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Introduction

Alfred Galik

The first Fish Remains Working Group (FRWGQG) of the International Council of Archaeozo-
ology (ICAZ) was a meeting organised by Knud Rosenlund, Inge Bodker Enghoff and Jane
Richter, and it took place in Copenhagen, Denmark, in 1980. The FRWG meetings continued
biennially in various locations. The meeting for 2021 in Vienna, Austria, had to be postponed
until 2022 due to the COVID-19 pandemic and the accompanying restrictions on travel.
However, a short online pre-meeting was organised in 2021. Finally, the twenty-first meet-
ing of the ICAZ FRWG took place in Vienna after the long and threatening pandemic that
caused misery, lockdowns and personal isolation. It was an excellent opportunity to personally
meet and share scientific research, done mainly in home office and via digital exchange and
collaborations, only. The tradition' of making the results of these meetings accessible as a
scientific publication is to be continued, and the collection of Archaeological and Anthropo-
logical Sciences represents the 13™ contribution.

The 21 meeting of the FRWG took place
in the Natural History Museum in Vienna,
Austria, from 22" to 27" August 2022, organ-
ised by Alfred Galik with the help of a very
competent planning committee. Five days
of communications featured 40 oral presen-
tations, 11 posters and 51 communications,
contributed by 54 participants representing
23 countries (fig. 1). The contributions cover
the fields of archaeology, anthropology, his-
tory and ichthyology, and other disciplines
contribute their unique results.

The poster presentation took place on
23" August in the Aula of the University
building at Franz-Klein-Gasse 1, A-1190
Vienna, where the Austrian Archaeological
Institute was housed at this time, followed
by a half-day excursion to the so-called
»Donauinsel«, providing information about
this artificial island in the Danube, construct-
ed as a highly effective flood protection, and
visiting the station and breeding tanks for
sturgeons of the LIFE-Sterlet Project located
there. The social programme continued with

h f di i th d Fig. 1 Participants at the entrance of the lecture hall in the
the conference dinner in the upper dome Natural History Museum, Vienna (© A. Galik)

hall of the Natural History Museum in Vien-

' Robson — Ritchie 2022 — collected, edited and summarised presentations of the last ICAZ FRWG meeting that took
place in Portland, USA and were published in Archaeological and Anthropological Sciences in 2022.
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Fig. 2 Field excursion to the museum Schloss Orth on the Danube, FRWG members enjoying a model of a large Belu-
ga sturgeon (Huso huso) in the castle’s yard (© A. Galik)

na. Saturday 27" August was reserved for the field trip around Vienna. It started by visiting the
Schloss Orth Nationalpark-Zentrum Donau Auen, with a guided tour through the » Donaurdume«
exhibition and the »Schlossinsel« outdoor area (fig. 2). Next was a short bus ride to Orth on the
Danube, followed by a short trip along the Danube with explanations about the river, the national
park and the national park management. After a short break, a trip to Carnuntum, an important
Roman city on the border of the Roman Empire from the 1* to the 4™ century AD, commenced.
It started with a visit to the Museum Carnuntinum in Bad Deutsch-Altenburg, followed by the
»Roman town quarter« of Carnuntum in Petronell.

Various presentations of high and excellent quality were put on at the meeting. The proceed-
ings are, of course, especially focused on ichthyoarchaeological-related contexts which aim to lay
the groundwork for the future progress of various ichthyoarchaeological studies. The excellent
and international contributions draw together current scientific standards of ichthyoarchaeolog-
ical subjects. Methodological approaches are addressed by contributions about size estimations
of archaeological fish, in the case of northern pike applying very precise statistical analyses for
the evaluation of the estimates calculated from cranial bones. Another equally important meth-
odological issue concerns the sampling of sediments, the use of different sieve mesh widths and
the result on the identification of fish bones and species. The main topic of the proceedings is
fishing and fish consumption, and they cover wide areas in these fields chronologically as well
as socio-historically. New prehistoric data is made available from late Neolithic pile-dwellings
in Austria and Slovenia. The Austrian site explains exploitation patterns of fish, molluscs and
amphibians, while the Slovenian site provides new data, which are complementary to the al-
ready explored fish remains recovered from coprolites. Despite the precarious circumstances in
the Ukraine, a Scythian settlement close to the banks of the river Dnieper was presented, where
fishing and fish consumption appeared to be of importance. Production of fish sauce comprising
various fishes and a vast number of crustacean remains is reported from a Roman site in France.
Methodological issues such as sieving and fish size, potential fishing grounds and seasonality are
addressed. The part concerning medieval through to modern contexts covers larger-scale com-
parative contributions, such as exploitation patterns differentiated by ecological areas, as well as
sequential medieval developments at the western Mediterranean Fos-sur-Mer site in France. Sim-
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ilarly, the comparison of two Polish towns sheds light on ecological, economic, geographical and
social differences in the Middle Ages and early modern times. Last but not least, the fishing and
consumption behaviour at monasteries in medieval France and modern Slovakia was revealed,
where fish remains came from kitchen and eremite houses. While the medieval diet in the French
monastery consisted of marine and freshwater fish, in Slovakia mainly freshwater fish were con-
sumed, and both sites yielded sturgeon remains. After a successful meeting, these proceedings
intend to bring the conference to an equally successful conclusion.

Acknowledgements

The organising team is very grateful for the organisational help and financial support of our
partners and the partner institutes at the University of Vienna, the VIAS (Vienna Institute
for Archaeological Science) and the Institute for Palaeontology, the Institute of Hydrobiology
and Aquatic Ecosystem Management at the BOKU (University of Natural Resources and Life
Sciences) and the Austrian Archaeological Institute at the Austrian Academy of Sciences.
We are indebted to the Natural History Museum in Vienna for hosting the meeting and the
provision of the lecture hall for the presentations in this unique historic ambience.

Bibliography

Robson — Ritchie 2022 H. K. Robson — K. Ritchie, Fishing over the millennia. Zooarchaeological per-
spectives, Archaeological and Anthropological Sciences 14, 3, 2022, 44.






Acquisition and Management of Aquatic Resources in
Fos-sur-Mer, Provence, France (11"-14™ Cent. AD)

Archaeoichthyological Results'

Tatiana André

Abstract

Few studies have focused on marine resources in the medieval and modern western Mediterranean from
an archaeoichthyological perspeactive. This paper presents preliminary results from one of the five sites
that are part of a larger PhD project on the consumption and acquisition of aquatic resources in Provence
(6"—17" cent. AD). This study also integrates some of the results obtained within the framework of the
inter-team AMORCE project Icht’isomed?, financed by the Institute of Mediterranean Archaeology ARKAIA.

Introduction

Located on the shores of the Gulf of Fos, sheltered from the prevailing winds and integrated
into a complex hydrographic network, the Habitat Mistral site at Fos-sur-Mer (13) was the
subject of excavations programmed between 1999 and 2001 and directed by J.-P. Lagrue
(fig. 1)%. Located on a Burdigalian rocky outcrop of calcareous-sandy molasse nature® culmi-
nating at 32 m, the site overlooks two vast plains. The first, deltaic, extends from south-west
to south-east. It is dotted with ponds, some of which serve as salt pans, and brackish marshy
areas. Its coastline is continuously moving due to the important sedimentary contribution of
the Rhone (fig. 2)*. To the north-east lies the La Crau plain, a palacodelta of the Durance,
which is suitable for agriculture and the breeding of bulls, horses and sheep. The first exca-
vation campaign in 1999 revealed the presence of two structures described as habitats. For
this article, only the Habitat Mistral II will be mentioned’.

! PI: Tatiana André, Aix Marseille Univ, CNRS, LA3M, Aix-en-Provence, France.

2 Lagrue — Del Corso 1999; Jean Phillipe Lagrue, Archaeologist/Conservation Officer, Archaeological Service of the
SAN Ouest-Provence.

*  This type of substrate allows for excellent preservation of biological remains, especially bone and cartilage tissue.

4 Pichard et al. 2017; Vella et al. 2005.

> Lagrue 2002.
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5m

Fig. 1 General plan of the Habitat Mistral excavation site (T. André from
the plan by Lagrue — Del Corso 1999)

La Crau plain

Scale 1: 120 000 A B Hills Sandbanks [ Plain [ Mediterranean Sea [ Fresh water
0 2km N Marsh 1 Deltaic plain [ La Crau Plain 23 Brackish water ! Habitat Mistral

Fig. 2 Map of the Fos-sur-Mer area showing the various possible fishing grounds (T. André from the map of the Etat-
Major [AD 1820-1866] <https://www.geoportail.gouv.fr/carte> [03.03.2023])
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The Habitat Mistral 11

This habitat, benefiting from a privileged environment, is part of the borgada® overhung by
the castrum’ de I’Hauture. Mentioned as early as AD 923, this castrum, governed by one of
the greatest families of Provence, in coseigniorage®, protects the borgada by its enclosure’,
within which the Mistral II habitat follows the same axis and against whose wall it rests.
Located in the foothills of the eastern slope of the Hauture rock, the settlement is close to a
vast silage area (7"—10™ cent. AD) and a necropolis contemporary with the site (11"—14" cent.
AD). Composed of three distinct spaces (zones 800, 700 and 500), Habitat II is articulated
around zone 800, a central space of 22.5 m? (fig. 3). The purpose of these three units, and
likewise the purpose of the building, is difficult to discern, given the poor conservation of
the structures and the weakness of the material evidence. Zone 500, empty of hearths and
ceramic and metallic material apart from a tubular fishing sinker, leads us to consider it as
a storage or passage area. On the other hand, zone 800 contains numerous scattered hearths,
consequent scatterings of bones and shells, and a high proportion of ceramic material, hooks
and tubular fishing weights. These concentrations suggest the importance of this space in the
building layout. By contrast, as for zone 500, zone 700, further back, seems to be a storage

C2 1% phase of construction
C2 2™ construction phase
Limed soil
B Pouch of ash
Bl Heaps of charcoals
*_ lsolated charcoal
&=, Fauna (mammals,fish, shells)
Ceramic shards
2 stone
- =~ - Assumed layout of structures
— - — Excavation limit

ZONE 700C

ZONE 400

RUE
ZONE 7008

ZONE 800A

MR 201 BIS

e — ZONE 600

RUE

Fig. 3 General plan of the Mistral II Habitat (T. André from a plan by Lagrue — Del Corso 1999)

A small village with scattered houses occupying a fairly large area.
Refers to a medieval structure where the enclosed and fortified space is shared. It can be a place of aristocratic or
peasant habitation, a town or a castle, more or less high up.
The castrum of Fos-sur-Mer was owned by the Fos family, one of the four great seigniorial families of Provence be-
tween the 10™ and the 13" cent. AD, by the Archbishop of Arles and by the Porcelets family, who, from the 13" cent.
AD onwards, recovered the power attributed to the Fos family through political games and financial transactions,
to become the main managing family.
The first mention of the enclosure around the borgada was made in AD 1224 during a visit to the fortifications of
the Provence coast, ADBR B 7 f° 84 v°, 1323.
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a »Head bones«*

and rachis i ;
»Spines« Scales Indeterminable

35 % 20 % 37 % 7%

Pagrus major (Temminck & Schlegel, 1843)

NR =17 805 NR = number of remains collected
NISP =3 671 (21 %) NRDa = number of anatomically
*Head bones: neurocranium, splanchnocranium determined remains

and apendicular skeleton NRDar = number of anatomically

determined remains reduced (without
scales and spines)

NISP = number of identified specimen
IND = indeterminate

b
NR NRDa Scales  Spines  NRDar NISP IND
500 578 529 100 136 293 166 49
700 10790 10148 4325 2085 3738 2077 643
800 6437 5838 2181 1411 2246 1428 600
Total 17805 16515 6606 3632 6277 3671 1292

Fig. 4 General distribution of the ichthyological remains at the site from the 11" to the 14%
century. a: Distribution of the ichthyological remains, all zones combined according to
the total number of remains (left picture: T. André from M. Coutureau, 2019/Archeo-
Zoo.org [Licence CC BY NC SA 4.0, INRAP] from Kishimoto et al. 2006; middle
picture: photo: T. André [AMU-CNRS]; right picture: photo: M. Sternberg — S. Durand
[CNRS])); b: Distribution of the ichthyological remains by zones (T. André)

area for fishing tools (see below, Fishing in the Fos Area) with the tenuous presence of fire-
places. However, in contrast to the scattered distribution of the archaeological structures and
furniture, aquatic remains'® are found in all of these areas, although distributed in a different
way. The dating of the different levels of occupation is still in progress, but the site evolved
between the 11" century AD and the end of the 14" century AD.

Material and method

The archaeoichthyo remains from the Habitat Mistral II were obtained by hand collecting
and systematically and exhaustively sieving all the strata on the site with a 1.5 mm mesh.
Of the 105 stratigraphic units making up the site, 87 were taken into account for this study.
The good level of preservation of the fish bones is consistent across the site, with very few
remains in fragmentary form.

Identification of the bone elements was carried out with the help of the comparative anat-
omy collections of Myriam Sternberg', on deposit at the Camille Julian Centre (CCJ] AMU

10" The term »aquatic« includes Actinopterygians, Chondrichthyans and Chondrosteans, as well as the marine mam-
mals and cephalopod molluscs that were grouped together in the medieval period under the term »fish«, Jacque-
mard et al. 2013.

" Archaeoichthyologist, CR CNRS-CCJ UMR 7299.
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CNRS UMR 7299), and a personal collection established for the needs of the study'?, as well
as reference works'®. The numerous chondrichthyan pieces were identified with the valuable
help of Wim Wouters'®. Mass and size estimation was carried out where possible according to
published references (see below, Osteometry). Seasonality analysis was not applied here due
to the poor legibility of the last growth ring of the vertebrae of a large majority of samples.
The study of the bones from the three mentioned zones (500. 700. 800) revealed the presence
of 17,805 remains distributed over the entire skeleton (fig. 4 a. b). A large proportion of
these bones are very well preserved. Apart from the scales and the »spine”, the anatomical
distribution is mainly concentrated on the splanchnocranium and the rachis.

Results

Five distinct groups can be seen in the collection: the majority comprises teleosts, chondrich-
thyans, some chondrosteans, cephalopod molluscs and the very isolated marine mammals
(fig. 5). It was decided to classify the teleosts by dominant, abundant, occasional and rare
taxa in view of the large number of different species present. The dominant taxa are those
which are most recurrent and most represented by zone and in the site as a whole. The term
abundant corresponds to taxa represented by 100-299 remains. Occasional taxa are those with
between 20 and 99 remains, while rare taxa have fewer than 20 remains per zone (fig. 5).
A total of 92 taxa were identified, including 51 genera, 52 species and 41 family groups.

Teleosts

Salt and brackish water hosts

Of the very large number of teleostian remains, more than three-quarters come from species
that lived in more or less salty environments. At first glance, two fishes dominate the whole
sample: the European eel (Anguilla anguilla) is best represented!'®, together with the European
seabass (Dicentrarchus labrax). Apart from their easy fishing in the favourable environments
of the Fos territory, the importance of eels remains also reveals their use as currency in the
payment of taxes and fees. For example, in AD 1114, Pons de Fos gave 50 eels to the Hos-
pitallers of Arles as annual dues'’.

Reduced to family groups, there are really five taxa that appear most frequently at the
site. The eel is relegated to second place in the face of the abundance of the Sparidae ssp.,
a family in which the salema (Sarpa salpa) clearly stands out from the rest of the family
group, followed by the sea bream (Sparus aurata) and the genus Diplodus (Diplodus ssp., D.
sargus sargus, D. vulgaris). The Mugilidae ssp. and Scorpaneidae spp. are added in almost
equal proportions (fig. 5). This order, which combines the data from the three zones, varies
slightly when the zones are viewed separately. Nevertheless, these five groups remain dom-
inant in relation to the rest of the collection.

