsx

The structure of the index is the same
as the structure of R and its value also

ranges from 0 to 1. However, it includes
both adult and child death rates. The in-
tensity of natural selection is inversely
proportional to the value of the index.
Last but not least, the intensity of natu-
ral selection only among children is meas-
ured by Crow’s I (1958). It stands for the
proportion of children who did not survive
until the reproductive age (P)) to the chil-
dren who reached the reproductive age (P):

In life table categories, it corresponds
to the proportion of the fraction of indi-
viduals deceased at a pre-productive age
(d,,,) to the fraction of individuals who
reached the age of 15 (I ).

All calculations were performed by
means of a standard Microsoft Excel 2016
spreadsheet, in which the authors of this
study wrote their own subroutines. Life
table parameters were computed using
proprietary software “Population dynam-
ics modelling for anthropological situa-
tions” by Maciej Henneberg and Martyna
Steyn, developed for the purposes of their
publication (Henneberg and Steyn 1994).
The software was also applied to deter-
mine errors in life expectancy e _and 95%
confidence intervals for those values.

The significance tests in this study
were carried out with the use of one level
of significance p=0.05.

Results

Mortality distributions
Figure 2 shows age-at-death structure
for the individuals from Ossuary 3009
in early modern Gdanisk in comparison
with the corresponding structure from
a non-epidemic graveyard in early medi-
aeval Gdansk.
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Fig. 2. Distributions of deceased by age in Gdansk in the early Middle Ages and during the plague epidemic

(0ss. 3009, 15th-16th centuries).

One may easily notice a high degree of
similarity between the two distributions,
as indicated by the trend lines included.
Dominant age categories of the deceased
from both populations were as follows:
20-29.9; 30-39.9 and 40-49.9 years.
There were few children, individuals in

the Juvenis and persons aged above 60.
Slight differences between various age
categories from both populations were
not statistically significant. The equali-
ty of distributions was also confirmed by
cumulative mortality distributions (Fig-
ure 3).
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Fig. 3. Cumulative mortality distributions in Gdansk in the early Middle Ages and during the plague epi-

demic (oss. 3009, 15th-16th centuries).
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Adult-only mortality distributions were
also analysed (Figures 4-7) due to the
small size of fractions from both child cat-
egories, ranging from 5.6% to 7.5% of all
deceased, which may suggest the absence
of child remains at burial sites. Since
the threshold of adulthood and the start

40 1
35 1

30

of the reproductive age for historical pop-
ulations is conventionally set at the age of
15, adult-only distributions charts includ-
ed the 15-19.9 age category. Also in this
case their shapes proved similar. Figures 4
and 5 juxtapose age-at-death distributions
for men and women for Ossuary 3009.
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Fig. 4. Distributions of deceased men and women by age in Gdansk during the plague epidemic (oss. 3009,

15th-16th centuries).
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Fig. 5. Cumulative distribution of adult male and female mortality in Gdansk during the plague epidemic

(0ss. 3009, 15th-16th centuries).
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Peak death rate for both sexes was
present in the age category of 30 to 39.9
years. Formally speaking, women pre-
vailed in the higher age category, yet
the differences were statistically insig-
nificant (Figure 4). The similarity of the
mortality profile for both sexes is also
demonstrated by cumulative mortality

40 1

35

30

% 20 1

15 1

7=l
4 //’ N ]
25

distributions (Figure 5). No significant
differences in mortality for adults from
the ossuary and pre-pandemic early me-
diaeval Gdansk were observed, either
(Figures 6 and 7). In the light of Kol-
mogorov-Smirnov test, no statistically
significant difference between the two
distributions were found.

40 50 60

Years
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= Wielom. (Gdansk 15th-16th c..,0s5.3009)
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Fig. 6. Distributions of deceased adults by age in Gdansk in the early Middle Ages and during the plague

epidemic (oss. 3009, 15th—16th centuries).
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Fig. 7. Cumulative distribution of adult mortality in Gdansk in the early Middle Ages and during the plague

epidemic (oss. 3009, 15th-16th centuries).
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Nevertheless, such differences were
noticed between mortality profiles for
the Gdansk Ossuary 3009 and the 14
century mass grave in Liibeck. This
concerns both the entire population and
adults (Figures 8-11). All differences
between the distributions assessed by
the Kolmogorov-Smirnov test proved
statistically significant. In Lubeck, the
proportions of the deceased in consecu-

35

tive age categories were more even than
in Gdansk. In comparison to Gdansk,
the number of deaths was higher in
age categories such as Infans I and In-
fans II, and, above all, in the Juvenis
category. The Kolmogorov-Smirnov
test also showed statistically significant
differences across mortality profiles for
Lubeck and pre-pandemic Gdansk (10
to 13™ century).

