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Abstract

The article represents the results of study of an exceptional collection of coprolites recovered at the Serteya II and
Duborkay V wetland settlements (Dnieper-Dvina region, NW Russia), assigned to ca. 4200—2200 cal BC. The research
summarizes results of paleoparasitological analysis, micro computed tomography, macroremains, faunal analysis and
spatial investigation. This whole set is regarded diachronically to address seasonality of sites occupation by local hunter-
fisher-gatherers groups, their dietary patterns, and a range of zoonotic parasite infections for specific time periods and
within a wider cultural and chronological frame. Given scarcity of human remains in this region, coprolites serve as a
proxy for understanding human diet and pathogens in a diachronic way. It can also be testified by the results of isotopic
analysis and faunal remains that show an important role played by fish procurement in the life of ancient people that
inhabited this area during the 4™ -3™ mill BC. The change in the occurrence of the parasites might have been an indica-
tion of cultural changes recorded for the time period from the 4th mill BC till the 1st mill BC connected with changes
in food range or cooking techniques.
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Introduction

Coprolites serve to be one of the best paleoarchives, pro-
viding data about paleodiet, ancient zoonotic infections,
environment, and seasons of occupations within short time
periods (Reinhard and Bryant 1992; Shillito et al. 2020;
Witt et al. 2021; Romaniuk et al. 2020; Kubiak-Martens and
van der Linden 2021; Blong and Shillito 2021). However,
only single studies are known for the coprolites originating
from hunter-fisher-gatherer groups in Eastern Europe, and
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they are rarely encountered at these sites (Engovatova and
Khrustalev 1996; Savinetsky and Khrustalev 2013; Maicher
et al. 2021). The exceptional case is Dnieper-Dvina region
where numerous coprolites were uncovered at the Serteya
II wetland site, and few — at the Duborkay V site. Based on
the context of recovery and direct AMS dates, the major set
of coprolites is assigned to ca. 4200—2200 cal BC. Here
we have examined 30 coprolites from the Serteya II site,
yielded to paleoparasitological analysis (Maicher et al.
2021; Maigrot et al. 2025), and another set of 20 coprolites
(including two samples from Dubokray V site) selected
to perform analysis of structure through Micro computed
tomography and macroremains analysis. This whole set
is regarded diachronically to address seasonality of sites
occupation by local hunter-fisher-gatherer groups, their
dietary patterns, and a range of zoonotic parasite infections
for specific time periods and within a wider cultural and
chronological frame. The spatial analysis of coprolites was
performed for their chronological attribution and spatial
patterns investigations, correlated with coprophilous fun-
gal spores’ indicators within the timeline established for the
Serteya II site.
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Materials and methods
The Serteya Il site

The Serteya I1 site is located in Dnieper-Dvina basin (North-
Western Russia), in the present day Serteyka River valley,
on the southern border of the Great Serteysky paleobasin
(Fig. 1). The site was discovered in 1972, underwater area
(Serteya Ilsub) was investigated during 19721974, 1980~
1989, 1993-2024 (ca. 132 m2), wetland area adjacent to
it (Serteya II-1) in 2015, 2017 (64 m2) and western shore
zone (Serteya II-2) — during 2015-2024 (352 m2). It is a
multilayer complex which was occupied or shortly visited
from the 8th mill BC till the 1st mill BC. Wetland condi-
tions allowed for exceptional preservation of organic arte-
facts, ecofacts and contexts (Mazurkevich and Dolbunova
2011). Several major occupation phases were noted in the
western area (Mazurkevich et al. 2017), i.e. single finds of
arrowheads dated to Mesolithic period, ceramics and rare

