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ABSTRACT

Moskal-del Hoyo M. 2014. Medieval charcoals from Kokotow site 19 (commune Wieliczka) — some remarks on
the sampling method and the interpretation of the anthracological assemblages. Sprawozdania Archeologiczne
66, 155—176.

During the archaeological excavations conducted at Kokot6éw site 19 (commune Wieliczka), two habitation
structures were discovered in the form of shallow pit-houses and dated to the Medieval period. Charcoal frag-
ments, representing the remains of firewood, were collected from the different layers of these features. This
collection of charcoal fragments, illustrates the importance of the sampling method for future data interpreta-
tion. They also serve to demonstrate the basis of methodology used for distinguishing these charcoal assem-
blages leading to more accurate results concerning their palaeoenvironmental interpretation. Moreover, the
results are commented on in the context of the anthracological methodology developed within a so-called “Mont-
pellier school”. The charcoal assemblages from Kokotow site 19 can be interpreted in terms of past vegetations.
During the XII-XIII/XIV centuries, the nearest forest formations were dominated by oak Quercus sp., Scots
pine Pinus sylvestris and hornbeam Carpinus betulus, mainly representing oak-hornbeam and mixed pine-oak
woods.
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INTRODUCTION

The archaeological excavations at the multicultural site 19 in Kokot6w (commune
Wieliczka) was conducted during the period of 2005-2007 by A. Matoga from the Ar-
chaeological Museum in Krakow as part of the planned construction of motorway A4. The
excavations formed part of the works supervised by the Krakéw Archaeological Team for
the Excavation of the Motorways. It comprised of three scientific institutions: Institute of
Archaeology and Ethnology of the Polish Academy of Science, the Institute of Archaeology
of the Jagiellonian University, and the Archaeological Museum in Krakow. The archaeologi-
cal excavations revealed a presence of 310 features, of which the great majority represented
graves belonging to the Bronze Age necropolis. On the other hand, only six structures were
related to the Medieval period. They were found in the eastern part of the settlement,
separated from the Bronze Age necropolis (Matoga 2012).

During the field works, a systematic archaeobotanical sampling was employed, which
consisted of gathering soil samples from each archaeological feature and from its different
stratigraphic units. Previous works (Moskal-del Hoyo 2012; Moskal-del Hoyo et al. 2013)
described the results of the anthracological analysis of plant material found in the graves,
while this paper presents the analysis of wood remains found within sediments of two
medieval features, described as features 72 and 73. They represent some residential re-
mains with hearths inside. They were dated to the XII-XIII/XIV centuries, but it is con-
sidered that mainly they were used during the XIII century (Matoga 2012; Pankowski
2012). These features were systematically sampled, providing a great opportunity to illus-
trate how a sampling method may influence and determine the final results of charcoal
analysis, therefore showing the important role it plays in anthracological analysis. This is
especially essential if not only palaeoethnographic information is needed, but also a pa-
laeoenvironmental interpretation of the charcoal assemblage is required. However, the
latter is only possible when charcoals meet some criteria, which will be presented shortly
when providing a background of to the development of the main anthracological concepts.

The archaeological site is located in the northern part of Kokotéw, which is situated
south-east of Krakow, in a region called the Wieliczka-Gdéw Foreland (Gilewska-Starkel
1980 cited after Kadrow 2001, 5). The dominating soils belong to cambisols, while the
main types of natural potential vegetation includes mixed opine-oak forest (Pino-Querce-
tum) as well as wet and drier oak-hornbeam forests (Tilio-Carpinetum stachyetosum and
Tilio-Carpinetum typicum, respectively) (Medwecka-Kornas$, Denisiuk, Dziewonski cited
after: Kadrow 2001, 11-12, fig. 7 and 8; Matuszkiewicz 2008).
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The basis of the anthracological method developed in
“Montpellier school”

