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ABSTRACT

The subject of the presented study is taken from a dissertation project by one
of the authors who focused on the processing of archaeobotanical assemblages
from the Roman Period. The main aim of the research was the reconstruction
of selected aspects of the subsistence strategy of the population in the given
period based on the evaluation of archaeobotanical data from various chro-
nological and cultural contexts in a designated region, available to author.
The analysed sets were obtained during field excavations primarily conducted
in the last third of the 20th century and the beginning of the 21st century.
Uniform methods of archaeobotanical sampling were not applied in the ac-
quisition of these assemblages. Source information on the origin of the sam-
ples was considerably heterogeneous and, in many cases, distinctly fragmen-
tary. This was the impulse behind the investigation into the question as to
whether, and to what extent, the method of sampling affects the interpretive
value of the investigated dataset and what are the limitations of the analysis
of such a dataset.

The principal aim of this study is not the archaeobotanical evaluation of
samples, but rather to investigate a possible effect of their formal properties
on the composition of archaeobotanical finds. The formal properties studied
include the volume and the number of collected samples, and the spatial strat-
ification of samples (context/feature). Intuitively, it would appear that the
heterogeneous quality of this information may have a certain impact on the
interpretive value of an archaeobotanical assemblage. We discuss the effect of
the chosen method of sampling on the composition of macro-remains in ar-
chaeobotanical samples and assemblages with the use of statistical models.
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Introduction

The study presented is based on the results of a dissertation
project (Hlavata 2017), which focused on the processing of ar-
chaeobotanical assemblages from the Roman Period. The main
aim of the project was the reconstruction of selected paleoeco-
nomic aspects of the population in the given period, based on
the evaluation of all the available archaeobotanical data from
various chronological and cultural contexts in the designated
region. The analysed assemblages were obtained primarily dur-
ing rescue field excavations conducted in the last third of the
20th century and the beginning of the 21st century. Uniform
methods of archaeobotanical sampling were not applied in the
acquisition of these assemblages. This meant that the formal
information was considerably heterogeneous and regarding the
aim of the dissertation project, the use of samples was, for this
reason, limited. This was the impulse behind the investigation of
methodological questions as to whether and to what extent, the
method of sample collection affects the informative value of the
investigated dataset and to show the obstacles that can prevent
archaeobotanical and statistical evaluation from using the full
potential of archaeobotanical data (cf. Hlavatd 2017, 212-224).
Under the formal properties of the studied samples investigated,
we understand the volume of sediment collected, the number of
samples collected and the source of the samples, i.e. the feature
(context). The principal aim of this study is not to evaluate sam-
ples from the viewpoint of traditional archaeobotanical interpre-
tation, but rather from the viewpoint of the effect of their formal
properties on the composition of plant macro-remains and the
identified species. From a large number of published archaeobo-
tanical works, above all, it is well-known that the composition
of macro-remains is dependent on the circumstances of their
deposition in the place of their future recovery. Moreover, on the
processes that plants and fruits undergo during growth, harvest,
storage, handling before direct consumption and so on (e.g. Hill-
man 1984; Jones 1984; van der Veen 1992, 81-82). Nevertheless,
the purpose of this study was primarily to verify the statement
that the interpretation of an archaeobotanical assemblage can be
related to the inconsistency of formal sample properties, rather
than to the composition of the macro-remains in the samples.

The collection and processing of archaeobotanical samples are
accompanied by a number of various factors. The most important
are:

a. the chosen method of sample collection during excavation
(total, systematic interval, column sampling, i.e. sampling
of profiles, judgmental, combined),

b. archaeological and archaeobotanical field documentation,
identification of archaeological structures and (post)depo-
sition processes, storage of samples before extraction,
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c. floatation, microscopic analysis,
d. the construction of an appropriate database and correct data
selection,
e. theuse of statistical methods and interpretation of the results.
The data that archaeobotanists (and archaeozoologists) gen-
erally work with is not ideal and is already subject to reduction
during the field excavation. Despite this, the data has great po-
tential and irreplaceable informational value. However, it is im-
portant to recognise all, or as many as possible, of its limitations
to better interpret the bygone reality that the data reflects. These
limitations will be discussed below with the use of statistical
analyses and models. This factor is frequently neglected during
the realisation of field excavations - either consciously or as a re-
sult of the circumstances.

The basic dataset

The region of interest for this study is the area to the north
of the River Danube, restricted largely to southwestern Slovakia,
southern Moravia and central Bohemia (Fig. 1). This demarca-
tion resulted from the available archaeobotanical material that
comprised the original database of the dissertation project (Hla-
vatd 2017, 19-21, 23-26). The material comprising the subject of
this study comes exclusively from the database of the given pro-
ject and is used in line with the copyright of individual experts.!

In chronological terms, the dataset belongs to the period
from the beginning of the 1st century AD to the end of the
4th century or the beginning of the 5th century AD, which corre-
sponds to the Roman Period and the beginning of the Migration
Period in the chronology of the given region. Since information
on the more detailed chronology of the contexts from which the
individual archaeobotanical samples come was often ambiguous
or vague, closer dating into individual stages was excluded from
the analyses in this study (Hlavatd 2017, 21-22, 60).

For the purpose of the study, an archaeobotanical sample is
a sample of sediment collected from the excavated archaeologi-
cal situation for flotation and extraction of plant macro-remains
for archaeobotanical analysis. The term method of sampling is
understood here as the sampling itself, together with the doc-
umentation and flotation of samples. The available archaeobo-
tanical samples came from a total of 54 sites. The original data-
set was comprised of 1,000 archaeobotanical samples. In total,

Volume

(litres)
Minimum 0.2 0 0
Maximum 80 8076 49
Sum 16764.5 60077.2 238
Median 15 4.5 3
Mean 17.33 62.1 4.7
Variance 173.3 124781,7 29.4
Standard deviation 13.2 353.2 5.4
Skewness 1.4 15.3 2.9
Kurtosis 2.8 301.1 12.9
Shapiro-Wilk test 0.9 0.1 0.7
Shapiro-Wilk - p-value 0 0 0

Tab. 1. Descriptive statistics for volume (in litres), “one plant macro-remain”
(abbreviated below to PMR) and botanical species in samples.

Tab. 1. Deskriptivni statistika pro objem (v litrech), ,,jeden rostlinny makrozbytek“

(déle zkrdcené RMZ) a botanické druhy ve vzorcich.

70,032 plant macro-remains (not taking charcoal into account)
were identified in the samples, numbering 309 botanical species
(Hlavata 2017, 63-64, Priloha Mapa 1-3, Katal6g). Volumes were
recorded for just 686 of the total number of samples (atotal of
13,757.8 litres of collected sediment). Cases in which the volume
of the sample was not recorded were excluded from the analyses
in this study, meaning that the number of sites fell to 25 (Fig. 1).
The number of macro-remains found fell to 36,460 and the num-
ber of botanical species to 238. The overall variance of the vol-
umes of the samples in the studied set was from 0.2 to 80 litres
and the variance of findings of macro-remains from 0 to 8,076 pcs
(Tab. 1).

Archaeological sites are not given by name or otherwise
specified because of authorial ethics (see above), except for the
JeviSovka site, which was excavated under the supervision of
B. Komordczy within the activities of the authors’ workplace,
which is described here as an illustrative example. The set as
a whole is understood here as a model set, for the reason that
what is important from the viewpoint of its analysis are not spe-
cific localisations, but the properties of the samples from them.

Fig 1. Map of archaeological sites
where archaeobotanical samples were
collected. Red - sites with available
information about the volume

of samples, grey - sites without
information about the volume of
samples. Author M. Vlach.

Obr 1. Mapa archeologickych lokalit
sodebranymi archeobotanickymi
vzorky. Cervend- lokality s dostupnou
informaci o objemu vzorkd; Sedd -
lokality bez informace o objemu
vzorkd. Autor M. Vlach.
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Archaeobotanical samples

In contrast to the methodology for the collection of sam-
ples recommended in the archaeobotanical literature (cf. Barker
1975; Hajnalova 2012, 33; Jacomet et al. 1989, 36-41, 70-84; Ja-
comet, Kreuz 1999, 95-112; Jones, M. K. 1991, 53-62; Klecka
1934, 98; Kocar, Dreslerova 2010, 205; Lee 2012; Orton 2000;
Litynska-Zajac, Wasylikova 2005, 162-166; Pearsall 2000, 66-76;
Renfrew, Bahn 2008, 276; Smith 2014; van der Veen 1982; 1984;
1992, 21, etc.) sediment from contexts has often been collected
in a subjectively selective manner in archaeological practice,
particularly in older excavations, and frequently with no prede-
termined theoretical or methodological concept (cf. Hajnalov4,
Varsik 2010; Hlavatd, Varsik 2019; Ko&4r, Dreslerové 2010). This
effect is also manifested in the set studied here. Despite this,
a certain number of systematically collected samples did appear
among the analysed sets. Therefore, source information on the
origin of the samples was considerably heterogeneous and often
distinctly fragmentary.

Within the dataset, archaeobotanical samples were collected
systematically (systematic interval sampling; cf. Jacomet, Kreuz
1999, 97-100; Pearsall 2000, 66-76) at four sites. Two sites
were sampled in a combined manner - systematically and judg-
mentally (Hlavata 2017, 28-29). In the case of the sites from
which the samples were obtained in an unfloated/unprocessed
state (Hlavatd 2017, 30), the only information on the method
of sample collection was the descriptive information on the
tags. These tags generally contained simple information on
the feature number. In some cases, they contained information
on the layer; in other cases, merely the serial number of the
sample collected without any additional information. In most
cases, additional information about sediment was not available
so was not used for analysis at all. This method of sample de-
scription, without even a detailed sample catalogue accompa-
nying the archaeobotanical material, makes the proper analysis
and interpretation of archaeobotanical material difficult or, in
certain cases, entirely impossible. It is precisely in the method
of sampling and extraction of plant material from the samples
taken, coming from diverse types of archaeological excavations
(mostly rescue, partly science-driven), that the set displays the
greatest variability. Disparity is also manifested in the archae-
ological method used within a single excavation (e.g. various
excavation seasons in a single location, individual trenches,
various excavation aims). Evidential value is also affected by
the non-constant volume of individual samples or the volume of
samples in general. Collecting sporadic easily visible findings of
seeds (for direct analysis, generally without flotation, i.e. with-
out sediment) falls into a category of its own. Samples collected
in such a way are extremely difficult to use for the purposes
of archaeobotanical analysis, such as the calculation of the
density of plant macro-remains. The term “volume of sample”
is not interchangeable with the term “volume of context”, un-
less the whole fill of the studied context is taken. We cannot
simply replace the missing variable “volume of sample” with
“volume of context”,? or vice versa, which also applies to den-
sity. This factor must be excluded from analysis in the absence
of information on the volume of sample and replaced where
necessary with another indicator, such as the total number of
macro-remains or an index of “sample purity” (e.g. Simpson’s
index D, sensu lato Wallace et al. 2019, 452). However, as stated
by M. Wallace et al. (2019, 452), the number of macro-remains
depends not merely on the density of the sample, but also on
the size of the sample. In our case, not a single archaeological
feature or context was totally sampled (in the sense that the
entire filling was floated).

Archaeological source information

The studied set suffered from a lack of archaeological infor-
mation. It was not possible to divide or compare all the results
of archaeobotanical analysis by types of features or contexts.
A clear methodological and terminological difference also ap-
peared between samples from the Slovak, Moravian and Bohe-
mian sites.

The lowest level of reference archaeological information was
represented by an unspecified context for which descriptive in-
formation was stated vaguely as “feature”, “layer” or “sector”
without further description. At the highest level, designation
of the context was found by number, type, function and part
(e.g. feature No. 1, pit, storage pit, western half etc.), followed by
the designation and specification of the context (e.g. K8, destruc-
tion layer, etc.), with the archaeological feature also being situ-
ated spatially within the excavation area or trench (e.g. area P1,
trench IV, sector 7/b, etc.). Spatial information about the actual
samples, such as extraction depth, etc. was also sparse.

Selection, standardisation and processing of data

All the obtained carbonised plant macro-remains preserved
in dry conditions (e.g. Hajnalovd 1993, 11-12; 2001, 11; Jacomet,
Kreuz 1999, 59-62; Lityniska-Zajac, Wasylikova 2005, 42-43),
apart from findings of charcoals and woods, were included in
the analysis. The term “one plant macro-remain” (abbreviated
below to PMR) is understood to mean each whole grain, seed or
fruit (sensu lato) that has retained a coherent shape, even if it has
been largely destroyed. Fragments were converted in the stand-
ard manner (e.g. van der Veen 1992, 25; cf. Hajnalovd 2012, 44;
Hlavata 2017, 46-48; Latkova 2017, 29) to make their inclusion
in the overall totals of the macro-remains possible. Fragments
of straw, reed and carbonised organic porous material were left
in units of fragments. The term “species” is understood as a bo-
tanical species (taxon). In the species variable, some uncertain
determinations were also included. Specifically, these were the
uncertain determination of species (cf.) or determination up to
genus caused by serious degradation of a macro-remain. How-
ever, this approach was used only for samples where no other
definitely determined species was present. For quantification of
species abundance, ubiquity was used. This means each species
was counted only once. In particular, given the species abun-
dance in a feature, only the first occurrence of a species was
recorded.

The analysed data was divided into four m x n data tables, in
which m represents the number of observations (samples, fea-
tures/contexts, sites) and n represents the variables (botanical
species, PMR, volume, density). The variables species, macro-re-
mains and sample volume were selected concerning their direct
connection with the calculation of the density of macro-remains
per litre of sediment and the calculation of ubiquity for archaeo-
botanical analysis, in general. In the same way, these variables
are essential for further taphonomic, paleoeconomic and plant
ecology analysis of archaeobotanical samples (e.g. Bogaard 2004;
Hajnalovd 2012, 95-110; van der Veen 1992, 73-90, 111-144).