Fig. 1 Serteya site location, with indication of the excavated areas
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flint materials attributed to the 6th -5th mill BC represent-
ing short episodes of occupation of shore zone, followed
by chronological hiatus. Further ca. 4200—3800 calBC
(Middle Neolithic) new groups arrived from steppe-forest/
steppe areas of Eastern Europe who left wooden fishing
constructions ca. 3766 —3641, 3633—3372 calBC. During
a short episode ca. 3093 —2898 calBC dwelling areca was
established with particular items, e.g. long wooden dart with
snake heads, wooden sledge, and a wooden carved item in
the human hand's form. Shortly after this (ca. 2861 —2489
calBC) two skeletons were buried here. During 2470-2270
calBC pile-dwelling constructions with raised floors were
erected (Serteya IIsub and II-1 areas). We might suppose
that during this period a small society lived there and suc-
cessively constructed pile dwellings and/or reconstructed
them at the same place (Pranckenaite et al. 2021). During
several millennia the subsistence strategy of groups popu-
lated this place was based on hunting, fishing and gathering,
embedded into seasonal cycles of resources exploitation.
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After ca. 2100 calBC this place was abandoned, seasonal
water fluctuations are noted which could have been con-
nected with global climatic events (Ptociennik et al. 2022).
Ca. 1985-1510 and 931—2801 calBC this place was shortly
visited by different groups of Textile culture of the Bronze
Age.

Recording and 3D reconstruction

All of the artefacts and ecofacts, e.g. major number of cop-
rolites, were recorded in a three-dimensional coordinate
system. They were incorporated in a 3D model of the site
created in ArchiCad and QGIS with all the constructions
and objects. The entire layer was washed through a 0.5 cm
sieve, the coprolites uncovered were labeled according to
lithological layers and squares, and attributed to the distin-
guished chronological horizons (Mazurkevich et al. 2020a,
b). During underwater excavations of the pile-dwelling 1
(Serteya IIsub), between the 1970-1990s, water ejector was
not used which could explain a much smaller number of
coprolites found here.

Micro-CT analysis

Micro computed tomography (micro-CT) was performed to
access the internal structure of the coprolites, identify the inclu-
sions and forms of the voids (Romaniuk et al. 2020). Coprolites
contain partially digested macro-food remains which can be
distinguished on a micro-CT scan due to their contrast in terms
of X-ray attenuation values and/or patterns with the faecal mass
(Kubiak-Martens and van der Linden 2021). The images were
implemented on micro-Computed Tomography scan model
Neoscan N80. The following settings were used - source Volt-
age—79 kV, source Current=73 mkA, camera exposure=322
ms, 1,0 mm Al filter, rotation step=0,2 deg, helical scanning
trajectory, image pixel size=10 mkm. “Neoscan” application
software was used for reconstruction of scan results. Post-
reconstruction processing was made by applying Bruker soft-
ware CTAn (binarisation, separation and so on), CTVox (3D
rendering and imaging) and DataViewer (2D imaging). A
3D rendering was made through scanning and reconstruction
based on two-dimensional images.

Macroremains analysis

The identification of species, anatomical, morphological and
age/sex diagnostics of the osteological material were per-
formed with the aid of the reference collection of modern and
sub-fossil vertebrates of the Laboratory of Biomonitoring,

The Institute of Problems in Ecology and Mineral Wealth,
Tatarstan Academy of Sciences, Kazan. The estimation of
fish body length for the species of the families for Esocidae,
Cyprinidae and Percidae — the Standard length (SL). The size
reconstructions were based on regression equations on the
basis of the osteological reference collection and the data-
base of bone measurements and dimensions of modern fish
species (see Askeyev et al. (2023). The determination of the
age of fish was carried out according to standard methods
(Chugunova 1959; Lebedev 1960; Pravdin 1966; Panfili et
al. 2002; Askeyev et al. 2023), and is based on the tendency
of bones to form layers into alternating rings, belts, planes
and sclerites (Askeyev et al. 2023). The reconstruction of
the season of death was based on the sclerochronological
method, on the study of the cyclical growth increments on
fish bones, indicating the period of the year when the speci-
men was caught (Chugunova 1959; Van Neer et al. 1999;
Guillaud et al. 2021; Askeyev et al. 2022, 2023). Bone integ-
rity and deformation were determined according to the meth-
ods described for fish bones extracted from feces (Wheeler
and Jones 1989, 69—75) and for overall bone health (as a per-
centage of the anatomical size and shape of the bone) (Reitz
and Wing 2008).