In lesser quantities, two other taxa are found in abundance in the various zones of the
site. These are the Pleuronectidae ssp., for which the complex diagnosis only allowed the

This personal collection is on deposit at the Laboratoire d’Archéologie Médiévale et Moderne en Méditerranée
(LA3M AMU CNRS UMR 7298).
13 Cannon 1987; Courtemanche — Legendre 1985; Rosello Izquierdo 1986.
We would like to warmly thank Wim Wouters for his expertise, his precious advice and all the help he provided
during our stay at the Royal Belgian Museum of Natural Sciences in Brussels.
The bones grouped under the term »spine« in this study are axonosts, spines, lepidotrichia and ribs.
Given the large number of these remains (large number of vertebrae), the number of these preserved remains
(NISP) is likely to be higher than in other teleost species. This issue has been discussed in Sternberg 1995, 91.
7" TC No. 169, 1114.
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Zone 500 Zone 700 Zone 80Q Total Total Family
Anguillidae Anguilla Anguilla (Linné, 1758) 18 243 202 463
Belonidae Belone belone (Linné, 1760) 1 20 12 33 ”
C i Trach h (Linné, 1758) 2 1 3
Congridae Conger conger (Linng, 1758) 9 10 19 — _
£ N z L - (Linné, 1758) 4 7 NR=17805 NISP=3096
" Gadidae ssp (Rafinesque, 1810) 1 1
Gadidae Merlangius merfangus (Linné, 1758) 1 1
Labridae spp (Cuvier, 1816) 3 62 46 {ia
Labridae Coris julis (Linné, 1758) 1 1 131
Symphodus tinca (Linné, 1758) 2 17 19
Lophiidae ssp (Rafinesque, 1810) 1 1
Lophiidae Lophius budegassa (Spinola, 1807) 2 1 3
Lophius piscatorius (Linné, 1758) 1 9 10
Mer Merluccit rluccius (Linné, 1758) 3 3 6 _ _
Moronid Di labrax (Linné, 1758) 24 250 129 403 NR=17805 NISP=322
|Mugilidae Mugilidae ssp (Jarocki, 1822) 16 247 95 358
Mullidae Mullus surmuletus (Linné, 1758) 2 1 &
Muraenidae Muraena helena (Linné, 1758) 1 il
5 Phycis ssp (Walbaum, 1792) 4 1 25 30
gozcdag Phycis phycis (Linné, 1766) 2 15 10 27 e
; Pleuronectidae ssp (Rafinesque, 1815) 1 202 80 293
(REIEREEED Pleuronectes platessa (Linné, 1758) 1 ) 4 22
Pl i Pleuronecti ssp 10 1 11
Sciaenidae Argyrosomus regius (Asso, 1801) 1 2 3 _ _
Scombridae Scomber scombrus (Linné, 1758) 6 8 14 NR =17 805 NISP =209
Thunnus thynnus (Linné, 1758) 1 1
Scophthalmidae ssp (Chabanaud, 1933) 1 4 39 44
(Linné, 1758) 8 3 1" 66
Scophthalmus rhombus (Linné, 1758) 8 8
Scorpaenidae ssp (Risso, 1827) 1 48 2 51
B Scorpaena ssp (Linné, 1758) 11 44 16 7
Teleosts oihasnices Scorpaena scrofa (Linné, 1758) 6 49 111 | 166 222
Scorpaena porcus (Linné, 1758) 63 1 64 NR=17805 NISP=17
Serranidae ssp (Swainson, 1839) 4 4
i ssp (Bloch, 1793) 4 7 11
Serranus ssp (Cuvier, 1816) 4 4
Soleidae Soleidae ssp (Bonaparte, 1833) 4 1 5 79
Solea solea (Linné, 1758) 56 18 74
Sparidae ssp (Rafinesque, 1818) 7 113 62 182
Dentex dentex (Linné, 1758) 8 2 10
Diplodus ssp (Rafinesque, 1810) 1 13 2 26
Diplodus sargus sargus (Linné, 1758) 2 30 14 46
Diplodus vulgaris (Geoffroy Saint-Hilaire, 1817) 1 26 1 28 NR=17805 NISP=9
Lithognathus mormyrus (Linné, 1758) 1 1
Sparidae Oblada melanura (Linné, 1758) 1 il 522
Pagellus acame (Risso, 1827) 8! 1 4
Pagellus erythrinus (Linné, 1758) 42 6 48
Pagrus pagrus (Linné, 1758) 14 %
Sarpa salpa (Linné, 1758) 12 57 32 101
Sparus aurata (Linné, 1758) 3 41 26 70
Spondyliosoma cantharus (Linné, 1758) 1 5 6
Trachinidae Trachinus draco (Linné, 1758) 1 1
- Triglidae ssp (Rafinesque, 1815) 6 5 11 — —
Triglidae Chelidonichthys ssp (Kaup, 1873) 2 2 NR=17805 NISP=4
Uranoscopidae Uranoscopus scaber (Linné, 1758) 4 4
Zeidae Zeus faber (Linné, 1758) 2 1 3
Cyprinidae ssp (Rafinesque, 1815) 2 32 140 174
Cyprinidae Abramis brama (Linné, 1758) 5 5 209
Cyprinus carpio (Linné, 1758) 1 22 23
Rutilus rutilus (Linné, 1758) i 1
Salmonidae Salmonidae ssp (Jarocki ou Schinz, 1822) 2 3 5
Siluridaeycipitidae  Siluris glanis (Linné, 1758) 1 1 NR =17 805 NISP =1
Total 128 1784 1184 | 3096
cl p Acil idae ssp (Bonaparte, 1831) 2 2 4
Acipenser sturio (Linné, 1758) 12 1 13
Total 14 3 k1174
31 17 48
Dyasistidae Dasyatidae ssp (Jordan & Gilbert, 1879) 6 1 7
Myli i Myli i ssp (Bonaparte, 1835) 20 1 2 23
Batoidae  |Rajidae Rajidae ssp (De Blainville, 1816) 1 5 6 I:I NR =300 to 600
Dipturus batis (Linné, 1758) 8 8
Raja ssp (Linné, 1758) 4 4
Raja clavata (Linné, 1758) 4 34 75 113
Total 24 81 104 209 —
5 56 54 115 I:I NR =100 to 299
Carcharhiniforme 5 8 13
2 C: inic C: inidae ssp (Jordan & Evermann, 1896 1 2 3
g Carcharhinus ssp (Blainville, 1816) 3 39 5] 54
£ Prionace glauca (Linné, 1758) 4 4 I:I NR=20to 99
2 Laminiforme 1 1
g Scyliorhinidae Scyliorhinus ssp (Blainville, 1816) 1 1 1
S Scyliorhinus canicula (Linné, 1758) 1 i
Selachiforma Scyliorhinus stellaris (Linné, 1758) 23 23 I:l NR=1to 19
Sphyrnidae Sphyrna ssp (Rafinesque, 1810) 5 5
Sphyrna lewini (Griffith & Smith, 1834) 1 1
Squalidae Squalidae ssp (De Blainville, 1816) 1
Squatinidae Squatina ssp (Duméril, 1805) 3 22 10 32
Squatina squatina (Linné, 1758) 3 10 13
Triakidae Triakidae ssp (Gris, 1851) 4 6 10
Galeorhinus galeus (Linné, 1758) 25 4 29
Mustelus ssp (Linck, 1790) 14 4 18
Mustelus mustelus (Linné, 1758) 1 3 3
Total 13 193 129 322
. 1 1
Mammalia | Cetacea |0\ pinidae Delphinidae ssp (Gris, 1821) 2 2 4
1 2 2 5
Cephalopodal Sepiidae Sepia ssp (Linné, 1758) 3 6 9

Fig. 5 Taxonomic distribution by area according to the total number of remains for the period 11%—14" century AD.
Blue: dominant taxa; green: abundant taxa; yellow: occasional taxa; white: rare taxa (T. André)
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identification of a single species, Pleuronectes platessa, and this in small quantities, as well
as the Labridae ssp., for which it was possible to identify the East Atlantic peacock wrasse
(Symphodus tinca) and a remnant of the Mediterranean rainbow wrasse (Coris julis).

Caught more occasionally, other flatfish such as common sole (Solea solea) and Scoph-
thalmidae (S. maximus and S. rhombus) also seem to be appreciated. Sole is also mentioned,
albeit in the 19" century', as being a catch of choice in the Galéjon pond, where it was
caught along with the top-quality sea basses and eels. To a lesser extent, forkbeard (Phycis
ssp., Phycis phycis) and garfish (Belone belone) were also caught by fishermen. As deep-sea
inhabitants, forkbeard seem to have been caught off the coast of the Gulf of Fos, where the
maximum depth of 18 m differs from their natural environment'.

The other taxa are very discrete, but highly diversified. Unlike the anchovy (Engraulis
encrasicolus®), the other rare species are not used to lagoon environments, despite a few rare
incursions, notably for the red mullet?!. The rest of the ichthyic spectrum seems to come from
fishing in the gulf, or even in the open sea for a certain number of them (fig. 5).

The Rhone, a freshwater breeding ground

The only freshwater point* providing a supply of fish, the Rhone — in particular its delta and
its mouth — seems to have been exploited to provide the Habitat Mistral II with freshwater
species. Representing only 6 % of the fish spectrum, these are dominated by the Cyprinidae
family. Although it is difficult to identify the species by the vertebrae, some remains of the
splanchnocranium have made it possible to detect the presence of common carp (Cyprinus
carpio®), common bream (4bramis brama) and roach (Rutilus rutilus).

A few sturgeon fragments? testify to their presence at the site, mainly in zone 700 (fig. 5).
For the most part, these are dorsal and ventral scutes that are more or less well preserved. A
palatopterygoid and a pectoral fin spine also allowed us to detect the presence of Acipenser
sturio. It is attested in the Rhone and its estuary until AD 1970 and is mentioned in the
expenses of the nephew of the seneschal® of Arles, as well as in the description recorded by
P. Quiqueran de Beaujeau later on, for the preparation of caviar in this same town?.

The tenuous presence of Salmonidae raises the following questions: is it a question of a
sporadic supply from outside the territory of Fos or evidence of the presence in medieval
times of established populations of salmon or sea trout in the Mediterranean which have now
disappeared?

A few remnants of catfish (Siluris glanis) complete the spectrum of freshwater fishes.

Quiqueran de Beaujeu 1614.
Forkbeard (Phycis ssp.) generally evolve at depths between 20 m and 450 m, Louisy 2022.
20 Kara — Quignard 2018, 66.
2 Kara — Quignard 2018, 17-59.
Apart from the Rhone, the territory of Fos-sur-Mer has no rivers running through it, thus limiting the supply of
freshwater species. Only a freshwater resurgence at the foot of the castrum in the Etang de I’Estomac allowed the
population to obtain water during its occupation.
Although it temporarily frequents lagoons as a migratory potamolagoon species (Kara — Quignard 2018, 117-126),
a decision was made to link the carp to its general biological niche.
24 Although an anadromous species, a decision has been made for this article to include it in the freshwater species
because of the high probability that it may have been caught in the fresh waters of the delta towards Arles rather
than in the brackish waters of the river mouth. Moreover, as defined by Clavel et al. 2008, for the Middle Ages it is
not linked to the regulations related to tidal species (sea fish), but to those specific to freshwater fish.
»Here is the expense of the nephew of my lord the seneschal: >Item plus, a soupar lodich jort una pessa de sturjon
[...]J« A.C. Arles CC 183 > 42, 1455.
26 »The other fish roe jam called cavial came from the Greeks and is made in Arles in this way [...]«, Quiqueran de
Beaujeu 1614.
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Sharks and rays

On the whole, the very good preservation of chondrichthyan remains has made it possible to
detect a large number of taxa despite the multitude of cutting marks (cf. below, Anthropogenic
Traces). The selachiformes comprise the largest number of remains (NR = 335) and include
six families in which the requiem sharks (Carcharhinidae ssp.), angel sharks (Squatinidae
ssp.), hound sharks (Triakidae ssp.) and cat sharks (Scyliorhinidae ssp.) constitute the majority
(fig. 5). Requiem sharks, particularly the genus Carcharhinus ssp. seem to be highly valued,
but the lack of detail in the ancient sources does not allow us to deduce whether they were
the result of a targeted or incidental fishery. Several hypotheses could also explain their
important presence. It may be directly linked to their evolution in specific shallow water
habitats — closed bays and estuaries, coastal areas and the open sea (continental shelf) — that
the Gulf of Fos encompasses. It may also be a mass effect, as the Carcharhinidae ssp. are the
dominant group in the Mediterranean in terms of both diversity and abundance?’. In the case
of angel sharks and the nursehound (Scyliorhinus stellaris), reuse of their skin may have been
a reason for fishing for them. This very rough skin could be used as sandpaper for carpentry,
but also in the form of shagreen®® to make marquetry and cabinet-making objects, etc. Used
to estuarine and coastal areas, the Gulf of Fos certainly provided a favourable environment
for their evolution, making them both abundant and easy to catch. As for Galeorhinus galeus
and Mustelus ssp., apart from the targeted fishing for consumption of their flesh and the
obtaining of oil from their liver, like the other sharks, their habit of gathering in greater or
lesser numbers may also explain their abundance at the site.

Other open-water sharks such as hammerheads (Sphyrna ssp.) and blue sharks (Prionace
glauca) appear to be the result of incidental fishing or perhaps recovery from strandings.
It should be remembered that their near absence from the faunal spectrum may also be the
result of taphonomic bias, complete reuse of their skeletons or simply processing in other
areas of the town.

In the Batoidae, the majority of the bony remains are represented by the family Rajidae
ssp., mainly by skin denticles of Raja clavata (fig. 5). The Dyasistidae ssp. could only be
detected by their sting. In addition to their taste properties, these two families could also be
treated in the same way as Scyliorhinus stellaris. As for the Myliobatidae ssp., they are only
attested by their teeth.

Marine mammals and cephalopods

Marine mammals complete the exploitation of the site’s aquatic resources (fig. 5). Thus, in
zone 500 a vertebra of a large cetacean with traces of burning and notches caused by a blunt
object was found. In zones 800 and 700 two vertebrae of small cetaceans had their spinous
processes cut out. Those from zone 800 seem to correspond to juvenile individuals because
of the epiphysis in progress between the body and the vertebral head. Conversely, the total
epiphysis of the vertebrae in zone 700 suggests the presence of mature individuals. These
remains also raise the question of the presence of groups or isolated individuals of large and
small cetaceans in the Fos maritime area during the medieval period. They may have come
from fishing in the Gulf of Fos or from timely collection on one of its beaches — as is the
case on the Basque coast and in the north of France® — where the presence of isolated indi-

27

Although generally solitary, basking sharks can form small and large groups; Ebert — Dando 2022.
2 Made fashionable by Marie Antoinette in the 18" cent. AD thanks to the (re)discovery by the artisan Jean-Claude
Galluchat, it is likely that medieval French society was already employing this tanning process, as was the case
as early as the 8" cent. AD in Japan in the field of armaments to cover shields, sword guards or certain samurai
armours for practical (very solid and allows for a good grip) and ostentatious purposes.
Lestocquoy 1948.

29
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viduals and groups® is currently attested. Their presence, together with the traces of burning
and cutting, suggests consumption of the flesh and fat, use of the fat for lighting and so much
more for the skeleton. The plan is to carry out ZooMs analyses (zooarchaeology by mass
spectrometry) to determine at least the family and to couple these results with isotopic anal-
yses in order to verify whether these specimens consume the fish in our study and whether
they evolved in the same environment.

A very small proportion of cuttlefish bones completes the spectrum of species fished at
the site. Apart from the consumption of the flesh, their presence may mean that their ink
was used and their bones reused for various anthropogenic activities. The latter might be
components of hygiene products®! and/or medicines®’, or may have allowed the practising of
artisanal activities such as the manufacture of moulds for costume elements or jewellery*.

Osteometry

The size and mass estimates based on the work of E. Thieren et al.** for Anguilla anquilla and
J. Desse and N. Desse-Berset for Sparus aurata® suggested the size profile for this taxon. The
results by zone were obtained from calculation of the MNI (minimal number of individuals).
For eels, this was calculated on the basis of recorded dentalia. It shows a great deal of vari-
ability. Sizes ranged from 31 cm to approximately 94 cm, with an average of about 50 cm
in all three areas (fig. 6 a). As an example, vertebral reconstructions have been illustrated to
support the dental results (fig. 6 a).

The results of these estimates, supported by standardised systematic measurements and
various observations, tend to suggest several hypotheses: eels were not subject to fishing
pressure and developed in an environment that was very favourable to their growth; fishing
targeted large individuals in particular, but nevertheless did not reject the others; or the bias
towards using a mesh size greater than 1 mm may have induced this over-representation of
large individuals®.

For sea bream, the MNI was calculated from the right premaxillae (fig. 6 b). Due to the
lower quantity and level of conservation, the estimate could only be based on a small num-
ber of individuals. The specimens are on average small, with values ranging from 16.87 cm
for 125.94 g for the smallest specimen to 30.8 cm for 801.3 g for the largest. However, in
area 700 two specimens stand out from the rest by being much larger than the remainder
of the sample. The smaller of the two sea bream measured 33.6 cm with a mass of 1.03 kg
while the larger measured 46 cm with a mass of 2.6 kg.

In contrast to eels, it seems that the choice was for medium-sized individuals, as is common
in our current markets. This choice could be explained by the possible food preferences of
consumers. Indeed, at a later date’’, H.-L. Duhamel Du Monceau recounted that those from
Provence, in particular those from Martigues, were highly valued and that medium-sized ones

30 A group of Delphinidae has been established in the gulf for many years. During the last 20 years, a few isolated

large cetaceans, including a sperm whale, have made occasional incursions into the gulf.

It is used in toothpaste; Philippe 2014.

For example, it is used as an ophthalmic treatment; Dumas 2014.

3 Carré et al. 2018, the use of the cuttlebone mould in goldsmithing according to medieval techniques. TV8 Mont-
Blanc, Artisanat: la fonte a 1’os de seiche <https://www.youtube.com/watch?v=s03dZY3Y2XE> (03.03.2023).

3 Thieren et al. 2012.

35 Desse — Desse-Berset 1996.

3% E.g. at the Place de I’Olivier site in Marignane (13), more than 90 % of the eel remains come from the rejects of
1 mm mesh sieves; André 2022.

37 In his treatise on fishing H.-L. Duhamel Du Monceau describes the preferences of his 18%-cent. contemporaries as
well as the different fishing techniques and an atlas of common fish.
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Fig. 8 Traces of cutting on teleosts. a: Schematisation of cutting angles on premaxillary and dentary bones (M. Coutu-
reau — B. Clavel [collab.], 2005/ArcheoZoo.org [Licence CC BY NC SA 4.0], Cuvier — Valenciennes 1828 and
Thieren et al. 2012); b: Schematisation of cutting angles on other bones (M. Coutureau — B. Clavel [collab.],
2005/ArcheoZoo.org [Licence CC BY NC SA 4.0], Cuvier — Valenciennes 1828 and T. André); c: Schematisa-
tion of cutting angles on vertebrae (T. André)

were preferred without hesitation®®. This preference for finer and more delicate flesh may
have been of the same ilk in the medieval period. However, this could also reflect a specific
nursery type of fishing area, of which the Fos area has a large number, such as the Galéjon
and Estomac ponds or the Caronte pond in Martigues.