30 40 50 60

Years

E=Gdaiisk 15th-16th c., 0ss.3009

CLiibeck, XTIV w.

——Wielom. (Gdansk 15th-16th c., 0s5.3009)
——Wielom. (Liibeck, XIV w.)

Fig. 8. Distributions of the deceased by age in Gdansk during the plague epidemic (0ss. 3009, 15th—16th
centuries) and in the ossuary of plague victims in Liibeck from the 14th century.
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Fig. 9. Cumulative mortality distribution in Gdansk during the plague pandemic in the 15th-16th centu-
ries (0ss. 3009) and in the ossuary of plague victims in Liibeck in the 14th century.



12 Alicja Budnik, Aleksandra Pudto
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Fig. 10. Distributions of the deceased adults by age in Gdansk during the plague epidemic (oss. 3009,
15th-16th centuries) and in the ossuary of plague victims in Liibeck from the 14th century.
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Fig. 11. Cumulative adults mortality distribution in Gdansk during the plague pandemic in the 15th-16th
centuries (0ss. 3009) and in the ossuary of plague victims in Libeck in the 14th century.

Natural increase reconstruction base table parameters calculated for in-
and life tables itial data assuming the stationary pop-

ulation model. One may easily notice

Life tables were created based on that in the two first age categories death
the mortality sequence discovered in rates for children are implausibly low
the analysed material. Table 1 contains and amount to only 13%. This trans-
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lates into overly “optimistic” values of
other parameters in the life table. For
example, the percentage of individuals
who survived until the age of 7 exceeded
94%, and reached almost 87% for those

who attained 15 years of age. Life expec-
tancy for a newborn e, was 33.6 years.
We shall return to the problem of insuf-
ficient child remains in excavation ma-
terials later on.

Table 1. Parameters of the basic life table for Gdansk from the 15th-16th centuries (oss. 3009)

Age D, d, I q, (per year) L, T, e c,
0 16 5.65 100.00 0.01 680.21 3358.73 33.59 20.25
7 21 7.42 94.35 0.01 725.09 2678.52 28.39 21.59
15 10 3.53 86.93 0.01 425.80 1953.43 22.47 12.68
20 63.29 22.36 83.39 0.03 722.10 1527.63 18.32 21.50
30 82.60 29.19 61.03 0.05 464.35 805.53 13.20 13.83
40 48.27 17.06 31.84 0.05 233.13 341.18 10.72 6.94
50 32.18 11.37 14.78 0.08 90.99 108.06 7.31 2.71

60-x 9.66 3.41 3.41 0.10 17.07 17.07 5.00 0.51

The next step involved the recon-
struction of the low number of children
in the ossuary. In this step, two following
scenarios were assumed: 1/ women from
the analysed population during their re-
productive period gave birth to six chil-
dren on average (U_=6), 2/ because of the
pandemic, reproductive dynamics was
lower and after the reproductive period,
a woman had on average five children
(U ,=5). The first scenario was already
discussed in a different study (Budnik,
Pudlo 2017). Table 2 presents values of

life table parameters re-calculated for
new age category durations. Table 3 con-
tains the values of life table parameters
calculated in the present study for U =5.
We can observe that the values of life ta-
ble parameters changed considerably af-
ter the adjustment for under-representa-
tion of children. Life expectancy values
for children e, fell by a statistically signif-
icant amount. Percentages of individuals
surviving until their adulthood dropped,
and infant mortality rate increased (Ta-
bles 2 and 3).

Table 2. Life table parameters for Gdansk from the 15th-16th centuries (0ss. 3009); stationary population

model, Uc = 6

Age D, d, I q, (per year) L, T, e, c,
0 184 36.29 100.00 0.05 572.98 2112.27 21.12 27.13
7 77 15.19 63.71 0.03 448.92 1539.29 24.16 21.25
15 10 1.97 48.52 0.01 237.67 1090.37 22.47 11.25
20 63.29 12.48 46.55 0.03 403.07 852.70 18.32 19.08
30 82.60 16.29 34.07 0.05 259.19 449.64 13.20 12.27
40 48.27 9.52 17.77 0.05 130.13 190.44 10.72 6.16
50 32.18 6.35 8.25 0.08 50.79 60.32 7.31 2.40