Results
Description of the coprolites

Waterlogged conditions led to conservation of an outstand-
ing number of coprolites: 1220 pieces, e.g. 443 in different
layers of the Serteya I1-2 sector and 777 in the pile-dwelling
site (Serteya IIsub and II-1). The whole set of coprolites
found at Serteya II site belong mainly to types C, D and
D1 (Fig. 2) (according to general classification of copro-
lites in Diedrich 2012; Cambronero and Garcia 2024; Yang
et al. 2021). Here we have examined coprolites from the
Serteya II, e.g. 30 coprolites were yielded before to paleo-
parasitological analysis (Maicher et al. 2021; Maigrot et al.
2025), from which 20 were dated and investigated through
palynological and plant macroremains study (Maigrot et al.
2025), a new set of 20 coprolites (including two samples
from Dubokray V site) was selected to perform analysis of
structure through Micro computed tomography and macro-
remains analysis.

Distribution patterns and chronology
Direct dating of coprolites is a rather challenging issue

due to amount of fish remains which could have led to
reservoir effect influenced the final date. Cross—dating
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Fig. 2 Different morphological
categories of coprolites (types

of forms — after Diedrich 2012):

1 — #IIsub-22-c.3, 2 - #6482, 3 -
#658, 4 - #9628, 5 - #13,136, 6

- #1095, 7 - #2057, 8 - #1569, 9 —
IIsub-16, 10 — # IIsub-13-c.1(b),
11 - #1lsub-13-c.1(a)

Type A - Conical

;

Type B - Disk

|

Type C - Oval

4

SN

Type D - Long-oval

Type D1 - Long-oval

Type E - Round

1

11

of terrestrial materials and study into reservoir effect
(Kulkova et al. 2015) at the Serteya II site allowed sug-
gesting a correction value, which was further verified
through 3D spatial analysis and correlation with dwelling
zones. Spatial distribution of coprolites showed several
clusters localized within pile-dwelling site - in construc-
tion 3, few coprolites were concentrated in the eastern part
nearby construction 1 (Fig. 3). Mainly discrete coprolites
were recorded in the western shore zone, with two clus-
ters envisaged (Fig. 4). Coprolites were attributed to sev-
eral episodes — single coprolites from the western shore
zone (Serteya II-2) can be assigned to ca. 4500—4300,
4200—-3800 calBC (Middle Neolithic, early phase),
3766—3641, 3633 —3372 calBC (Middle Neolithic, fish-
ing constructions phase) (29 p.) and 3093 —2898 calBC
(Middle Neolithic, late phase, dwelling area (357 p.).
Major part of coprolites is assigned to ca. 2470-2270
calBC (pile-dwelling settlement episode: 777 p. (Serteya
IIsub and I1-1) and 50 p. (Serteya II-2, brown gyttja layer).
Single coprolites can be attributed to Textile culture phase
(early stage, 3 p.; late stage, 4 p.).

@ Springer

Micro-CT analysis

The 3D volume rendering allowed for better reconstruction
of the surface and content of the coprolites (Figs. 5 and 6,
Fig. S.1-3).

Inclusions recorded in coprolites consisted of trabecu-
lar and cortical bones and teeth. Mammalian and avian
bones are highly fragmented and range within 2—5 mm.
Fish bones are easily recognized, since are better pre-
served and could be up to 10 mm. They constitute the
most numerous category. Bones originate mainly from
smaller fish species which could be due to the degree
of preservation - greater loss in ingested fish of around
40 cm long was noted (Kubiak-Martens and van der Lin-
den 2021). Analysis of porosity allowed different types
of the voids to be detected - longitudinal voids could
mark plant remains, roundish voids reveal the outline of
the seeds. Cylindrical, discoidal, spherical, or ellipsoidal
forms could have been left by stems or seeds. Possibly,
rate of bone fragmentation and structure of the coprolites
reconstructed through digital model could point also to
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Fig. 3 Pile-dwelling area (Serteya IIsub and II-1) with indication of the number of coprolites found in each dwelling

different producers. Micro-CT images allowed revealing
several groups of coprolites based on the difference in
shape, internal structure (porosity, cracks, fragmentation),
and set of macroremains:

Group 1: irregular surface with lots of cracks, many
angular voids and moderately large fish bones.

Group 2: irregular surface with oval voids (most prob-
ably originating from Nymphaea alba based on reference
materials) and fish bones.

Group 3: irregular surface with compact fecal material
and highly fragmented trabecular/cortical bones possibly of
mammal origin.

Group 4: irregular surface with lots of cracks, many lon-
gitudinal voids and fragmented mammal/avian bones.