Archaeobotanical data is generally adjusted for statistical
analyses. This usually involves eliminating samples with a small
number of findings and botanical species (taxa) that occur in
a small number of samples (cf. Bogaard 2004; van der Veen
1992; in summary Reed 2016, 212-214, and further literature).
In general, only those samples that contain 10 or more findings
and taxa that occur in three or more samples, or samples that
contain at least 50 or perhaps 100 findings of crop seeds and
at least 10 findings of weed seeds, are used (in line with Bo-
gaard 2004, 60-64, and further literature; Hajnalovd 2012, 122;
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Hajnalovd, Varsik 2010, 210; Jones, G. E. M. 1991, 67-69; Lat-
kovéd 2017; van der Veen 1992). M. Kuna et al. (2013, 130) argue
that such adjustment of archaeobotanical data leads to the loss
of alarge spectrum of findings. In short, data standardisation
alters the dataset in favour of rich/richer samples, while poorer
samples are excluded from analysis even though they may of-
ten contain relevant and valuable findings and/or information.
A large number of poorer samples may be more representative
than a small number of rich samples (Kuna et al. 2013, 130;
Orton 2000, 167). This form of dataset processing has greater
justification in view of a more comprehensive interpretation of
archaeobotanical data and may reveal taphonomic processes or
differences in the management of cultivated crops, for example
(Kuna et al. 2013, 130).

This situation came about primarily in the case of the sum
totals of the macro-remains (PMR) in individual samples that
showed a larger dispersion in statistical models (below) and
often caused overdispersion or underdispersion. This did not

change, even after the removal of outliers. The solution would
be either to remove around 10% of the values from the top and
bottom or to transform the data. However, this would lead to the
loss of a large amount of information and also exclude null val-
ues, and last but not least, the transformed data needs to be han-
dled with more caution (O’Hara, Kotze 2010; Field et al. 2012,
191-193). The data was not reduced because information on the
absence of macro-remains in a sample is also relevant data. An
essential part of the analysis was the observation of raw data in
its original state with the smallest possible interventions in view
of the assumption that this data more faithfully reflects the true
method of sampling.

Combining samples according to independent sampled ele-
ments (sensu stricto Lee 2012, 650 - elements/units of popula-
tion; cf. Orton 2000, 30-39, 165-168) or stratigraphically and
contextually indistinguishable samples is necessary for further
archaeobotanical analysis since these do not create indepen-
dent entities (Jones, G. E. M. 1991, 67-69; Smith 2014, 182, and

Graph 1. Graph of the correlation matrix displaying relationships between volume in litres, PMR (plant macro-remains) and botanical species (taxa). Bottom left - correlation
graphs; diagonally - histograms with kernel density estimations; top right - Spearman’s correlation coefficient.

Graf 1. Graf korelacni matice zobrazujici vztahy mezi objemem (volume) vlitrech, RMZ (PMR - plant macro-remains) a botanickymi druhy (taxa). Levd dolni ¢4st - korelacni
grafy; diagondlné - histogramy s jddrovymi odhady hustoty (kernel density); prava horni &dst - Spearmandv korelaéni koeficient.
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further literature; cf. Kuna et al. 2013; Latkov4 2017). However,
it was possible to combine only five samples in this way, which
contained sufficient archaeological information and also came
from the same context or its part.

As far as the selection of features and their types are con-
cerned, these were included in the analysis to reflect the true
state of our set. This means that samples from identified contexts
or features were analysed the same as samples with a general
designation (e.g. “layer”, without more specific description, etc.).

Given the issue considered here, non-reduced data, i.e. al-
most all samples® that held information about the volume of
sediment collected, were used for analysis. Samples that did not
contain any findings of macro-remains or contained just a small
amount of PMR (e.g. 1 PMR, etc.) were also analysed. The aim
was to discern possible elements within the material that would
not be included in statistical evaluation or that could escape un-
detected during the interpretation of the results in the case of
“traditional” standardisation.

Statistical models

A closer investigation of the characteristics of the volumes of
the samples, the quantity of macro-remains and the number of
species identified in them were required to answer the question
posed as to whether sampling affects archaeobotanical interpre-
tation. With the help of statistical models, we decided to investi-
gate the mutual relationships between the given variables from
the viewpoint of individual samples (Models 1 to 5), from the
viewpoint of features/contexts (Models 6 to 11) and the view-
point of sites (Models 12 and 13). We used the RStudio (RStudio
Team 2020) program to create statistical models.

The data (Apiar 2021) was first subjected to descriptive sta-
tistics and basic visual representation before creating statistical
models to reveal its fundamental properties (Tab. 1, Graph 1). As
can be seen from Table 1, the skewness and kurtosis values are
large, particularly for species and PMR, and they clearly domi-
nate. Additional indicators are large differences between means,
dispersions and standard deviations. In the case of PMR in par-
ticular, this difference points to overdispersion — a common phe-
nomenon in ecological and environmental data that may have
different causes (O’Hara, Kotze 2010; Zuur et al. 2009, 270-271;
Martin et al. 2005; in summary Hilbe 2011, Chapter 4). Similarly,
the value of the Shapiro-Wilk test and its p-value (Tab. 1, Shapiro-
-Wilk) points to the fact that none of the variables meets the
conditions of normal distribution (e.g. Shennan 2006, 156-159).

Graph 1 depicts raw data in which any search for a normal
distribution would be worthless. Histograms and their distri-
butions are displayed diagonally accompanied by kernel density
estimation curve (Baxter 2015, 37-49). The data on the volumes
of individual samples show marks of a bimodal distribution,
while data on species is visibly skewed to the left. The distri-
bution of PMR is influenced profoundly by the larger number of
low and null values in combination with extremely high values
(cf. Tab. 1). These stretch the X axis and compress values into
a single interval (bin). Scatterplots along with a trendline are
displayed in the bottom left of Graph 1.* Almost no dependency
can be observed in the graph for volume with PMR and volume
with species. The relationship between botanical species and the
quantity of macro-remains cannot be unambiguously described
from the correlation graph.

The top right of Graph 1 displays the degree of association ac-
cording to Spearman’s correlation coefficient.’ It shows a strong
positive correlation between PMR and species, indicating that
the number of identified species increases along with the in-
crease in the number of PMR extracted. At first glance, it would

appear logical but this assertion is not necessarily causally con-
ditioned. In effect, this correlation is mainly caused by the fact
that each macro-remain basically represents a botanical species
and vice versa. The almost null correlation between volume and
PMR/species (Graph 1), which also corresponds with the results
in the scatterplots, also appears counterintuitive. This would
indicate that the number of PMR and species found does not
depend on the amount of sediment collected. Greater attention
will be devoted to this issue below.

A search for a statistical model that would best represent
the processed data to enable further statistical assessment was
conducted based on the results of descriptive statistics and
basic data analysis (Orton 2000, 9-10; 1980, 20-21). Since the
response variables did not meet the preconditions of normal
distribution, a negative binomial distribution that best approx-
imated the studied data was used. This is actually an extension
of the Poisson distribution. It contains an extra parameter for
overdispersion (Hilbe 2011, 253) and is often used in ecological
and environmental studies (e.g. Zuur et al. 2009, 225-230).

Generalised additive models (GAM),° which are an extension
of generalised linear models (GLM), although GAM do not pre-
sume a normal distribution or linearity, resp. a parametric form
of data (Faraway 2016, Chapter 15; Wood 2017; Zuur et al. 2009),
were used primarily in modelling.

The main difference from linear models lies in the fact that
GAM use non-parametric smooth functions in place of f param-
eters (Wood 2017).

A total of 13 simple models were created, with each model
represented by a single graph (Graph 2-14) with the correspond-
ing resultant values in Table 2. There were two reasons for the
larger number of models: 1) an endeavour to illustrate the ana-
lytic approach and observe the individual variables separately,
and 2) macro-remains (PMR), in combination with other varia-
bles, often caused overdispersion or underdispersion due to the
nature of the data. Multiple variables were introduced into the
model where this was possible and meaningful. The words “in-
fluence” and “effect” (referred to as edf)’ are often used in the
description. These can be taken as synonyms to a certain extent,
although effect refers to the statistical aspect of the model, while
influence refers to the archaeobotanical aspect.

In the case of models calculated using a tensor product in-
teraction® (multi-coloured graphs), we reduced the penalisation
with a gamma function from the recommended value of 1.4 to
an initial (default) value of 1 to observe the finer nuances of the
data in the model (Wood 2017, 227; Zuur et al. 2009).

Models 1to 5

Anm x n matrix, in which m represents the number of samples
(683) and n represents variables - volume of the sample, num-
ber of identified macro-remains (PMR) in the sample, number of
botanical species found in the sample, density of macro-remains
in a litre of the sample, was used for Models 1 to 5 (Graphs 2-6).

Model 1 (Graph 2) depicts the relationship between botan-
ical species and sample volume. This relationship is not statisti-
cally significant; its effect on the number of species is negligible
and explains just 0.24% of total variability. The samples were
then divided into four volume categories by the number of litres
(A: 1-9 litres, B: 10-29 litres, C: 30-40 litres, D: 41-80 litres) for
verification. The statistically most significant and largest effect
(edf 2.22) was seen in category A, i.e. samples with the smallest
number of litres. The other categories essentially did not have
any effect on the number of species found in the samples. From
the viewpoint of the interpretation of this model, this indicates
that the volume of the sample itself plays almost no role in how
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many species occur in the sample, although there is a visible
effect of smaller samples on the species composition recorded
from the viewpoint of volume categories. It is an accepted fact
that any archaeobotanical or archaeological interpretation need
not necessarily be so direct; see below.

Model 2 (Graph 3) studied the relationship between botan-
ical species and the number of macro-remains (PMR). As previ-
ously mentioned, the values of PMR are problematic. This was
manifested in the model primarily by underdispersion, which is
frequently caused by the clustering of low values or by adapting
the model to multiple extreme values (Hilbe 2014, 136; Zuur et
al. 2009, 225). The combination of these factors can be consid-
ered in the presented example. This is graphically illustrated in
the corresponding graph, in which the number of species shows
arelationship primarily to the lower numbers of the macro-re-
mains, and a pronounced break in the curve caused by outlying
values can be observed at an amount of around 50 to 100 mac-
ro-remains. When the numbers of macro-remains are higher,
their relationship to the number of species appears “flat” and we
cannot refer to their mutual dependence in the sense that larger
volumes of samples would result in richer archaeobotanical as-
semblages. A model from the GLM family was created with the
use of negative binomial regression for verification of the mutual
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Graph 2. Model 1 displaying the
relationship of volume to the number
of botanical species in samples. Xaxis -
volume in litres, Y axis - smooth
function of volume with edf value
(effective degrees of freedom).

Graf 2. Model 1 zobrazujici vztah
objemu k po¢tu botanickych druhi
ve vzorcich. Osa X - objem v litrech
(volume); osa Y - smooth funkce
objemu (volume) s hodnotu edf
(effective degrees of freedom).

dependence of this relationship.” The resultant coefficient for
PMR (log 0.0032) may be positive, but it is essentially negligible.
The chance that the acquisition of one macro-remain more would
also result in the acquisition of another species is in this case
almost zero. The GLM outcome corresponds with the results of
Model 2, that a larger number of species cannot necessarily be
expected from a larger number of macro-remains (PMR).

Model 3 (Graph 4) is presented to illustrate the relationship
between the number of species and the density of macro-remains
in the sample. The density of macro-remains is calculated as the
ratio between the number of macro-remains and the volume of
the sample from which they come. This gives us the density or
concentration of macro-remains per litre of sediment in the given
sample.

A comparison of Models 2 and 3 shows pronounced similari-
ties, both in terms of the shape of the function (it shows similar
behaviour to PMR) and in respect of the values (Tab. 2). How-
ever, density is implicitly contained in the variable PMR (resp.
volume) in all the models, for which reason it will be excluded
from the other models. It is presented here mainly as a compari-
son with other models and because of its frequent use in archaeo-
botanical analyses and studies (e.g. Lee 2012, with further litera-
ture; Létkova 2017; Hajnalovd 2012; Kuna et al. 2013, etc.).

Graph 3. Model 2 displaying the
relationship between PMR and the
number of botanical species in
samples. X axis - number of PMR,

Y axis - smooth function of PMR
with edf value (effective degrees of
freedom).

Graf 3. Model 2 zobrazujici vztah
RMZ k poétu botanickych druhd ve
vzorcich. Osa X - po¢et RMZ (PMR);
osa Y - smooth funkce RMZ (PMR)

s hodnotou edf (effective degrees of
freedom).
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Model 4 (Graph 5) depicts a very similar relationship to that
seen for the density of PMR (Graph 4), although with the dif-
ference that it is calculated here with the use of tensor product
interaction. This models the mutual “pure” interaction between
the studied variables and does not take into consideration the
main effect of the individual variables. These variables also need
not be recorded in the same units to be modelled. The diagram
is also more readable, as the X and Y axes are displayed in the
original units. As can be seen, Model 4 (Graph 5) condenses the
results of Models 2 and 3, with the greatest effect observed at
lower volumes and larger numbers of macro-remains. A slightly
smaller effect can be seen in the bottom part of the graph. This
reflects the situation when larger samples were collected in
which a larger number of various species was identified.