Anthropogenic traces

The cut marks are mainly visible on shark vertebrae (mainly on Carcharhinus ssp.). These
cuts do not seem to have any particular angle (fig. 7) and the logic or standardisation of the
cutting is not clear to us.

For the teleosts, the splanchnocranial bones and vertebraec show this type of trace. The
bones of the head that are most often cut are the dental and premaxillary bones (fig. 8 a).
Other bones are also cut, such as the preoperculars, cleithra, squares, pharyngeals, hyoman-
dibulars, post-temporals, articulars and operculars (fig. 8 b).

In the three zones of the site, the taxa that were most frequently cut were eels (Anguilla
anguilla), European seabass (Dicentrarchus labrax), scorpion fishes (Scorpaena spp.) and
Sparidae (D. vulgaris, Dentex dentex, Sparus aurata, D. s. sargus, Pagellus erythinus, Sarpa
salpa). We have more occasional traces on Labridae (Shymphodus tinca), Gadidae ssp., Conger
conger and Belone belone. The high frequency of cuts on the mandibular arch bones may
suggest manipulation to remove the hook. In the case of eels, the cutting of the posterior

3% The taste »is very good in sandy or stony bottoms, and in certain ponds where they fatten up; besides, the small sea

breams are not much appreciated; those which are very fat have a somewhat tough flesh; thus those of medium size
are, without doubt, the best [...]«; Duhamel Du Monceau — De La Marre 1769.
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Fig. 9 Other observable marks; a: burn marks; b: anthropogenic marks (T. André, pictures: P. Francois [LA3M, CNRS-
AMU UMR 7298])

part of the tooth could reflect, in addition to the previous hypothesis, the implementation of
a technique used to lift the nets®.

On the vertebrae, the position of the cuts is more systematic, whether dealing with eel,
European seabass, scorpion fishes, Sparidae ssp. or Mugilidae ssp. Cutting appears to follow
four patterns (fig. 8 c): longitudinal cutting of the facies articularis anterior or posterior;
horizontal cutting of the vertebral body; single oblique cutting and double oblique cutting.

On the other hand, some taxa show little or no trace of cutting on their neurocranium,
splanchnocranium or vertebra. These taxa are: angler fish (Lophius spp.), Pleuronectidae ssp.,
Scophthalmidae ssp., tuna (Thunnus thynuus) and Cyprinidae ssp.

In all three areas, as in the case of the cut marks, charred bone parts are visible. These
are present on some or all of the bone, but mostly on the mandibular arch. The taxa that
are largely affected are mainly the same as for the different cutting patterns. Several degrees
of heating are visible, mainly on the vertebrae (fig. 9 a). At this stage of the study, it is not
possible to define whether these burn marks are the result of culinary preparation or some
other type of treatment. Precision of the destination and function of the discovered areas and
structures of the site could provide an answer to this question in the near future.

Apart from the cuts and the effects of fire, a few other traces are also anthropogenic
(fig. 9 b). They are only visible on vertebrae of selachiformes (Lamniforma, Sphyrna ssp.
and Scyliorhinus stellaris). Their natural foramen in the vertebral centrum has been enlarged,
transforming the bone into an object whose function is unknown.

3 This technique is widely used in Japan for the preparation of eels. Delicious Tokyo, Japanese street food—Grilled
Eel Barbecue Tokyo <https://www.youtube.com/watch?v=a5Y9v4ZQybg> (03.03.2023).
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Bourdigue of the Lord of Fos : Type 1
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Bourdigue of the Lord of Fos : Type 2

Fig. 10 Fos-sur-Mer, old Galegeon lagoon, figurative plan of the lands of Fos, 1584, Arles Municipal Library DD118
(T. André, photo: H. Lhote)

Fishing in the Fos area

In terms of acquisition practices, the study of archaeological objects related to fishing techniques,
found in situ, may suggest the joint practice of net fishing and line fishing. The presence of
tubular weights and several hooks in the three areas of the site encourage this hypothesis,
which is confirmed by several medieval texts*. This type of practice seems to have been
used in conjunction with bourdigues. Generally used in lagoons and shallow areas, these fixed
traps made of reeds and wooden piles are still widely used in the Mediterranean*' and allow
the capture of a large number of varied coastal species, notably Sparidae ssp., Mugilidae ssp.
and European eels (4nguilla anguilla). Mentioned as early as 1078%, these highly productive
fishing tools were the subject of covetousness and conflicts*’, some of which were waged at

40Tt is mentioned in a notice dated 4™ April 1217 that a trial took place between the inhabitants of Fos and Istres
concerning the use of certain nets for fishing in the pond of Martigues; BA ms 861, 1413, 4" February. Item, it is
mentioned in an extract of the agreements between the community of Fos and the coseigneurs in 1413 drawn up by
the notary Isnard Fabri that »in the past, it was customary in the said castrum of Fos, for a long time and even more
so, that the same men were obliged to ask for a licence to fish in the Etang de 1’Estomac [...] with nets and other
implements [...]«.

4 These are still actively used by professional fishermen in the Caronte canal, particularly for fishing sea bream (Sap-
rus aurata) and mullets (Mugilidae ssp.), from which they obtain the eggs that will become poutargue.

4 Extract from the »Authentic« register of the Chapter of Arles mentioning the restitution of the fishing of the ponds
and the tithe of the bourdigues usurped by Pons de Fos and his followers from the church of Arles by the count of
Toulouse, the archbishop of Arles and the lord of Baux; ACA GG f° 88 v° n° CII and ° 121, 1078.

4 Atthe end of the 13™ cent. AD, a two-speed economy was established, with the bourdigues playing a dominant role
in the local economy. As generators of super-profits, they dominated the market thanks to their profitability and
their constant supply, unlike the small nomadic fishermen who moved from hut to hut according to the seasons and
whose hazardous fishing was prey to increasing piracy, numerous local wars and leonine contracts imposed by the
fishmongers, Rosello Izquierdo 1986.
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the highest level of the state**. The importance of fishing and the use of bourdigues during
the Middle Ages and the modern period is shown by their representation on a plan listing
the lands belonging to the Lord of Fos in AD 1586 (fig. 10).

The wide range of species identified by our archaeoichthyological study tends to confirm
the use of these different fishing tools, whether in the Galéjon or Estomac ponds and the Gulf
of Fos on the Fos-sur-Mer side or in the Caronte and Berre ponds on the Martigues side.

With a view to specifying capture sites, isotopic analyses of bone collagen were carried
out (analysis of carbon and nitrogen isotopic signatures) as part of the AMORCE project®.
These analyses concern a sample of 78 remains belonging to six taxa and are elaborated in
the work of L. Mion. However, we can note several interesting pieces of information: the eels
are divided into two groups. The first, with low carbon values, spent the last stages of their
lives in freshwater habitats. The second group, with high nitrogen and carbon values, spent
their last years of life in marine environments or in lagoons. These distributions therefore
suggest either two different fishing areas or two seasons. European seabass (Dicentrarchus
labrax) and Sparidae ssp. have homogeneous values for each taxon with values specific to
each. Bass have values consistent with their carnivorous diet. The Sparidae, omnivorous and
with high carbon values, evolved in a lagoon or salt marsh type environment. The Mugilidae
cover all the variability of the other taxa: several ethologies are therefore present, which is an
additional argument for proposing the exploitation of different species and several fishing zones.
Interestingly, the distribution of Mugilidae follows the different areas of the building: are they
linked to specific fishing areas? To different uses? Do they come from different fishermen?

Finally, some specimens of Sparidae and European seabass (Dicentrarchus labrax) have
values distinct from those of the others, which also raises the following questions: Does this
indicate a fishing area beyond the range of the other individuals that were nevertheless pre-
sent and fished locally; a different season of capture; modifications of the environment due to
climatic and environmental changes*? Were these individuals that were caught during phases
of occupation different from the general chronology of the site?

Undertaking more of this type of analysis and acquiring more in-depth results will even-
tually shed light on these issues.

Conclusion

The analysis of aquatic remains from the Habitat Mistral Il shows opportunistic fishing throug-
hout the entire fossa. Using nets, lines and bourdigues, the fishermen targeted European eel,
European seabass, Mugilidae and Sparidae in particular, without, however, excluding other
species evolving in the same environment. The presence of numerous chondrichthyan remains
and rare open-water species suggests the exploitation of the margins of the territory. The
richness of the faunal spectrum, the large number of scales, the multiple traces of debitage
associated with other archaeobiological refuse and archaeological witnesses tend to characterise
the site as a place of transformation and resale rather than a site of consumption throughout
the duration of its occupation.

4 Details of the trial between the archbishop of Arles and the king concerning the bourdigues of Saint-Geni¢s (Mar-

tigues); ACMA DD 28, 1331.

4 Mion et al. 2022. The project »Understanding fishing practices and the consumption of marine resources in the
Mediterranean: contributions of isotopic analyses of archaeological-ichthyological remains« (ICHT’ISOMED?)
has been funded by the Mediterranean Institute of Archaecology ARKAIA within the framework of the Start-up
2020 call for projects (end of activities: December 2021). It is co-funded by the Lampea and LA3M laboratories,
the Doctoral School 355 Spaces Cultures Societies and the Autonomous University of Madrid <https://www.univ-
amu.fr/en/public/icthisomed2> (03.03.2023).

46 This refers to changes in the deltaic plain that have led to changes in the environment. For example, a strong flood
has modified the salinity and the substrate of the fishing area.
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The in-depth study of ancient sources coupled with biochemical analyses will hopefully
allow us to specify the precise exploitation of the different environments, the types of treatment
inflicted on the fish, their trade on a regional or even national scale and to better understand
the purpose of this building.
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What’s Going on in the Head of a Fish?
Skeletal Measurements of Pike (Esox lucius L. 1758)

Laszlo Bartosiewicz

Abstract

Body length estimations of pike have had a long tradition in archaeoichthyology. However, relationships
between measurements need to be further understood. A dozen commonly preserved bone lengths and
transversal dimensions were studied in the skeletons of extant pike in Sweden. While traditionally used
lengths (e.g. dentale inner length, cleithrum chord length) understandably offer the best estimates of total
length, thanks to the growth characteristics of fish, all studied measurements were highly correlated with
each other. Univariate parameters of the measurements can also be used in calculating standard scores (z)
or variability size indices (VSI) for direct comparisons between fragmented archaeological finds.

Introduction

People have been fascinated by the pike since time immemorial. It has always been a valu-
able source of food laden with symbolic meaning. As is often the case with animals, the
perception of this fish is dualistic in nature'. In medieval Europe the pike was described as
a ferocious, insatiable and mysterious creature, which would attack people and animals®>. On
the other hand, white pike meat was considered to be healthy, and the liver was regarded a
royal delicacy®. During the 15" century, a separate pond was built for highly valued pike in
the Eger diocese, Hungary*. The prestigious pike stands out as the most frequently mentioned
species in early modern age cuisine, making up over 12 % of all fish recipes in two Hungarian
cookbooks, written by Istvan Galgoczi® and Janos Keszei®. The latter work, dedicated to the
wife of Michael Apafi I, elected prince of Transylvania, relied extensively on an earlier royal
source, written by the court chef of the Mainz Elector’. When King Sigismund of Hungary
donated the coat of arms to court master chef Ferenc Eresztvényi in 1414, of all the animals
around the kitchen, pike was the symbol of choice®.

Pike played a prominent role in pre-Christian Karelian and Finnish oral tradition, compiled
into the romanticised national epic Kalevala in the mid-19" century. Its main protagonist,
Viindmdinen, the god of songs and poetry, slayed the mighty pike of Northland. Then he
made a magical kantele, a plucked string instrument, »from the jaw-bones of the monster«’. It
speaks for the awe felt toward pike that this motif was selected to characterise Vdindmoinen
as late as the end of the 19" century (fig. 1). Even today, pike seems to be the only freshwa-

Bartosiewicz 1998.
De Laak — van Emmerik 2006, 39.
Csanki 1897, 37.
Kerezsy 1910.
1622 in Herman 1887, tab. 1: 168 fish recipes.
1690 in Lako 1983: 331 fish recipes.
Rumpolt 1581.
Fejérpataky 1901, 36.
Lonnrot 1888, 601.
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Fig. 1 A: Coat of arms donated to Ferenc Eresztvényi in 1414 (Fejérpataky 1901, 37); B: The 1888 romantic statue of
Viindgmoinen by Robert Stigell in Helsinki (photo: Wikimedia, Deed — Attribution-ShareAlike 3.0 Unported —
Creative Commons)

ter fish whose head is regularly mounted as a trophy of »water wolf«, with mouth invariably
agape to show off the row of fearsome teeth.

Pike bones tend to be well preserved in archaeological deposits. Larger specimens at least
can even be retrieved by hand collection. Importantly, the identification of most skeletal
elements from pike is unambiguous, in contrast to, for example, cyprinids, whose remains
may represent a dozen osteologically very similar species. As will be demonstrated, a better
understanding of size and body proportions can contribute to the archaeological interpretation
of pike remains.

Research questions

As stated in the title of the paper, the research hypothesis is that better understanding the
relationships between bone measurements in the head region of pike help in appraising how
various measurements can be used in reconstructing the total length (henceforth TL) of pike
from archaeozoological finds, thereby furthering their economic and cultural interpretation.

How does the quality of reference materials influence the reconstruction of pike size? In
the first step, missing values will be estimated using previous results'’. Following the appraisal
of the way this procedure impacts the dataset, the multivariate structure of measurements and
their influence on grouping individuals can be explored. Finally, the practical application of
results will be illustrated.

10 Bartosiewicz 1990.
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This paper is the critical re-evaluation of data used in a previous study, presented at the
fifth meeting of the Fish Remains Working Group of ICAZ on the island of Stora Korno,
Sweden, hosted by L. Jonsson in 1989. As the publication of formal conference proceedings
did not follow, I submitted the paper to a local fisheries journal in Hungary''. The current
study also offers an opportunity to reflect on 30 years of developments in research that have
improved our theoretical and methodological insights.

Theoretical background and research history

Size is the result of growth. However, an important distinction needs to be made between
absolute and relative growth. In contemporary fisheries research growth rates measured over
time, such as weight gain, are instrumental in monitoring pike ontogeny in different habi-
tats'?. Precise ageing and measuring complex environmental parameters, however, are largely
impossible in archaeological contexts.

On the other hand, relative growth rates are not measured in time but within the body itself,
comparing its various measurements to one another. The resulting trends are thus less directly
influenced by the environment and emphasise body proportions. Based on this principle, pike
length estimations have had a century-long tradition in archaeozoology. E. L. Niezabitowski'
noted that some pike teeth in his assemblage were as long as 14 mm, while an 8 mm-long
tooth belonged to a 48 cm-long extant pike skeleton he used as a reference. Thus, he concluded
that specimens from the second interglacial period reached 1 m. Using this simple proportional
method seemed sufficient for fish, a class of animals that maintains a relatively even growth
rate throughout life'4, resulting in the more or less linear growth of various body dimensions
relative to one another. This is in contrast to homoiotherm animals, whose growth rates vary
throughout their life, resulting in different body proportions along with decelerating size
increases'”. For example, the sequence of long bone epiphyseal fusion in mammals determines
different body shapes at different stages of development. However, among fish, the main body
proportions do not seem to change significantly beyond the larval stage. Figure 2 visually
summarises this general ontoge-
netic feature in pike, synthesising
results from B. N. Kazansky and
A. Koblitskaya's.

Meanwhile, reconstructing
standard lengths for 2000-year-
old pike remains in Russia,
G. V. Nikolsky!” noted that dif-
ferent measurements taken on the
same cleithrum yielded different
body length estimates, a subtle
sign that not all measurements
of pike grow at exactly the same
rate. For example, the mouth of
juveniles is relatively large's.

Proportion of TL 15% 50 % 35%

TL~ 80 mm

TL >400 mm

Fig. 2 Longitudinal body proportions within the TL of pike between ca.
10 days of age and full maturity (L. Bartosiewicz)

' Bartosiewicz 1990.

2 Harka 1983, 112, tab. 4.

13 Niezabitowski 1929, 64.

4" Hecht 1916, fig. 11.

15 Robbins et al. 1928.

1 Kazansky 1956; Koblitskaya 1981.
7 Nikolsky 1935, 92.

18 Berinkey 1966, 36.
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This would be a classic case of allometric growth: due to differences in their growth rates,
some body parts grow >apart« from each other, influencing shape: proportions change with
overall size'.

Absolute and relative growth are intimately related. J. M. Casselman monitored the concur-
rent linear growth of calcified structures in 315 extant pike over a broad age and size range
(TL = 112-914 mm), and he recorded positive allometry in bone growth relative to TL during
phases of rapid absolute growth and negative allometry during slow growth, demonstrating that
slow-growing pike have relatively smaller cleithra®®. In spite of their theoretical significance,
such valuable observations in fisheries science are beyond the resolution of osteological stud-
ies in archaeology due to the paucity of data, including the frequently elusive absolute age.
Ageable incremental structures (scales, otoliths, vertebrae) cannot be directly linked to the
rest of the measurable bones, with the exception of the chance recovery of entire skeletons.

Material and methods

Thanks to the singular (or at most paired) presence of easily identifiable head elements, their
use in size reconstruction is relatively straightforward and was increasingly studied by the end
of the 1970s in archaeology?®', including the analysis of pike remains®. In spite of the large
numbers of vertebrae recovered, their applicability in estimating size has been less advanced
as there are 61-64 of them in pike?. Therefore, at the time of my data collection, vertebral
measurements seemed of peripheral interest, although in a recent study of 27 complete extant
individuals, 1. Jelu et al. have elegantly demonstrated their applicability in reconstructing the
body length and weight of pike in archaeological assemblages using the proportional method?*.