Anthracology is a discipline that investigates the remains of wood charcoals from ar-
chaeological excavations and natural deposits (Chabal et al. 1999, 43). Anthracology pro-
vides very valuable information for archaeology, contributing to a better understanding of
human practices relating to wood management and botany, giving information about the
history of plants and the environmental conditions of the past. Charcoal analysis lays on
the boundary between biological and human sciences, and from these two areas two diffe-
rent meanings can be derived: palaeoecological and palaeoethnographic. These assump-
tions were achieved especially when the number of charcoal analyses significantly increased,
starting in the 1960s and 19770s. One of the most important factors was the invention of
a reflected light microscope, which enabled the observation of charcoals without the ne-
cessity of preparing their thin-sections which resulted in charcoal assemblages being studied
in a relatively short time (Badal 1992, 169). In this period, the studies of charcoal samples
from different prehistoric and protohistoric sites began to be included in the archaeologi-
cal synthesis of the individual sites, while the botanical remains formed the basis for a de-
scription of the relationship between human groups and their landscape. In this sense, in
the field of Anthracology the work of J. L. Vernet (e.g. 1969, 1970, 1972, 1974) should be
highlighted. Vernet performed different charcoal studies that gave regional sequences of
past vegetation. These studies were conducted at the University of Montpellier and led to
an increasing interest for charcoal analysis. In this research centre, later called “Mont-
pellier school” (Asouti and Austin 2005, 2), the basis of methodology in modern anthra-
cology was formulated. Moreover, different problems related to sampling in archaeologi-
cal sites were solved due to the search of an appropriate method for charcoal collection and
its accurate interpretation. Consequently, it was demonstrated that depending on the ar-
chaeological context, the charcoals can be interpreted in terms of palaeoenvironment and
palaeoethnology (e.g. Vernet 1980; 1985; Vernet and Thiebault 1987; Chabal 1988; 1992;
1997; Thiebault 1988; Badal and Heinz 1991; Badal 1992; Heinz 1991; Figueiral 1992; 1993;
Vernet and Figueiral 1993; Théry-Parisot 2001).

The determination of a type of wood used for different purposes is one of the most
important questions in any anthracological study. It is widely known that different trees
and shrubs have diverse properties (e.g. Johnson 1994; Seneta and Dolatowski 2005) that
allow choosing a special wood for a special purpose. Therefore, a similar selection based on
wood properties could have been done in the past by human groups. The study of materials
used for wooden construction and wood used for the elaboration of diverse tools (e.g.
Jaron 1936; Kostrzewski 1936; Molski 1968; Dzieduszycki 1976; Pétrequin (ed.) 1986;
1989; Chabal 1997, 53; Gale and Cutler 2000; Bosch et al. 2006) have demonstrated a strong
selection of certain types of species for these reasons. On the other hand, the studies show
that two characteristics are present for the use of fuel. First, domestic fires have shown that
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an indiscriminate use of different types of wood was usually carried out (e.g. Dimbleby
1967, 115; Dzieduszycki 1976; Chabal 1988; 1997; Thiébault 1988; Badal 1992). Also, eth-
nographic studies have indicated that all kinds of wood are usually gathered as daily fuel
(Pena-Chacorro et al. 2000; Ntinou 2002). Second, a special use of fuel, as for industrial
purposes, may show a stronger selection of some specific species of flora (e.g. Bielenin
1993; Dzieduszycki 1976; Lityniska-Zajac and Wasylikowa 2005, 515—516).

L. Chabal (1988, 195) proposed three models of wood gathering as fuel: (1) the collec-
tion of wood based on the knowledge of its properties and on the knowledge of local land-
scape, (2) the collection without rational basis, especially for ritual purposes, and (3) ran-
dom wood gathering. The first two models permitted the interpretation of the charcoal
assemblage in terms of palaeoethnography since the main criterion for the collection was
the species, even though the term species did not correspond to present-day botanical
classification (Théry-Parisot 2001, 14). The third model proposed by Chabal (1988, 195),
in contrast, may serve for gaining palaeoecological meaning of charcoal assemblages since
a daily human action such as the gathering of firewood can provide the specific sample of
local woody vegetation. In this case, the wood gathering derives from simple necessity,
where availability and effort constitute the most important factors (Salisbury and Jane
1940, 310—311; Dimbleby 1967, 115; Chabal 1988, 195, 198; Smart and Hoffman 1988, 169;
Ntinou 2002, 117-118; Asouti and Austin 2005, 3—4; Carrién 2005, 31—35). In anthraco-
logy, this model is also called “Principle of Least Effort” and was verified by Shackleton
and Price (1992). To sum up, some anthracologists believe that fuelwood was gathered on
the basis of species selection and according to it, people preferred some species due to its
physical properties (combustion’s duration, etc.) and because of that, the charcoal from
fires could not offer a real ecological image (Smart and Hoffman 1988, 168; February 1992,
352; Kreuz 1992, 388—390). Some researchers believe that the ecological meaning of the
charcoal samples can be achieved only in specific situations (Shackleton and Price 1992,
634—635), whereas the majority of works, especially related to the “Montpellier school”,
demonstrate that domestic fires usually provide a great diversity of taxa, which means that
the wood gathering could have been made randomly. Moreover, combustion properties
attributed to some species vary according to some general characteristics such as humidi-
ty, size and the diameter of the wood (Chabal 1992, 224—225; 1997, 44—45; Asouti and
Austin 2005, 3—4; Théry-Parisot 2001, 16—19). The type of wood used as fuel is related to
the activity for which it was employed. In this sense, the desired property of wood was
chosen on different necessities. For example, sometimes a fuel that is consumed quickly
was needed (branches, small shrubs, herbs) whereas in other occasions a wood of a long-
lasting flame was required (trunks or big branches) (Théry-Parisot 2001; Carrién 2005).