Macroremains analysis

After dissolution of fecal matrix a range of macroremains
was identified — remains of mammal bones, hair and teeth;
fish bones and scales, avian bones and plant material
(Tables 1 and 2). The bones were examined for skeletal ele-
ment representation.

All coprolites contain fish remains, with a predominance
of European perch (Perca fluviatilis), Northern pike (Esox
lucius) and roach (Rutilus rutilus). The reconstructed size
of the fishes is mainly within the range of 5.5-20 cm, with
single specimens measuring 34 and 48 cm. Similar contents
were recorded for former set of samples from the Serteya II
site (Maigrot et al. 2025).

@ Springer
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{ Fig. 4 Spatial distribution of wooden items and coprolites within the
western shore zone (Serteya I1-2) with indication of dated coprolites
and number of coprolites within the archaeological layers (produced
by and V.Filippova)

Mammal bone remains are highly fragmented and are
found primarily in coprolites originating from a residential
area dating back to the 4th millennium BC. The presence
of a Micromys minutus bone in one of the coprolites could
have come from occasional dog catches. Two coprolites
from the pile dwelling contained fragmented bird bones,
which significant amount was recorded in the area of the
pile-dwelling settlement (Mazurkevich et al. 2023).

The majority of the bones examined are fairly well pre-
served with the presence of small structural details, up
to 80% of the bones do not have strong deformation (see
Wheeler and Jones 1989, 69-75).

Plant remains are highly fragmented, dismembered and
deformed and cannot be securely identified in major cases.
In four coprolites dated to the 4th mill BC, the remains of
plant stem epidermis-like tissues were discovered (see also
Maigrot et al. 2025), and in two, the remains of charcoal
were found. Three coprolites from the pile dwelling con-
tained seeds of Nymphaea alba. Based on micro-CT digital
reconstructions more samples can be suggested with seeds
of Nymphaea alba.

Paleoparasitological analysis through diachronic
perspective

Paleoparasitological analysis allowed the identification
of several taxa — Diphyllobothrium, Spirometra, Fas-
ciola, Dioctophyma renale, Alaria alata, Dicrocoelium
sp. (Fig. 7; Table 3) (Maicher et al. 2021; Maigrot et al.
2025). Though a small number of samples and taphonomic
conditions which could lead to non-uniform distribution
of parasites types major outlines could be suggested for
different periods, which should be verified during future
researches.

Diphyllobothrium (fish tapeworm) is the most numer-
ous within horizons where the remains of dwelling struc-
tures were noted, both for the 4th and 3rd mill BC. Fish
tapeworm can only be contracted when the intermediate
forms of zoonotic parasites are consumed in raw, dried,
smoked, pickled or uncooked meats. When the parasite
infects humans, it can be responsible for abdominal pains,
diarrhea, and anemia (Ash and Orihel 2007; Soulsby
1982; Taylor et al. 2007). It is noted particularly well for
the pile-dwelling chronological episode, as well as one
case of Dicrocoelium sp., which indicates the consump-
tion of offal from infected mammal.

Consuming water plants encrusted by the intermedi-
ate form of Fasciola hepatica (liver fluke) can also lead to
infection, which was noted almost exclusively for the cop-
rolites assigned to the 4th mill BC dwelling horizons.

For coprolites assigned to later periods - Textile culture
no Diphyllobothrium sp. were noted, neither larger quanti-
ties of other parasites which could point both to the lack
of data as well as changes in food supply or cooking tech-
niques that could have led to ceasing of the former range of
zoonotic diseases.

Discussion

Coprolites found at the Serteya I site can be ascribed to dogs
or humans based on the morphology, spatial analysis and
stable isotopic values for humans, dogs and wild boars origi-
nating from the Serteya II site (Dolbunova et al. 2024), and
a major set is more likely to be classified as dogs. However
coprolites produced by humans and dogs are very compli-
cated to be distinguished from each other (Kubiak-Martens
and van der Linden 2021).The range of parasites identified
does not allow narrowing determination of their producer, as
humans share the highest percentage of their parasites with
carnivores, followed by ruminants and pigs (Ledger and
Mitchell 2019). Though analysis of the shape and structure
of the coprolites, the content of digested materials, types of
porosity narrow down the determination of the producer,
its identification is not always possible. Coprophagia could
lead also to an enrichment of features of different produc-
ers, which can challenge the identification (Bronnimann et
al. 2017; Tolar et al. 2021; Linseele et al. 2013).