60-x 9.66 1.91 1.91 0.10 9.53 9.53 5.00 0.45
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Table 3. Life table parameters for Gdansk from the 15th-16th centuries (0ss. 3009); stationary population
model, U, =5

Age D, d, I q, (per year) L, T, e, c,
0 120.76 28.57 100.00 0.04 600.00 2426.42 24.26 24.73
7 55.92 13.23 71.43 0.02 518.52 1826.41 25.57 21.37
15 10 2.37 58.20 0.01 285.09 1307.89 22.47 11.75
20 63.29 14.97 55.83 0.03 483.47 1022.81 18.32 19.93
30 82.6 19.54 40.86 0.05 310.90 539.33 13.20 12.81
40 48.27 11.42 21.32 0.05 156.09 228.44 10.72 6.43
50 32.18 7.61 9.90 0.08 60.92 72.35 7.31 2.51

60-x 9.66 2.29 2.29 0.10 11.43 11.43 5.00 0.47

Estimated natural increase value (r)
was determined by the juxtaposition of
life tables prepared by the authors with
model tables by Weiss (1973) as well as
related biometric functions. The best fit
was obtained for negative value r=-0.005
both for U =5 and U =6. This natural
increase level corresponded to model ta-
bles MT:20.0-55.0 and MT:20.0-60.0,

assuming that U =5; and MT:20.0-
50.0, assuming that U =6. Figures be-
low present values of life expectancy
(e,), percentages of individuals surviving
until consecutive age categories (I ] and
percentages of individuals living in con-
secutive age categories (c ) against the
values from model tables (Figures 12, 13
and 14).
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Fig. 12. Life expectancy values e_in Gdansk from the 15th—16th centuries (oss. 3009) assuming r=-0.005
for U =5 (A) and U_=6 (B) against the model Weiss curves.
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Table 4 lists life table parameters for
the stable condition of population due to
the reconstructed value of natural increase
(r=-0.005) for U =5, in Table 5 for U =6.
Adjustments for a negative value of r led to
decreased values of I . This is particularly
noticeable where adjustment was made for
the number of children at the level of U =6
(Table 5). In this situation even 45% indi-

viduals did not survive until adulthood.
Life expectancy for a newborn did not
reach 20 years. The decline in e_in both
child age categories proved statistically sig-
nificant. Statistically significant were also
differences in e, and e, obtained for both
model scenarios, with the assumption that
a woman gave birth to five or six children

on average. Other e_values did not vary.

Table 4. Life table parameters for Gdansk from the 15th-16th centuries (0ss. 3009); stable population

model r=-0.005), U, =5

Age D, d, I q, (per year) L, T, e, c,
0 118.66 31.57 100.00 0.05 589.49 2264.38 22.64 26.03
7 52.92 14.08 68.43 0.03 491.08 1674.89 24.48 21.69
15 9.16 2.44 54.34 0.01 265.62 1183.81 21.78 11.73
20 55.84 14.86 51.91 0.03 444.77 918.19 17.69 19.64
30 69.31 18.44 37.05 0.05 278.27 473.41 12.78 12.29
40 38.52 10.25 18.61 0.06 134.81 195.14 10.49 5.95
50 24.43 6.50 8.36 0.08 51.06 60.33 7.22 2.25

60-x 6.97 1.86 1.86 0.10 9.28 9.28 5.00 0.41

Table 5. Life table parameters for Gdansk from the 15th-16th centuries (oss.

model (r=-0.005), U =6

3009); stable population

Age D, d, I q, (per year) L, T, e, c,
0 180.80 39.48 100.00 0.06 561.80 1953.85 19.54 28.75
7 72.87 1591 60.52 0.03 420.47 1392.05 23.00 21.52
15 9.16 2.00 44.60 0.01 218.00 971.58 21.78 11.16
20 55.84 12.19 42.60 0.03 365.04 753.58 17.69 18.68
30 69.31 15.14 30.41 0.05 228.39 388.54 12.78 11.69
40 38.52 8.41 15.27 0.06 110.64 160.16 10.49 5.66
50 24.43 5.33 6.86 0.08 41.90 49.52 7.22 2.14

60-x 6.97 1.52 1.52 0.10 7.62 7.62 5.00 0.39

Due to the lack of possibility to de-

termine sex in the case of many child
remains, sex-dependent differences in
survivability were characterised only for
adult individuals. Tables below present
life table parameters for men (Tables
6 and 8) and women (Tables 7 and 9).