As a result, it is clearly observed that the archaeological context has a major impor-
tance in the interpretation of charcoal assemblages. In anthracology, the charcoal directly
associated to the archaeological structures of some specific use (posts, graves, funerary
fires, hearths, pottery kilns, burnt layers, wooden tools, etc.) provides mostly the palaeo-
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ethnographic meaning. This kind of charcoal occurrence is called concentrated charcoal.
This assemblage usually offers a low diversity of the species and is characterized by short-
span or punctual usage and possibly by the special selection of a wood species. On the
other hand, the charcoal found spread over the deposits mostly comes from domestic fuel-
wood and can provide a palaeoecological meaning. This kind of charcoal occurrence is
called dispersed charcoal. Its environmental interpretation depends only on a long-span
usage of woody species, gathered randomly. It has been observed that fuelwood data ob-
tained from hearths showed a limited amount of taxa due to its punctual usage and the
presence of the last burnt species. Meanwhile, the dispersed charcoal as a sum of many
hearths’ remnants reflects a long period and its results indicate a diversity of taxa that were
present in the closest area together with its appropriate percentage (e.g. Chabal 1988,
193-196, 214; 1992, 215—220; 1997, 58—61; Thiébault 1988; Badal and Heinz 1991; Heinz
1991, 301; Badal 1992, 170—187; Heinz and Thiébault 1998, 57; Théry-Parisot 2001, 26—
32; Ntinou 2002, 18—23; Asouti and Austin 2005, 3—4; Carrién 2005, 31—35; Litynska-
Zajac and Wasylikowa 2005, 275, 279). Some archaeological structures such as pits that
lost their primary function and were converted into dumping pits have also the same cha-
racteristics as charcoal dispersed in the deposits (Chabal 1988, 214; Bernabeu and Badal
1990; Ntinou 2002, 116; Lityniska-Zajac et al. 2008; Moskal-del Hoyo 2013).

In Poland, it is interesting to emphasize that the first studies of charcoal samples also
demonstrated the importance of their ecological interpretation and some of them are es-
pecially significant in the context of the later-formulated concepts of dispersed/concen-
trated charcoal. For example, the results of the analysis of wood charcoal remains from
the tumulus of Rosiejow (commune Skalbmierz) were compared by O. Seidl (1936) with
the pollen analysis from the Subboreal period. O. Seidl concluded that thanks to the char-
coal analysis it is possible to gain an image of local woodland, especially if many remains
of charcoal are collected. The author postulated an assumption that a great amount of
charcoal documented probably came from a nearby forest and, therefore it may taxonomi-
cally represent the composition of that plant community (Seidl 1936, 110—111). J. Zablocki
conducted a study on medieval charcoals of Jeziorko (commune Ryn) with special atten-
tion in the methodology of botanical identification and the influence of carbonization on
the wood anatomy. In the ecological interpretation of this charcoal assemblage, the author
stated that it proceeded from domestic fuel and should represent local shrubs and trees.
Consequently, this assemblage may reflect the character of the forest that previously co-
vered the area of the site. Moreover, Zablocki concluded that thanks to the charcoal analy-
sis of archaeological structures the primary forest can be inferred (Zabtocki 1952, 223).
W. Dzieduszycki (1976) analyzed separately the charcoals coming from industrial and do-
mestic fires. The first type of firewood provided less taxa diversity and thus, a special selec-
tion of certain species could be assumed. On the other hand, in the assemblages of domestic
fires, more taxa were documented. After these observations, Dzieduszycki came to the con-
clusion that only domestic fuel may serve for the reconstruction of the composition of past
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vegetation (Dzieduszycki 1976, 48). With the increasing numbers of charcoal analysis, it
became evident that the remains associated with firewood collection can be used for the
reconstruction of past forest communities (e.g. Kadrow and Lityfhiska-Zajac 1994, 42—52;
Litynska-Zajac 2004, 381; Lityniska-Zajac and Wasylikowa 2005, 275, 279—281).