Model 5 (Graph 6) shows a closer analysis of the relation-
ship between the number of macro-remains and the volume of
individual samples. This model was influenced by overdisper-
sion, again due to the properties of the PMR. Yet, the calculated
function (curve) is statistically significant and substantiated by
the large effect of the sample volume on the amount of mac-
ro-remains obtained from the sample. However, the relationship
between these variables is markedly non-linear, for which rea-
son whether we also obtain a larger number of PMR with higher

Graph 4. Model 3 displaying the
relationship between density and
the number of botanical species in
samples. X axis - density of macro-
-remains per litre, Y axis - smooth
function of density with edf value
(effective degrees of freedom).

Graf 4. Model 3 zobrazujici vztah
hustoty k poctu botanickych

druhii ve vzorcich. Osa X - hustota
makrozbytkii na jeden litr (density);
osa Y - smooth funkce hustoty
(density) s hodnotou edf (effective
degrees of freedom).

sample volumes and vice versa cannot be simply predicted.
Meanwhile, the model explains a mere 6.5% of the variability,
and the volume is not, therefore, sufficient on its own to reveal
further hidden structures in the data. Slightly better informa-
tion was obtained during modelling with the use of volume cat-
egories. A large effect (edf 6.3) and statistical significance was
exhibited by category B (10-29 litres), which has the greatest
potential from the statistical viewpoint during the acquisition
of a larger number of PMR.

Models 6 to 11

Models 6 to 11 (Graphs 7-14) investigated the same types
of relationships as the previous models, although from the view-
point of features or contexts. This provides a rather more in-
tuitive view of the influence of the sampling of archaeological
situations. It was also possible to monitor the given relation-
ships by the numbers of samples taken from individual features.
However, it must be stated that no more than two samples were
retrieved from as many as 80% of these features. This is a rather
unrepresentative dataset from the archaeobotanical viewpoint
but from the statistical viewpoint, this is a relatively “evenly”
sampled set, although influenced to a large extent by the incon-
sistency of the sediment volume taken from features or contexts.

Graph 5. Model 4 displaying the
interaction (effect) between volume,
PMR and botanical species in samples.
X axis - volume in litres, Y axis -
number of PMR. Yellow to white =
strongest interaction, dark blue =
weakest interaction.

Graf 5. Model 4 zobrazujici interakci
(efekt) objemu a RMZ k botanickym
druhim ve vzorcich. Osa X - objem
vlitrech (volume); osa Y - pocet
RMZ (PMR). Zluta aZ bila = nejsiln&jsf
interakce; tmavé modrd = nejslabsi
interakce.
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Model 6 (Graph 7) observes the relationship between vol-
ume and the number of species. The samples are concentrated
largely on the left-hand side of the graph in the area of lower total
volumes per feature, while the function (curve) grows most to
around 250 litres taken from the feature and then veers towards
outlier values. According to the data in Table 2 (m6), the total
volume of sediment taken from the feature has a clear effect on
the number of species found in the feature, particularly at lower
volumes (up to around 250 litres). This is rather a different situ-
ation concerning Model 1, suggesting that the combined volume
from all samples within a feature can affect the species compo-
sition of such a feature, which is crucially important when taken
into account. This does not, of course, mean that 250 litres of
sediment must be collected from each feature to obtain a larger,
i.e. a more representative amount, of archaeobotanical material.
These figures serve rather as an aid to decision-making relating
to a future strategy for the collection of samples.

Response Function

p-value

An even more pronounced effect of the numbers of the samples
on the number of the species can be seen in Model 7 (Graph 8), in
which the function (curve) reaches a peak at around 20 samples
from a single feature, after which the result is again influenced by
outliers. The numbers of the samples explain twice as much of the
variability (21.1%) as the volume itself and also according to the
values in Table 2 (alower AIC value than Model 6) itis a better-fit-
ted model. A larger amount of samples taken from individual fea-
tures makes for an unequivocally greater contribution towards ob-
taining a richer composition of species from features than a larger
quantity of sediment taken from a feature in a single sample.

Model 8 (Graph 9) presents the interaction between the vol-
ume and the number of collected samples, which is not statisti-
cally significant (Tab. 2, m8) since the principal effect is again
represented by the number of samples (edf 3.03) to the detriment
of the volume (edf 1).° This can also be seen in the percentage
of explained variability, which is almost the same as in Model 7.

AIC Dispersion gamma Matrix

ml Taxa s(volume) 15 1.17 0.39 0.322 0.000645 0.24 1260.9 3524.66 1.14 1.4 Taxa
m2 Taxa s(PMR) 15 12.55 0.75 2.00E-16 0.641 76.1 972.58 261891 0.64 1.4
m3 Taxa s(density) 15 9.9 0.73 2.00E-16 0.527 64.5 1049.8 2842.44 0.78 1.4
m4 Taxa ti(volume; PMR) 15; 15 22.7 0.82 2.00E-16 0.794  81.1 13154 2533.83 0.62 1
m5 PMR s(volume) 15 8.61 0.29 9.80E-06 0.013  6.51 1948.8  5419.53 4.02 1.4
mé6 Taxa s(volume) 15 2.7 0.85 0.000194 0.157 10.3 476.51 1328.03 1.04 1.4 Features/
m7 Taxa s(sample_count) 15 3.09 0.61 2.00E-16 0.362 21.1 466.52 1299.02 0.98 1.4 contexts
m8 Taxa ti(volume; sample_count) 10; 10 0.0005 0.85 0.86 0.364 22.6 64698 1296.52 0.99 1
m9 PMR s(volume) 15 1 0.54 0.288 -0.00285 0.48 779.27  2185.64 4.9 1.4
ml0 PMR s(sample_count) 15 2.39 0.41 0.03 -0.00683 4.13 777.29 2178.25 53 1.4
mll PMR ti(volume; sample_count)  10; 10 8.55 0.63 1.28E-05 -0.0219 23.9 1075.3 2140.93 3 1
ml2 Taxa s(volume) 10 1 1.24 0.93 0.777 55.9 174.06 353.51 1.04 1 Sites
s(sample_count) 10 2.67 0.84 0.003
ti(volume; sample_count) 55 2.8 079 0.55
ml3 PMR s(volume) 10 1 0.78 0.98 -0.118 10.1 325.39 668.57 1.8 1
s(sample_count) 10 1.16 0.61 0.09
ti(volume; sample_count) 55 1.63  0.57 0.48

Tab. 2. Results of individual models. Response: explained variable; Function: smooth function of studied variable; k: node values for basis function; EDF: effective degrees
of freedom; R? (adj): coefficient of determination; Dev. Expl (%): null deviance (percentage of explained variability); p-value: value of probability; REML: values of marginal
likelihood maximisation method; AIC: Akaike information criterion; Dispersion: value of model dispersion; gamma: increases or decreases the degree of the smoothing function.

Tab. 2. Vysledky jednotlivych modeld. Response: Vysvétlovand proménnd; Function - smooth funkce zkoumané proménné; k - uzlové hodnoty pro zakladni funkci
(basis function); EDF - efektivni stupné volnosti; R2 (adj) - koeficient determinace; Dev. Expl (%) - nulové deviance (procento vysvétlené variability); p-value - hodnota
pravdépodobnosti; REML - hodnoty tzv. marginal likelihood maximization metody; AIC - Akaikovo informaéni kritérium; Dispersion - hodnota disperze modelu;

gamma - zvy$uje nebo sniZuje miru vyhlazeni smooth funkce.
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Graph 6. Model 5 displaying the
relationship between volume and PMR
in samples. X axis - volume in litres,

Y axis - smooth function of volume
with edf value (effective degrees of
freedom).

Graf 6. Model 5 zobrazujici vztah
objemu k RMZ ve vzorcich.

Osa X - objem vlitrech (volume);
osa Y - smooth funkce objemu
(volume) s hodnotu edf (effective
degrees of freedom).
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Graph 7. Model 6 displaying the
relationship between volume and
number of botanical species in
archaeological features.

X axis - volume in litres,

Y axis - smooth function of volume
with edf value (effective degrees of
freedom).

Graf 7. Model 6 zobrazujici vztah
objemu k po¢tu botanickych druhd
varcheologickych objektech.

Osa X - objem vlitrech (volume);
osa Y - smooth funkce objemu
(volume) s hodnotou edf (effective
degrees of freedom).

Graph 8. Model 7 displaying the
relationship between the number
of samples and botanical species in
archaeological features.

X axis - number of samples,

Y axis - smooth function of number
of samples with edf value (effective
degrees of freedom).

Graf 8. Model 7 zobrazujici vztah
poctu vzork( k botanickym druhim
varcheologickych objektech.

Osa X - pocet vzorkd (number of
samples); osa Y - smooth funkce
poctu vzorkd (samples) s hodnotou
edf (effective degrees of freedom).

Graph 9. Model 8 displaying the
interaction (effect) between volume
and numbers of samples and botanical
species in archaeological features.
Xaxis - volume in litres,

Y axis - number of samples. Yellow

to white = strongest interaction,

dark blue = weakest interaction.

Graf 9. Model 8 zobrazujici
interakci (efekt) objemu apoclti
vzork(i k botanickym druhim
varcheologickych objektech.

Osa X - objem vlitrech (volume);
osa Y - polet vzorki (number of
samples). Zluté a% bila = nejsiln&jst
interakce; tmavé modrd = nejslabsi
interakce.
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This is also clear from Graph 9, where the number of species is
more strongly inclined to larger numbers of collected samples.

Model 9 depicts the relationship between PMR and volume.
According to the result (Tab. 2, m9) and Graph 10, the volume
itself does not affect the quantity of macro-remains obtained and
is not statistically significant. This is the model with the worst
result from the viewpoint of the set of features (cf. AIC values).
This is in agreement with Model 1, in which the effect of the vol-
ume may have been pronounced but was influenced to a large de-
gree by outlier values and was also the weakest of all the models
(1 to 5). The fact that the volumes have weak evidentiary value
in explaining the amount of macro-remains is rather interesting.

Model 10 depicts PMR explained by the numbers of samples.
As can be seen on the left-hand side of Graph 11 (up to a value
of approximately 20 samples), we can observe a slight effect,
although on the boundary of significance, and the results are
marked by overdispersion as in the case of Model 9 (Tab. 2, m9,
m10). Regardless, once again there is a very poor contribution of
the combined volume (per archaeological feature) to the overall
explanation of PMR.
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Graph 10. Model 9 displaying the
relationship between volume and
PMRin archaeological features.
Xaxis - volume in litres,

Y axis - smooth function of volume
with edf value (effective degrees of
freedom).

Graf 10. Model 9 zobrazujici vztah
objemu kRMZ v archeologickych
objektech. Osa X - objem v litrech
(volume); osa Y - smooth funkce
objemu (volume) s hodnotou edf
(effective degrees of freedom).

The situation is rather more interesting in Model 11
(Graph 12), which depicts the interaction between PMR and
the numbers of samples. In contrast to Models 9 and 10, a pro-
nounced effect (Tab. 2, m11) and a high degree of statistical
significance can be observed. This is the most informative
model from the viewpoint of PMR with the highest percentage
of explained variability. Two principal effects are evident in
Graph 12. The first, on the left-hand side, points to the close
relationship between PMR and a higher number of samples and
smaller volumes, while the second is associated with a higher
volume (ca between 300 and 1,800 litres) and larger numbers
of samples (ca between 40 and 110 samples). Model 11 reflects,
first and foremost, the method of feature sampling in the studied
set (see the chapter Introduction). It also points to the fact that
it is necessary to choose a balance between a sufficient number
of samples taken and their volume to capture a representative
number of macro-remains from a sampled situation.

The relationship between botanical species (Graph 13) and
PMR (Graph 14) with the volume and the number of samples in
a modified m x n matrix, where m stands for archaeological sites

Graph 11. Model 10 displaying the
relationship between the number of
samples and PMR in archaeological
features. X axis - number of samples,
Y axis - smooth function of the
number of samples with edf value
(effective degrees of freedom).

Graf 11. Model 10 zobrazujici vztah
poctu vzorki k RMZ varcheologickych
objektech. Osa X - po&et vzork(
(number of samples); osa Y - smooth
funkce po¢tu vzorkd (samples)
shodnotou edf (effective degrees of
freedom).
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Graph 12. Model 11 displaying the
interaction (effect) between volume
and numbers of samples and PMR in
archaeological features.

X axis - volume in litres,

Y axis - number of samples. Yellow to
white = strongest interaction, dark
blue = weakest interaction.

Graf 12. Model 11 zobrazujici interakci
(efekt) objemu apocti vzorkd k RMZ
varcheologickych objektech.

Osa X - objem vlitrech (volume);

osa Y - polet vzorki (number of
samples). Zluté aZ bila = nejsiln&jst
interakce; tmavé modra = nejslabsi
interakce.

Graph 13. Model 12 displaying the
interaction (effect) between volume
and numbers of samples and botanical
species at archaeological sites.

X axis - volume in litres,

Y axis - number of samples. Yellow

to white = strongest interaction,

dark blue = weakest interaction.

Graf 13. Model 12 zobrazujici
interakci (efekt) objemu apolti
vzork( k botanickym druhim na
archeologickych lokalitdch.

Osa X - objem vlitrech (volume);
osa Y - polet vzorki (number of
samples). Zlut4 aZ bila = nejsilnéjst
interakce; tmavé modra = nejslabsi
interakce.

Graph 14. Model 13 displaying the
interaction (effect) between volume
and numbers of samples and PMR at
archaeological sites.

X axis - volume in litres,

Y axis - number of samples.

Yellow to white = strongest interaction,
dark blue = weakest interaction.

Graf 14. Model 13 zobrazujici interakci
(efekt) objemu apocti vzorki k RMZ
na archeologickych lokalitdch.