With the exception of the survivability of
40-year-olds, no statistically significant
differences in values of life expectancy
were found. Value e,, was significantly
greater in men than in women, both in
stationary and stable population model
for r=-0.005.
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Table 6. Parameters of life table for men from Gdansk from the 15th-16th century (oss. 3009); stationary
population model

Age D, d, I q, (per year) L, T, e c,
15 6 4.29 100.00 0.01 489.29 2269.07 22.69 12.98
20 35.59 25.42 95.71 0.03 830.04 1779.79 18.59 22.02
30 49.2 35.14 70.29 0.05 527.21 949.75 13.51 13.99
40 20.94 14.96 35.15 0.04 276.71 422.54 12.02 7.34
50 21.99 15.71 20.19 0.08 123.39 145.82 7.22 3.27

60-x 6.28 4.49 4.49 0.10 22.43 22.43 5.00 0.60

Table 7. Parameters of life table for women from Gdansk from the 15th-16th century (oss. 3009); station-
ary population model

Age D, d, I q, (per year) L, T, e, c,
15 3 3.26 100.00 0.01 491.85 2204.67 22.05 13.28
20 24.08 26.17 96.74 0.03 836.52 1712.83 17.71 22.58
30 29.32 31.87 70.57 0.05 546.30 876.30 12.42 14.75
40 26.18 28.46 38.70 0.07 244.67 330.00 8.53 6.60
50 6.28 6.83 10.24 0.07 68.26 85.33 8.33 1.84

60-x 3.14 3.41 3.41 0.10 17.07 17.07 5.00 0.46

Table 8. Parameters of life table for men from Gdansk from the 15th-16th century (oss. 3009); stable pop-
ulation model (r=-0.005)

Age D, d, I q, (per year) L, T, e, c,
15 5.50 4.73 100.00 0.01 488.17 2195.32 21.95 13.21
20 31.40 27.04 95.27 0.03 817.46 1707.15 17.92 22.12
30 41.28 35.55 68.23 0.05 504.49 889.69 13.04 13.65
40 16.71 14.39 32.67 0.04 254.76 385.20 11.79 6.89
50 16.69 14.38 18.28 0.08 110.92 130.44 7.14 3.00

60-x 4.53 3.90 3.90 0.10 19.52 19.52 5.00 0.53

Table 9. Parameters of life table for women from Gdansk from the 15th-16th century (oss. 3009); stable
population model (r=-0.005)

Age D, d, I q, (per year) L, T, e, c,
15 2.75 3.59 100.00 0.01 491.02 2146.03 21.46 13.47
20 21.24 27.76 96.41 0.03 825.28 1655.01 17.17 22.63
30 24.60 32.15 68.65 0.05 525.71 829.74 12.09 14.42
40 20.89 27.30 36.50 0.07 228.44 304.02 8.33 6.27
50 4.77 6.23 9.19 0.07 60.77 75.58 8.22 1.67

60-x 2.27 2.96 2.96 0.10 14.81 14.81 5.00 0.41
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The structure of the living popula-
tion was also reconstructed on the basis
of the number of deceased from Ossuary
3009. Percentages of individuals living
in consecutive age categories (c | are
contained in Tables 1-9. The youngest
children were the most numerous frac-
tion among the living, followed by chil-
dren from the 7-14.9 years of age cate-

gory. Individuals aged 20-29.9 were the
most sizeable category among adults.

Opportunity for natural selection
through varied mortality

Values of natural selection measures
were calculated for each model situation
in this study (Tables 10).

Table 10. Measures of opportunity for natural selection through differential mortality in Gdansk from

15th-16th century (oss. 3009)

m

Stationary population model

U=5 0.718
U.=6 1.061
Stable population model (r=-0.005)

U=5 0.840
U=6 1.242

Ib.\ ant
0.400 0.687
0.334 0.687
0.366 0.673
0.300 0.673

The introduction of a negative natural in-
crease value brought about a slight drop in
biological state index I, , gross reproduc-
tive potential ratio R and an increase in
Crow’s I . Values of Crow’s I fluctuat-
ed around 1, which suggests considerable
force of natural selection against children.
Quite striking are also low I, levels, rang-
ing from only 0.3 to 0.4, and reduced R ,

values, which did not reach 0.7.
Discussion

This study analysed biodemographic ef-
fects of the plague pandemic found in the
ossuary material from 15% and 16% cen-
tury Gdansk. As previously mentioned,
the fact that the plague occurred is con-
firmed not only on the basis of histori-
cal accounts, bone remains dating and
a unique type of burial, in which the
remains were covered with a thick layer
of lime, but also based on genetic tests.