In addition, it should be emphasized that the advances of anthracological analyses de-
veloped in the “Montpellier school” have demonstrated the major importance of the me-
thodology in order to gain an appropriate palaecoecological meaning of the charcoal assem-
blage. First of all, a systematic collection of charcoals from different areas of stratigraphic
units should be done in order to obtain more representative samples, based on numerous
charcoal fragments (Chabal 1988, 208—212; 1992, 216—217; Ntinou 2002, 119). Chabal (1988,
206; 1990; 1992, 226—230; 1997, 45—47) verified the significance of charcoal fragmenta-
tion and demonstrated that there is a statistic law, which shows that all species present the
same tendency of fragmentation. This law was also confirmed by a study conducted by
E. Badal (1992), which showed that the same taxa appear among groups of small (< 5 mm3)
and large charcoal fragments. Moreover, some experiments have demonstrated that a frag-
mentation mostly depends on the heating rate, exposure time or wood temperature (Smart
and Hoffman 1988, 172—173) and that is why the statistic law of the same tendency of
fragmentation in all species holds (Chabal 1992, 226—230; 1997, 45—51). This problem is
also associated with the quantification method. The quantification of the charcoal frag-
ments has always produced controversy because of the fact that the measurement and
identification unit is the charcoal fragment, independently of its size. The palaeoecological
result is the total sum of them. A solution was needed concerning the relationship between
the sum of the fragments and its real representation in terms of the vegetation. The problem
was related to the possibility of its interpretation as qualitative and/or quantitative (e.g.
Smart and Hoffman 1988, 190—191; Chabal 1990, 1997; Lityska-Zajac 1997; 2004, 380;
Litynska-Zajac and Wasylikowa 2005, 276—279). There are a few common methods used
to quantify the charcoals. In these methods, fragment numbers and weight measurements,
together with ubiquity analysis predominate (Smart and Hoffman 1988; Chabal 1988;
1997; Badal 1992, 171; Asouti and Austin 2005, 3; Figueiral 2005; Litynska-Zajac and
Wasylikowa 2005, 276—279). Besides, Chabal (1990, 1997) indicated that the results of the
fragments count and weight measurements are highly correlated. Another method was
proposed by Kadrow and Lityiska-Zajac (1994) and consisted of creating one measure-
ment unit for all the fragments. Nevertheless, the most typical method of quantification
consists of counting the charcoal fragments. Besides, the criterion of ubiquity of taxa in
different samples and archaeological features is commonly used (ubiquity analysis) and an
additional method called “ubiquity correction” of quantification of taxa may also be ap-
plied (Moskal-del Hoyo 2010; 2011). This method combines both the relative frequency of
taxa and their distribution across the samples. It may also lead to show an overrepresenta-
tion of some taxa in a particular sample of the charcoal assemblage.
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An adequate number of charcoal fragments analyzed is directly related to the diversity
of vegetation developed in the past, and therefore, it is recommended to analyze a mini-
mum of 250 to 400 fragments to obtain a representative charcoal assemblage for one
stratigraphic unit/archaeological structure (Badal and Heinz 1991; Heinz 1991, 306; Cha-
bal 1988, 191, 209; Ntinou 2002, 22; Asouti and Austin 2005, 3). A common method to
observe the necessary number of charcoal fragments is the use of a taxonomic curve (e.g.
Chabal 1988, 208; Badal 1992, 172—173; Ntinou 2002, 22; Carrién 2005). This type of
curve may also be helpful if the charcoal assemblage originates from concentrated or dis-
persed charcoal (Chabal 1988, 1997; Badal and Heinz 1991; Badal 1992). These curves
were proposed for charcoal analysis by F.H. Schweingruber in 1976 (cited in: Chabal 1988,
208) and demonstrate the dynamics of the appearance of a new taxa (Y axis) during the
analysis of charcoal fragments (X axis) and presents the different stabilization patterns.
Usually, samples that originate from concentrated charcoal are characterized by a low
diversity of taxa and their stabilization is rather quick. In contrast, the samples coming
from dispersed charcoal have more taxonomic diversity and generally the most abundant
taxa appear in the first group. The dynamic of the curves increases rapidly at the beginning
but further on some new taxa may still be found. These methods can be observed in the
examples from Kokotow site 19.

