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Introduction

Microlithes are a phenomenon that we know 
mainly from the Mesolithic of Europe and the 
Epipaleolithic in Northern Africa. As shafted 

as lateral reinforcement of arrows or even as 
knife inserts. 

Already in the early 20th century it was recog-
nized that the variability of microlith forms can 
be interpreted chronologically and culturally. 
The basic consideration is that these are wea-
pon or tool parts that were only used for a short 

– if they are not heavily damaged – the original
-

touched forms appear to be independent of the
narrower function. It can therefore be assumed

-

and can thus provide indications of cultural

-

artefacts can be arbitrary constructs which may

( 1968 1972;  1992). The

Since the 1930s there have been numerous ap-
proaches to systematically describe microliths 

-
gy are not included here since they are beyond 
the scope of this paper. It is important to note 
that type collections usually refer to narrower 
geographical areas (e.g.  1971; G.E.E.M. or 

 et al. 1969; 1972;  1973
1984; 
cause although many microlith forms are simi-

regional peculiarities can be recognized. 

-
terpreted mainly chronologically so far. There 
is a lot of evidence for the chronological rele-

stratigraphy in Friesack 4 (Brandenburg) and 

-

show that there are good reasons for this inter-
pretation.

tribution of certain microlithic forms or pro-
cessing techniques is also seen as an indication 

whether one is looking at the whole of Europe 

 2009 for the whole of Europe; 
2015; 2016 for western Central Europe). Other 

-
ries (  1984; 
also believe that the composition of microlithic 

traditions that have been passed down through 

be possible to identify cultural groups and their 
territories on the basis of microliths alone. Not 

present only a small part of the cultural lives of 
Mesolithic groups. The gradual change in the 
type-appearances in the course of time probably 

to change in environmental conditions. Mathias 
-

ment of microliths in North and South Germany 
in a comparative study on risk minimisation dur-

rences in type variability and artefact-dimen-
sions during the Early Holocene as reactions of 
hunter-gatherer societies to the changing envi-
ronment. It is said that increasing forestation in 
particular led to greater type diversity and smal-
ler microliths (  2016). 

-
tion with the aim of reconstructing historical 
events is a chronology that is as valid and nar-
row as possible. A relative chronology forms 
the minimal grid to which a discussion of local 
courses of action and regional developments can 
refer. If this chronology is backed up and speci-
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-
tions between social groups or with the environ-

movements. This requires the important infor-
mation contained in the thousands of Mesolithic 
surface assemblages containing microliths that 
are found in almost every region. If these are to 

ven instrument is needed to classify them chro-
nologically.

been used to describe and chronologically inter-
pret the similarities or dissimilarities of micro-
lithic inventories of selected regions. More re-

Franconia (  2016) deserve special mention. 
With the help of cluster and correspondence 
analyses with summarising type groups (micro- 

-
-

spondence analysis of the microlith types ac-
cording to W. Taute (1971) already showed a 

tiation could be worked out by Jan Kuper for the 
Epipaleolithic of the Eastern Sahara by means 
of a transformation based principal component 
analysis (

the Maghreb ( 1963). He included not only 

types of tools such as end-scrapers and burins. 

(geometric types and backed bladlets) produced 

14-dated 
-

pending on the phase and the number of valid 
radiocarbon dates respectively – lies between ca. 
1200 and 400 years.

stratigraphy of Friesack 4 in Brandenburg within 

Cologne funded by the German Research Foun-
dation (application Zi 276/13-1) (  2008; 

microlith inventories to be dated more accurate-

to a constrained correspondence analysis was 

units in the rows is determined by the radio-
carbon dates and/or the stratigraphic position. 

quantitatively determine the position of each 
microlithic form in the columns and to calculate 

supplemented the Friesack data with the micro-
14-dated inventories 

from the Mesolithic and the Final Palaeolithic. 
N. Schneid and A. Zander then successfully 
applied this method in their master’s thesis and 

Westphalia. Schneid was able to describe the 
cultural position of the C14

Rieger Busch in Hagen between the contempo-
rary Mesolithic groups in Northern Germany 

states. She points to an important result of the 

imbalance in the data basis can be seen in the 
diversity of the microlith types. In northern and 

the particularly information-rich stratigraphy 
in Friesack 4 – while in southern Germany there 

-

several microlithic inventories. This becomes 

types can be described in their distribution on a 

area of southern Germany does not show any 
forms of its own in the Early Mesolithic ( -

 2017). Zander was 
able to show that certain microlithic types of the 
Ahrensburgian represent cultural connections 

Initial and Early Mesolithic in north-western 
Germany (  2016b). 
This method and some results are described in 



318 Birgit Gehlen, Georg Roth, Nele Schneid & Annabell Zander

publications by B. Gehlen (  2009; 
et al. 2017). 