The latter revealed the presence of the
DNA of the plague bacterium, i.e. Yersin-
ia pestis, in bone remains. What is more,
partial reconstruction of the genome of
Yersinia pestis from the remains of the rat
discovered in the ossuary among human
bones supplied novel information on nat-
ural sources of the disease and the way in
which it spread over Europe (Morozowa
et al. 2017; 2020).

A dangerous, acute and extremely con-
tagious disease with high death rate, the
plague was capable of causing catastrophic
mortality. Catastrophic mortality profiles
have been previously reported by many
authors. For example, the graveyard of the
victims of the Black Death at Royal Mint
in London, dating to 1349. Age-at-death
distributions for the deceased from the
graveyard were starkly different from the
distributions from various non-epidemic
graveyards and model profiles for attri-
tional mortality (Margerison and Kniisel
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2002; Gowland and Chamberlain 2005).
In addition, Gowland and Chamberlain
(2005) confirmed the catastrophic distri-
bution for the remains from Royal Mint
using Bayesian statistics. They analysed
mortality distributions according to the
age of adult individuals and concluded
that all age groups had been equally affect-
ed by the plague. The Penrith graveyard
in England, where distributions from the
plague period in 1597 and 1598 were com-
pared with pre- and post-pandemic mor-
tality distribution, could also be described
as catastrophic. A dramatic rise in mortal-
ity rate in all age categories was reported
during the epidemic, especially in children
and individuals aged 15 to 44 (Scott et
al. 1996; Scott and Duncan 2001). Final-
ly, in a cluster of Black Death victims in
mid-14® century Liibeck, a clear peak in
the number of catastrophic deaths among
children, adolescents and adults aged 20
to 30 was discovered (Prechel 1996). Al-
though recent aDNA studies of some
bones from this archaeological site suggest
an outbreak of entheric paratyphoid fever
rather than plague (Haller et al. 2021), the
fact is that the plague was affecting Liibeck
at that time and the mortality distribution
there is clearly catastrophic.

In order to determine the character
of mortality in the analysed osteological
material, mortality distributions of indi-
viduals buried at the ossuary were eval-
uated. The intention was to ascertain
whether the plague was selective in terms
of age and sex. It has been repeatedly sug-
gested in the literature of the subject that
the plague did not kill indiscriminately;
rather, it affected people at a specific age
or of a given sex to a greater extent. As ob-
served by Sharon De Witte (2010), most
contemporary populations display dif-
ferences in incidence and mortality rate
depending on sex, and those differences

tend to favour women. De Witte exam-
ined material from the East Smithfield
Black Death cemetery in London and
found that the proportion of deceased
men to deceased women was 1.37:1.00,
which means that most victims were
male. Higher male mortality rate during
the following plague event in London in
1603 was also reported by Holingsworth
and Holingsworth (1971). In their study,
the men-to-women ratio was 1.29 to 1.00
(0.89 to 1.00 before the plague). Holing-
sworth and Holingsworth concluded that
excessive male mortality during the pan-
demic was attributable to lifestyle and
social habits, greater mobility and low-
er standards of hygiene of the body and
attire. In contrast, Curtis and Roosen
(2017), studying plague victim records in
southern Netherlands, found that both
the epidemic from 1349-1351 and sub-
sequent recurrent epidemic events until
1450 killed more women than men. In
non-epidemic years, both in cities and
villages, male deaths prevailed: male
to female death ratio was respectively
1.20:1.00 and 1.17:1.00. In the years of
the epidemic it dropped to 0.89:1.00 in
cities and 0.95:1.00 in villages. Female
deaths were also dominant in Penrith
(England). The proportion between the
sexes among plague victims was 1.37:1.00
to women'’s disadvantage, whereas before
and after the epidemic it corresponded to
a generic 1.00:1.00 (Scott et al. 1996).
There were more adult men than
women in our material, with the propor-
tion of 1.52:1.00. Still, this does not have
to be indicative of selective mortality due
to the plague. Note that the proportion of
men to women had already been strong-
ly distorted in pre-pandemic Gdansk and
significantly diverged from the normal,
given as 1.00:1.00. It was 1.70:1.00 in
the early Middle Ages, and as much as
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2.47:1.00 in the late Middle Ages (Pudto
2016). It seems logical that a harbour and
commercial city like Gdansk attracted
crowds of men from Poland and overseas.
Female and male mortality distributions
(Figures 4 and 5) obtained in this study
do not differ to a statistically significant
extent. They also do not vary significant-
ly from adults mortality distributions in
pre-pandemic Gdansk (Figures 6 and 7).
Although formally the percentage of
women who died at the age of 40 to 49.9
years was larger than men, such excessive
mortality may have been due to com-
plications during pregnancy, birth and
confinement in the final phase of the re-
productive period. As late as the 19 cen-
tury, in rural Greater Poland nearly Y4 of
women in the reproductive age died after
childbirth, and the percentage increased
with age (Budnik 2005). The equality of
mortality distributions between individu-
als from Ossuary 3009 and early medi-
aeval Gdansk was also obtained for the
entire population (Figures 2 and 3). The
extremely low percentage of child deaths
is a striking phenomenon in both groups.
Underrepresentation of child remains in
osteological material is a quite frequent
phenomenon, due to various reasons.
A key role is played by taphonomic pro-
cesses, leading to quick decomposition
of delicate bones due to their chemical
structure (considerable organic content).
Inhumation rites and the manner in
which bones are excavated are also of sig-
nificance (Krenz-Niedbata 2008; Budnik
and Henneberg 2009; Pudio 2016; Bud-
nik and Pudlo 2017). The two last rea-
sons could be vital with regard to the ma-
terial analysed in this study. Generally,
ossuaries are secondary mass graves, in
which human remains transferred from
another location were placed. Some bones
could have been easily “lost” in the course