CHARCOAL ANALYSIS — PRACTICAL ISSUES

It is recommended to obtain charcoal fragments through the flotation or water-sieving
of the soil samples. However, in the case of finding large fragments of burned wood,
representing concentrated charcoal, it is also suggested to gather the sample by hand in
order to avoid their further fragmentation and thus their overrepresentation. During the
archaeological excavations in Kokot6w site 19, soil samples of 10 litres were collected from
each stratigraphic unit, belonging to different depths and parts of the archaeological fea-
tures. The archaeobotanical material was obtained by the flotation of the samples, which
took place in the field with the help of the flotation machine (Fig. 1). As a result, two frac-
tions of material were sorted after applying meshes with diameters of 0,2 and 1 mm. Only
the remains of wood were found, which were identified using a reflected light microscope
with higher magnifications of 100, 200 and 500x. Also, a scanning electron microscope
was employed. Each charcoal fragment was broken along its three anatomical sections of
wood, namely transverse (Fig. 1, 1), longitudinal tangential (Fig. 1, 2) and longitudinal
radial (Fig. 1, 3). Taxonomical identifications were made by comparing the unknown speci-
mens with modern wood collections and by examining the specialized literature (e.g.
Schweingruber 1982, 1990). The rank of identification (species, genera, family etc.)
depends on the size, anatomical characteristics of the wood, and the state of preservation
of the charcoal fragments (Schweingruber 1982; Chabal et al. 1999). In addition, the



162 Magdalena Moskal-del Hoyo

identification of species in Central Europe is mainly determined by the existence of only
one species in the local flora (Lityfiska-Zajac and Wasylikowa 2005, 285). Charcoals were
generally well preserved. In general, for the interpretation of charcoal assemblage, plants
identified to species, genera and families are only included. In this sense, in the following
section when a taxonomic diversity is discussed, it is referred only to the number of identi-
fied species, genera and family, counted as the minimum number of species.

A count of charcoal fragments formed the basis of this study, which helped obtain a rela-
tive frequency (%) (Table 1). Both features, 72 and 73, probably represented habitation
remains, in which two main stratigraphic units were revealed: 1) the first layer was charac-
terized by the evident remnants of burning activities, which were probably related to hearth
remains (layer 69/72 and 94/73); 2) the second layer corresponded to a more regular filling
of the structure, in which small and dispersed charcoal and daub fragments appeared (layer
70/72 and layer 95/73). Besides, in feature 73 a separate layer 113 was discovered, which
consisted of large fragments of burned wood and some charcoal fragments were found
inside a pottery pot (Table 1). However, it could be added that in both principal layers, that
of the hearth area and off the hearth area, only small fragments of charcoal were found in
soil samples. From both areas 25 soil samples were taken during the archaeological exca-
vations. Therefore, these examples may serve for an observation of some relationships
between the number of samples, taxonomic diversity and a general abundance of charcoal
fragments in the archaeological features. Figure 3 shows that in each sample between 2 to
7 taxa were found, although the majority of them are situated between 5 and 7 taxa. This
tendency indicates that if a strategy of sampling methods consists of gathering only one
soil sample per stratigraphic unit or archaeological feature, the possibility of finding higher
taxonomic diversity is rather low. This possibility may increase if higher numbers of sam-
ples is taken. This may be observed in the following examples.