Material

I measured the 24 pike skeletons used in this analysis during a 1983 research trip in Sweden.
Two-thirds (16) of these individuals were kept in the Museum of Natural History in Got-
henburg (NHMG), while four could be studied in each of the Osteoarchaeological Research
Laboratory of Stockholm University (OFL) and the Zoological Museum in Uppsala (UZM).
Consistent documentation on the sex and geographical origins of these fish was missing; even
the TL was recorded in only eight cases®.

Due to this absence of fundamental information, the importance of sexual dimorphism in
size estimation needs to be considered. Students’ t-tests comparing the growth at absolute
age intervals of 188 male and 159 female pike in England* showed no significant difference
in the first two years; males become sexually mature by the second year, and females by the
third”’. In the study by P. R. Bregazzi and C. R. Kennedy?®®, females of the same age became
slightly larger among adults. According to a recent study, slow-growing, long-lived pike
populations show greater female-biased sexual dimorphism in size, a trend corroborated by
energy-dense offshore prey and cooler water temperatures at increasingly northern latitudes®.

19 Huxley — Teissier 1936.

20 Casselman 1990, 679.

2l Casteel 1976.

2 E.g. Lepiksaar — Heinrich 1977; Torke 1981.
# Kiss 2000.

2 Jelu et al. 2021.

2 Bartosiewicz 1990, 29, fig. 3.
% Bregazzi — Kennedy 1980, 95.
27 Berinkey 1966.

2 Bregazzi — Kennedy 1980.

¥ Kennedy — Rennie 2023, 3.
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Although this phenomenon may have affected individuals from Sweden, being a function of
absolute age, sexual dimorphism is unlikely to bias the proportion of bones within the ske-
leton. Independently of sex, cleithra from slow-growing pike were significantly smaller in
comparison to those from fast-growing pike for a given body size in a sample of 133 extant
pikes from Canada™®.

Differing aquatic habitats also influence body proportions through selection for optimal shape.
In relation to sustained burst swimming in rapid rivers, pikes become selected for significantly
more elongated heads, dorso-ventrally deeper bodies and longer dorsal fin insertions®!. Pike
in the brackish water of Bothnian Bay migrate upstream in coastal rivers to spawn?®?, while
those inhabiting the Great Hungarian Plain during prehistory lived in unregulated slow-flowing
rivers and their stagnant oxbows®. Theoretically, a difference may be present in overall body
proportions of the reference assemblage from Sweden and archaeological pike remains from
Hungary. In practice, however, it would not be detectable in the small, non-random samples
available for study.

In short, although both the sex and geographical origins/habitat characteristics of pike
demonstrably influence body size, such differences are manifested in terms of absolute growth
and thus cannot be investigated through the relationships between the bone measurements
available for study.

Methods

Previous estimations of total length in pike

By the late 1980s the use of fish bone measurements in estimating fish size reached its peak
in archaecology**. Of the measurements discussed in the previous study*®, dentale inner length
(dn.i.l.) stands out in terms of practical importance. As a rule of thumb, multiplying this
measurement by ten gives a fair estimate of TL. This empirical observation was supported
by two different sets of calculations. When plotting decimal logarithms of TL against those of
dn.i.l. in 109 individuals, D. C. Brinkhuizen?’ obtained a relative growth rate corresponding
to an allometric coefficient of 1.006 (the allometric coefficient 1 corresponds to isometry,
indicative of linear growth). The same value was 0.948 on the basis of a small sample of 13
mostly large pike in my previous study?®.

Measurements selected for analysis

The thirteen measurements were taken according to the protocol published by A. Morales and
K. Rosenlund®. They represent the >head« region (neurocranium, suspensorium, gill cover and
zonoskeleton) as listed in table 1 and shown in figure 3. Based on the clarity of definition
according to A. Morales and K. Rosenlund®, seven of them are of >great valuec thanks to
their unequivocal measuring points. Six measurements are of >medium value« due to their
less precise measurability. In view of the practical applicability of results for archaeological

30 Casselman 1990, 679 f.

31 Senay et al. 2017.

32 Raat 1988.

3 Bartosiewicz 2012, 213.

3 Prummel — Brinkhuizen 1990.
35 Bartosiewicz 1990, 30.

3 J. Lepiksaar, personal communication.
37 Brinkhuizen 1989, 92.

3 Bartosiewicz 1990, 30.

3 Morales — Rosenlund 1979.

4 Morales — Rosenlund 1979, 7.
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Table I The list of measurements taken after Morales — Rosenlund 1979. Abbreviations: C-C: cranio-caudal, M-L:
medio-lateral, D-V: dorso-ventral

No. | Element Measurement Abbreviation | Dimension
1 | Neurocranium | basal length (oral end of vomer to aboral end of proatlas) | ncr.ba.l. C-C
2 | Vomer greatest breadth vo.gr.b. M-L
3 | Proatlas greatest breadth proa.gr.b. M-L
4 | Proatlas greatest height proa.gr.h. D-v
5 | Dentale anterior height dn.a.h. D-V
6 | Dentale inside length, from the oral end to the median incision | dn.i.l. C-C
7 | Maxillare greatest length mx.gr.l. C-C
8 | Articulare greatest breadth of the articular surface art.gr.b. M-L
9 | Quadratum greatest breadth of the articular surface qu.gr.b. M-L
10 | Operculum greatest breadth of the articular surface op.gr.b.a.s. M-L
11 | Operculum greatest height of the articular surface op.gr.h.a.s. D-V
12 | Preoperculum chord length pop.c.l. D-V
13 | Cleithrum chord length cle.l. D-V

finds, I strove to include mostly compact, not easily damaged skeletal parts that have bet-
ter-preserved, intact measurements.

The orientation of bones within the skeleton may influence their applicability in size
estimation. Measurements within the same geometrical dimension are highly correlated, that
is, represent potentially redundant information. In table 1, cranio-caudal, medio-lateral and
dorso-ventral directions were distinguished.

Regardless of the methods of comparison, size reconstructions in archaecozoology directly
depend on the composition of reference collections. This potential source of bias tends to be
overlooked in analyses. In our case, the size distribution of the 24 extant pikes available for
study was far from random. Almost half of the skeletons originated from individuals whose
TL probably exceeded 1 m, while no individuals significantly shorter than 0.5 m were repre-
sented among them. This composition seems to indicate that capital size pike had a greater
chance of ending up in museum collections.

Missing values

One important feature of the skeletons housed in museum collections not addressed in the
previous study is that all of them were incomplete to some extent, that is, neither of the
24 skeletons had all 13 measurements available for study. As shown in table 2, altogether
84 (26.9 %) of the possible 312 measurements (13 variables by 24 cases) were missing. This
shortage did not bias the pairwise allometric equations calculated between dn.i.l. and the
other measurements*' but would preclude the synthetic evaluation of relationships between
skeletal dimensions.

Missing values in the dataset could be estimated using the allometric equations developed
in the previous study*. The reliability of those equations was supported by high positive
correlations between the decimal logarithms of dn.i.l. (used as a proxy for TL) and the rest
of the measurements. Almost all correlations were highly significant (p < 0.001); only the
poorly represented neurocranium base length (ncr.ba.l.) showed a slightly lesser, but still very
convincing level of statistical probability (p < 0.010).

4 Bartosiewicz 1990, 30-32.
4 Bartosiewicz 1990, 32 tab. 5.
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10

Fig. 3 Bone measurements used in the study. Numbers correspond to the descriptions listed in table 1 (L. Bartosiewicz)

Results obtained after the calculation of missing values were compared to statistical param-
eters of a »core group< of 11 individuals (from the 24) represented by at least seven measure-
ments. They formed a smaller but compact dataset in which all measurements were available
for all individuals. Thus, the influence of missing value estimations could be appraised by
comparing the statistical parameters of measurements prior to and after estimations.

Multivariate relationships between measurements

In the next step, the grouping of the 13 measurements was analysed using a principal com-
ponent analysis (PCA) to explore their relationships and help map the 24 individuals by the
patterns of measurements thus established. Given the large size differences between the 13
measurements, decimal logarithms were used in this calculation to buffer the overwhelming
dominance of large values (usually lengths) compared to transversal dimensions (medio-late-
ral breadths and dorso-ventral depths). All calculations were performed using the PAST 2.04
software®.

Archaeological specimens in relation to the reference collection

Mean values and standard deviations of all 13 measurements can be used in a range of size
index scaling techniques based on size ranges in reference »populations<** rather than a sin-
gle reference specimen. The advantage of these methods is that they utilise sometimes very
different measurements through conversion to a uniform mean value (standardised as 0) and
the pertinent standard deviation (£1). Standard scores (z-values) are calculated by dividing
the difference between the individual archaeological measurement and the relevant reference
mean value by the standard deviation of the same bone measurement. This will place each
bone measurement against the backdrop of the known parameters of the reference collection.
A potential bias of this method is that unless skeletons are discovered in situ, different skeletal
elements originating from the same individual are difficult to recognise as such in commingled
food refuse. This means that in a mathematical sense, the resulting scores are not guaranteed
to be independent from one another.

4 Hammer 2020.
#  Meadow 1999.
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Table 3  Univariate statistical parameters of all measurements. Abbreviations: sd: standard deviation, cv: coefficient
of variation. *TL estimates (Buitenhuis 1989) are included for general information

No. | Measurement n Mean sd Min. | Max. Median | Skewness | Kurtosis | cv %
1 | ncrbal. 24| 185.6 504 | 106.1| 254.6 203.3 -0.355 -1.330| 27.2
2 | vo.grb. 24 242 8.3 10.8 36.1 24.7 -0.213 -1.219| 343
3 | proa.gr.b. 24 15.9 5.7 6.0 232 18.0 —-0.347 -1.219| 357
4 | proa.gr.h. 24 13.6 4.5 5.5 21.1 14.0 —-0.105 -0917| 32.7
5 |dnah. 24 9.7 3.7 4.1 15.9 10.1 -0.089 -1.257| 37.8
6 |dn.il 24 81.6| 263 399 117.8 85.7 -0.297 -1.315| 322
7 | mx.gr.l. 24 92.7 32.7 354 1512 97.9 —-0.138 —0.957| 353
8 | art.grb. 24 9.5 3.7 3.6 15.8 9.6 —-0.145 -1.192 | 38.6
9 | qu.grb. 24 10.2 3.9 4.0 16.3 10.7 —-0.238 -1.291| 385
10 | op.gr.b.a.s. 24 7.0 2.5 2.7 10.7 7.0 —-0.161 -1.251| 36.1
11 | op.grhas. 24 9.0 3.0 4.1 15.9 9.3 0.149 -0.400 | 33.6
12 | pop.c.l. 24 67.5 21.0 33.9 99.3 73.0 -0.298 -1.149 | 31.1
13 |clel 24| 1045 34.0 41.5| 1559 107.7 —0.340 -1.101 | 325

TL* 24 88.4 | 26.5 46.5| 1249 92.5 -0.296 -1.315| 299
Results

Missing values

Table 3 summarises the univariate statistical parameters for each measurement following the
estimation of missing values using the allometric equations®. In table 3 the resulting mean
values are indicative of relatively large individuals within the dataset. Differences between
the mean and median values signal an asymmetry in the distribution, directly expressed by
skewness. Compared to the normal distribution, a negative skew means that more values are
concentrated on the right side of the bell-shaped Gaussian curve, while the left tail is dis-
tinctly elongated. Consistently negative kurtosis values indicate that the distribution has, in
general, lighter tails than the normal distribution and that values do not particularly peak at
the mean value, i.e. there are not many »average«< individuals. Nevertheless, the coefficients
of variation (cv, %) are consistent with the degree of natural variability among the 24 pike
in this non-random sample.

A comparison to the core group of 11 individuals in table 4 helps critical understanding
of these results. The estimated missing values somewhat reduced the mean value, that is,
improved the contribution of smaller pike: the substitution of missing values reduced the
asymmetry of size distribution. With two exceptions, the coefficients of variation for the seven
measurements slightly decreased, showing a weak homogenising effect of data estimation. All
this means that thanks to the estimation of the 82 missing values, the 24 individuals represent
a group of fish whose average size became somewhat smaller but more balanced in terms of
the distribution of individual bone measurements.

The statistical parameters obtained for the reference collection will be a useful tool in
reconstructing TL. In general, however, mean values for fish sizes cannot be exactly deter-
mined as fish maintain a relatively even growth rate throughout their lives*.

4 Bartosiewicz 1990, 32 tab. 5.
4 Reitz et al. 1987, 306.
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Table 4 Selected univariate statistical parameters of the core group of individuals represented by seven measurements

No. | Measurement n Mean Min. Max. Skewness cv %
2 vo.gr.b. 11 26.7 10.9 36.1 -0.564 313
3 proa.gr.b. 11 17.0 6.0 23.2 —0.775 33.8
4 proa.gr.h. 11 14.2 5.5 21.1 -0.280 35.0
5 dn.a.h. 11 10.0 4.1 15.9 -0.156 38.5
6 dn.i.l. 11 86.9 41.2 117.8 —-0.603 29.6
8 art.gr.b. 11 10.3 4.2 15.8 -0.338 37.9
12 pop.c.l. 11 71.6 33.9 99.3 —-0.639 28.9

Grouping of measurements and individuals

Principal component analysis (PCA) was used to identify components that account for pos-
sibly the most variance in the set of 24 extant pikes. While in principle 13 measurements
could result in 13 components, only a single principal component emerged (PC1). The eigen-
value, measuring the variance encompassed by this component, represented an overwhelming
96.5 % of the total variance. Even the next principal component (PC2) was dwarfed by PCI,
accounting for a mere 0.9 % of total variance. This result is unsurprising given the very high
correlations between the measurements. All it shows is that the bigger the pike, the larger its
bones, a conclusion evident even without complex calculations. PC1 thus corresponds to size.
However, relationships between each measurement and PC1 are more elucidating. They
are characterised by the loadings of each measurement by which they are connected to the
principal components within the +1 to -1 range. According to table 5, PC1 is unipolar, i.e.
has only positive loadings. Thanks to the logarithmic transformation, shorter and longer mea-
surements are equally associated with it. Only the greatest breadths of articulars (art.gr.b.)
and quadrata (qu.gr.b.) attained loadings slightly exceeding 0.3, but even they do not stand
out in particular.
Even if PC2 is very weak (accounting for
Table 5 Principal component loadings of each  less than 1 % of total variance), it is bipolar and
measurement (PC3-PCI3 represent only  shows a greater spread of loadings. The extremes
2.619 % of total variance). ltalics mark  4r6 represented by the greatest breadth of vomer
outstanding values mentioned in the text (vo.gr.b., smallest loading) and the greatest height

No. | Measurement PCl PC2 of'the proatlas (proa. gr.h:; highest loading). These
| nerbal 0214 0.076 are measurements at either end (?f the neuro-
> voab. 0273 0458 cranium base length and perpendicular to one

another.
3 |proagrb. 0.299 0.232 Figure 4 A illustrates the low, positive but
4 | proagrh. 0.253 0.692 concentrated position of all measurements along
5 |dnah 0299 0215 PC1, while a more diverse vertical distribution
6 |dnil 0.261 | -0.078 is shown along PC2. This may suggest some
7 | mx.grl 0.286 | -0.356 polarisation between dorso-ventral dimensions
8 | artgrb. 0.318| —0.088 and measurements in the cranio-caudal and
9 qu.grb. 0322 _0.114 medio-lateral dimensions. However, the visual

10 |op.grb.as. 0293 0.033 pattern remains unconvincing, as the explanatory
11 |operhas. 0256 | —0.208 value of PC2 is .Ver.y'small (eigenvalue < 1):
2 | popel 0250 0.071 . Plotting the individual scores of each pike

in the plane defined by PC1 and PC2 (fig. 4 B)

13 clel 0.262 0.048 . . ;

: offers an opportunity to visually summarise the
cigenvalue 0.364 0.003 differences between fish in the core group and
eigenvalue % 96.462 0.919 those potentially affected by the estimation of
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Fig. 4 A: The distribution of various types of measurements in the plane defined by the first two princi-
pal components (PC). B: The distribution of core individuals and those with estimated measure-
ments in the plane defined by the first two principal components (PC) (L. Bartosiewicz)

more missing values. There is a strong overlap between the two groups, with slightly more
small pike falling in the latter (negative scores on PCl1, size). The mean scores of both groups
fall close to the origin of the plot as well as one another.

Figure 5 is a practical comparison between measurements in terms of their potential in
characterising size (loadings on PC1) and availability in the 24 studied skeletons (% of pres-
ence). The group of measurements occurring more frequently than 60 % of the cases and best
associated with >size< (PC1 > 0.275) includes the length of the maxilla and the breadths of
the articular surface measured on the articular (art.g.b.), quadratum (qu.gr.b.) and operculum
(op.gr.b.a.s.). Of the dorso-ventral dimensions, dentale anterior height (dn.a.h.) falls within
this category. The eminence of this measurement is consonant with the observation that this
measurement was of great use in estimating the TL of Ertebelle-period pike from Denmark®’.
Thanks to their especially close correlation to overall size, skeletal elements in the jaw region
(dentale, articular, quadratum) can be profitably used in calculating TL.

In general, among the 13 measurements selected for study, bone breadths representing
the medio-lateral dimension seem to be both well preserved and characteristic of the size
of pike. I. Jelu et al.*® noted that the allometric growth of the length of the first five ver-
tebral centra in 27 extant individuals reflected an increase in TL quite closely (around b =
0.935). Smaller coefficients of allometric growth obtained for the transversal dimensions of
the same five vertebrae (around b = 0.850) did not differ between medio-lateral breadth and
dorso-ventral height.