of such activities, involving intentional
selection due to limited burial space or by
accident. In any case, one cannot see any
excess infant mortality like the one in the
Black Death ossuary in Liibeck (Prechel
1996) or other burial sites representative
of catastrophic mortality (e.g. Gowland
and Chamberlain 1996; Scott et al. 1996;
Margerison and Kniisel 2002).

Certain researchers suggest that the
plague was selective for health. Excess mor-
tality caused by the plague was attributed
to certain physiological stress markers in
bones. It was reported that previous stress
increased risk of death during the pandem-
ic (De Witte 2009, 2010a; Crtis and Roos-
en 2017). It seems that this does not hold
true for the analysed ossuary. Kozlowski et
al. (2017) concluded that in the analysed
ossuary non-specific stress markers such
as cribra orbitalia occurred less frequent-
ly than in other, later Gdansk ossuaries.
Moreover, there were fewer cases of tooth
decay, degenerative alterations in the spine
and joints. Based on palaeopathological
studies, the authors made a careful sugges-
tion that the material was characterised by
a relatively low frequency of most of the
analysed pathological alterations. Few al-
terations were also reported for pre-pan-
demic Gdansk: not only was the level of
physiological stress markers such as cribra
orbitalia or enamel hypoplasia low, but the
degree of sexual dimorphism in stature
and other morphological traits was high,
indicating absence of intense environmen-
tal and cultural stressors. In addition, if we
consider no significant differences in male
and female diets and lack of severe lesions
in the mastication apparatus and other
systems, the claim that living conditions
and health of the inhabitants of mediaeval
Gdansk were relatively good compared to
other mediaeval populations seems justi-
fied (Pudto 2016).
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This would partly explain why the
mortality profile reported for the 15%/16®
century ossuary was attritional rather
than catastrophic. This explanation is
confirmed by the absence of significant
differences in mortality distributions for
the ossuary and for population from early
mediaeval Gdansk, as well as the absence
of such differences in comparison to
mortality distributions from Libeck (Fig-
ures 8-11). Some mortality distributions
for the plague epidemic obtained by other
authors seem to confirm that a non-cat-
astrophic mortality model in the case of
the plague is possible. De Witte (2010 b)
concludes that in spite of its destructive
nature the disease generated mortality
patterns which were not entirely differ-
ent from those characteristic of normal,
non-epidemic mortality in the Middle
Ages. This finding is in line with Kacki
(2017) and Bramanti et al. (2018), who
did not observe any selectiveness for var-
ious biological traits in the plague’s vic-
tims, which means that the plague killed
indiscriminately, regardless of age, sex
and health.

It also seems that the attritional mor-
tality profile of Ossuary 3009 may be
due to other factors. The ossuary has
a wide dating range. Although *C dat-
ing of bone samples from Gdansk ex-
amined for plague traces was refined to
the period from 1425 to 1469 (Morozo-
wa et al. 2020), it relates to only some
bones. Archaeological dating is very wide
and includes, as previously mentioned,
the 15" and the 16" centuries. We may,
thus, reasonably expect that the ossuary
may have contained bones of plague vic-
tims, as well as individuals deceased in
non-epidemic periods.