The analysis of cyclical growth increments on fish
bones found in the coprolites indicate late spring to early
autumn (May — September) as the period when the speci-
men was caught. The same pattern was suggested through
pollen analysis of coprolites originating from the Serteya
I site (Maigrot et al. 2025). Based on faunal remains all-
year round occupation was suggested for the site with the
prevalence of fishing activity during late spring-summer
period (Mazurkevich et al. 2020a, b). Coprolites were
most probably left during a high seasonal fishing activity
occurred within particular periods, and might have not
been linked to any storage activity and consumption dur-
ing other periods.

The majority of coprolites at the Serteya II site was found
within the remains of the pile-dwelling structure Ne3 (Fig. 3)
(ca. 2470-2270 calBC) which could point to permanent
defecation at one place. This pattern is rather common for
coprolites distribution which are often recorded in direct
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Fig. 5 Digital models made with micro-CT images, showing various
types and material fabrics, porosities and degradation: 1 - #1Isub-13-
c.1(a), 2 - # Isub-13-c.1(b), 3 - #2057, 4 - # IIsub-22-c.3, 5 - #2065,
6-#1984, 7 - #2214, 8 - #6500

proximity to habitation areas (Dommelier et al. 1998). In the
western zone distribution of the major part of the coprolites
ascribed to the 3093 —-2898 calBC (Middle Neolithic, late
phase) seem to concentrate along the construction uncovered
(Fig. 4). Other episodes can be also suggested for the copro-
lites - ca. 4500—4300, 4200—3800 calBC (Middle Neolithic,
early phase), 3766—3641, 36333372 calBC (Middle Neo-
lithic, fishing constructions phase) and Textile culture phase.
Markers of coprophilous fungal spores recorded within the
whole stratigraphical column from the 5500 calBC (for
Serteya IIsub) and 4318 calBC (for Serteya I1-2) (Kittel et
al. 2021; Wieckowska-Liith et al. 2021) could be the marker
of both herbivore and dogs coprolites. Coprophilous fun-
gal spores (Coniochaeta sp., Sporormiella, Podospora, and
Trichodelischia) usually associated with herbivores were
identified, except for Sporormiella which can also inhabit
dog droppings (Lee et al. 2022; Ledger 2018).

Probably, changes in the food ranges or food cook-
ing techniques could have led to changes in the set of

@ Springer

Fig. 6 Micro-CT scans of coprolites, showing various types and mate- }
rial fabrics, porosities and degradation: 1 — group 1 (#1704), 2 — group
2 (#1931), 3 — group 3 (#1Isub-22-c.3), 4 — group 4 (#6500)

parasites recorded so far for the later periods of the
Serteya II assemblage (Textile pottery culture phase).
Adopting new food habits also led to transitions in vari-
ous parasitic infections in humans (Kubiak-Martens and
van der Linden 2021). Ranges of zoonotic parasite infec-
tions can be quite different for hunter-fisher-gatherers
and farming societies. Particular species of parasites
which are not usually met at hunter-gatherer groups are
associated with farmers groups, when animal domestica-
tion and the consumption of the meat of infected animals
increased the presence of zoonotic parasites. Effect of
lifestyle, dietary habits, and hygiene of the population
could influence infection risk (Barbera et al. 2022). A
trend towards parasites spread by faecal contamination
and poor sanitation, and little evidence for those parasites
spread by the eating of undercooked wild animals can be
noted for later periods (Mitchell 2015).