-

each inventory to be dated had to be integrated 

-

to errors due to manual copying. On the other 
-

atively imprecise depending on the time period. 

ensured and there is also no option to safeguard 

Sources and source criticism

The basis for the procedure presented here is a 

the naming of microliths. The types used here 
are described in Appendix A. The basis for the 

Schneid within the above mentioned research 

on the one hand publications of other authors 
( 1973; 1971;  1993) and 
on the other hand the forms found in Friesack 4. 

make it accessible to all interested parties. The 
type list in Appendix A also includes – as far as 

-

Groupe d’étude de l’Épipaléolithique-Mésoli-
thique (G.E.E.M.) in 1969 and 1972 ( et 
al. 1969; 1972) and have served for quite a long 
time as a basis for the type approaches in this 
area. 

The application of the procedure proposed here 
obviously poses a number of problems. An es-
sential basis is of course the precise application 

Although the type descriptions leave a certain 

-
solute length and a certain amount of variation is 

retouched edges – interpretations by individual 

researchers have no place at this point. Unclear 
fragments and untypical individual forms are 

is generally less prone to errors than one might 
imagine.

no type lists of the microliths of the dated ensem-
bles and not necessarily representative drawings 
of the pieces. It must therefore be assumed that 
only a part of the data can be recorded and pos-

-
14

been made early (like e.g. those of the Jäger-

-
tionally dated and did not yield really precise 
data with often large standard deviations. In 

which the respective preparation and measu-

-

future – both in terms of comparative dating and 
in the precision and completeness of artefact ac-

them.

Research at the site Friesack 4 – 
the starting point for the following 
chronological investigation

Neolithic bog site of Friesack 4 in Northeastern 
Germany is unique in Europe. From the Early 
Mesolithic (later Preboreal around 9000 cal BC) 

5800 cal BC) hunter-gatherers visited repeatedly 

there during the younger Atlantic period. More 

-
-

Landesmuseum für Ur- und Frühgeschichte Pots-
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dam
(see  1999 and the list of 
publications by Bernhard Gramsch at the end of 
this book). The Friesack 4 site is most famous for 

from all trenches 93 C14-dates by the Berlin and 
Cologne laboratories were measured. 

-

‘Deutsche Forschungsgemeinschaft’ (German Re-
search Foundation) from 1st August 2005 to 29th 
Februrary 2007 (application A. Zimmermann/

B. Gehlen worked out the stratigraphy by Harris-
matrices and analysed the c. 3000 Mesolithic 
microliths and microburins from the site. This 

Feuersteinartefakte der mesolithisch-neolithi-

-
-

Ruland and Alfred Pawlik completed the re-

publication is unfortunately not yet completed 
(  et al. in prep.).

-

of an ideal stratigraphic series with as much as 
14- -

far. Trench Z delivered the most informative and 
varied material; from trench C only the substrata 

were included in the analysis. The stratigraphies 
of trench Z and layer 23 from trench C contain 

microlithic types and their frequency after the 

grouping of layers which probably corresponds 

(I to IV) by Bernhard Gramsch (see  
2000; 2006;  2004) – con-

for the research presented below. It is obvious by 
the C14-dates that these subdivisions represent 

in several short chronological periods is most im-
portant for the general chronology of the Meso-
lithic in northern and north-eastern Germany. 

-
tion of the Friesack 4 site show diversity in con-
tinuity. Results of the 

the absolute chronology reveal a more or less 
continuous development from the later Preboreal 

the dimensions of microliths and micro-burins 
and the mode of blade technology (  et 
al. in prep.; see Fig. 1). But they also display the 
continuous introduction of new elements during 
time. 