This scenario would account for other
results obtained in biodemographic and
genetic analyses. Since mortality profiles

found for early modern Gdansk were not
catastrophic, it seemed advisable to re-
construct the number of children miss-
ing from the ossuary. The reconstruction
method applied was based on mortality
distribution for adults, reproduction pat-
terns characteristic of non-Malthusian
populations, reproductive rate and the
number of children per each woman after
the end of the reproductive period (Hen-
neberg 1977). Following the adjustment,
the probable number of children in the
ossuary should range from 41.80% to
51.48% of all deceased individuals, de-
pending on whether we assume that an
average woman who survived until the
end of her reproductive period had five
or six children (U =5 or U, =6). Based
on this reconstruction of the number
of the deceased, life tables were created
for the stationary population model and
stable population model due to a non-ze-
ro natural increase value. Determining
natural increase solely on the basis of the
number of deceased individuals from con-
secutive age categories is considerably dif-
ficult, often impossible. For this purpose
Weiss’s (1973) model tables were used in
this study. As previously mentioned, the
best fit between the authors’ life tables
and model tables was obtained for natu-
ral increase r=-0.005. Here, a remarkably
good fit was obtained with Weiss’s MT
20.0-55.0 and MT 20.0-60.0, assuming
that U =5, and MT 20.0-50.0, assum-
ing that U =6 (Figures 12-14). A slight-
ly negative value of natural increase in
epidemic conditions may be surprising.
Note, however that the value probably
results from natural movement during
epidemic and non-epidemic periods.
Also, we do not know which type of the
plague was prevalent in the population.
As mentioned in the introduction, not
every form of the disease was equally
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virulent, yet, overall, in the age of insuf-
ficient medical knowledge and no anti-
biotics, all of its forms were dangerous.
Furthermore, some authors pointed to
the possibility of achieving a certain de-
gree of immunity by population who had
previous contact with the disease, as well
as potentially reduced virulence due to
changes occurring in the pathogen over
time (Ampel 1991; Gowland and Cham-
berlain 2005). Historical accounts reveal
that the plague struck Gdansk as early
as the mid-14" century and kept return-
ing in later periods (Kizik 2012; Mozejko
2012; Trzoska 2012).

Negative natural increase translat-
ed into altered life table values. In par-
ticular, life expectancies e dropped. For
example, a newborn'’s life expectancy e,
decreased to 22.64 or even 19.54 depend-
ing on the model assumptions (U =5 or
U, =6). Mean life expectancy of a 20-year-
old was 17.7 years. The conventional
threshold of adulthood (fifteenth year
of life) was reached by 44.6% to 54.3%
of individuals, and only slightly over 7%
of people survived until their 50 year of
life (Tables 4 and 5). Such low natural in-
crease led to the situation in which all e_
values, except for e, and e, proved sta-
tistically insignificant regardless of the
assumed model scenario. Finally, the au-
thors’ analyses reveal a population which
could be placed within the lower limits
of many mediaeval populations (Gejval
1960; Henneberg and Strzatko 1975;
Henneberg and Puch 1989; KaZmiero-
wska 1989 [1990]; Budnik et al. 2004,
Budnik, Fiszer, Biatas 2009; Budnik and
Henneberg 2009; Koztowski 2012; Pudlo
2016). Life expectancy for a newborn in
early mediaeval Gdansk was slightly over
22 years, and less than 17 years for an
adult individual in the Adultus age cate-
gory (Pudto 2016). In early mediaeval Es-

penfeld (Germany), a newborn could be
expected to live 19 years on average, and
a 20-year-old only less than 15.5 years
(Bach and Bach - qtd. in: Henneberg and
Strzatko 1975). For the Swedish Wester-
hus graveyard dated to the 11%/mid-14%
century, corresponding values amount-
ed to e,=19.9 years, and e, ,=21.1 years
(Gejval 1960). For the early mediaeval
site Dziekanowice 22, assuming the sta-
tionary population model (e =19.9 years;
e,,=17.4 years), albeit after adjustment
for positive natural increase, the values
rose by several years (e =25.4 years;
e,,=19.4 years; Budnik et al. 2004).