Osa X - objem vlitrech (volume);

osa Y - pocet vzorki (number of
samples). Zluté aZ bila = nejsiln&jsi
interakce; tmavé modrd = nejslabsi
interakce.
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and 7 the variables botanical species, macro-remains (PMR),
volumes taken within a site, and the overall number of samples
collected from the site, was studied in the final two models -
Models 12 and 13. The principal effects and their interactions
were studied in the models. The graphs and the data in Table 2
(m12, m13) underline what has gradually taken shape in the
previous models, i.e. that the number of samples taken again
plays a determining role in how representative material can be
obtained from a site. To summarise, it can be inferred from the
presented models that the smaller the number of collected sam-
ples from the feature, the lower the certainty that the species
composition would represent the whole feature.

Jevisovka

The archaeobotanical material obtained from the Jevisovka
site was also used in all the above models and is presented here
purely as an illustrative example of how the results from one site
correspond with the results from the overall models."

The site JeviSovka (Bfeclav District, Czech Republic) is
a polycultural settlement uncovered during a rescue excavation
and the archaeobotanical assemblage comes from the features
dated to the Roman Period. A total of 94 archaeobotanical sam-
ples collected from 20 archaeological features were preliminarily
analysed within the previously mentioned dissertation project
(Hlavata 2017, 176-182, Priloha). Sampled archaeological fea-
tures included pit-houses, storage pits, unspecified settlement
features and postholes. The information about the volume of
samples was recorded; therefore, all the samples were used for
statistical modelling. The overall volume of all collected samples
was 625.75 litres, in which 2,432 macro-remains of 96 species
were identified.

The archaeological information of individual samples con-
sisted of an archaeological feature number, an uncovered arbi-
trary layer number, and separate information if it is a posthole
or not, eventually with the sediment taken as a column sample
(from the feature cross-section). Within the excavated pit-
-houses, 50% of the samples were collected from interior post-
holes. The remaining samples were taken from other interior
pit-house layers and in one case from a grave deposited inside
a pit-house. The proportion of pit-houses and other features at
the Roman Period settlement was 1 to 3. However, three times
more samples were collected from the pit-houses compared to
the other archaeological features. There is a clearly visible par-
tial subjectivity of sampling due to preferences (respectively
the assumed potential) of the features to be sampled. Still, the
archaeobotanical analysis did not show a generally higher abun-
dance of macro-remains in individual samples taken from pit-
-houses than in those collected from other features. At the same
time, it cannot be stated that the samples collected from interior
postholes are more abundant than samples taken from other in-
terior layers of the pit-houses.

Regarding the analysis of volume categories (see above
Model 1), the samples from Jevi§ovka mainly belonged to cat-
egory A (up to 9 litres, 78% of samples), and category B (10 to
29 litres, 21% of samples). The remaining 1% of samples fell into
category C (30 to 40 litres, 1 sample). Category A volume mainly
consisted of samples collected from pit-houses and postholes.
In the case of postholes, the impossibility of taking bulky sam-
ples was expected to some extent (e.g. only 5 litres). Yet, this
approach was also used in the case of some of the other archae-
ological interior layers of the pit-houses (e.g. 1 sample per 1 layer
with a volume of around 5 litres).

Regarding the volume categories, the dataset from the Je-
viSovka site is displayed on the left-hand side of Graphs 2 to 6
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Graf 15. Archaeological site JeviSovka. Scatterplots displaying the relationship

of a) number of macro-remains (PMR), number of species (taxa) and volume

per sample; b) number of macro-remains (PMR), number of species (taxa) and
number of samples collected per feature samples; ¢) number of macro-remains
(PMR), number of species (taxa) and sampled volume per feature. The polynomial
trendline is applied in all cases.

Graf 15. Lokalita JeviSovka. Rozptylové diagramy zobrazujici vztah: a) poctu
makrozbytkid (PMR) apoctu druhi (taxa) s objemem jednotlivych vzorkd; b) poctu
makrozbytkd (PMR) apo¢tu druh( (taxa) s poétem odebranych vzorki zjednoho
objektu; ¢) poctu makrozbytki (PMR) apo¢tu druhii (taxa) s celkovym odebranym
objemem zjednoho objektu. Spojnice trendu jsou ve viech pfipadech polynomické.
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(Models 1 to 5) in the area of lower sample volumes. From
the viewpoint of individual Jevisovka samples (Graph 15a), as
described for Models 1 to 5, there is also the readable volume
itself, which does not have a significant effect on the composi-
tion of macro-remains and botanical species. In Models 6 to 11
(Graph 7-12), in which a relationship between the same varia-
bles was observed, but with respect to the features, the dataset
from Jevisovka corresponds with those results. That is that the
number of samples taken from archaeological features has a sig-
nificant effect on the composition of macro-remains and botan-
ical species (Graph 15b), i.e. with the higher number of collected
samples, the number of macro-remains and botanical species
has a tendency to increase. Also consistent with the results of
Model 6 is that the overall volume of sediment taken per feature
from JeviSovka affects the composition of the finds. Graph 15¢
displays a trend whereby increasing the volume, the number of
determined macro-remains also increases. The interval of the
sample volumes from Jevisovka varied from 0.5 to 32 litres, with
the predominance of 10litre samples. In addition, the volumes
of the samples in the whole dataset are between 0.2 and 80 litres
per sample.

Summary and discussion

The relationships between the volume, the number of bo-
tanical species, the PMR and the density from the viewpoint
of the individual samples can be observed in Models 1 to 5.
After investigating the relationship between the number of mac-
ro-remains (PMR) and density, we finally excluded the variable
density from further analyses as in essence it copied the variable
PMR and there may have been a risk that it would have a nega-
tive effect on the results of the models due to concurvity (Wood
2021c). The tensor product interaction function was used in-
stead. The relationship between the volume of the sample and
the number of species and macro-remains (PMR) implies that
the volume has almost no influence on their quantity when each
sample is studied separately. However, from the viewpoint of
volume categories, small (up to 10 litres) and medium-large
(up to 29 litres) samples are seen to be more significant from
the statistical viewpoint and show a larger effect or provide
a greater chance for a more representative number of findings to
be obtained from them. Nevertheless, this result has to be seen
in complexity. In other words, the most significant effect rep-
resented by small volumes (up to 10 litres, see Model 1) means,
at the same time, the most significant influence of sampling
on the composition of macro-remains obtained from the exca-
vated situation. If the low-volume samples are combined with
the low number of samples taken, there is a major risk that the
overall interpretation will be negatively influenced by the sam-
pling method itself. The small volume of the samples needs to
be compensated with a higher number of samples collected from
the same context (if there is a sufficient volume of sediment
to be taken). Accordingly, this claim cannot be based merely
on the amount of sediment taken within a sample and applied
across the board to other assemblages from different preser-
vation conditions. In this case, it illustrates just a small part
of the issue of sampling and represents the first step towards
further analyses and interpretations. It is important to realise
that the volume samples up to 29 litres represented the largest
proportion of the studied set (515 of 683 in which 157 samples
had volumes of 0.2 to 9 litres). From this perspective, it can be
stated that the effect of sampling was expressed in the results
of the statistical analysis.

Models 6 to 11 shed further light on the influence of sam-
pling on the resultant archaeobotanical assemblage. First and

foremost, incorporating a variable number of samples into the
models provided new information about how the composition of
botanical species can be influenced by larger numbers of sam-
ples and vice versa. A larger number of samples taken would ap-
pear to be the better alternative to gain a more representative
archaeobotanical assemblage. As far as the amount of excavated
sediment within the features is concerned, the results are in par-
tial agreement with the corresponding Models 1 to 5, and the
volume is not in itself a determining factor for the acquisition of
a larger number of findings. An appropriately selected combina-
tion of a larger number of smaller samples (10 to 30 litres) could
produce reliable results. The volume of the sample depends to
a large extent on the goals of the excavations and also on the
chronological dating of the excavated site.'?

In any case, it can be assumed that rather than a one hun-
dred-litre sample from one spot, it is more appropriate to take
five twenty-litre samples covering a specified area within the
excavated archaeological unit. Such samples can always be com-
bined into a single element within any analysis (sensu stricto Lee
2012). Unfortunately, spatial information pertaining to the in-
dividual samples or archaeological units was inadequate in the
investigated set, which was why it was not incorporated into
the models. In particular, it was not possible to separate feature
samples (e.g. a pit, without described layers) from context sam-
ples (e.g. a layer inside the feature) entirely reliably, since some
features were represented by a single sample from one context,
contexts (layers) were not stated at all for some features, and
only contexts (layers) were stated for some samples. For these
reasons, they were analysed together. There is a great probabil-
ity that more detailed spatial information would help explain
the high percentage of variability and reveal additional hidden
structures within the data.

The models presented here were not always able to explain
certain aspects of the data reliably, and this was frequently man-
ifested in a low percentage of explained variability. To summa-
rise, it can be said that they raised more questions than they
answered although this need not be seen in an exclusively neg-
ative light.

The aim of this study was not to offer a manual on how to
select the “correct” sampling method. Rather, it was intended
to provoke a more active discussion about the influence of such
a method and how it might be possible to increase the informa-
tion potential of an investigated archaeological site (situation)
to take in less conspicuous findings. It was also important to
substantiate our assertions with data.

It is probable that the addition of further variables to our
models, such as spatial (stratigraphic or coordinate) informa-
tion, other types of findings extracted from samples, the defi-
nition of post-depositional processes, the type and properties
of sediment collected, a more precise chronology, etc., would
also affect the results and new statistically significant relation-
ships and structures would appear. Therefore, what exactly is
the answer to the tested question — how can the sample formal
properties influence the analysis, respectively, the interpreta-
tion of archaeobotanical assemblage? In the case of the analysed
dataset, it was the high heterogeneity and variable quality of ar-
chaeological information, in many cases even its absence, which
meant the samples could not be sufficiently comparable. Thus,
the only properties, which were suitable for the comparison of
the samples were the species and macro-remains abundance
and the sample volume, when recorded. Certainly, these are ar-
chaeobotanical samples, hence, the information of species and
macro-remains abundance is, from an archaeobotanical point of
view, essential. Yet, it cannot be the only information.
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Regarding the statistical modelling results and the focus on
the analysed dataset, the influence of chosen sampling method
is markedly visible in the case of archaeological features with
the minimum amount of samples collected (1 or 2 samples). We
believe that an archaeobotanical interpretation of these features
or contexts is uncertain and, as was shown above, the smaller
number of samples collected can also cause the smaller number
of macro-remains and botanical species found in the feature fill.
In other words, there is still a chance that collecting other sam-
ples from the same feature can affect the archaeobotanical and
probably the archaeological interpretation as well. As displayed
in Graphs 8, 9 (Models 7, 8), the number of collected samples
per feature has a noticeable statistical effect on the botanical
species ubiquity and the number of macro-remains found. At the
same time, there is a significant trend rising to the amount of
20 collected samples per feature; furthermore, this effect gradu-
ally disappears (Graph 8). Concerning the analysed dataset, only
afew archaeological features were sampled more abundantly
than 20 samples per feature. In view of this, there is no certainty
as to whether the effect change represents the mentioned fact.

Nevertheless, as for the presented dataset, by collecting
aminimum of 15-20 samples per feature, the degree of uncer-
tainty whether the species and macro-remains composition are
representative for the sampled feature decreases significantly.
However, this result needs to be verified in the future by compar-
ing it with the features from which larger quantities of archaeo-
botanical samples were taken (at least 30).

The archaeobotanical set analysed here was notideal as far as
its quality was concerned although it did present a “typical” data
sample of the kind often encountered in archaeobotany. There-
fore, it must be added that the results presented here cannot be
extrapolated uncritically to all periods or sites because of the
unique nature of archaeological sites. It is well documented that
the numbers of preserved macro-remains and species in samples
ina wayreflect their handling before their deposition or the man-
ner of their deposition since both the origin of the sampled pop-
ulation (when referring to “multiple event contexts”; cf. Hajnalovd
2012, 33, 95; Kuna et al. 2013, 71-74; cf. Litynska-Zajac, Wasy-
likova 2005, 160-162) and the preservation of remains'® have
an effect on the resultant concentration of macro-remains. Of
course, those events cannot be influenced, but what a researcher
can influence, and what also greatly contributes to the quality of
the evaluation and interpretation of archaeobotanical material,
is how and to what extent this material will be obtained and doc-
umented. In our case, the samples taken, with a few exceptions,*
represented only a small part of the excavated features. If we ex-
clude the postholes, then in general approximately 1% to 5% of
the filling per feature was sampled. In such a case, it cannot be
stated with certainty that the number of species obtained from
the samples faithfully reflects the original population of mac-
ro-remains or even a function of a feature® (especially when such
samples were collected from only one specific spot within a con-
text). Torely on taking only a very few samples from a feature (or
layer) would mean to expect that every other sample taken from
the same feature (layer) should consist of a very similar species
composition, which, has not yet been proven in Jevisovka.

These are further reasons for this study being more of an
exploratory nature than predictive or normative, and why it does
not provide ready solutions, but it may serve as an aid in deci-
sion-making relating to the selected sampling strategy.

It should not be forgotten that thought must naturally be
given to financial, logistical and human resources during sam-
pling (and during many other excavation activities). Smaller
samples (10 up to 30 litres), which are easier to handle in the
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field and during flotation, sieving and the extraction of mac-
ro-remains, etc., would appear to be more appropriate, particu-
larly from the logistical perspective. Not least, a larger number
of smaller samples of a constant volume covering a larger area
of the archaeological situation provides a far more representa-
tive set during analysis and evaluation. This is not merely from
the archaeological or archaeobotanical perspective, but first and
foremost from the statistical perspective, with the resultant
analyses or models reflecting a more realistic situation at the site
or within features (cf. Hlavata, Apiar 2020). We believe that the
influence of the chosen methodology on the results of (not only)
archaeobotanical analysis can be suppressed only by consistent
sampling. When it is not possible to take the same sample vol-
umes, it is necessary to attempt to take at least approximately the
same amount of sediment and samples from individual features
(or layers within a feature) so these can be comparable. It is also
important to choose the appropriate percentage of representa-
tiveness per one feature or situation and persist with it with the
rest of the features. If the archaeological situation allows it (re-
spectively depending on the nature of the research questions),
it is necessary to attempt to take a constant number of samples
from features or contexts across the entire research area. If it
is not possible to sample all features in the site, then choose to
sample the selected features proportionally and depending on
the volume of their fill. If we decide to sample a group of the
features defined in advance, according to the assumed function,
e.g. all pit-houses, then the informative value of the assemblage
obviously predominantly represents these features, and it can-
not be directly related to the features of a different function at
the same site. In general, to decide about a suitable sampling
methodology followed by consultation with an archaeobotanist
is recommended before (and during) an excavation.