Discussion

Improved familiarity with the way the 13 measurements are related to the length of indivi-
duals facilitates their use in defining the position of the archaeological specimens in relation
to the size distribution of the 24 reference individuals. However, these predominantly large
extant pikes do not serve for direct comparison. They rather provide a background, against
which archaeological pike bones become comparable to one another.

This type of application is illustrated here by calculating standard scores (z-values) that
allow diverse osteometric data measured on fragmented archaeological bone finds to be pooled.

47 Enghoff 1994, 86.
4 Jelu et al. 2021, 6 tab. 2.
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Fig. 5 Comparing measurements in terms of their relation to overall size (PC1) and availability
in the dataset (%). Shading indicates measurements of most practical use (L. Bartosie-
wicz)

Several other scaling techniques reviewed by R. H. Meadow® rely on the use of mean values
and standard deviations following the same principle. The advantage of these methods is that
they offer a possibility for pooling measurements taken on various fragments.

Archaeological applications

Pike remains from three archaeological sites in Hungary will be used to illustrate this use of
the results presented in this paper. These are the Early Neolithic settlements of Ecsegfalva
23B (5800/5750-5650 calBC)* and Ibrany-Nagyerdd (5620-5480 calBC)>!, while for the
purpose of comparison, a third site, Esztergom-Varhegy-Kobanya, represented a high-status
late medieval settlement (1295-1395 calAD and 1405-1430 calAD, respectively)>.

Water-sieving was carried out using a 2.5 mm mesh size at the two Early Neolithic sites,
while the medieval material was dry screened with mesh sizes of 2 mm and 5 mm.

Table 6 shows the number of measurements taken on excavated pike bones at the two
Neolithic and the medieval settlement. Three of these measurements, dentale anterior height®
(dn.a.h.) and the breadths of articular (art.gr.b.) and quadratum (qu.gr.b.) have been proven
well preserved and closely related to PC1 in figure 5.

The diversity of measurements available for study is comparable in spite of the radically
different assemblage sizes. The presence of lengths in the small medieval set is conspicuous:
percentages of the number of measurements relative to fish NISP in the three assemblages,
however, point to the effects of poor preservation at Ecsegfalva and the good condition of
the medieval fish bones. Ibrany falls between the two extremes, although — as a function of
time — both fragmentation and surface erosion tend to be worse in prehistoric assemblages.

When plotted against the mean values and intervals of standard deviations of the refer-
ence collection of 24 large pikes from Sweden (fig. 6), the three archacological assemblages
display very different size distributions; the graph also contains a mm scale of estimated
TLs to facilitate practical interpretation. Thanks to it having the largest number of cases, the

4 Meadow 1999.

30 Bartosiewicz 2007.

31 Kovacs et al. 2010.

2 Bartosiewicz — Gal 2021.

53 Also recommended by Enghoff 1994, 86.
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Table 6 The anatomical distribution of measurements taken on excavated pike bones

Measurement Ecsegfalva Ibrany Esztergom Total Dimension
Early Neolithic Late Medieval

Fish NISP 18,186 16,704 1059 35,949

2 vo.gr.b. 18 32 2 52 M-L

3 proa.gr.b. 1 11 12 M-L

5 dn.a.h. 16 58 74 D-V

6 dn.i.l. 1 6 3 10 C-C

8 art.gr.b. 5 16 1 22 M-L

9 qu.gr.b. 15 31 46 M-L

12 pop.c.l. 2 2 D-v

13 clc.l. 4 4 D-V

Total 56 154 12 222

% of fish NISP 0.308 0.922 1.133 0.618

assemblage from Ibrany best approaches the bell-shape of the Gaussian curve, but it peaks at
around -1 standard deviation of the 24 pikes in the museum collection. This corresponds to
animals of approximately 550-650 mm TL, none reaching the 884 mm mean length of the
reference individuals. The Ibrany sample also has a slight negative skew due to the presence
of smaller individuals.

The set of Early Neolithic pike measurements from Ecsegfalva is only one-third of those
taken in the Ibrany material. With the exception of a single ca. 750 mm-long individual (within
the -1 standard deviation interval of the extant sample), it rather shows an even spread of much
smaller pike, mostly overlapping with the smallest, 250—500 mm-long specimens from Ibrany.

Finally, the distribution of measurements of late medieval pike from Esztergom (fig. 6 B)
looks rather hectic, in part due to the small number of individuals. The bones originate from
even shorter, ca. 250-450 mm-long fish (within the -2.5 and 1.5 standard deviation interval
of the 24 extant pikes). There was only a single exception: a large 14™-century pike that
reached the almost 900 mm mean TL of the reference material.

Interpretations

In order to understand the patterns seen in figure 6, both pike and human behaviour need to
be reviewed. In Hungary, pike spawning takes place from February to March®, but it may be
delayed until May/June in the northern part of the distribution area. Along with variations in
the local climate, it coincides with spring high water (melt water) on flooded reed beds and
grasslands, lakeshores or flood plains in water of 25-60 cm depth™.

Young pikes need vegetation for protection, adults to be able to ambush their prey*®. Pike of
a TL of up to 60 cm thus prefer the vegetated edge of shallow waters. Only large individuals
venture into deeper waters void of vegetation®’. In the archaeological materials under discus-
sion here, these may potentially be the few individuals caught in the main current of rivers.

5% Pike-Tay et al. 2004, 236 tab. 3.

3 Raat 1988; de Laak — van Emmerik 2006, 20.
¢ Leijzer — Beekman 2003, 37.

57 De Laak — van Emmerik 2006, 17.
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Fig. 6 A: The size distribution of Early Neolithic pike at Ecsegfalva and Ibrany based on the standard
scores calculated from the 24 extant reference specimens; B: The size distribution of medieval
pike from the Esztergom archbishopric (L. Bartosiewicz)

Early Neolithic fishing techniques

Prior to 19™-century river regulations, present-day eastern Hungary was prone to regular
flooding. After floods, small fish — such as young pike — trapped in residual pools were easy
to gather. They could even be picked up by hand. Fish seems to have been an opportunistic
complement to the diet of the first sheep-herding communities in the Carpathian Basin, such
as the putative inhabitants of Ecsegfalva.

However, the two Early Neolithic sites in the Great Hungarian Plain apparently represent
different scenarios. At Ibrany the presence of large pike determining the size distribution in
figure 6 A may be indicative of active fishing, as concluded by N. Noe-Nygaard®® based on
the presence of large pike among the Mesolithic fish remains from Prestelyngen, Denmark.
A striking visual similarity to the difference between the pike sizes from Ecsegfalva and
Ibrany is also visible in the size distributions of contemporary catches of pike using seine
nets versus angling in the Weerribben National Park, the Netherlands®. In spite of the over-
lap between their standard deviations, the mean TL estimate for pike from Ecsegfalva was
ca. 80 mm shorter (P < 0.005) than the mean value obtained for the Ibrany data®. Accord-
ing to P. R. Bregazzi and C. R. Kennedy®!, the average pike fork length (94 % of TL)% of
pike caught using seine nets (540.1 mm, n = 66) was 115 mm shorter than those landed by
anglers (654.4 mm, n = 56). The size diversity of net catch also varied within broader limits
(cv = 34.0 % versus cv = 14.2 %). This difference parallels the phenomenon observed in the
Ecsegfalva (cv = 35.0 %) and Ibrany (cv = 27.5 %) assemblages®.

8 Noe-Nygaard 1983, 130.

% Leijzer — Beekman 2003.

%0 Kovacs et al. 2010, 248 tab. 7.

¢ Bregazzi — Kennedy 1980, 92 tab. 1.
2 Mann 1976, 186.

0 Kovécs et al. 2010, 248 tab. 7.
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Alternatives in medieval pike provisioning

According to figure 6 B, with one exception, the few measurable bones from the 14"-15"-cen-
tury Esztergom archbishopric represent only 250—400 mm-long individuals, barely larger than
one-summer-old pike®. This was the diametric opposite of our expectations, given the dis-
tinguished social status of the site. At 11"—15%-century settlements in England, pike appears
to be the most abundant in the food refuse from castles at the peak of social hierarchy. The
largest individuals also tend to occur at these sites®. It appears that large pike formed part of
high-status diets. A closer parallel to the Esztergom finds is the dry-screened assemblage of
fish remains from the 17"-18%-century monastery in Zobor, Slovakia®. That material yielded
the bones of 900-1100 mm-long pikes, comparable to our reference collection.

Interpretations of the Esztergom fish remains benefit from the availability of the contem-
poraneous documentary record kept by Ippolito d’Este, archbishop of Esztergom®. Sporadic
references to fish size in the castle’s kitchen accounts (Pro Coquina castri, 1489) suggest
that usually highly valued pikes were sold at conspicuously low prices to the archbishop’s
kitchen. While six carps cost 70 denarii, a dozen (twice as many [!]) pikes were bought for
only 29 denarii®®. In light of the archaeozoological finds, one of the possible explanations
is the small size of the pike. A later, 1498 purchase of »five plates of pike«®” may also be
indicative of small individuals.

The broader economic context is also worth considering. The kitchen refuse from Esz-
tergom shows a significant (P < 0.001) diachronic increase in cyprinid bones™, in particular
those of carp. By the High Middle Ages, large-scale fish farming developed in central Europe,
including both Austria and Hungary’!. By around the 14" century, pond fishing focused on
carp, with pike as the occasional »side-crop<. Releasing small pikes into finishing ponds for
carp was a known technique to cull the offspring of sexually precocious carp before their fry
began competing for food with their parents’. Small pike as a by-catch would fit within this
technological framework. Young pikes would prey upon anything smaller than themselves.
Thus, beyond a certain size they would have jeopardized the profitability of carp stocks.

The consumption of small pike in Esztergom is consonant with the scarcity of bones
from other high-status fish such as great sturgeon and from large terrestrial game (only two
postcranial bones each of red deer and roe deer were found)”. Zooarchaeological finds thus
refute ruling topoi that the consumption of expensive fish, venison and a variety of wild fowl
played a key role in asserting social status among high clergy. The contradiction is so great
that the possible plebeian origins of the Esztergom food refuse need to be considered. The
de facto small size of pike finds from Esztergom might be related to fishing regulations such
as those in Bavaria and Austria, which prescribed this size range as the smallest legal length
for pike to be caught in around AD 15007, Small >pickerels< were certainly an item sold at
fish markets to commoners in medieval England™.

¢ Berinkey 1966.

6 Macarinelli 2021, 133 figs. 7. 8. 17.
% Bielichova et al. 2019.

7 Byatt 1993, 363.

% Gal — Bartosiewicz 2021, 131 f.
¢ Kuffart 2018, 175.

" Gal — Bartosiewicz 2021, 4 fig. 2.
I Galik et al. 2015, 347.

2 Hoffmann 1996, 664 f.

3 Gal — Bartosiewicz 2021, 2.

* Hoffmann 2000.

> Dyer 1994.



42 Laszlo Bartosiewicz

Conclusions

Given its significance and near ubiquitous presence since the earliest archaeological peri-
ods in Europe, an in-depth understanding of pike size is of evident interest. This review of
estimating TL in pike using head elements from archaeological sites allows the following
conclusions to be drawn:

Information on the sex and geographical origins of the reference individuals was missing.
A review of contemporary fisheries science has shown that size potentially influenced by
these two factors is a function of absolute growth, that is, of calendar age. Direct ageing of
the skeletal elements selected for study is impossible. Size itself could be used as a proxy to
age, but this would lead to circular reasoning. It is relative, rather than absolute growth that
can be studied in our case. Body proportions in pike seem to be less affected by sex and
environment than size. Accepting that the precision of our calculations will be finite, ques-
tions of sexual dimorphism and environmental influences were not addressed in this study.

The 24 reference skeletons available for study did not represent a random sample. Most
of them originated from large individuals, a bias attributable to traditions in museum acqui-
sition. Thanks to the linear nature of relative growth in pike, this bias did not distort the
integrated evaluation of the 13 measurements in the head region. PCA has confirmed that all
measurements are extremely highly correlated with overall size (PC1). This phenomenon is
not severely influenced by the fact that one-quarter of the measurements had to be estimated
using previously calculated correlations’.

While the longest length measurements (e.g. neurocranium base length, cleithrum chord
length, dentale inner length) understandably offer the best estimates for TL on a mathematical
basis, they tend to be poorly preserved in archaeological assemblages. Thanks to the growth
characteristics of pike, bone breadths representing the medio-lateral dimension, less prone
to fragmentation, are just as characteristic of pike size; the dimensionality of measurements
plays but a small role in size reconstruction.

A brief summary of case studies showed the relevance of integrating detailed biometric
information on the size distribution of pike with data on fishing techniques and documentary
sources in different chronological and cultural settings.
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Abstract

The archaeological excavation of the deserted Camaldolese monastery of St. Joseph on Zobor Hill in Nitra
yielded rich faunal material. Most of this originated from a small cellar or cesspit in one of the explored
monks’ houses. The bone assemblage, partly dated by luxurious tableware to the final decades of the
monastery’s existence (1760-1782), is dominated by aquatic and semi-aquatic wild species. These include
fish, crayfish, otters, beavers and the European pond turtle. Domestic animals — cattle, sheep, pigs and
chicken — occurred in small numbers. The archaeological context and recorded butchery marks showed
that all were part of the local diet. Among fish, the most frequent were pike and carp. Remains of catfish,
stellate sturgeon, Russian sturgeon, sterlet, tench, dace and bleak were also present. Osteometric analysis
revealed that large-sized individuals prevailed, meeting kitchen requirements and documenting the wealth
of resources (fishponds [?]). The representation of fish skeletal elements and modifications suggests that
complete (fresh [?]) fish were supplied to the monastery. Selected portions (various fish dishes) were
served to the monks. Spatial analysis of finds revealed long-term fasting and strict adherence to dietary
prescriptions in cell 9. On the other hand, it also suggested a possible breach in cell 3, perhaps due to
relaxation of discipline, health problems, or the monk’s advanced age. In this cell, meat of forbidden four-
legged animals (veal and lamb) may have been consumed. However, contamination of bone material from
different occupational layers may also have played its role.

Introduction

The Camaldoli, also known as »White Benedictines«, are among the strictest men’s orders
of the Roman Catholic Church. The order prioritises worship and prayer over economic and
outreach activities. It was founded by St. Romuald (1 1027). Inspired by the hermits’ way
of life in the desert, St. Romuald and a few companions retreated to the Etrurian hills near
Arezzo in Tuscany. There, they were given a territory called Campo di Maldolo and built
a monastery. The order adopted the name of this territory, and its existence was officially
confirmed in 1072. In the following centuries, many monasteries abandoned this extremely
strict form of monasticism. Only a small number remained faithful to the original idea. In
the 16" century, the order divided into two branches: a new, reformist one centred on Monte
Corona near Perugia, and a congregation of Camaldolese monks with a more relaxed way
of life. The reformist branch of Monte Corona produced the founders of all the Camaldolese
monasteries in the Habsburg monarchy, including Hungary and its former part, present-day
Slovakia.

Over the centuries, eremitism developed in various forms'. Hermits lived either in solitude
or in groups, sometimes in complete isolation and sometimes in association with a monastery
or church. Their residences ranged from remote locations to urban centres. Some hermits

' Pomfyova 2015, 299-303.
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acted as itinerant ascetics and missionaries, serving the faithful as preachers or nurses. Others
remained within the hermitage, dedicating themselves exclusively to contemplation and renun-
ciation in closed cells, a practice known as reclusion. Regular fasting and strict dietary rules
characterised their daily routines. Limited archival sources document the ascetic lifestyle at
Zobor Monastery. For instance, in 1726, the General Chapter granted Friar Kajetan renewed
permission for reclusion lasting more than fourteen years®. This privilege was extended to
several monks, although maintaining discipline proved challenging. Friar Henry’s reclusion,
for example, was revoked after one year due to noncompliance with rules regarding contact
with other friars®. Historical documents indicate that the Camaldolese of Zobor combined
hermitic practices with coenobitic life. Notably, their religious interactions with the outside
world were frequent’. They also collaborated with other hermitages in Hungary, such as the
Lechnica hermitage (now the Red Monastery in Slovakia), on projects like translating the
Bible into Slovak, and often served as referees in reports on candidates for the bishop’s seat
in Nitra®. Bishops of Nitra conferred sacred consecrations on members of the order, but also
engaged in disputes with the monastery, for example, over forest usage®. Some Zobor monks
travelled frequently, including to Vienna, which provoked criticism from the General Curia
of the order in Monte Corona, particularly when monks stayed overnight in secular houses’.
Additional criticisms included the purchase of expensive cloth for monks, visits by women
to the monastery, and unmediated celebrations that featured extended debates and elaborate
Lenten meals. These accounts present a complex, at times contradictory, image of the ascetic
lifestyle within the hermitage.

Evidence of economic interactions between the Camaldolese monastery and the secular
world is either limited® or originates from more recent periods’. To date, most information
regarding the internal life and hermits of the monastery has been provided by M. Lacko, who
examined the »Acts of the General Chapters« in Frascati near Rome!®. Given the scarcity of
literary sources, archaeological findings have become increasingly valuable. To document the
site’s complete history, the Institute of Archaeology of the Slovak Academy of Sciences in
Nitra has conducted both rescue and systematic excavation campaigns''. Over recent decades,
these efforts have yielded substantial archaeological material, including exceptional collec-
tions of artefacts and ecofacts that illustrate the luxurious lifestyle of certain monks and their
interactions with the external world'.