Six samples were taken from layer 69/72, in which 297 charcoal fragments were ana-
lyzed and 9 different taxa were documented, while from layer 70/72 only two samples were
gathered, which gave 7 taxa (Table 1). Taking into account the taxonomic diversity in both
layers, it is more probable that they represent dispersed charcoal, even though the first
one is associated with the more concentrated hearth remains. Their similarity may be con-
firmed by using taxonomic curves, which were applied to each layer (Fig. 4). In each layer,
the most frequent taxa, such as Quercus sp. (oak), Pinus sylvestris (Scots pine) and Carpi-
nus betulus (hornbeam), appeared in the first 10 charcoal fragments that were analyzed.
Five taxa were reached after analyzing 100 charcoal fragments, while in 150 fragments 77
different taxa were found. It is observed that both curves were not stabilized, and it is espe-
cially noted for layer 70/72 (Fig. 4), which probably had an insufficient number of char-
coals analyzed to obtain any potential for a higher diversity of taxa. Since both layers were
rather similar in terms of their qualitative and quantitative analysis, and they belong to the
same structure, a combination of both data was possible. As a result, a more stabilized taxo-
nomic curve was achieved from feature 72 (Fig. 5). It means that 150 charcoal fragments
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Fig. 1. Diagram and photographs of the flotation machine showing its operation during the separation of
the charcoals in Kokotéw. Explanations: 1 — direction of water flow, 2 — textile mesh of 0.2 mm, 3 — textile
mesh of 1 mm, 4 — mesh of 0.5 mm, 5 — mesh of 1 mm, 6 — water valve, 7 — water outflow
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1

Fig. 2. Three anatomical sections of wood: transverse (1), longitudinal tangential (2) and longitudinal radial
(3). Micrographs of Salix sp. or Populus sp. Bar: 100 um (1, 3) and 50 pm.
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Fig. 4. Taxonomic curves applied to the study of the anthracological samples from two layers of feature 72:
69/72 and 70/72
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Fig. 5. Taxonomic curve applied to the study of all anthracological samples from feature 72
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Fig. 6. Relative frequency curves applied to the most abundant taxa of the anthracological samples from
feature 72

were sufficient enough to find the main and more frequent taxa, while a sum of about 500
analyzed charcoal fragments allowed for the less frequent taxa. The higher the number of
charcoal fragments prepared for analysis is also useful in order to acquire a more reliable
relative frequency of the main taxa. In each sample, different taxa can reach a different
relative frequency, and sometimes they could be overrepresented due to their higher frag-
mentation in a particular place. Therefore, if more samples are gathered, the problem of
overrepresentation of taxa may be reduced and with the analysis of higher numbers of
charcoal fragments, their relative frequency can be stabilized. In the example of feature 72,
it is observed that the relative frequency of the most abundant taxa, Quercus sp., was very
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Fig. 7. Taxonomic curves applied to the study of the anthracological samples from two layers of feature 73:
94/73 and 95/73

homogenous along the entire analysis since this taxon obtained similar values after ana-
lyzing 100, 200, 300, 400 and finally 447 charcoal fragments (Fig. 6). The results of Pinus
sylvestris and Carpinus betulus slightly differed at the beginning and at the end of the
analysis and finally were stabilized after analyzing about 400 charcoal fragments (Fig. 6).

The same method was applied to the charcoal assemblage found within feature 73,
from which 17 soil samples were collected. The majority of them, 12 samples, came from
layer 94. It can be observed that this is the richest layer of charcoal fragments, which also
obtained the highest taxonomic diversity. The taxonomic curves applied to the layers
94/73 and 95/73 were very similar since in both a quick increase of new taxa was observed
(Fig. 7). The most abundant taxa, such as Quercus sp., Pinus sylvestris and Carpinus betu-
lus, appeared in the first layer in the first 3 fragments analyzed, while in the second one
they were found within the first 15 charcoal fragments analyzed. The taxonomic curve from
layer 94/73 was stabilized and the last taxon occurred after the analysis of 365 charcoal
fragments. On the other hand, the curve from layer 95/73 was still not stabilized since the
last taxon was found after the analysis of 186 charcoal fragments (Fig. 7). Since both layers
are similar and belong to one archaeological structure, their charcoal assemblages may be
combined (Fig. 8). Interestingly, it can be seen that this curve is generally stabilized after
the analysis of 500 charcoal fragments, but at the end of the analysis a new taxon still ap-
peared. This is Tilia sp. (lime), the final taxon that was found in layer 95/73 and one that
was not previously found in layer 94/73. It may also demonstrate a characteristic feature
of the charcoal assemblage which originated from the dispersed charcoal, in which typi-
cally the most abundant taxa appear easily in the first analyzed fragments of charcoals,
while the rarest taxa may still be found with the progress of the analysis. In addition, the
relative frequency curves applied to the most abundant taxa (Fig. 9) shows that it was
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Fig. 8. Taxonomic curve applied to the study of all anthracological samples from feature 73
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Fig. 9. Relative frequency curves applied to the most abundant taxa of the anthracological samples from
feature 73