Conclusion

This study aimed to answer the question as to whether, and
to what extent, an archaeobotanical set may be influenced by the
method of sampling and by the formal properties of the sam-
ples. The results of the study are based on a considerably hetero-
geneous archaeobotanical dataset in which the dispersion of
sample volumes was from 0.2 to 80 litres and the dispersion of
the findings of macro-remains from 0 to 8.076. The dataset was
analysed and the relationships between volume (amount of sed-
iment collected in litres), the samples count, and the number of
identified botanical species and macro-remains were explained
using generalised additive models (Faraway 2016; Wood 2017;
Zuur et al. 2009). These relations were investigated at multiple
levels - from the viewpoint of samples (Models 1 to 5), archae-
ological features (Models 6 to 11) and sites (Models 12 and 13).

A relatively convincing pattern gradually took shape at all
levels, according to which the volume itself plays a marginal role
in almost all cases, with large-volume samples not necessarily
resulting in a larger potential for the acquisition of a richer com-
position of species or larger numbers of macro-remains. Collect-
ing smaller samples is shown to be the more suitable alternative
based on the model set. However, it is not possible to specify the
ideal size of a “smaller” sample based on the investigated set.
Nevertheless, volumes from 10 to 30 litres of sediment can be
considered according to Models 1 to 5. The specific intentions
of the excavation and the investigated archaeological situation
must be taken into consideration. Although volume samples of
up to 10 litres (157 samples) were shown to be significant from
the viewpoint of the number of species, we assume that a large
proportion of these were obtained subjectively (particularly
those smaller than 5 litres), and/or it was objectively not possible
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to take more sediment (e.g. small postholes). For this reason,
their potential must be further investigated in the future. It is
also necessary to realise that this estimate of the “ideal” vol-
ume could differ if, for example, the model set contained more
samples with dispersion from 30 to 150 litres. However, it is not
possible to interpret these results in such a way that taking sev-
eral small samples instead completely replaces the same number
of large-volume samples. As shown in Model 1, the small sample
volumes need to be compensated with a higher number of col-
lected samples per feature.

According to the models, the greatest influence on the num-
ber of botanical species and macro-remains obtained is undoubt-
edly by using a sampling strategy involving a larger number of
samples taken from the investigated situation. The chance of
excavating a more representative archaeobotanical assemblage
is shown to increase with an increasing number of samples. This
is in line with previous findings in the literature (e.g. Hajnalové
2012, 33; Hald 2008, 224; Jacomet et al. 1989, 70-84; Jacomet,
Kreuz 1999, 95-112, Abb. 5.5.; Kreuz 2004, 111). When it is the
other way round, i.e. the smaller the number of collected sam-
ples from the feature, then the lower the certainty that the spe-
cies composition represents the whole feature, even if one sam-
ple did indeed represent the precise species composition (see
Summary and discussion).

It is important to emphasise that each archaeological situa-
tion (feature, context, etc.) should have the same chance of being
sampled, regardless of whether it shows a “potential” to be sam-
pled. In this way, it is possible to improve the quality of the data.

A clear reason or purpose why and how the samples were
taken was quite often missing. This “phenomenon” can be ob-
served across many analysed excavations, from the older to the
most recent ones. On the one side, there is a clear tendency that
as a greater number of samples are taken from a feature, the
more abundant and, in the first place, a more “reality-match-
ing” assemblage can be expected. On the other side, there were
alot of features, from which were taken, at best, two samples,
often without more detailed information. The overall degree
of representativeness, as well as the credibility of the acquired
knowledge, then fluctuates. Furthermore, if subjective sampling
is added to this, one needs to consider to what extent to rely on
interpretations, for example, of the subsistence strategies or the
ecological and environmental models based on such data. The
presented analysis as well as the results of the models showed
that there is still much-unexplained variability in our data, most
probably caused by a lack of information while many structures
and patterns remain hidden within the data. Yet, many of the
mentioned issues can be prevented, or at least minimised, if the
sampling strategy/method is consulted with an expert in advance
and during excavation. It is a pity when an archaeologist puts the
effort into the sampling but the evaluation of the archaeobotani-
cal assemblage fails due to an absence of information.

Notes

1 This material comes from the analyses produced by the
author, from the expert reports of other authors and from
the literature. For the dissertation project analysis, the ori-
ginal unpublished data with the permission of the following
authors was used: R. Dano, K. Elschek, G. Fusek, E. Hajna-
lovd, M. Hajnalovd, J. Heckov4, D. Hulinek, L. Chmelo, P. Je-
linek, D. Kendrala, P. Kocar, R. Kocarova, T. Kolnik, B. Ko-
moroczy, D. Kré¢ovd, K. Kuzmovd, M. Lamiova-Schmiedlova,
J. Mihdlyiova, E. Miro$sayova, V. Plach4, J. Rajtar, M. Rutt-
kay, J. Schmidtovd, B. Sebesta, O. Sedo, M. Sttor, P. Valent,
V. Varsik, M. Vrablec, F. Zak Matyasowszsky. We would like

to thank them all, including on this occasion. Data obtained
from archaeobotanical expert reports are used in this study
to the extent necessary, i.e. only in the form of aggregate
numbers without specific findings being stated, without ori-
ginal specimen numbers or the circumstances pertaining to
their finding. This for the purpose of the copyright protec-
tion of the individual experts (Hlavatd 2017, 12-13, 63-64,
Katal6g). The dissertation was approved by the dissertation
committee via the oral defense at the Constantine the Phi-
losopher University in Nitra, in 2017.

2 For example, when the approximate volume of a context is
calculated.

3 Only three samples of mass findings that showed extreme
outlying values (more than 4,000 macro-remains in a sample
of small volume) were excluded from the analysis.

4 The trendline is represented by the LOESS curve (see, e.g. Zuur
et al. 2009, 39-42; Leps, Smilauer 2003, 123-124).

5 Highly similar results are also obtained with the use of Ken-
dall’s Tau coefficient.

6 Withtheuse of functions from the mgcv package (Wood 2017).
For details on GAM viz Faraway 2016; Wood 2017; Zuur et al.
2009. A great deal of useful information and examples can
also be found on the internet, e.g. Wood 2021a.

7 The value of edf (effective degrees of freedom) represents
the size of the effect or (non-)linearity, where the value 1 is
equivalent to a linear relationship. The higher the value, the
more non-linear the relationship (Zuur et al. 2009, 52-53).

8 This involves the function “tensor product smooth interac-
tion“ (cf. Wood 2017, 187, 326; 2021b).

9 Using the function nbinomial in the msme package (Hilbe,
Robinson 2018).

10 Not included in Table 2.

11 More detailed results will be published as a case study.

12 Generally, for prehistoric sites, especially for those of the
Neolithic Age, the volume of 100 litres of sediment, at least,
should be taken per context or feature. That is also due to the
usual preservation manner of carbonised macro-remains in
dry or mineral saturated conditions of the temperate climate
zone (cf. Jacomet, Kreuz 1999, 102-107; Kiihn, Antolin 2016,
20, 40, and further literature).

13 Of the order of tens to hundreds, fewer remains are preser-
ved in a dry and mineralised environment than in a water-
logged environment - see, for example, Antolin et al. 2015;
Kiihn, Antolin 2016, 20, 40; Jacomet et al. 1989, 70-84.

14 For instance, at the settlement site in Velky Meder (Slova-
kia), the two Germanic pit-houses were sampled systema-
tically at intervals (Hajnalovd, Varsik 2010, 192). However,
this is only one of the few cases where several dozen samples
came from the features of the analysed dataset and, at the
same time, in large volumes.

15 This does not refer to the contexts originated from e.g. acci-
dental burn of the grain pit etc. (cf. van der Veen, Jones 2006).

Acknowledgement

This article was supported by institutional support
RVO: 68081758 of The Czech Academy of Sciences, Institute of
Archaeology, Brno.

References

Antolin, F., Steiner, B., Vach, W., Jacomet, S. 2015: What is a litre
of sediment? Testing volume measurement techniques for wet
sediment and their implications in archaeobotanical analyses at
the Late Neolithic lake-dwelling site of Parkhaus Opéra (Ziirich,
Switzerland). Journal of Archaeological Science 61, 36-44.

143



Sampling and its effect on the composition of archaeobotanical assemblages from the Roman Period e Apiar, J., Apiar, P.

Prehled vyzkum@ 62/1, 2021 @ 129-148

Apiar, J. 2021: d754bb5 [dataset]. GitHub, Mar 10.2021 [cit. 2021-03-10].

Available from: https://github.com/JanaApiar/DataSet.

Barker, G. 1975: ,,To sieve or not to sieve“. Antiquity 49(193), 61-63.

Baxter, M. 2015: Notes on Quantitative Archaeology and R [online].
Unpublished study. ResearchGate ©2008-2021. May 2015.

[cit. 2021-03-07]. Available from: https://www.researchgate.net/
publication/277931925_Notes_on_Quantitative_Archaeology_
and_R.

Bogaard, A. 2004: Neolithic Farming in Central Europe. An archaeobota-
nical study of crop husbandry practices. Oxon: Routledge.

Faraway, J. J. 2016: Extending the Linear Model with R. Generalized
Linear, Mixed Effects and Nonparametric Regression Models. Second
edition. Texts in Statistical Science. Boca Raton: Chapman and
Hall, CRC Press.

Field, A., Miles, J., Field, Z. 2012: Discovering statistics using R.

Los Angeles: SAGE Publications.

Hajnalova, E. 1993: Obilie v archeobotanickych ndlezoch na Slovensku.
Nitra: Archeologicky ustav Slovenskej akadémie vied.

Hajnalova, E. 2001: Ovocie a ovocindrstvo v archeobotanickych ndlezoch
na Slovensku. Nitra: Archeologicky tstav Slovenskej akadémie vied.

Hajnalova, M. 2012: Archeobotanika doby bronzovej na Slovensku.
Stiddie ku klime, privodnému prostrediu, polnohospoddrstvu
a paleoekondmii. Nitra: Univerzita Konstantina Filozofa,
Filozoficka fakulta.

Hajnalova, M., Varsik, V. 2010: Kvddske rol'nictvo na Slovensku
z pohl'adu archeoldgie a archeobotaniky. In: J. Beljak,

G. Biezinovd, V. Varsik (eds.): Archeoldgia barbarov 2009.
Hospoddrstvo Germdnov. Sidliskové a ekonomické Struktiiry od
neskorej doby laténskej po véasny stredovek. Archaeologica Slovaca
Monographiae. Communicationes, Tomus X. Nitra: Archeologicky
Ustav SAV Nitra, 181-224.

Hald, M. M. 2008: The use of archaeobotanical assemblages in palaeo-
economical reconstructions. In: N. Marchetti, I. Thuesen (eds.):
ARCHATIA. Case studies on research planning, Characterisation,
Conservation and Management of Archaeological Sites. BAR Interna-
tional Series 1877. Oxford: Archaeopress, 223-229.

Hilbe, J. M. 2011: Negative Binomial Regression. Second edition.
Cambridge: Cambridge University Press.

Hilbe, J. M. 2014: Modeling count data. First edition. Cambridge:
Cambridge University Press.

Hilbe, J., Robinson, A. 2018: msme: Functions and Datasets for “Methods
of Statistical Model Estimation”. R package version 0.5.3. 2018-03-18.
[cit. 2021-02-07]. Available from: https://CRAN.R-project.org/
package=msme.

Hillman, G. 1984: Interpretation of archaeological plant remains:
The application of ethnographic models from Turkey. In: W. van
Zeist, W. A. Casparie (eds.): Plants and Ancient Man. Rotterdam:
A. A. Balkema, 1-41.

Hlavata, J. 2017: Rastlinné potraviny, ich produkcia, iiprava
a skladovanie v germdnskom a rimsko-provincidlnom prostredi
na tzem{ stredného Dunaja [online]. Unpublished doctoral
dissertation. Univerzita Konstantina Filozofa. Filozoficka fakulta.
Katedra archeolégie. Stored in: Centralny register zdvare¢nych
a kvalifikaénych préc. [cit. 2021-02-28]. Available from:
https://opac.crzp.sk/?fn=detailBiblioForm&sid=
7521CD21230D5SDBDE37BF890A9CE&seo=CRZP-detail-kniha.

Hlavata, J., Apiar, P. 2020: Archdobotanischer Bericht. Ergebnisse
der Schnellanalyse im Auftrag der Pro Arch Prospektion und
Archdologie GmbH. In: S. Hornung, J. Gilhaus, B. Glunz-Hiisken:
Rituell oder profan? Ein bronzezeitlicher Fundplatz in der bayerischen
Donau-Aue. Berichte iiber die archiologischen Untersuchungen im
Gesamtprojekt der Gas-loopleitung von Forchheim nach Finsing,
Trassenabschnitt 26 bei Gaden, Gde. Pforring, Lkr. Eichstitt.
Archidologische Quellen, Band 4. Stuttgart: DGUF-Verlag, 85-108.