This article presents findings from the analysis of faunal remains recovered during a single
excavation season. The assessment of well-dated material, most of which was found in its
primary context as consumption waste, provides initial insights into the dietary habits of the
local monastic community. It also sheds light on activities related to food production and
acquisition, food storage, meal preparation, the variety of animals consumed, fasting prac-
tices and waste management. Furthermore, these results enhance understanding of the monks’
relationship with animals and their environment. Literary and iconographic sources, which
suggest that the local economy may have included livestock rearing (such as horse and pig

Lacko 1965, 108 f.
Lacko 1965, 109.
Lacko 1965; Vozar 1997.
Judak 1997, 79 1.
Judak 1997; Vozar 1997, 87.
Lacko 1965, 107 f.
The account and inventory books related to economic matters, such as the food supply to the Camaldolese mon-
astery on Zobor Hill, were likely destroyed during the monastery’s closure. The remaining documents archived in
Budapest (<https:// maps.hungaricana.hu/hu/MOLTerkeptar/4345/> [25.04.2023]) do not address topics related to
food or daily life. P. Prohaszka, personal communication.
®  Lombardini 1895; Kompanek 1895, 111-114; Cserenyei 1911; Branecky 1945.
10 Lacko 1965; Lacko 1967
" For a summary of the archaeological research at the site, see Samuel 2010.
12 Samuel 2009; Samuel — Curny 2010.
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stables) and aquaculture (potentially fishponds), have been compared with newly acquired
faunal data, including evidence of sturgeon consumption.

The site background

The Camaldolese monastery of St. Joseph was established in a small valley on the west-
ern slope of the Zobor hill (586.9 masl) above the town of Nitra in southwestern Slovakia
(fig. 1). This legendary forested area, with its abundant spring and small cave', had previ-
ously been home to the Benedictine monastery of St. Hippolytus from the early Middle Ages
(9%/11™ cent.) until the end of the 15" century, serving as one of the Kingdom of Hungary’s
most important religious, public and cultural centres. Following the Benedictine monastery’s
abandonment in the 15" century, pilgrimages continued to a chapel later built on the site'.

Fig. 1 Geographical location of the site on the map; 1: Europe with the extent of the Habsburg Monarchy in 1789;
2: The town of Nitra in 1782-1784 (source: <https://commons.wikimedia.org/wiki/File:Habsburg Monar-
chy 1789.svg>)

In the 17" century, Baron Blazej Jaklin of Lefantovce, bishop of Nitra, and his cousin Baron
Mikulas Jaklin, captain of Nitra Castle, sought to revive monastic life there. On 28™ June
1691, they drew up a document in Nitra expressing their intention and financial commitment
to construct and maintain a monastery for twelve Camaldolese monks. This communication,
meant for King Leopold I, led to his letter dated 5% September 1691, granting authorisation
to use pensions from Pilis Abbey (now in Hungary) so that »they may serve for the benefit
of the order, and the 12 monks may live decently on them«!®. After project approval by the
General Chapter of the Camaldolese Order in Monte Corona, Italy, in 1692, Cardinal Leopold
Koloni¢ (Kollonitsch) officially established the >hermitage« of St. Joseph on Zobor hill by
decree on 14" March 16936,

The first inhabitants were Italian monks from Monte Corona, who gradually welcomed
Hungarians, Germans, Silesians, Moravians and Slovaks. Most Slovak monks came from the
Nitra region and eventually made up almost half of the hermits at the theological school at

According to legend, the cave was inhabited by the monk St. Svorad sometime during the 11" cent.
4 Kompanek 1895, 111.
Cserenyei 1911.
16 Lacko 1967, 152.
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Zobor!'”. The second hermitage was founded in
1711 at the monastery in what is now the village
of Cerveny Klastor, then in the area of Lechnica
in northern Slovakia. Together with hermit-
ages in the Habsburg monarchy — present-day
Kahlenberg and Landsee in Austria, and Majk
in Hungary — Zobor and Lechnica formed an
administrative unit called the Hermitage of the
Germano-Hungarian Nation (Eremi Nationis
Germano-Hungaricae), which belonged to the
Congregation of the Camaldolese Hermits of
Monte Corona. In 1709, the General Chapter
of the Camaldolese order promoted the Zobor
monastery to the rank of priory and established
a second novitiate there for all of Hungary.
The Camaldolese monasteries became import-
ant cultural centres where significant scientific
activities developed. The Camaldolese com-
munity attempted to establish Western Slovak
as a national written language (Camaldolese
Slovak) and to produce the first translation of
Fig. 2 Oil painting from the second half of the 18" the Bible into Sloyak (the Cam.ald(ﬂese Bible)™.
century depicting the area of the Camaldolese NOtable communlty. members included the Pol-
Monastery of St. Joseph; Nitra Gallery, an un-  ish naturalist FrantiSek Ignac Jaschke, known
known Central European artist; inv. 0-81 (photo: ~ as Cyprian (1724—1775) — author of the oldest

M. Samuel) surviving five-language herbarium in Slova-

kia — and the Slovak linguist and translator

Stefan Romuald Hadbavny (1714—1780); both spent part of their lives at the Zobor monastery.

The appearance of the monastery is known from several iconographic sources (fig. 2)
and archaeological research. These show that the Zobor monastery was a large complex
built on several artificially created terraces'. Its inner area, defined by a brick enclosure and
buildings, measured almost 2.3 ha. The complex had a symmetrical central area, with the
monastery church — a three-aisled basilica with a tower in the middle of the south aisle — at
its core. On either side of the church were two double lines of monastic dwellings (cells).
A third line of cells stood east of the church on the highest terrace. On the west side, the
two inner lines of cells connected to the side wings of the main convent building, which had
two floors and three wings arranged in a U-shaped plan. To the north of this building was a
smaller, two-storey outbuilding with two wings; additional outbuildings were located against
the enclosure walls. From 1704, the monastery included a sophisticated technical structure:
a stone aqueduct that brought water from the Svorad Spring. This aqueduct distributed water
through several branches to rooms, laundries, fountains, and reservoirs. Surplus water went
to a pair of ponds below the monastery?.

The preserved monastery plan (fig. 3) details the layout of catering-related buildings (refec-
tory, kitchens and cook’s room) and food storage (lard, oil, fruit, wine). Production areas, such
as the bakery, gardens, greenhouses and pigsties, are also shown. Each monk’s cell and garden
followed a standardised design with four rooms: a chapel or prayer room (oratorium), a main
living room with a bed and library (cubiculum), a workshop or workroom (laboratorium) and

17" Lacko 1965.

18 See Encyclopaedia Beliana (<https://beliana.sav.sk/heslo/kamalduli> [05.05.2023]).

The project was designed by Italian architect Domenico Martinelli, based in Vienna. Lorenz 1991, 199.

20 1In the work of S. Cserényei, it is noted that both ponds, which have been abandoned for 30 years, are clogged with
fallen leaves. Cserenyei 1911.
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3. Stairs to the church 18. Storage of oil and grease 33. Entrance to the fruit cellar 47. Fruit garden
4. Fish tank 19. Stairs to the cellar 34. Greenhouses 48. Water tank
5. Water supply 20. Cook's room 35. Kitchen garden 49. Monk cell
6. Farmyard 21. Black kitchen 36. Water pipelines 50. Laundry
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11. Toilet 26. Room with vaulted ceiling 41. Rental garden 55. Pigsty
12. Shed for wagons 27. Black kitchen 42. Church 56. Eptrance to the
13. Stairs to the cellar 28. Laundry 43. Chapter hall big garden
14. Refectory 29. Hallway 44. Sacristy 57. Ossuary

15. Hallway to the kitchen/refectory

30. Hallway to the garden and bakery

Fig. 3 Digitalised plan of the Camaldolese Monastery of St. Joseph showing the location of monks’ cells 3 and 9 and
the functions of interior and exterior areas. Bold: Space related to the production and consumption of food and
the keeping of animals (according to the plan by C. Schlegel, digitalised by M. Samuel; the original deposited
at the Magyar Orszagos Levéltar Budapest, sign. S12. Div. 9 No. 60, 1-2; translation of the text addendum: R.

Ragac)
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a utility room with a sanitary corner that also served for wood storage (camera pro conser-
vandis lignis). These rooms opened onto a central corridor (vestibulum). The entrance to each
monk’s garden (introitus ad hortulum) led directly to an area that was both decorative and
functional. The convent’s main building had three wings, stood two storeys high, and featured
an entrance gate in the foreground with a facade marked by a bell tower and clock. Above
the gate, an inscription read: Absit ab hac porta sacra turbator eremi, Odit enim turbas turba
sacrata Deo*. The enclosed area, except for a small outbuilding, was surrounded by a wall
and included orchards and gardens. A small cemetery lay before the monastery gate. A stone
aqueduct brought water from the spring under Saint Svorad’s cave, supplying the buildings
and fountains and providing surplus water to the nearby ponds (?)*.

In 1782, after nearly 90 years, Joseph II dissolved the convent. At that time, there were
eight fathers, five clerics and five brothers living there”®. Most of the property, including the
church, was abandoned. Only parts of the outbuildings remained in use. Over the years, these
served different purposes, such as textile manufacturing, an inn, climatic baths and a mission-
ary residence — until the late 1950s. Then, work began to convert the site into a hospital for
respiratory diseases. Today, only two wings of the main convent outbuilding, the ruins of the
monastery church, and portions of the terraced garden walls remain.

Archaeological research and the discovery of faunal remains

Several rescue excavations have been carried out at the Zobor monastery site. In 1942, apart
from relics of the medieval monastery, a pair of Baroque monks’ houses were uncovered.
However, the documentation and findings were burned during the Second World War bombing
of Bratislava, and the available report does not mention findings documenting the processing
or consumption of food*. Rescue campaigns conducted during the 1960s were similarly
limited, as they also did not address this issue. Later on, research linked to the construction
of the large therapeutic hospital for tuberculosis and respiratory diseases was restricted to
monitoring engineering networks and documenting Baroque stone water pipelines®. It was
not until after 2001 that a more systematic investigation became possible, when the Institute
of Archaeology of the Slovak Academy of Sciences in Nitra began excavations. Sponsored
in part by the City of Nitra, this research shifted its focus to documenting the remnants
of the medieval monastery and exploring aspects of daily life in the Baroque monastery?®.
Regarding the Camaldolese monks’ diet, the most important evidence emerged south of the
Baroque church ruins, where three monks’ dwellings (cells) were partially uncovered. In the
utility room of one, a unique discovery provided rare evidence of daily life in the monastery.

The faunal remains analysed in this study comprise 5211 specimens with a total weight
of 2.8 kg. The material includes vertebrate bones and teeth, the outer shell (exoskeleton)
of crustaceans and eggshells. All are in excellent condition, with the bone surfaces intact
and showing no hard coatings or erosion. Most modifications are of anthropogenic origin,
as the remains accumulated at the site are known to be due to human activity. As a result,
the degree of disturbance to bone integrity is low to medium, mainly caused by intervention
during butchery or kitchen preparation and by the consumption of meat and bone by humans
or animals. It is important to note that no complete animal skeletons or partially articulated
elements were uncovered.

21 Kompanek 1895, 112; Branecky 1945, 22.
22 Habovstiak 1971, 117 f.

2 Kompanek 1895, 114.

2 Kraskovska 1942/1943.

2 Habovstiak 1966; Habovstiak 1971.

2 Samuel 2011.
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Table 1 Analysed samples with archaeological context

Sample | Trench Sector Depth Dating Context
(cm)
| 2/03 A 150160 | Early Modern A strip of black clay laying in front of the
southern wall of cell 3
2 2/03 D 110-115 | Early Modern Rubble just above the floor in cell 3
3 2/03 C 145-155 | Early Modern Black clay under the older floor in cell 3
4 2/03 D 145-155 | Early Modern Dark clay under the older floor in cell 3
5 2/03 D 155-165 | Early Modern Light brown clay (silt)
6+8 5/03 - 80-85 Early Modern Yellow-brown clay with stones, mortar and daub
Cleaning of the ground plan, mortar and clay
— ?
7 6/03 up to 85 | Early Modern (?) layer over the medieval monastery wall
9 4/02/03 3 40-80 after 1782 Deepe'mng of the western edge of the sounding
(exterior of cell 9)
. Dismantling the layer of white mortar with clay
_ - ?
10 6/03 90-105 | Middle Ages (?) over the walls of the medieval monastery
1 5/03 B 105-150 | Middle Ages Bz;k feature infill (medieval pit), black-yellow
" . o
12 4/02/03 B 275985 2" half of the pestructlon in the »cellar« of the utility room
18™ cent. in cell 9

Altogether twelve samples from the trenches S 2 and S 4-S 6, investigated in 2003 and
covering the area of two monks’ houses and their exteriors, were analysed (tab. 1; fig. 4).
Among these, cell 3 was the best-preserved monk’s house, with above-ground masonry walls
preserved up to 1 m, and its western and northern perimeter walls — part of the Baroque
terrace — preserved up to 2—3 m. The house measured 9 X 10 m and comprised four rooms
divided by a corridor. The largest room, serving as the main living room, was accessible from
the corridor through a doorway with sloping lintels situated on the left side of the entrance. In
this room, the brick plinth of the heater, with a feeding hole located in the corridor, remains
preserved. Adjacent to this main living room was a smaller room with an almost-square loft,
probably used as a study, accessible through a doorway from the brick-paved corridor. To the
right of the entrance was the chapel, distinguished by a square floor plan and a mortar floor.
The remaining fourth room served as a utility or store room with a toilet.

In terms of sampling, samples 2—5 were collected during the surveying of the two south-
ern rooms (main living room and study) and the adjacent section of the connecting corridor.
These samples were found at varying depths in the layers just above the floors, within the
floors themselves during their dismantling, or in layers beneath the floors. In contrast, sam-
ple 1 was collected outside the house, specifically from a layer of black clay running along
the south elevation. This band of clay appeared as a shallow trough in profile, and field
observations suggested that it was created during the construction of the dwelling, possibly
to drain rainwater. Over the course of the monastery’s existence, this trough was gradually
filled in with washed clay containing food remains. Thus, all the above-mentioned contexts
and corresponding samples relate to the construction of the monastery, its period of use, and
the time immediately following its abandonment.

The vast majority of finds (82.5 %) came from the trench S 4/02/03, which covered the
interiors and, to a lesser extent, the exteriors of cell 9%7. The location of the monk’s dwelling
was indicated by a mound projecting over 1 m above the surrounding ground. Notably, a path
running along the eastern fagade of the house was uncovered in front of the entrance. This
walkway was formed by various large flat rubble stones of local provenience. As excavation

¥ Bielichova et al. 2019, 142 fig. 6.
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trench 1942

S 4/02/03

S 7/03

= -3 @ -b ™= .c []-d

Fig. 4 Plan of the studied areas in 1942 and 2001-2003. a: Architectural relics of
the medieval monastery and their assumed course; b: Medieval feature; c:
Uncovered/assumed relics of the Camaldolese monastery; d: Baroque stone
aqueduct with a fountain; e: Borders of the studied area (plan: M. Samuel)

progressed, the discovery of the doorway, a short section of the corridor with a brick floor,
then the northern part of the main living room with the brick plinth of the heater, and the
private chapel with a brick floor and the plinth of the altar attested to a similar outline for
both houses. The walls of the house have been preserved up to a maximum height of 40 cm.
Subsequently, the last room explored was the utility room, which was divided into two unequal
parts. The larger part had a crumbled mortar floor, and the other part contained a sunken
brick-built space 240 cm deep (from floor level in the passage) with clear traces of a vaulted
wall. Along the northern wall, there was a vertical indentation in the masonry resembling a
ventilation shaft; the bottom was formed by trampled clay (fig. 5). It is most probable that
this space served as a small cellar or a toilet cesspit, which were usually located in this part
of the house. The infill, up to a depth of 15-30 cm above the bottom, was made up of stones
from the destroyed walls of the house and a mixture of lumps of mortar, sand and forest
clay. In this part of the infill, archaeological finds were sporadic. Conversely, the remaining,
lowermost part of this space was filled almost exclusively with fine-grained sediment, which
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Fig. 5 The cellar or cesspit of the utility room in cell 9 with retrieved finds. 1: The northern view of the cellar/cesspit
space; 2: Hypothetical appearance of the utility room in cell 3; 3: Collection of pottery; 4: Some of the recovered
fish bones; 5: Collection of glass (photo: M. Samuel, sources: <https://zoborskyklastor.sk/exterier-pribytku-
mnicha-audio-2/>)

was sieved and examined in detail. This process yielded the vast majority of the osteological
material (sample 12), along with a unique set of ceramics and glass vessels. The majority of
these items can be clearly associated with the dining and diet of the Camaldolese monk living
in the cell. Based on an estimate of the pottery’s lifespan, the dates on a pair of faience cups
(1760 and 1765) and historical facts about the dissolution of the monastery (1782), it was
possible to place the period of use of the discovered features in the last two to three decades
of the Baroque monastery®®. Supporting this dating, the accompanying archaeofaunal material
is similarly dated (1760-1782).

The investigation of the dwelling was completed by extending the trench into a small area
in front of its western wall, where several animal bones were found (sample 9). However,
these bones are apparently no longer related to the existence of the Camaldolese monastery;
instead, they represent the horizon of its abandonment or subsequent use for other purposes.
In addition to sample 9, the archaeofaunal assemblage also included finds from trenches 5
and 6 (1.7 % of the total). These finds come from the spaces between the rows of dwellings
where medieval contexts survive. Notably, while sample 11 represents the infill of a medie-
val building, samples 7 and 10 may instead relate to the period of the medieval monastery’s
demise and desertion at the end of the Middle Ages.