The distribution of parasites also depends on the
local environment, which should meet all the require-
ments for its life cycle (Mitchell 2015) and the presence
of intermediate, additional and final hosts, ensuring the
circulation of the invasion in biocenoses (Serduykov
1979). The dominance of parasites Diphyllobothrium
sp. spread by eating raw fish and other freshwater foods
can be noted for the Serteya II site, the Mesolithic sites
in Moscow region (Savinetsky and Khrustalev 2013)
and a range of north Alpine wetland sites (Mitchell
2024; Dommelier et al. 1998; Dommelier- Espejo and
Pétrequin 2016; Maicher and Le Bailly 2024) with
particular differences for some regions where fishing
appeared to be a sporadic activity (Maicher et al. 2017).
Similar content of fish bones, mainly small fishes, and
range of parasites (Fascioliidae, Diphyllobothriidae
and Dioctophymas sp.) were identified in the materials
of Swifterbandt culture (Kubiak-Martens and van der
Linden 2021). Diphyllobothrium sp. have remained one
of the most widely spread parasites through human his-
tory (Mitchell 2015; Slepchenko et al. 2022). Investiga-
tions of modern hunter-fisher groups in Western Siberia
where fish, and particularly raw fish consumption, is
one of the main components of the population’s diet,
allowed revealing different patterns. In the arecas where
the custom of eating pike raw is most widespread, the
highest rate of diphyllobothriasis is observed. The per-
centage of infected pike is significant (up to 60-90%),
while that of perch and other species (ruff) is much lower
(around 5-9% and up to 20%). The rate of indigenous
population (Nenets, Khanty, Mansi, Komi) infected
could vary between 32.1% and 73% (Serduykov 1979).
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Fig.7 Photos of parasite eggs retrieved at the Serteya Il site: a: Dioctophyma renale; b: Dicrocoelium; ¢: Diphyllobothrium; d: Fasciola; e : Echin-
sotoma; f: Spirometra. Scale bar: 20 um (Photo: Celine Maicher)
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Table 3 (continued)

Alaria Dicro-

Diocto-

Fasciola

Spirometra

Diphyllobothrium

chronological attribution based on 3D modelling and dates calibration interval
acc. to AMS date

correction

sector

Ccoe-

phyma alata
renale

lium
sp.

1541

3962—3797 calBC
4447—-4325 calBC
4450—4313 calBC

Serteya II-2  Middle Neolithic (early phase) (4200—3800 calBC)
Serteya II-2  Middle Neolithic (early phase) (4500—4300 calBC)
Serteya [I-2  Middle Neolithic (early phase) (4500—4300 calBC)

6769
8234
4468

1

Conclusion

Given scarcity of human remains in this region coprolites
serve as a proxy for understanding human diet and patho-
gens in a diachronic way. Coprolites provide information on
dietary patterns at a very high temporal resolution and can
be used to determine specific periods of seasonal site occu-
pancy (Shillito et al. 2020) or food procurement strategies
seasonality as was shown at Serteya II case. Specific dietary
components and parasites in coprolites could point to one
event, seasonal variation in availability of some foods may
also explain the restricted set identified (Witt et al. 2021).
Stable isotope 13 C/15 N analysis for the Serteya II site
could illuminate larger-scale trends and point to aquatic
resources as an important part of the diet and seasonal eco-
nomic resource procurement system during the 4th -3rd
millBC (Dolbunova et al. 2024; Mazurkevich et al. 2020a,
b).

Coprolites are often recorded in direct proximity to habi-
tation areas, which was traced also at the Serteya II site for
the 3rd mill BC, that could have led to reinforcement of par-
asitic cycles and made some of them endemic. A shared diet
and environment between companion animals and humans
increase the likelihood of infection by similar parasites and
pathogens (Witt et al. 2021), that can be also supposed for
the Serteya II case where dogs were suggested to be pro-
ducers for major part of coprolites with the dominance of
Diphyllobothrium sp. Diphyllobothrium sp. is one of the
principal parasitic infections of Neolithic times in both soci-
eties practiced productive economy and foraging one. The
change in the occurrence of the parasites might have been an
indication of cultural changes (Le Bailly et al. 2005). This
could explain different parasites in coprolites at the Serteya
II site dated to the 4th mill BC - the 1st mill BC connected
with changes in food range or cooking techniques. Eliminat-
ing the effect of fish consumption could have been through
cultural taboo of processing particular fish species, e.g.
pike, recorded in modern groups of hunter-fisher-gatherers
of Western Siberia (Serduykov 1979), or through medical
treatment, e.g. with Chenopodium (Dommelier-Espejo and
Pétrequin 2016), which has been recorded in a number of
pollen diagrams and carpological analysis of Eastern Euro-
pean hunter-fisher-gatherer sites (Berihuete 2018; Kittel et
al. 2020; Wieckowska-Liith et al. 2021).

SupplementaryInformation The online version contains supplementary
material available at https://doi.org/10.1007/s12520-026-02489-3.
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