144

Hlavata, J., Varsik, V. 2019: Sidlisko autochténnej pandnskej
populécie v Rusovciach: prvé vysledky archeobotanickych analyz.
In: N. Beljak Pazinovd, D. Repka (red.): Sedem kruhov Jozefa Bujnu.
Studia Historica Nitriensia. Supplementum 2. Nitra: Univerzita
Konstantina Filozofa v Nitre, 427-448.

Jacomet, S., Brombacher, Ch., Dick, M. 1989: Archiobotanik am
Ziirichsee. Ackerbau, Sammelwirtschaft und Umwelt von neolitischen
und bronzezeitlichen Seeufersiedlungen im Raum Ziirich. Ergebnisse
von Untersuchungen pflanzlicher Makroreste der Jahre 1979-1988.
Ziirich: Orell Fiissli Verlag.

Jacomet, S., Kreuz, A. 1999: Archiobotanik. Aufgaben, Methoden
und Ergebnisse vegetations- und agrargeschichtlicher Forschung.
Stuttgart: Verlag Eugen Ulmer GmbH & Co.

Jones, G. E. M. 1984: Interpretation of archaeological plant
remains: Ethnographic models from Greece. In: W. van Zeist,

W. A. Casparie (eds.): Plants and Ancient Man. Rotterdam:
A. A. Balkema, 43-61.

Jones, G. E. M. 1991: Numerical analysis in archaeobotany.

In: W. van Zeist, K. Wasylikowa, K.-E. Behre (eds.): Progress in
Old World Palaeoethnobotany. A retrospective view on the occasion
of 20 years of the International Work Group for Palaeoethnobotany.
Rotterdam: A. A. Balkema, 63-80.

Jones, M. K. 1991: Sampling in palacoethnobotany. In: W. van
Zeist, K. Wasylikowa, K.-E. Behre (eds.): Progress in Old World
Palaeoethnobotany. A retrospective view on the occasion of 20 years
of the International Work Group for Palaeoethnobotany. Rotterdam:
A. A. Balkema, 53-62.

Klecka, A. 1934: Rostlinnd produkce v nasem pravékém zemedelstvi.
Véstnik ceskoslovenského zemédélského muzea 3, 97-98.

Kodar, P., Dreslerova, D. 2010: Archeobotanické nélezy péstovanych
rostlin v pravéku Ceské republiky. Pamdtky archeologické CI,
203-242.

Kreuz, A. 2004: Landwirtschaft im Umbruch? Archdobotanische
Untersuchungen zu den Jahrhunderten um Christi Geburt in
Hessen und Meinfranken. Berichte der Romisch-Germanischen
Kommission 85, 97-292.

Kiihn, M., Antolin, F. 2016: Einfiihrung in die Archdobotanik [online].
Unpublished study material. Ulozeno: Institut fiir Prahistorische
und Naturwissenschaftliche Archédologie. Universitit Basel.

[cit. 2021-02-28]. Available from: https://duw.unibas.ch/fileadmin/
user_upload/duw/IPNA/PDF_s/PDF_s_in_use/Einfuehrung_
Archaeobotanik2016.pdf.

Kuna, M., Hajnalova, M., Kovacikov4, L., Lisa, L., Novik, J.,
Bures$, M., Cilek, V., HoSek, J., Koc¢ar, P., Majer, A.,
Makowiecki, D., Scott Cummings, L., Suvova, Z., Svétlik, 1.,
Vandenberghe, D., Van Nieuland, J., Yost, Ch. L., Zabilska-
-Kunek, M. 2013: Rané stfedovéky aredl v Roztokach z pohledu
ekofaktli. Pamdtky archeologické CIV, 59-147.

Latkova, M. 2017: The Archaeobotany of Mikulcice. Food Supply to the
Early Medieval Stronghold. Studien zum Burgwall von Mikul¢ice XI.
Spisy archeologického tistavu AV CR Brno 55. Brno: Institute of
Archaeology of the Academy of the Czech Republic, Brno.

Lee, G. 2012: Taphonomy and sample size estimation in
paleoethnobotany. Journal of Archaeological Science 39, 648-655.

Leps, J., Smilauer, P. 2003: Multivariate analysis of ecological data
using CANOCO TM. Cambridge: Cambridge University Press.

Litynska-Zajac, M., Wasylikova, K. 2005: Przewodnik do badar
archeobotanicznych. Poznan: Sorus.

Martin, T. G., Wintle, B. A., Rhodes, J. R., Kuhnert, P. M., Field, S. A.,
Low-Choy, S. J., Tyre, A. J., Possingham, H. P. 2005: Zero
tolerance ecology: improving ecological inference by modelling
the source of zero observations. Ecology Letters 8, 1235-1246.

O’Hara, R. B., Kotze, D. J. 2010: Do not log-transform count data.
Methods in Ecology and Evolution 1, 118-122.


https://github.com/JanaApiar/DataSet
https://www.researchgate.net/publication/277931925_Notes_on_Quantitative_Archaeology_and_R
https://www.researchgate.net/publication/277931925_Notes_on_Quantitative_Archaeology_and_R
https://www.researchgate.net/publication/277931925_Notes_on_Quantitative_Archaeology_and_R
https://CRAN.R-project.org/package=msme
https://CRAN.R-project.org/package=msme
https://opac.crzp.sk/?fn=detailBiblioForm&sid=7521CD21230D5DBDE37BF890A9CE&seo=CRZP-detail-kniha
https://opac.crzp.sk/?fn=detailBiblioForm&sid=7521CD21230D5DBDE37BF890A9CE&seo=CRZP-detail-kniha
https://duw.unibas.ch/fileadmin/user_upload/duw/IPNA/PDF_s/PDF_s_in_use/Einfuehrung_Archaeobotanik2016.pdf
https://duw.unibas.ch/fileadmin/user_upload/duw/IPNA/PDF_s/PDF_s_in_use/Einfuehrung_Archaeobotanik2016.pdf
https://duw.unibas.ch/fileadmin/user_upload/duw/IPNA/PDF_s/PDF_s_in_use/Einfuehrung_Archaeobotanik2016.pdf

Sampling and its effect on the composition of archaeobotanical assemblages from the Roman Period e Apiar, J., Apiar, P.

Prehled vyzkum@ 62/1, 2021 @ 129-148

Orton, C. 1980: Mathematics in Archaeology. Cambridge: Cambridge
University Press.

Orton, C. 2000: Sampling in Archaeology. Cambridge: Cambridge
University Press.

Pearsall, D. M. 2000: Palacoethnobotany: a Handbook of Procedures.
San Diego: Academic Press.

Reed, K. 2016: Archaeobotanical analysis of Bronze Age Feudvar.

In: H. Kroll, K. Reed: Die Archiobotanik. Feudvar III. Wiirzburg:
Julius-Maximilians Universitdt Wiirzburg, 197-292.

Renfrew, C., Bahn, P. 2008: Archaeology. Theories, Methods and
Practice. Fifth edition. London: Thames & Hudson, Ltd.

RStudio Team 2020: RStudio: Integrated Development Environment for
R. Boston, MA: RStudio, PBC [online]. © 2021. [cit. 2021-03-07].
Available from: http://www.rstudio.com/.

Shennan, S. 2006: Quantifying Archaeology. Second edition. Reprinted
2006. Edinburgh: Edinburgh University Press.

Smith, A. 2014: The Use of Multivariate Statistics within Archaeobotany.
In: J. M. Marston, J d’Alpoim Guedes, C. Warinner (eds.): Method
and Theory in Palaeoethnobotany. Boulder: University Press of
Colorado.

van der Veen, M. 1982: Sampling seeds. Journal of Archaeological
Science 9, 287-298.

van der Veen, M. 1984: Sampling for Seeds. In: W. van Zeist,

W. A. Casparie (eds.): Plants and Ancient Man. Rotterdam:
A. A. Balkema, 193-199.

van der Veen, M. 1992: Crop Husbandry Regimes. An Archaeobotanical
Study of Farming in northern England 1000 BC — AD 500. Sheffield
Archaeological Monographs 3. Sheffield: Sheffield Academic Press.

van der Veen, M., Jones, G. E. M. 2006: A re-analysis of agricultural
production and consumption: implications for understanding the
British Iron Age. Vegetation History and Archaeobotany 15, 217-228.

Wallace, M., Jones, G., Charles, M., Forster, E., Stillman, E.,
Bonhomme, V., Livarda, A., Osborne, CP., Rees, M., Frenck, G.,
Preece, C. 2019: Re-analysis of archaeobotanical remains
from pre- and early agricultural sites provides no evidence
for a narrowing of the wild plant food spectrum during the
origins of agriculture in southwest Asia. Vegetation, History and
Archaeobotany 28, 449-463.

Wood, S. N. 2017: Generalized Additive Models. An Introduction with R.
Second Edition. Boca Raton: Chapman and Hall, CRC Press.

Wood 2021a: mgcv: Mixed GAM Computation Vehicle with Automathic
Smootheness Estimation. Version 1.8-36. RDRR, June 2021.

[cit. 2021-03-07]. Available from: https://rdrr.io/cran/mgcv/.

Wood 2021b: gam: Generalized additive models with integrated
smoothness... Version 1.8-35. RDRR, June 2021. [cit. 2021-03-07].
Available from: https://rdrr.io/cran/mgcv/man/gam.html.

Wood 2021c: concurvity: GAM concurvity measures. Version 1.8-34.
RDocumentation. June 2021. [cit. 2021-03-07]. Available from:
https://www.rdocumentation.org/packages/mgcv/versions/1.8-34/
topics/concurvity.

Zuur, A. F., Ieno, E. N., Walker, N. J., Savaliev, A. A., Smith, G. M.
2009: Mixed effects models and extensions in ecology with R. New
York: Springer-Verlag.

Resumé

Predlozena studie vychdzi z vysledku disertacniho projektu
autorky (Hlavatd 2017), jehoz pfedmétem bylo zpracovani roz-
sahlych archeobotanickych souborti z doby fimské. Hlavnim
zamérem zminéného projektu byla rekonstrukce vybranych
aspektt ekonomickych pomeért obyvatelstva v daném obdobif,
kterd se opirala o vyhodnoceni v té dobé vsech dostupnych ar-
cheobotanickych dat pochdzejicich z rtiznych chronologickych
a kulturnich kontextil ve vymezeném regionu. Formalni infor-
mace o vzorcich byly velmi riznorodé a pouziti vzorki vzhledem

k zminénému cili diserta¢niho projektu bylo proto omezené.
Tato skute¢nost byla impulzem pro stanoveni metodologickych
otazek, zda a do jaké miry ovliviiuje metodika odbéru vzorki vy-
povédni hodnotu zkoumaného souboru dat a jaké z toho plynou
omezeni pfi zpracovavani takového souboru. Z publikované ar-
cheobotanické literatury je zfejmé, Ze na poméry a koncentrace
nalezu ve vzorcich maji vliv pfedevsim okolnosti jejich depozice
v misté nalezeni a procesy, kterymi rostliny a jejich plody pro-
chézeji béhem svého rustu, sklizné, skladovani a dpravy pred
konzumaci (napt. Hillman 1984; Jones 1984; van der Veen 1992,
81-82). Pro potieby této studie v§ak bylo dtlezité otestovat také
tvrzeni, ze pokud vzorkovani a zaznamenané informace o vzor-
cich nejsou konzistentni, tak vysledky analyz mohou odrazet
néco jiného, nez jsou depozi¢ni poméry a koncentrace makro-
zbytkil. Tato omezeni jsou priblizena nize prostrednictvim vy-
sledk statistické analyzy a statistického modelovani.

Zakladni soubor

Z4ajmovym regionem studie je izemi severné od Dunaje ome-
zené predevsim na jihozdpadni Slovensko, jizni Moravu a stfedni
Cechy (obr. 1). Toto vymezen{ bylo déno existenci dostupného
archeobotanického materidlu, ktery tvoril vychozi databdzi
disertaéniho projektu (Hlavatd 2017, 19-21, 23-26). Materidl,
ktery je predmétem této studie, pochdzi vyhradné z databaze
zminéného projektu a je pouzivan v souladu s ochranou autor-
stvi jednotlivych expertt (viz pozndmka 1).

Z hlediska chronologie soubor nélezi do obdobi od zlomu
letopoctu do konce 4. stoleti, resp. zacatku 5. stoleti, coz v chro-
nologii daného regionu odpovida dobé rimské a poc¢atku stého-
vani ndrodu. Jelikoz byly informace o podrobnéjsi chronologii
kontextt, ze kterych pochdzi jednotlivé archeobotanické vzorky,
Casto nejednoznacné ¢i vagni, byla blizsi datace do jednotlivych
stupni vylou¢ena z analyz této studie (Hlavatd 2017, 21-22, 60).

Archeobotanickym vzorkem se v této studii rozumi vzorek
sedimentu odebrany ze zkoumané archeologické situace za uce-
lem proplaveni a ziskani rostlinnych makrozbytkt pro archeobo-
tanickou analyzu. Pod metodou vzorkovani zde rozumime nejen
samotny odbér vzorku z terénu, ale také dokumentaci a flotaci.

Zakladni soubor tvorilo 1 000 archeobotanickych vzorki,
které byly odebrany z celkem 54 lokalit. Dohromady bylo iden-
tifikovdno 70 032 rostlinnych makrozbytkt (bez zohlednéni
uhlik), ¢itajici 309 botanickych druhtt (Hlavatd 2017, 63-64,
Priloha Mapa 1-3, Katalég). Z celkové sumy vzorkt byl pouze
u 686 zaznamendn objem (celkem 13 757,8 litrt odebraného
sedimentu). P¥{pady bez zdznamu objemu vzorku byly z analyz
této studie vylouceny a polet lokalit tak klesl na 25 (obr. 1). Rov-
nézimnozstvi nalezenych makrozbytkii klesl na 36 460 a 238 bo-
tanickych druht. Celkovy rozptyl objemt vzorkd ve zkoumaném
souboru se vesel do intervalu od 0,2 do 80 litrii a rozptyl nélezt
makrozbytkl do rozmez{ od 0 do 8 076 ks (tab. 1).