In modern times we often notice
an extension of human life expectancy.
This does not concern only the values
of newborn life expectancy, which for
a long time, due to immense infant mor-
tality, were incredibly low. Nevertheless,
successive e_values increased marked-
ly. Although no clear improvement can
be seen in 18%" century Gdansk ossuar-
ies (a newborn had 22 years of life re-
maining, and a 20-year-old nearly 17.5
to 20.5 years; Budnik, Pudio 2017), ex-
amples such as Posada Rybotycka from
17%/18® century reveal e, rising to 24.5
years, Jaksice from the 15%/18% centu-
ry show that the value went up to reach
25.9 years, and in Staboszewo, dated to
the period from the second half of the
14™ century to the first half of the 17®
century, the value increased to 27 years
(authors’ own calculations based on:
Piontek and Malinowski 1976; Piontek
1977; Piontek 1981). Therefore, the
impact of the plague was also visible in
our results for Ossuary 3009. We may
speculate whether low values reported
for the Gdansk ossuaries from the 18®
century were affected by the last wave
of the pandemic, which reached Gdansk
in 1709.
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A similar picture emerges from the
analysis of opportunity for natural se-
lection (Table 10). A striking feature are
extremely low values of biological state
index I, ranging from 0.3 to 0.4. This
means that only 30% to 40% individ-
uals in the analysed population were
well-adapted to the environmental and
cultural conditions and reached reproduc-
tive success, passing on their genes to the
next generation’s gene pool. As many as
60% to 70% individuals did not have this
opportunity; they had been eliminated
along with their genetic outfit by natural
selection. Low I, values were caused by
high child mortality rate. Intensive natu-
ral selection among children is confirmed
by relatively high Crow’s I values. How-
ever, natural selection worked not only
against children, but also, to a lesser ex-
tent, against adults. Values of potential
gross reproductive rate R, demonstrate
that reproductive success. was achieved
by less than 70% adults, and 30% were
eliminated by natural selection. The situ-
ation observed in Ossuary 3009 was typ-
ical of human populations for an exceed-
ingly long time (Piontek 1979; Budnik
and Henneberg 2009). Undoubtedly, epi-
demic infectious diseases which troubled
humans could have been a key selective
factor. For 15% to 16% century Gdansk,
this was the plague.

Conclusions

The conclusions arising from the above
analyses could be summarised as follows:
1. Mortality profiles in the material did
not reveal a clearly catastrophic charac-
ter. Age-at-death distributions approx-
imate those for pre-pandemic Gdansk
and do not differ statistically from
the latter. However, they do differ sig-
nificantly from catastrophic distribu-

tions for plague-stricken 14% century
Liibeck. The authors found no selec-
tiveness of the disease for sex or age of
the victims. The shape of distributions,
approximating that of non-epidemic
ones, were probably due to a wide pe-
riod of time to which the ossuary was
dated (15" to 16™ century). As a con-
sequence, apart from individuals who
were clearly plague victims, as con-
firmed by DNA tests, the ossuary could
have also contained remains of people
buried in non-pandemic periods.

. The mixed epidemic/non-epidem-

ic character of the ossuary seems to
be confirmed by the value of natu-
ral increase. It was reconstructed at
r=-0.005 according to Weiss’s model
tables. The value is only slightly neg-
ative, yet not exceptionally low, which
could be expected from an epidem-
ic-only ossuary given the plague’s no-
torious virulence and high death rate.

. Negative natural increase had its ef-

fect in slightly worsened life table pa-
rameters, especially with regard to life
expectancy e . They approached val-
ues typical of the Middle Ages rather
than the early modern period. Note,
however, that the adjustment for nat-
ural increase only resulted in radically
lower e_ values only for children. Dif-
ferences in other e _values proved sta-
tistically insignificant. In the analysed
material, the effect of the plague, al-
though undoubtedly marked, was not
dramatic.

. Measures of opportunity for natu-

ral selection calculated in this study
dropped slightly as a result of negative
natural increase. However, they were
generally contained within the limits
typical of early historical populations.
The edge of natural selection affected
mostly children. This is confirmed by
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low values of biological state index I,
and increased levels of Crow’s I . Nat-
ural selection worked against adults,
too, although to a smaller extent. This
finding is supported by reduced values
of potential gross reproductive rate
R The above picture is common for
many historical populations. Undoubt-
edly, the plague acted as an important
pool gene regulator, a tool of natural se-
lection in the analysed group. Still, one
must not exclude various socio-cul-
tural factors related to the capabilities,
organisation and living conditions re-
lated to life in a rapidly growing early
modern harbour city.
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