necessary to analyze about 500 charcoal fragments to obtain their stabilization. In the first
samples, Carpinus betulus was the most abundant taxon reaching between 42% and 32%,
while after 400 charcoal fragments this tree obtained about 24%, in comparison to its final
frequency in 690 fragments. This difference may be related to the overrepresentation of
this taxon in one of the samples studied at the beginning of the analysis. In contrast, Quer-
cus sp. was underestimated at the beginning of the analysis, but the incorporation of the
other samples in the analysis helped to obtain a more reliable relative frequency of this
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Fig. 11. Relative frequency (%) and relative frequency corrected for ubiquity (U%) from the charcoal
assemblages found in features 72 and 73

tree. The relative frequency of Pinus sylvestris was more or less stable during the entire
analysis, situated between 19% and 22%. In summary, in Fig. 10 and Fig. 11 summarized
graphs of the anthracological analysis were presented. They demonstrate a general neces-
sity of collecting different samples from a particular archaeological feature since with the
increase of the sampled areas, there is a raise of the possibility of finding more taxonomic
diversity. This procedure may also help in gaining a more reliable relative frequency of taxa,
which is especially important in enabling a reconstruction of the main forest community.
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In addition, from feature 73 other samples were also taken. Two of them were collected
in stratigraphic unit 113, in which some large fragments of wood were recognized. The first
one consisted of fragments that were manually picked-up that belonged to a branch of
Pinus sylvestris. The second one was gathered as a soil sample and was composed of four
different taxa: Quercus sp., Pinus sylvestris, Carpinus betulus and Corylus avellana (com-
mon hazel; Table 1). These samples, most notably those composed by Scots pine branch,
represent the concentrated charcoal, which probably can be connected with the remains
of the last burning wood. Interestingly, the majority of the charcoal fragments correspond
to the main taxa found within the sediment of other layers detected within feature 73. The
last sample, which was taken from the fill inside the pottery pot, can also be included in
this group since only two taxa were found inside: Quercus sp. and Carpinus betulus.

The aforementioned examples of the charcoal assemblages differentiated as dispersed
or concentrated charcoal clearly indicate the possibility of their interpretation. The as-
semblage corresponding to concentrated charcoal confirmed a use of some specific kind of
wood as fuel and show that wood belonging to Quercus sp., Pinus sylvestris, Carpinus
betulus and Corylus avellana was collected for this purpose. They probably formed part of
the local woodland since firewood was usually gathered in the proximity of the settlements.
On the other hand, the study of the assemblages described as dispersed charcoal corrobo-
rated this observation, but it gave additional information concerning the taxonomic diver-
sity of past forest communities. The indication of predominating trees may also be given
with more probability. This may be especially achievable when different charcoal assem-
blages characterized as dispersed charcoal may be studied since the observation of their
similarities and discrepancies may lead to formulate a more reliable reconstruction of an-
cient woodlands. For example, two charcoal assemblages from the abovementioned fea-
tures 72 and 773 were in general similar qualitatively and quantitatively. In both charcoal
assemblages, charcoal fragments of Quercus sp., Pinus sylvestris and C. betulus were the
most abundant taxa, although Quercus sp. was more abundant in feature 72 (Fig. 12).
Carpinus betulus was more abundant than Pinus sylvestris in feature 73, while in feature
72 it featured less. Other important taxa were Alnus sp. and Betula sp. They have similar
tendencies, but the final values differ slightly. Based on the observation that both charcoal
assemblages are rather analogous, their results can be analyzed together. Taking into ac-
count the relative frequencies based on a total number of charcoal fragments, Quercus sp.
obtained 47.2%, Pinus sylvestris reached 23.3% and Carpinus betulus 21.1% (Fig. 13) In
order to get more homogenized results, the relative frequencies of the taxa may be cor-
rected by their ubiquity, which consisted of gaining the mean values of the relative fre-
quencies of each taxon in all of the charcoal assemblages studied (Moskal-del Hoyo 2010,
2011). This method is especially valuable when a higher number of archaeological features
are studied. It can be observed that this kind of analysis slightly influenced a lower fre-
quency of Pinus sylvestris and a little higher frequency of Carpinus betulus (Fig. 13). In
any case, both assemblages from Kokotéw site 19 can enable the reconstruction of past
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Fig. 13. Summarized graph presenting the analysis of charcoal fragments from different samples (shown as
vertical dashed lines) found within two layers of feature 73