Archeologické lokality nejsou jmenovité uvddény a specifi-
kovany z divodu autorské etiky (viz vyse), s vyjimkou lokality
Jevisovka, ktera byla pod vedenim B. Komordczyho zkoumana
pracovistém autorl a ktera je zde pouzita jako prikladovd. Cely
soubor je vniman jako modelovy, tudiZ z hlediska jeho analyzy
nejsou duilezité konkrétni lokalizace, ale vlastnosti vzorkl z nich
pochdzejicich.

Archeobotanické vzorky

Zejména ptivyzkumech starstho data byl sediment z ulozenin
Casto odebiran subjektivné selektivnim zptisobem, ¢asto bez pre-
dem stanoveného teoretického ¢i metodického konceptu (srov.
Hajnalova, Varsik 2010; Hlavatd 2017, Kataldg; Hlavatd, Varsik
2019; Koddr, Dreslerova 2010). Tato skute¢nost se projevila i ve
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zkoumaném souboru. Vstupni informace o pivodu vzorki byly
tudiz zna¢né heterogenni a mnohdy i vyslovné torzovité.

V pripadé nékterych lokalit, ze kterych byly vzorky ziskdny
v neproplaveném/nezpracovaném stavu (Hlavatd 2017, 30), byly
jedinou informaci o zplsobu odbéru popisky ze $titkl, které
obsahovaly vétSinou ¢islo objektu, nékdy ddaje o vrstvé, jindy
jen poradové ¢islo odebraného vzorku; u vétSiny proplavenych
vzorkl nebyly dostupné ani tudaje o typu sedimentu. Takovy
zpusob popisu, kdy s archeobotanickym materidlem nenf doddn
podrobny prirtastkovy katalog vzorki, ztézuje, a v nékterych
pripadech dokonce znemoznuje fadnou analyzu a interpretaci
archeobotanického materidlu. Vypovédni hodnotu ovlivnil téz
nekonstantni objem jednotlivych vzorki, resp. objem vzorkii vii-
bec. Vnasem pripad¢ ani jeden objekt z dostupnych lokalit nebyl
vzorkovan totdlné (nebyla proplavena jeho celd vypli).

Vstupni archeologické informace

Zkoumany soubor trpél nedostatkem archeologickych tdaja
o nalezovych okolnostech; nejnizsi uroven predstavoval neur-
Ceny kontext nebo ulozenina, na nejvyssi urovni se nachazelo
urcenf kontextu/uloZeniny podle ¢isla, typu, funkce a ¢asti, nd-
sledovalo oznaceni a specifikace ulozeniny a zdroven byl archeo-

logicky objekt situovdn prostorove.

Selekce, standardizace a tiprava dat

Do analyzy byly zafazeny vSechny ziskané zuhelnaténé rost-
linné makrozbytky konzervované v suchém prostfedi kromé nd-
lezt uhlikt a dfev. Pod pojmem ,,jeden rostlinny makrozbytek
(d4le zkracené RMZ) se rozumi kazdé celé zrno, semeno nebo
plod (sensu lato), pokud si zachovalo celistvy tvar i v p¥ipadé,
ze bylo velmi destruované. Pod pojmem ,,druh“ se rozumi bota-
nicky druh (taxon).

Analyzovand data byla rozdélena do ¢tyt datovych tabulek
m % n, kdy m reprezentuje pocet pozorovani (vzorky, objekty/
uloZeniny, lokality) a n pfedstavuje proménné (botanické druhy,
RMZ, objem, hustota). Proménné druhy, makrozbytky a objem
byly zvoleny z divodu jejich pfimé souvislosti s vypocty kon-
centrace (hustoty) makrozbytkd v litru sedimentu a vypolty
Cetnosti druhtt (ubiquity). Rovnéz jsou tyto proménné zasadni
pri tafonomické, ekonomické a ekologické analyze archeobota-
nickych vzorkt (napf. Bogaard 2004; Hajnalova 2012, 95-110;
van der Veen 1992, 73-90, 111-144).

Vzhledem k feSené problematice byla pro analyzu pouzita
neredukovana data, tedy vSechny vzorky, které disponovaly
informaci o objemu odebraného sedimentu. Analyzovany byly
rovnéz i vzorky, které neobsahovaly Zddné ndlezy makrozbytkd,
anebo obsahovaly jen malé mnozstvi RMZ (napt. 1 ks apod.).
Cilem bylo postfehnout v rdmci materialu pfipadné elementy,
které by se ,tradicni“ standardizaci do statistického hodnoceni
nedostaly, anebo by mohly uniknout pti interpretaci vysledkd.
Vylouceny z analyzy byly pouze tfi vzorky hromadnych nélez,
které vykazovaly velmi odlehlé hodnoty (vice jak 4 000 makro-
zbytkl ve vzorku s malym objemem).

Statistické modely

V modelech 1az 5 (graf 2-6) lze pozorovat vzdjemné vztahy
mezi objemem, po¢tem botanickych druhti, RMZ a hustotou jed-
notlivych vzorkl. Po prozkoumdni vztahu po¢tu makrozbytkii
(RMZ) a hustoty jsme proménnou hustoty nakonec vyloudili
z dalsich analyz, protoze v podstaté kopirovala proménnou RMZ
a mohlo by hrozit, ze negativné ovlivni vysledky modela kvuli
tzv. soubéZnosti (Wood 2021c). Misto toho byla pouzita funkce
tenzorového produktu interakce. Ze vztahu objemu vzorku k poctu
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druht a makrozbytkd (RMZ) vyplyvd, ze objem nemd téméf
zadny vliv na jejich mnozstvi, pokud zkouméme kazdy vzorek sa-
mostatné. Z hlediska kategorif objema (A: 1-9 litrf, B: 10-29 li-
trt, C: 30-40 litr(, D: 41-80 litr) se vsak ukazuje, ze malé (do
10litrt) a st¥edné velké vzorky (do 29 litrt) jsou ze statistického
hlediska signifikantnéjsi a vykazuji vys$si efekt, neboli poskytuji
o néco vyssi Sanci k tomu, aby z nich bylo ziskano i reprezenta-
tivnéj$i mnozstvi ndlezl. Nicméné tenhle vysledek musi byt cha-
pan komplexné. Jinymi slovy, nejsignifikantnéjsi statisticky efekt
reprezentovany malymi objemy (do 10 litrd, model 1) rovnéz
znamend nejsignifikantnéjsi vliv vzorkovani na skladbu zachyce-
nych makrozbytki ze zkoumané situace. Kdyz se nizkoobjemové
vzorky zkombinuji také s nizkym poctem odebranych vzorkd,
zna¢né tim riskujeme, Ze i celkové interpretace ndlezli bude nega-
tivné ovlivnéna samotnou metodou vzorkovani. V tomto smyslu
predlozené zavéry nemohou byt postavené pouze na mnozstvi
odebraného sedimentu ve vzorku a generalizované na jiné sou-
bory pochdazejici napriklad z jinych podminek konzervovdni.

V tomto ptipadé predstavuje vzorkovani jen malou ¢ast pro-
blematiky a spiSe jen prvni stupen k dal$im analyzdm a interpreta-
cim. Dtilezité je uvédomit si, ze ve zkoumaném souboru prave tyto
vzorky (do 29 litrtt) tvofily nejpocetnéjsi ¢ast. Z tohoto hlediska
1ze tvrdit, Ze se projevil vlivvzorkovani na vysledky statistické ana-
Iyzy. Neni totiz zfejmé, zda by tahle skupina vzorki byla reprezen-
tativn{ i v ptipade, kdyby v souboru prevazovalo vétsinové nebo
aspon polovi¢n{ zastoupeni objemnéjsich vzorka (40 litrti a vice).

Modely 6 az 11 (graf 7-12) o néco vic osvétluji vliv vzorko-
vani na vysledny archeobotanicky soubor. Pfedev$im zaclenéni
proménné ,,pocet vzorki“ do modeld prineslo nové informace
o tom, jak muze byt skladba botanickych druht ovlivnéna vys-
§imi pocty odebranych vzork, resp. vice versa. Vice odebranych
vzorkl se v tomto pripadé jevi lepsi alternativou pro ziskani
reprezentativnéj$i skladby archeobotanickych ndlezt. Co se
ty¢e mnozstvi odebraného sedimentu v rdmci objektt, vysledky
castecne koresponduji s prislusnymi modely 1 az 5, a tedy ob-
jem sam o sob¢ neni urcujici pro ziskani hojné¢jsiho mnozstvi
ndlezl. Pravé vhodné zvolend kombinace vy$siho poctu mensich
vzorkt (10 az 30 litrtt) by mohla p¥inést spolehlivé vysledky. Do
velké miry v8ak objem vzorku zdvisi na cilech vyzkumu a také na
chronologickém datovani zkoumané archeologické lokality. VSe-
obecné, v pripadé pravékych archeologickych lokalit, predevsim
téch neolitickych, by mélo byt odebrdno minimalné 100 litrt se-
dimentu z jednoho kontextu nebo objektu. To je ovlivnéno pre-
devs$im zptsobem konzervace makrozbytki, které se v oblasti
mirného klimatu a v suchych ptudnich podminkdch nejcastéji
zachovévaji v karbonizovaném (zuhelnaténém) stavu (srov. Ja-
comet, Kreuz 1999, 102-107; Kiithn, Antolin 2016, 20, 40, s dalsi
literaturou). Kazdopadné je mozné domnivat se, Ze misto jed-
noho 100litrového vzorku je vhodnéjsi vyzvednout pét 20litro-
vych vzorki prostorove pokryvajicich uréitou plochu zkoumané
archeologické jednotky. Takovéto vzorky se vzdy daji v rdmci
analyzy spojit do jednoho elementu (sensu stricto Lee 2012). Bo-
huzel prostorové informace prislusejici jednotlivym vzorkiim
¢i archeologickym jednotkam byly ve zkoumaném souboru ne-
dostatecné, a proto nebyly zaclenény do modeld. Predevsim ne-
bylo mozné tplné spolehlivé oddélit vzorky z objekti od vzorka
z ulozenin, pricemz ¢dst objektti byla reprezentovana jen jednim
vzorkem z jedné uloZeniny, u nékterych objekti nebyly uloze-
niny uvedeny viibec, a u nékolika vzorki byly naopak uvedeny
pouze ulozeniny. Z téchto diivodi byly analyzovany spolec¢né.
Bliz${ prostorova informace by v$ak s velkou pravdépodobnosti
pomohla vysvétlit vétsi procento variability a poodhalit dalsi
skryté struktury v datech.
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JeviSovka

Archeobotanicky materidl ziskany z lokality JeviSovka byl
rovnéz pouzit v prezentovanych modelech. Jedna se o polykul-
turni sidlistnf lokalitu zkoumanou v rezimu zdchranného ar-
cheologického vyzkumu, a pro nds$ tcel byla analyzovana data
z objektll datovanych do doby rimské. Predbézné analyze bylo
vdisertacni praci podrobeno 94 archeobotanickych vzorkd, které
pochézely z 20 objektt (Hlavatd 2017, 176-182, Priloha). VSechny
vzorky nesly informaci o objemu, a proto bylo mozné pouzit je
pro modelovani v celém rozsahu. Celkovy objem téchto vzorki
dosahoval 626,75 litra, celkem se v nich nachdzelo 2 432 makro-
zbytku patticich 96 druhtm.

Z archeologickych informaci byly k vzorktim uvedeny infor-
mace o ¢isle objektu, odkryvané technické urovni, ktillové jame,
pfipadné, Ze se jednalo o vzorek z profilu. V rdmci polozemnic
pochdzelo 50 % odebranych vzorkl z interiérovych kiilovych
jam, zbyvajici byly odebrany z interiérovych ulozenin, v jednom
pripad¢ z hrobu v interiéru. Celkoveé na lokalité z doby fim-
ské byly odkryty obytné a jiné sidli$tni objekty v poméru 1 : 3,
nicméné z polozemnic se odebralo tfikrat vice vzorkl nez ze
zbyvajicich. Tady je zfetelnd ¢dste¢nd subjektivita vzorkovani
vzhledem k preferenci (resp. predpoklddanému potencidlu)
vzorkovanych situaci. Pfitom z archeobotanické analyzy ne-
vyplynulo, Ze jednotlivé vzorky z polozemnic by byly pausdlné
bohat$i nez vzorky z jinych objektii. Rovnéz neni mozné gene-
ralizovat, ze by byly vzorky z kilovych jam bohatsi nez vzorky
z interiérovych vrstev polozemnic (Hlavatd 2017, CD Priloha).

Ve smyslu analyzy objemt (model 1, vyse), patfily vzorky
predev$im do objemové kategorie A (do 9 litra, 78 % vzorki).
Slo pievazné o vzorky z polozemnic a kilovych jam. V pifpadé
ktlovych jam lze do jisté miry ocekdvat, ze nebude vzdy mozné
odebrat objemnéjsi vzorky. Odbér vzorku kategorie A byl vsak
dodrzen i v souvislosti s objemn¢j$imi interiérovymi vrstvami
polozemnic.