% Samuel — Curny 2010, 269.
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Archaeozoological research methods

Thanks to the presence of dedicated archaeology students at the site, great attention has been
devoted to the recovery and collection of ecofacts. During the 2001-2003 excavation sea-
sons, faunal remains were recovered through non-systematic, subjective sampling. The process
began with hand-picking bones, teeth, eggshells and exoskeletal parts from the investigated
sediments, down to the smallest fragment recognizable by eye. In addition to hand retrieval,
most of the infill from the cellar or cesspit of the utility room in house no. 9 was dry-sieved
through a mesh with a diameter of about 5 mm?.

After recovery, animal remains were extracted either by hand or through sieving. Sub-
sequently, an archaeologist consulted the osteologist about the material, after which it was
transported to the archaeozoological laboratory at the Institute of Archaeology in Nitra. There,
the material was cleaned and washed using sieves with a 1-2 mm mesh size. The cleaned
remains were then sorted by anatomical and taxonomic affiliation — vertebrate bones and
teeth, plus fragments of bird eggs, crayfish and mollusc shells.

In 2017, basic taxonomic and anatomic identification of fish (K. Hensel [{]) and other taxa
(Z. Bielichova) was conducted. Fish remains were identified using the freshwater fish reference
collection at the Department of Zoology, Faculty of Natural Sciences, and Comenius University
in Bratislava. Throughout the process, finds were pre-sorted, analysed, and evaluated using
comparative reference and archaeological specimens at the Institute of Archaeology of the
Slovak Academy of Sciences in Nitra. Evaluation also considered age and sex determination,
osteometric data*® and recorded bone modifications?!. Zoological and anatomical terminology
adhered to standards for mammals®* and fish*. Fish length and weight were calculated from
published coefficients for pike** and other freshwater species®. Some questionable specimens
(small rodents, turkey and sturgeons) were examined in laboratories in Prague and Kazan.

In 2022, sturgeon remains were analysed at the Biomonitoring Laboratory, Institute of Prob-
lems in Ecology and Mineral Wealth, Tatarstan Academy of Sciences in Kazan (I. Askeyev,
D. Shaymuratova, S. Monakhov). Taxonomic and anatomical identification used a comparative
bone collection of nine sturgeon species®®. Regression equations to estimate length and weight
were derived from laboratory databases of 20"-21% century sterlet specimens from the Volga
River basin. Regression statistics (y = ax®) related dorsal scute (2—5) measurements to total
length (TL) for Acipenser ruthenus.

The type and accuracy of the regression model were then determined by the coefficient
of determination (R?)*’. To ensure accurate length estimation, 95 % confidence limits were
calculated, and the maximum relative errors (confidence limit/calculated length) were com-
pared across measures. Next, regression significance was assessed (P < 0.001). The Akaike
information criterion (AIC) was used to select the optimal regression model, where lower
AIC values indicate a better fit*®. Measurement (M1) of elements (dorsal scutes 2—5) for the
sterlet is depicted in figure 6. The resulting regression equations based on sterlet (Acipenser
ruthenus) in the biomonitoring laboratory are as follows: TL: 36.3—-65.3 cm, dorsal scutes 2—5;
non-linear: a: 13.789, b: 0.4988, R* 0.8342, n = 64, relative error (%): 1.019, AIC: 537.86.

¥ Due to time constraints at the close of the excavation season, approx. one-third of the infill remained unprocessed.
As a result, this portion was dumped at the site rather than transferred to the laboratory. M. Curny, personal com-
munication.

30 von den Driesch 1976; Morales — Rosenlund 1979; Radu 2003.

31 Lyman 1994; Reitz — Wing 1999; Schmid 1972; Silver 1969; Uerpmann 1973; Wheeler — Jones 1989.

32 Gentry et al. 2004.

3 Lepiksaar 1983.

3 Bartosiewicz 1990.

3 Brikhuizen 1989; Libois — Hallet-Libois 1988; Radu 2003.

3¢ The anatomical names of sturgeon bone elements follow Hilton et al. 2011.

37 Zar 1999.

3% Hammer et al. 2001.
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In parallel, the length-weight relationship (LWR)
was determined using least squares with the equation
W = al’, then transformed logarithmically to LogW =
Loga + bLogL*, in which W is the total body weight
(g) and L is total length (mm); »a« and »b« are the
intercept and slope, respectively*. Prior to regression,
outliers were identified using log-log plots of length-
weight pairs*'. For LWR, descriptive statistics included
sample sizes, standard length and weight ranges, means,
95 % confidence intervals (Cls), equation coefficients,
and correlation coefficient (R?). The LWR regressions
were 'highly significant (P < 0.001). These regression Fig. 6 The length of a dorsal scute (M1)
equations were based on database measurements from used in the calculation of the total
recent (19"-21% cent.) sterlet specimens stored in the length (TL) in a sterlet (photo: Z.
Kazan laboratory. The regression equations derived for Bielichova)
sterlet (Acipenser ruthenus) are: TL: 237-880 mm; body
weight: 724618 g; n = 496; Log a [95 % Cls]: —6.0691 [-6.3129, —5.8654], b [95 % ClIs]:
3.2707 [3.1933, 3.3617], R* 0.957.

Results and discussion

The analysed collection from the Zobor monastery comprises 5211 specimens of at least 22
animal species*. Wild taxa clearly predominated the assemblage, both by the number of iden-
tified specimens (94.2 %) and by the minimum number of individuals (69.9 %). By weight,
the representation of wild taxa is lower (50.8 %), but it still accounts for the majority of
identified finds (tab. 2). Except for the turkey, all species identified in Zobor Monastery are
autochthonous to the studied region and are commonly represented in bone assemblages of that
period. However, it is important to note that the share of particular taxonomic groups varied
considerably, even within the studied Nitra microregion. This variability is due to taphonomic
factors (e.g. sample origin, size, preservation, excavation procedures) as well as cultural rea-
sons, such as the social and economic status of the sites**. When considering this variation,
it is informative to compare ecclesiastical and secular settlements or seats. Previous research
has shown that the proportion of bones of wild taxa in towns and castles does not exceed
3.5 % of NISP (number of identified specimens)*. Despite rich historical sources indicating
the popularity of fish among urban and aristocratic society in the early modern period, there
are as yet no plausible archaeoichtyological records available from Slovakia*. Furthermore,
apart from mammals and fish, distinct differences in the representation of birds have been
recorded among early modern sites in the Nitra region studied so far*s. Specifically, when
comparing the share of poultry in the monastery and the nearby castles and town, it is clear
that at some aristocratic seats (e.g. Gymes Castle), poultry numbers among the important meat
resources. In contrast, at the Zobor monastery, the overall representation of poultry is small

3 Froese 2006.

40" Froese et al. 2011.

4 Froese et al. 2011.

4 See also Bielichova et al. 2019, 146 f. tab. 2.

4 Bielichova et al. 2019, 145 fig. 8.

4 Miklikova — Fabi§ 2004; Repka et al. 2017; Vozak — Bielich 2021. To provide a regional context, the comparative
assemblages come from the town of Nitra and from the castles inhabited by the Hungarian noble families at Gymes
and Oponice. These castles are situated on opposite outcrops of the Tribe¢ Mountains, approx. 12 km from the
monastery.

4 Cf. Miklikova 2007, 130; Hlavackova 2015; Vozak — Bielich 2021.

4 Bielichova et al. 2019, 147 fig. 8, 2.
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Table 2 The basic taxonomic groups represented in the assemblage; quantified by number (n/NISP), weight (WISP)
and minimum number of individuals (MNI)

Taxa n % n % NISP w % w % WISP MNI

Fish 4834 92.8 91.5 1368.4 49.7 43.0 89
Undetermined mammal 143 2.7 - 323.4 11.7 - -
Domestic mammal 108 2.1 4.5 990.7 36.0 53.7 33
Bird 49 0.9 1.1 40.2 1.5 1.5 12
Crayfish 43 0.8 1.8 3.8 0.1 0.2 1
Reptile 14 0.3 0.6 4.5 0.2 0.2 4
Wild mammal 12 0.2 0.5 22.7 0.8 1.2 4
Bird (eggshell) 5 0.1 - 0.1 0.0 - -
Land snail (shell) 2 0.0 0.1 0.6 0.0 0.0 1
Undetermined bone 1 0.0 - 0.2 0.0 - -
Wild 4908 94.2 - 1400.3 50.8 - 103
Domestic 133 2.6 - 1018.9 37.0 - 44
Domestic/wild 170 33 - 335.4 12.2 - -
Identified 2431 46.7 - 1843.6 66.9 - 147
Unidentified 2780 533 - 911.0 33.1 - -
Total 5211 100 100 2754.6 100 100 147

(1.1 % of total NISP), yet it ranks second among domestic species, and the occurrence of
eggshells indicates an important complementary role in the monastic diet.

Regarding the spatial distribution of analysed food remains in the Zobor monastery, dif-
ferences in the representation of taxonomic groups have been observed (tab. 3). Focusing
first on the monks’ dwellings, the remains of wild animals, especially fish, occur in contexts
associated with both their interiors (cell 9: utility room, sample 12) and exteriors (cell 3:
sediments along the outer southern facade of the building, sample 1). In contrast, some of
the interior contexts in cell 3 (sediments under or above floor, samples 2—4), according to
the excavator, represent »the period of the construction, the existence a short time after the
suppression of the Camaldolese monastery«, and also demonstrate the representation of the
farm mammals (fig. 7). Additionally, a few dog (sample 1) and horse specimens (sample 3)
in front of the dwelling and below the floor indicate that samples covering the area of cell 3
may very well have included residual material from the previous medieval occupation at the
site. However, this can only be proven by methods of absolute dating, and since the evalua-
tion of the associated artefacts is not yet available, we shall leave open the possibility of the
consumption of four-legged animals in cell 3. Turning to species diversity, in the interiors
and exteriors of this cell, sheep and pig (samples 3-5), chicken (all except sample 3), goose
(samples 4 and 5) and domestic turkey (sample 4) were present. Finally, the material from
cell 9 shows a clear absence of domestic species, except for two chicken bones and bird egg
shells, which correspond to the fasting nature of the monastic diet (fig. 7).

Terrestrial species

Domestic mammals in the assemblage include cattle (Bos taurus), pig (Sus domesticus), sheep
(Ovis aries), horse (Equus caballus) and dog (Canis familiaris), while no goat bones were
identified among the caprines. Among domestic birds, chicken (Gallus domesticus), goose
(Anser domesticus) and turkey (Meleagris domesticus) were identified. The identification of
turkey provides unique historical and archaeological evidence, with the complete left coracoid
offering critical insight into the domestication and history of domestic birds. This specimen
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Table 3 Representation of animal taxa in analysed samples; quantified by NISP

Taxa Sample

1 2 3 4 5 6 7 8 10 | 11 12
Bos taurus — - 7 1 11 - - 3 - 1 _
Ovis aries — - 1 1 6 _ _ 1 _ _ _ _
Ovis/Capra - - 12 8 | 29 - - 2 - 2 1 -
Sus domesticus - - 3 3 3 - 2 2 - — 2 _
Sus cf. domesticus — — 1 - - _ _ _ _ _ _ _
Canis familiaris 2| - - - — — - - - — _ _
Equus caballus - - 1 - - - - — — _ _ _
Lutra lutra - — - - - - — _ _ _ _ 7
Castor fiber - - — 2 - - - - — — _ _
cf. Glis glis - - — - - - _ _ — _ _
Gallus domesticus 1 7 — 4 2 2 - 1 - — — 2
Anser domesticus - - - 2 3 - — 1 - - _ _
Meleagris domesticus - - - 1 — - - - _ _ _ _
Emys orbicularis 7 7 - - — - - - - — _ _
Acipenser ruthenus - - - - - — _ _ _ _ _ 4
Acipenser stellatus - - — - - - — _ _ _ _ 19
Acipenser gueldenstaedtii - — - - - - - - — _ _ 9
Acipenser sp. - - - - - — _ _ _ _ _ 1
Cyprinus carpio 130 | 10| - - - — — — — — - 487
Tinca tinca - - — — — - - — - — —
Leuciscus idus - - — — - - - - - _ _ 2
Alburnus alburnus — - - - - _ - _ _ _ _ 1
Esox lucius 75 2| - - - - - - - — — 816
Silurus glanis 12 3 — — — - - — _ _ _ 70
ct. Cyprinus/Silurus - - - - - - - - _ _ _ 556
Cyprinidae 501 14| - - - _ - — _ _ _ 5
Astacus astacus — - - - - — — _ _ _ _ 43
Cepaea cf. vindobonensis - - - - - - - - - — _ 2
Mammalia indeterminate 2 5 7027 | 42 4 10 | 25 - 3 15 -
Rodentia indeterminate - - - - - - - - — - — 3
Aves indeterminate (bone) - 9| - 9 1 2 1 2 - 1 1 2
Aves indeterminate (eggshell) - - - - - - - - — _ _ 5
Pisces indeterminate 44 1301 | — - - 2 - - - - - 2261
Unidentified bone - 1 — — - - - - — — _ _

represents one of the earliest archacozoological records of the species in Slovakia and Central
Europe*’, and a cut mark shows it formed part of the local diet. Although the find’s chrono-
logical origin is disputed, it was discovered under the floor of cell 3, along with bones of
other domestic animals (sample 4). Recent research on the timing of turkey domestication and
arrival in Europe*® indicates the find does not originate from the site’s medieval occupation.
Instead, all that remains in this sample is now considered to be from the early modern period,
possibly connected to the construction of a specific monk’s cell (?).

47 Bielichova et al. 2019, 152—154 fig. 11; Bielichova et al. 2025.
4% E.g. Crawford 1992; Thornton et al. 2012.
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% of NISP Cell 3 (X=375) | Cell9 (X =2025)

B Land snail 0 0.1

M Crayfish 0 2.1

M Fish 66.9 97 Fig. 7 The spatial distribution of dif-
Pond turtle 3.7 0 ferent taxonomic groups in two

[ Wild mammal 0.5 0.5 monks’ cells (photos from the

B Poultry 5.3 0.1 Camaldolese monastery in Majk,

B Domestical mammal 23.5 0.1 Hungary by Z. Bielichov4)

Also of interest was the occurrence of two metacarpal bones of a dog and a horse in the
assemblage (samples 1 and 3), since these animals are not typical meat sources. For both,
the archaeological context correlates with the early modern period. However, the correlation
with the monastery’s phases of existence is complicated by the presence or absence of other
faunal remains, such as fish. The dog was the only domestic mammal recorded in the sed-
iments along the outer wall of cell 3, within sample 1, which was otherwise dominated by
fish remains. The horse remains were found below the floor of the same cell (sample 3), so
both a medieval (residual [?]) or an early modern dating is possible. Their non-alimentary use
seems clear, as indicated by the elements preserved and the absence of anthropogenic marks.

Last but not least, the same applies to the only representative of the wild terrestrial spe-
cies — the edible dormouse (Glis glis). According to the Bible*, the meat of the mouse
should not be consumed. However, the meat of squirrels or dormice was a natural part of
human diets as late as early modern times®. At Zobor Monastery (sample 12), it is more than
probable that the remains of subadult individuals found in the utility room of cell 9 resulted
from natural death. They may have been attracted by the waste. It is possible they hibernated
in the deserted building. The dormouse may also have been an unpleasant companion for a
contemplating monk.

Among typical terrestrial meat suppliers, caprines are highlighted by their representation
within the group of domestic animals (n = 63). This is also evident by the minimum number
of individuals (MNI = 16). Poultry (MNI = 11), pig (MNI = 8) and cattle (MNI = 6) are
also significant based on MNI. By weight (WISP), cattle predominate over caprines’'. Most
domestic animals are represented by skeletal elements that bear meat of good or moderate
quality®?. Elements viewed as carcass waste, such as bones of the face, tail and extremities,
make up a low proportion: 15.4 % by NISP and 24.5 % by WISP. In poultry, the bones of
chicken, goose and turkey are well-muscled. Dental and postcranial analysis in domestic
mammals showed juvenile or subadult individuals dominated (86.9 % of those assessed)®. If

4 Leviticus, chap. 11.

0 Zibrt 2012.

51 Bielichova et al. 2019, 149-152.

52 Bielichové et al. 2019, 152154 tab. 4 and fig. 10. Classification of skeletal elements according to Uerpmann 1973.
3 Bielichova et al. 2019, tab. 5.
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four-legged animals were consumed in the Camaldolese monastery, young caprines and cattle
were preferred. Lamb (94.3 %) and veal (81 %) were most often chosen. Sheep/goats were
slaughtered at 2 (MNI = 2), 6 (MNI = 10), 12 (MNI = 2), and at 12-24 months (MNI =
1). Only one older individual (3 years old) was recorded. For cattle, the animals died before
6 (MNI = 2) and at 24-30 (MNI = 1) or 42 months (MNI = 1). Pigs were slaughtered at
young ages, between the first and third months (MNI = 1) and between the first year and a
half (MNI = 1). Immature individuals also dominated among domestic poultry. The exception
was chicken, which lacked less muscular elements (carpometacarpus) and included mature
individuals. This may reflect general differences in exploitation patterns, such as keeping them
for egg production, or differences in kitchen processing, such as soups versus meat dishes.
Eggshells (n = 5) were identified in the cesspit of the utility room in cell 9 (sample 12).
They have not yet been classified as to species. However, based on thickness and size, they
have been preliminarily assigned to the domestic hen®. Consuming eggs was allowed under
St. Benedict’s dietary rules. Eggs formed an important part of monastic cuisine™.