forest communities due to their taxonomic richness and similarity of the main abundant
taxa. Therefore, oak, hornbeam and Scots pine were the most important components of
forests developed near medieval settlement, which could represent two major communities:
oak-hornbeam and pine-oak forests. The former probably developed on rich soils, while
the latter could grow on sandy soils. These results are in accordance with the analysis of
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the main types of natural vegetation, which included mixed pine-oak forest together with
wet and drier forms of oak-hornbeam forests (Kadrow 2001, 11—12, fig. 7 and 8).

The study of present-day oak-hornbeam and pine-oak forests (Medewecka-Korna$
1972, 403—405, 421—422; Matuszkiewicz 2005, 91-93, 170—186) suggests that Betula sp.
(birch) could appear in both forest communities, but this tree is more frequently found in
pine-oak forests. In contrast, Corylus avellana is an important constituent of shrub layer
in oak-hornbeam forests. In both forest communities Fagus sylvatica (beech), Populus
tremula (aspen) and different species of Acer (maple), Tilia and Maloideae occur. The
importance of Alnus sp. (alder) indicated that some alder woods also grew in the proxi-
mity, especially when currently there are some wetland areas close to the settlement.
However, this tree can appear as well in more humid forms of oak-hornbeam forest,
along with other trees that usually search for soil moisture such as Ulmus sp. (elm) and
Fraxinus excelsior (ash). On the other hand, the last mentioned trees may show the
presence of riparian forest with elm, ash, alder and Cornus sanguinea (dogwood) —
(Matuszkiewicz 2005, 252—254). This kind of riparian forest often occur between oak-
hornbeam forests and alder woods, and depending on soil moisture they form mosaic-
like patches of forest communities, many of them with transitional characteristics (Ma-
tuszkiewicz 2005, 257).

In Kokotow site 19, a relatively high frequency of Carpinus betulus should be empha-
sized since it may shed light on its importance in local woodlands. Usually, this tree tends
to be underrepresented in the pollen records as it does not produce large amounts of pol-
len (Ralska-Jasiewiczowa et al. 2004, 71). Carpinus betulus represent the most recent
group of trees that appeared in Polish flora and its distinct expansion began between
4000 and 3500 BP (Ralska-Jasiewiczowa et al. 2004, 72—73). It is a very competitive spe-
cies, capable of rapid colonization, especially of disturbed forest communities. Different
human actions could favour its spread since it is light-demanding, resistant to mechanical
damages and damages caused by animal browsing or grazing and regenerates vegetatively.
This tree may also have colonized areas of abandoned fields (Ralska-Jasiewiczowa et al.
2004, 70—71, 74). Previous studies of the microscopic plant remains in the nearby region,
especially in the section located east of Krakéw in the area of the Niepolomice Forest, have
given rise to the study of the regional history of vegetation (Nalepka 2003). In the pollen
diagram from Stanistawice, it was observed that Carpinus betulus became more frequent
in the Subboreal period and formed parts of mixed mesophilous forests (Nalepka 2003,
106). During the Subatlantic period the pollen values of Carpinus betulus decreased, while
this period was characterized by the rise of Pinus sylvestris (Nalepka 2003, 105—107). This
could be interpreted as a consequence of human activity in the area and it is possible that
in this period a form of forest similar to the present Pino-Quercetum forest could have
developed (Nalepka 2003, 107). Unfortunately, there is insufficient data that could be used
to connect the XIII-century medieval occupation with a section of the pollen zone corre-
sponding to the Subatlantic period (Nalepka, oral comm.).
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CONCLUSIONS

In summary, it should be stated that the sampling method employed to collect charcoal
remains plays a fundamental role in the further interpretation of the data. It has been
demonstrated that a single sample usually offers less taxonomic diversity and does not al-
low for the observance of any tendency in the frequency of taxa in a studied chronological
period. Therefore, if palaecoenviromental information is taken into account based on char-
coal fragments, a sampling method should consist of gathering various soil samples that
would represent different areas and depths of the archaeological assemblages. This proce-
dure may help to obtain samples that would meet requirements of the dispersed charcoal.
Conversely, a sum of this kind of charcoal assemblages may lead to a formulation of a more
reliable reconstruction of past forest communities.
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