Kdyz se podivame na slozeni jednotlivych vzorkt z Jevi-
$ovky (graf 15a), koresponduji do velké miry s modely 1 az 5
(graf 2-6). I zde se ukazuje, Ze samotny objem vzorkl nemd
prokazatelny vliv na pocet makrozbytku a druht z nich ziska-
nych. Avsak pocet z objektt odebranych vzorklt ma signifikantni
vliv na poc¢et makrozbytkl i na poc¢et druht v nich zjisténych
(graf 15b), coz se také prokdzalo v modelech 6 az 11. Je zde zte-
telny trend, Ze s vice vzorky ziskdme i vice makrozbytkd a rost-
linnych druhti. Konzistentné s vysledky modelu 6 i tady se jevi,
ze celkovy objem odebrany z objektu md vliv na archeobotanické
nalezy. Na grafu 15c je pozorovatelny celkem jasny trend, kdy
pti odebréni vice litri sedimentu z objektu bylo ziskdno vice
makrozbytkt i vice rostlinnych druhii. Rozptyl objemt vzorku
z JeviSovky zaujimal interval 0,5-32 litrt. V pripadé celkového
souboru dosahoval rozptyl objemt vzorkd vy$sich hodnot (od
0,2 do 80 litrt).

Shrnuti adiskuze

Zde analyzovany archeobotanicky soubor nebyl, co se tyce
kvality, idedlni, ale predstavoval ,typicky“ vzorek dat, se kte-
rymi se varcheobotanice potykdme. I proto je tieba dodat, ze zde
prezentované vysledky nelze nekriticky prebirat na kazdé obdobi
¢ilokalitu, je tfeba také respektovat jedinec¢nost archeologickych
lokalit. Z publikované literatury je zfejmé, ze v poc¢tech druht
a makrozbytkl ve vzorcich se odrdzi zpisob nakldddni s nimi
nebo zpusob jejich depozice. Na vyslednou koncentraci mak-
rozbytkl plsobi jak ptivod vzorkované populace (napt. pokud
mluvime o tzv. multiple event contexts; srov. Hajnalova 2012, 33,
95; Kuna et al. 2013, 71-74; cf. Lityniska-Zajac, Wasylikova 2005,

160-162), tak i samotnd konzervace zbytkil. V suchém a mine-
ralizovaném prostiedi se zachovavé fadové o desitky az stovky
zbytkl méné nez v zamok¥eném (k tomu napt. Antolin et al.
2015; Kiithn, Antolin 2016, 20, 40; Jacomet et al. 1989, 70-84). To
samozfejmeé nelze ovlivnit, av§ak co mtize badatel usmérnit, a co
také velkou mérou prispiva ke kvalité vyhodnoceni a interpretaci
archeobotanického materidlu, je, jakym zptisobem a v jakém roz-
sahu bude material ziskan a zdokumentovan. V nasem piipadé
odebrané vzorky az na vyjimky reprezentovaly malou ¢ast zkou-
manych objektt. Pokud vynechdme ktlové jamy, jednalo se pfi-
blizné o 1 az 5 % z vyplné objektu. Proto nelze s jistotou tvrdit,
ze pocet ziskanych druht ve vzorcich vérné odrazi skute¢nou
druhovou skladbu zkoumané populace nebo dokonce funkci ob-
jektu. Pak by mél mit kazdy odebrany vzorek ze stejného objektu
(vrstvy) velmi podobnou skladbu, coz se v§ak zatim naptiklad
v JeviSovce neprokazalo. Zde nemluvime o ulozeninach, které
vznikly napfiklad ndhodnym shofenim zdsobni jamy, apod.
(srov. van der Veen, Jones 2006).

Co je tedy odpovédi na predlozenou otdzku, jak vzorkovani
a formalni vlastnosti vzorku ovliviuji analyzu, resp. interpretaci
archeobotanického souboru? V ptipadé¢ zde analyzovaného sou-
boru byly pouzitelné pouze informace o zastoupeni botanickych
druht a makrozbytk, jakoz i o poctu a objemu vzorku.

Vzhledem k statistickému modelovani byl vliv zvolené
metody vzorkovani zfetelné ¢itelny v pripade objekti, ze kte-
rych pochdzelo minimalni mnozstvi vzorkl (1 nebo 2). Mys-
lime si proto, ze archeobotanicka interpretace téchto objekt
muze byt nejista. Jak se ukdzalo vySe, ¢im mens$i mnozstvi
vzorkl z jednoho objektu odebereme, tim mens$i mnozstvi
makrozbytkll mizeme zachytit. Jinymi slovy, existuje Sance,
ze odebrdni dalsich vzorkl z téhoZ objektu miiZe ovlivnit jeho
archeobotanickou a moznd i archeologickou interpretaci. Jak
bylo mozné vidét na grafech 8, 9 (modely 7, 8), polet ode-
branych vzork na objekt md jednoznacny statisticky efekt
odrazejici zastoupeni botanickych druhii a makrozbytki v ob-
jektu. Rovnéz tenhle signifikantni trend je pozorovatelny po
hranici 20 odebranych vzorkl na objekt, a za touto hranici se
efekt postupné vytraci (graf 8). Odebrdnim minimélné 15 az
20 vzorkl z jednoho objektu se vyrazné snizuje nejistota, ze
ziskana skladba archeobotanickych ndlezti nebude pro dany
objekt reprezentativni. Ve sledovaném souboru v$ak bylo jen
z nékolika objektl odebrdno vice nez 20 vzorkii. Vzhledem
k tomu si nemtzeme byt jisti, zda se ve vysledku neodrazi
zminény fakt. Tenhle zdvér musi byt v budoucnu ovéfen srov-
nanim s objekty, ze kterych pochdzeji vyssi pocty archeobota-
nickych vzorkt (nejméné 30).

Jsme toho nézoru, Ze vliv zvolené metody na vysledky ana-
Iyzy souboril je mozné potlacit jenom konzistentnim vzorkovd-
nim. Pokud to archeologicka situace dovoluje (resp. v zavislosti
na charakteru vyzkumnych otdzek), je tfeba se pokusit odebirat
konstantni mnozstvi vzorkl z objektt nebo kontextll napri¢
celou zkoumanou plochou. Také je dilezité zvolit vhodné pro-
cento reprezentativnosti na jeden objekt/situaci a toho se drzet
i pti zbylych objektech. Z jednotlivych objektt je tieba odebi-
rat alespon priblizné stejné objemy vzorkill, coz umozni opti-
malizovat srovnatelnost vysledki analyz. JestliZze neni mozné
ovzorkovat vsechny objekty/vrstvy na lokalité, tak zvolit vzorko-
vani vybranych objektd propor¢né v zavislosti na objemu jejich
vyplné. Rozhodneme-li se vzorkovat podle predem predpokla-
dané funkce definovanou skupinu objektt, napt. vSechny obytné
objekty, vypovédn{ hodnota souboru samoziejmé reprezentuje
predevs$im tyto objekty, a nelze ji pfimo vztahovat k objektim
odli$né funkce na téze lokalité.
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Zavér

Cilem studie bylo zodpovézeni otdzky, zda a do jaké miry
muze byt archeobotanicky soubor ovlivnén i zptisobem neboli
metodou vzorkovani. Vysledky studie vychazeji ze zna¢né hete-
rogennfho archeobotanického souboru, ve kterém ¢inil rozptyl
objemi vzorki od 0,2 do 80 litrii a rozptyl ndlezli makrozbytkl
od 0 do 8 076 RMZ. Soubor byl archaeobotanicky analyzovan
a pomoci tzv. generalizovanych aditivnich modelt (Faraway
2016; Wood 2017; Zuur et al. 2009) byly modelovany vztahy
mezi objemem (mnoZstvim odebraného sedimentu v litrech),
poc¢tem vzorkl a poctem identifikovanych botanickych druhti
a makrozbytkl. Tyto vztahy byly sledovdny na vice urovnich,
a to z hlediska vzorkll (model 1 a% 5), archeologickych objektt
(model 6 aZ 11) a lokalit (model 12 a 13).

Z dosazenych vysledki je mozné usuzovat, ze zminéné mo-
dely kromeé sledovanych vztaht odrazeji také samotnou metodu
vzorkovéani. To se do velké miry podepsalo pti analyze a vyhod-
noceni zde zpracovavaného souboru. Ten musel byt podstatné
zredukovan jak v poctu vzorkd, tak z hlediska pouzitych in-
formaci o vzorcich, které ¢asto nebyly k dispozici, resp. vibec
nebyly zaznamendny nebo se nedochovaly. Do jaké miry by se
vysledky modelti zménily, kdybychom tyto nezaznamenané nebo
chybéjici informace pouzili, nelze v téhle chvili fict.

Krome informaci o vlastnostech vzorki casto chybél i zameér,
s nimz byla dana archeologicka situace vzorkovana a jakym zpt-
sobem. Zjednodusené feceno, archeobotanické vzorkovani po-
stradalo v terénu vyzkumnou otdzku. Tuto skute¢nost je mozné
sledovat od vyzkumu starsiho data az po ty soucasné. Ackoli
na jedné strané je mozné pozorovat tendenci, kdy s vys$sim po-
¢tem vzorkt Ize ocekdvat reprezentativnéjsi a hlavné realité vice
odpovidajici soubor, na druhé strané¢ je pak k dispozici mnoho
objektli a vrstev, ze kterych byl odebran maximalné¢ 1 nebo
2 vzorky. Celkova mira reprezentativnosti jakoz i vérohodnosti
ziskanych poznatkl pak kolisa. Dojde-li i k subjektivnimu vzor-
kovani, je nutné se zamyslet nad mirou spolehlivosti interpretaci
(napf. subsistené¢nich strategii ¢i riznych ekologickych a envi-
ronmentalnich modelt), vytvofenych na zdkladé podobnych dat.
I proto je vhodné resit strategii vzorkovani v predstihu s odbor-
nikem, a to i z dlouhodobého hlediska. Analyza zde zpracovava-
ného souboru, jakoz i vysledky modelt ukazuji, ze zde kvutli ab-
senci potfebnych informaci ztistava velké procento nevysvétlené
variability v datech, velmi pravdépodobné ukryvajici dalsi skryté
struktury a vzorce, které ndm prozatim unikaji.

Co se tyce vysledku zde prezentovanych modelt z hlediska
bohatosti archeobotanického souboru ziskaného z jednotlivych
objektil ¢i lokalit, jako vhodnéjsi alternativa se ukazuje odebirat
vétsi pocet vzorkd, nejlépe o konstantnim objemu (10 az 30 li-
trt). Tenhle poznatek je v§ak v nasem pifipadé ¢dste¢né ovlivnén
i vysokym poctem odebranych malych vzorka (do 10 litrr). To
vsak nikterak nezpochybnuje vysledky modeli jako takovych,
ale predevsim odrazi charakter souboru.

Navzdory tomu, Ze vzorky o objemu do 10 litra (157 vzorki)
se ukazaly jako signifikantni z hlediska po¢tu druht, predpokla-
dame, ze velka ¢dst z nich byla ziskdna subjektivné (pfedevsim
ty mensi jako 5 litrt), nebo §lo o vzorky, které z objektivnich
dévodt nemohly mit vét$i objem (naptiklad malé ktlové jamy).
Proto je potfeba jejich potencidl v budoucnu jesté prozkoumat.
Ddle je tieba si uvédomit, ze i tento odhad objemu by se mohl
riznit, pokud by v modelovém souboru byly naptiklad vzorky
s rozptylem od 30 do 150 litrt (viz vy$e). Neni véak mozné tyto
vysledky vyklddat zptisobem, ze odbér nékolika malych vzorka
nahradi stejny pocet velkoobjemovych vzorkt. Jak se ukdzalo
ve vysledcich modelu 1, malé objemy vzorkt by meély byt kom-

vy

penzovany vys$$im poctem odebranych vzorki na jeden objekt.
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Nejvétsi vliv na ziskané mnoZzstvi botanickych druhti a mak-
rozbytkl ma podle modeli nepochybné ta strategie vzorkovani,
pfikteré se odebere vét$i pocet vzorki ze zkoumané situace. Zde
se ukazuje, ze s vice vzorky roste i $ance vyzvednout reprezen-
tativnéjsi soubor archeobotanickych nalezi, coz se projevilo na
stoupajicim poctu zachycenych botanickych druhii. To souhlasi
s dosavadnimi zji§ténimi zndmymi z literatury (napt. Hajnalova
2012, 33; Hald 2008, 224; Jacomet et al. 1989, 70-84; Jacomet,
Kreuz 1999, 95-112, Abb. 5.5.; Kreuz 2004, 111).

Je dtlezité myslet i na to, ze kazdd archeologicka situace
(objekt, ulozenina apod.) by méla mit stejnou $anci byt ovzor-
kovand, bez ohledu na to, zda se v terénu jevi jako potencialné
vhodnd, nebo ne. Jenom tak je mozné zvysit kvalitu a vérohod-
nost dat. Samoziejmé, Ze kazdy archeologicky vyzkum je jiny,
aneexistuje tedy idedlni situace nebo idedIni pocet vzorkd, ktery
je tieba odebrat. Je potteba brat v uvahu konkrétni vyzkumny
zamér, moznosti logistiky, jednotlivé odkryté situace a jejich
specifika, stejné jako zplisob dokumentace apod. V mnoha pri-
padech se (nejen) archeobotanické vzorky zpracovévaji az po
né¢kolika letech a v mnoha pfipadech uz k nim nelze potrebné
informace dohledat, nedaji se tak zachranit. Je $koda, kdyz si
archeolog dd tu ndmahu a archeologickeé situace i vhodné ovzor-
kuje, avsak vyhodnoceni souboru ztroskota napf. na nedosta-
te¢né (nedochované) dokumentaci. I tomu se ale dé predejit,
pokud se pfiprava na odbér, odbér samotny i cile archeobota-
nického vyzkumu konzultuji s odbornikem nejlépe pfedem nebo
i pfimo béhem vyzkumu.
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