Except for the dog and horse remains, human-induced bone modifications have been
observed in all of the identified domesticates®. Cutting, chopping and intentional breakage
or splitting of bones occurred frequently in caprines (48.7 % of NISP) and cattle (28.2 %).
They were less common in smaller animals. For example, such modifications affected pig
(10.3 %), chicken (7.7 %), goose (2.6 %) and turkey (2.6 %). These marks were related to
secondary butchery”’, including kitchen processing and meal preparation included separating
limbs at the joints, defleshing and opening bones to extract marrow. No bones of domestic
animals were burnt, except a single cattle phalanx. This phalanx was partially stained black
and came from sample 11, dated to the medieval horizon of the site’s occupation. Gnawing
of bones by a carnivore rarely occurred (5.3 %). Thus, it can be assumed that predators or
scavengers had limited access to food waste from the investigated cells®®. Toothmarks were
registered on cattle, caprines and chicken bones (samples 3, 4 and 5). These can be linked
to the presence of a dog and a cat at the site at other times. This may have occurred during
the construction of the Baroque monastery, when workers’ meal waste accumulated. Extensive
landscaping may have mixed this with older material.

In sample 12, a few fragments from the shell of a land snail have been recorded. The size,
shape and remnants of dark bands on the preserved shell suggest it may be a species of the genus
Cepaea. Most likely, it is the woodland slug Cepaea vindobonensis. This xerothermic species is a
natural part of the malacofauna of Zobor and its foreland®.

Aquatic and semi-aquatic species

The analysed assemblage contains more wild aquatic and semi-aquatic animals, both vertebrates
and invertebrates (tab. 2). Bones of Eurasian beaver (Castor fiber) and otter (Lutra lutra) are
relatively rare, making up only 0.4 % of the total identified bones (NISP)%. These species
were present in local wildlife until the 19" century, when they disappeared®’. However, bones
from neither animal have been recovered from early modern sites in Nitra town or its castles
to date. Beavers and otters might have been attracted to nearby monastery fishponds due to
their ecological habits, but they were more likely brought to the monastery kitchen either

*  Bielichova et al. 2019, 151.

53 E.g. Moreno-Garcia — Detry 2010.
% Bielichova et al. 2019, tab. 6.

57 sensu Rixson 1988.

% Bielichova et al. 2019, 152.

% Lozek 1955, 337; Lucivjanska 1991.
% Bielichova et al. 2019, tab. 2.

1 Valachovié¢ 2008.
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Fig. 8 Wild animals. 1: Skeletal elements of at least four individuals of the European pond turtle (Emys orbicularis);
2: Femur and vertebra of a sub-adult individual and fragments of the neurocranium, maxilla and mandibula,
and two tail vertebrae of an adult individual of the Eurasian otter (Lutra lutra); cut mark indicated by an arrow
(photos: Z. Bielichova)

dead or alive through regular purchases. Remains from both skull and limb bones suggest
entire animals were processed. For the beaver, a pelvic bone fragment and a molar tooth
were found in sample 4, showing that at least one adult was present (fig. 8). The ischium
bone was cut through the hip joint and its lower end, likely during kitchen processing. The
otter is represented by bones from at least two individuals: an immature animal (femur head
and vertebra) and an adult (skull fragments with teeth and tail vertebrae) (fig. 8). The skull
and jaw have several old fractures, possibly from cutting meat or accessing tissues such as
the brain and tongue.

Another vertebrate animal with a preference for aquatic biotopes is a reptile, the European
pond turtle (Emys orbicularis)®?, which is the sole turtle native to Slovakia. Their bones occurred
in samples 1 and 2, which, along with fish and bird remains, represent the exterior and interior
(floor) spaces of cell 3 (n = 14; 0.6 % NISP). These are exclusively elements of the animal’s
internal skeleton, the feature undoubtedly related to the previous kitchen processing, when
the carapace and plastron were removed before cooking or serving the dish (fig. 8). Sample 1
(exterior of the cell) included the limb bones such as scapula, coracoid, humerus and tibia,
most probably representing at least two individuals at different adult ages. Sample 2 consisted
of the humerus, cervical vertebraec and pelvic bones from at least three individuals. Judging
by the bone sizes, they were killed at various ages, possibly including subadults. The bones
show no evidence of gnawing or burning. However, some have old fractures, suggesting they

2 Caputa et al. 1982; Fabi — Miklikova 2002; Kanya 2015.
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were probably deliberately broken. Key evidence of kitchen processing includes cut marks
running across the diaphyses of two humeri below the proximal epiphyses. One bone was
split into two pieces, with only the distal part preserved. The second, larger humerus shows
transverse cut marks near the proximal epiphysis and longitudinal marks at the distal end.
These likely indicate limbs were divided at the joint. Similar modifications were seen in the
third humerus (fig. 8).

The crustacean remains registered in the assemblage (n = 45; 1.9 % NISP) are among the
rarities in the archaeozoological records of Slovakia. The carapace fragments preserved came
exclusively from sample 12 and constitute part of the food remains deposited in the cellar
or cesspit, together with bones of vertebrate remains (fish and otter). They represent parts
of the crayfish forelimb (claws), cephalothorax, and abdomen from at least one individual®.
Based on the morphology of the fragmentary remains and the information on the crayfish
species’ ecology and history, it has been assumed that most probably, the shell belongs to the
most widespread river crayfish (cf. Astacus astacus)®. Tt is one of the largest crayfish (TL
up to 18 cm, male with massive claws) that naturally inhabit flowing waters and ponds with
muddy bottoms. Historic and archaeological sources show that it was a seasonal food and was
popular as a Lenten dish in monasteries and among the higher society in towns and castles®.

The largest share of aquatic animals from the Zobor monastery is fish (n = 4834; 92.8 %).
Most finds were recovered from the cesspit or cellar of the utility room in cell 9 (n = 4226;
81.2 %; tab. 3). Additional material comes from cell 3, from its exteriors (n = 266; 9.2 %
NISP), or from sediments on its floor (n = 330; 1.2 % NISP). About half of the finds have
been identified to the genus or species level (n = 2608; 67.6 % NISP). All identified species
are freshwater fish native to the Middle Danube region: sterlet (Acipenser ruthenus), Russian
sturgeon (Acipenser gueldenstaedtii), stellate sturgeon (Acipenser stellatus), common carp
(Cyprinus carpio), common dace (Leuciscus leuciscus), common bleak (Al/burnus alburnus),
tench (Zinca tinca), Wels catfish (Silurus glanis) and northern pike (Esox lucius). For most
species, remains of all parts of the body have been found (tab. 4). Comparing neurocranium,
viscerocranium, shoulder girdle, vertebrae/ribs, fin rays and dermal scutes of Acipenseridae
(fig. 9, 1), about half the specimens are vertebrae and ribs (55.5 % of NISP); most of the
rest are branchiocranium elements (33.2 %). Bones of the neurocranium, fin rays, and shoul-
der girdle are rare (less than 5 % in each category). However, all these elements have been
found for every identified fish species (fig. 9, 2). For the Sturgeon family, recovered elements
include exoskeletal (dermal) bones, vertebrae, vertebral arches and ribs. The internal bones of
the sturgeon neurocranium are cartilaginous, so they may be underrepresented. Still, both head
and trunk parts are present in the sturgeon finds, suggesting that whole fish were supplied to
the kitchen or different fish dishes were prepared throughout the year.

Pike

The pike is the dominant species in the material (n = 893; 36.9 % of NISP). However, it is
the second most frequent (after carp) based on the minimum number of individuals (MNI =
32). Pike is a predatory, medium to large fish with a wide mouth. Its lower jaw has large,
sharp, backward-curved teeth for gripping prey (fig. 11, 1). The intermaxilla and the rest of the
oral cavity have many other sharp teeth. Pike has a European distribution. It occurs naturally
in lakes and along the overgrown banks of the middle or lowland parts of rivers, including
the Nitra River®. The body shape, size and colour depend on the environment. If conditions
are favorable, it is shorter and stockier. When food is available, it grows quickly and reaches
2040 cm by the end of the first season. The maximum size ranges from 100-150 cm and

¢ Bielichova et al. 2019, 168 f. fig. 18.

% Novikmec — Svitok 2015; Stloukal et al. 2013.

% Duchonova — Lengyelova 2016; Patoka et al. 2016; Pucher 1991.
% Sedlar 1969.
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Fig. 9 The representation of fish body parts quantified by NISP. 1: In the whole assemblage (n = 2226);
2: Per particular species (compiled by Z. Bielichova)

12-35 kg®. In Slovak waters, the average pike weighs 3-5 kg, but there may be large vari-
ations even within one pond®.

Most pikes in the assemblage measured 30—40 cm or 40-50 cm (84.4 %), matching the
size they reach at age two or three (fig. 10, 1). These fish are slightly smaller than the current
fishing size limits (60 c¢cm)®. In their second to third year, pike typically weigh 100—1000
g%, corresponding to the weights of the individuals found in the monastery material (tab. 5).
Some large (caudal) vertebraec from sample 12 indicate single individuals of 90-110 c¢m in
length and 7-11 kg in weight. Almost all skeletal elements are present in the material in
similar amounts (tab. 4). This suggests most pikes were supplied to the kitchen as whole,
unprocessed fish. Abdominal vertebrae outnumber caudal ones and may indicate a preference
for meaty parts of the pike. Missing pike ribs may be due to identification challenges, possibly
from a lack of comparative samples. Like many vertebrae, these ribs might be among the
unidentified fish remains. The appendicular skeleton, including the cleithrum, postcleithrum
and scapula, is also underrepresented. This may result from kitchen processing, which affects
this region of the fish.

Cut marks and signs of chopping were recorded on various elements and parts of the
skeleton (fig. 11). These marks were mostly observed on the skull and vertebrae in at least
34 specimens. The vertebrae being cut through are a clear indicator of the division of the fish
carcass into smaller portions (fig. 11, 2). Other transversally and obliquely oriented cuts were
recorded at the symphysis of several large dentalia. These were found on the medial plane
of the mandible (fig. 11, 1). Some researchers interpret such modifications as an interven-
tion intended to release a fisherman’s hook that has been deeply swallowed and is therefore
stuck’!. Kitchen processing may also explain these modifications, such as the division of the
head. Likewise, short, barely visible cut marks (two cases) recorded on the os supramaxillare
and the radi branchiostegi could also be of culinary origin. Of interest were vertebrae (min.
seven cases) that exhibit artificial deformities of the body, as reported in the literature. These
deformities were previously associated with human or animal chewing (fig. 11, 3. 9)".

7 Qliva et al. 1968, 77.

¢ Sedlar 1954.

¢ Following the current Slovak fishing rules and regulations <https://www.slov-lex.sk/static/pdf/2018/381/
77 2018 381 20190101.pdf>[14.04.2023].

0 Sedlar 1954, 111.

71" Wheeler — Jones 1989, 66.

2 Wheeler — Jones 1989, 75 fig. 5, 2.
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Fig. 10 The total length (including tail) of consumed fish. 1: Esox lucius (NISP = 173); 2: Cypri-
nus carpio (NISP = 150); 3: Silurus glanis (NISP = 44) (Bielichova et al. 2019, fig. 16)

Carp and other cyprinids

Cyprinid bones are among the second most abundant in the assemblage (n = 659; 27.2 %
NISP). They were found in the samples with other species and sometimes, such as in sample 1,
even outnumbered the pike. Within this group, the common carp dominated (n = 627; 25.9 %
of NISP). Given the possibility of ponds below the monastery, we assume these bones are
more likely to be from pond-reared, i.e. domesticated, individuals. Nevertheless, we must also
consider the natural form of the Danube carp (Cyprinus carpio), known as the sazan, which is
a critically endangered species and is practically extinct in Slovakia. Despite its rarity today, it
was still recorded in the Nitra River in the last century”, suggesting the fish might also have
been supplied from local natural sources. The carp prefers warm waters, and its body growth
depends on water temperature (it requires about 18-30 °C). For artificial farming, eutrophic

73 Sedlar 1959.
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Table 4 Anatomic composition of fish remains; quantified by NISP
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Fig. 11 Esox lucius and cyprinid fishes. 1: Large ossa dentalia of a pike; 2: Two pike vertebrae cut transversally to
the axis of the fish body; 3: Deformed pike vertebrae; 4: Detail of the os hyomandibular of a carp with clearly
visible cut mark; 5: Cross-section of a carp os pharyngeale; 6: Os pharyngeale with a row of teeth of Alburnus
alburnus (a), Tinca tinca (), Leuciscus leuciscus (c), Cyprinus carpio (d); 7: Catfish or carp vertebrae with
cuts parallel to the body axis; 8: Catfish or carp vertebrae with cuts transversal to the body axis; 9: Catfish or
carp vertebrae with deformed shape of the vertebral body and articular surfaces; selected cut marks indicated
by red arrow (photos: Z. Bielichova)
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shallow ponds that are well-heated and have a sufficient layer of fertile mud on the bottom
provide optimum conditions. In such circumstances, individuals over 20 kg are no exception.

The current Slovak law does not allow the catching of carp below 40 cm in length™. In
the context of this regulation, the measurable bones from the monastery indicated a preference
for medium- to large-sized individuals, with body lengths ranging from 30—40 to 40-50 cm
(fig. 10, 2). Notably, the first size category predominated (36 %). As with pike, this may
indicate artificial selection of fish to maximise meat yield. Moreover, the average carp pro-
cessed in the monastery kitchen was 42.4 cm long and weighed 1.7 kg (tab. 5). In the case
of pond carps, this size can be reached between the second and third year, depending on food
intake”. Additionally, remains of very large individuals with a body length of 90-110 cm and
a maximum weight of approximately 19 kg were also recorded in the assemblage.

The representation of the skeletal elements indicated the presence of all body parts of
a carp, with the exception of unidentified vertebrae and ribs (tab. 4). In contrast to pikes,
carps show slightly more head bones compared to other parts of the body. While this result
may be related to excavation and identification biases, it may also indicate some culinary
practices (e.g. soups). Either way, as with the pike, it can be assumed that the carp entered
the monastery kitchen as a whole fresh fish. Turning to the question of origin, the animals
may have come from local artificial ponds, or alternatively, have been transported to the
monastery from more distant natural sources. Supporting this, contemporary sources mention
the possibility of storing live carps in damp moss in cellars™. Regarding specific practices
at the Zobor monastery, they may have been stored in two fish tanks in the backyard of the
main convent building.

We documented clear butchery on a few head and fin bones (seven cases). For example,
a small, short knife incision has been identified on the hyomandibular, in the region of the
arcus mandibularis (fig. 11, 4). Additionally, cuts through a terminal part of the os pharyngeum
(area of the arcus branchialis) and the os parasphenoideum (neurocranium) were observed.
Furthermore, the transversal division of the proximal part of the fin spine (interspinal), the
septum of the pracopercular (opercular area) and old fractures of other head bones (e.g. the
cleithrum, postcleithrum, operculum, pracoperculum) are not easy to interpret’”’. Given the
archaeological context, it may be hypothesised that most of the modifications originated during
the portioning of large carps and further kitchen preparation of meals. For instance, a cut
running through the large pharyngeal bone (fig. 11, 5) perhaps documents the portioning of
the fish head. In addition to these elements, we observed modifications of numerous undif-
ferentiated vertebrae (cf. Cyprinus/Silurus). Specifically, clear transversal (min. 22 specimens)
or longitudinal (min. 10) cuts through the vertebral body illustrate the division of the carp
body into larger or smaller portions (fig. 11, 7. 8). In addition to cut marks, a considerable
number of vertebrae (min. 80) exhibit body deformations, mainly of the articulation surface,
compressions, fractures, or distinct flattening (fig. 11, 9), similar to those observed in pike.
Notably, on several vertebrae, these modifications occur together with cut marks running
transversely to the vertebral body axis. In addition, some of the deformed vertebrae (12
specimens) show differences in colouration, from butter yellow to grey-black, but it cannot
be stated with certainty that this was due to burning, as information on the colouration of the
surrounding sediment was unavailable. If burning was sufficient to produce a greyish to black
colour, the meat would have been spoiled”. Nevertheless, the preparation of some portions
over an open fire, or the burning of food remnants, cannot be ruled out. As noted above for
pikes, some researchers interpret vertebral body deformations as consequences of consumption

74 Bielichova et al. 2019, tab. 2.
7> Oliva et al. 1968, 154 f.

76 Zeuner 1963, 481 f.

77 Willis et al. 2008.

8 Lyman 1994, 385 f.
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(mastication) or passage through the digestive tract of mammals, including humans™. Even
so, it remains questionable to what extent such interpretations can be applied to the larger
vertebrae present in the samples.

Besides the common carp, other cyprinid species were sporadically present (n = 8; 0.3 %
of NISP). Notably, the tench (7inca tinca), the common dace (Leuciscus leuciscus) and the
common bleak (Alburnus alburnus) were identified on the basis of the pharyngeal bone, whose
teeth grow in three rows in carp, in two rows in the dace and bleak, and in a single row in
tench. Among these, the most abundant was tench (n = 5; 0.2 % of NISP), a fish with a wide
European distribution that prefers quiet river branches and pools in the inundation areas with
muddy bottoms and permanent aquatic vegetation. It is also commonly found in the Nitra
River catchment area®. Furthermore, it is the most common non-predatory fish (after carp)
reared in the warm artificial ponds. Although tench is more tolerant with regard to some
water parameters (acidity, clarity), it lacks the carp’s ability to grow quickly, since it reaches
a consumable size (250-300 g and 20-30 cm) only after the third year of life®!. In terms of
size, the tench is usually 30 cm long, very occasionally 70 cm, weighing 2 kg or more (up
to 7.5 kg)*. The current law states the catch size to be 30 cm®*. Analysis of the pharyngeal
bones (fig. 11, 6b) from sample 12 indicated the size of four individuals between 20 and 28 cm
in length and 578-820 g in weight (tab. 5). The tench has very tasty meat, and if sm