Boreal times. The lancet points are especially 

Friesack 4. It is very important that those types 

are frequent in the late Boreal and early Atlantic 

BC (  2001). It is probable that these 
slender microliths are typical for Mesolithic 
groups in the eastern part of Germany. Some 

les has been also found in the Maglemose cul-

characteristic microliths from the north reveal 
only very loose relationships of the earlier Mes-
olithic people at Friesack 4 and southern Scan-
dinavia from the late Preboreal onwards until 
the early Boreal. But these relations must be 
studied closer in the future.

The Method

Why should one identify each and every micro-
lith of an assemblage by type? Because the typo-

-
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liths can be considered to be a multivariate de-
-

of vegetation on fauna and therefore – more in-
directly – on hunting and its implements. It may 
contain information about technological choices 
and/or about hunting strategies and many more 
aspects. And all these may in turn be related to 
chronology. To relate one or more of these as-
pects to assemblage composition one requires 

least. And only if the relation is strong enough 
and there are enough assemblages one can un-

-
cal composition and possible causal variables. 

sized data table which comprises the multiva-
riate typological description and the variable or 
variables assumed to be causal for – at least some 
aspects of – the compositions. The rows repre-

-
semblages which we consider to act causally on 
the compositions. The cells are integer numbers 
(counts) and may include zero. To put it even 

holding the counts can produce rows sums and 
column sums which make sense archaeologically 

-

kind of data where compositions are represented 

rock paintings. With slight adaptions also binary 
resp. presence/absence data may be used instead 

-
gate the relation between the composition of an 
entity – represented by counts – and one or more 

the composition.
Here we strongly advice against intuitive ap-

proaches based on feeling and impression by 

like to emphasize the advantages of a straight 
approach based on quantitative tools and open 
software which allows computational reproduci-
bility as well as replicability (  2017; for 

ted R code in appendix D). 

Methods to relate compositional information re-
presented by multivariate count data with causal 
variables are covered by canonical ordination 
analysis in multivariate statistics. Basically three 

analysis (CCA; 

 2001; 

 1999; 

the counts of one microlith type and one or more 

generalized linear models for count data like 

models should be used (
passim).  

All three canonical ordination analyses solve 
the same task: relate multivariate data to so 
called constraining variables i.e. the variable(s) 

-

hypothesis of no relation and order the cases 
mainly according to that part of the dissimilari-

-

Fig. 1  
1-21 Early Boreal  1, 2 3, 4 5 6 7, 8 9 10 11 12 13 14
15, 16 17, 18 19, 20  21
22-33 Late Preboreal  22, 23 24 26 27 28 29, 30 31 32  33
34-47 Middle Preboreal  34 35 36-40 41, 42 43-45  46  47

Abb. 1
1-21 Frühes Boreal  1, 2 3, 4 5 6 7, 8 9 10 11 12 13 14
15, 16 17, 18 19, 20  21
22-33 Spätes Präboreal  22, 23 24 26 27 28 29, 30 31 32  33
34-47 Mittleres Präboreal  34 35 36-40 41, 42 43-45  46  47
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pressed numerically by a formula only involving 
the constraining (causal) variable(s). The main 

way they measure the dissimilarity between 

PCA basically preserves the Euclidean distance 
between cases (
applying a base PCA to count data leads to the 
– in ecology – well known species abundance or 

similarities are grossly distorted when the row 
-

-

framework was called transformation based PCA 
(tbPCA). Its canonical version is transformation 

 

 1999) 

simply that a CCA preserves chi-square distance 
( -
priate for count data especially when columns 
with rare types should be weighted more heavily 
in the computation. The methodological one is 
also simple: unconstrained (simple symmetrical) 
correspondence analysis being one part of the 
CCA algorithm is well known in archaeology 
for decades (in Germany e.g. -

us are indeed indebted to the Cologne school of 
numerical archaeology as promoted by Andreas 
Zimmermann in the last decades. 

But why all this fuss about the methods? Simply 
because choosing the correct method is para-

elucidate the possible choices we inserted the 
above paragraphs. And while we do not want 

-
dence Analysis in Practice’ (2017). The CA part 

Now think of the rows of the resulting table as 
points with the numbers in the cells represent-
ing the point coordinates. Such a point cloud 

three dimensions. 
Here the canonical aspect of CCA steps in 

(

weighted linear combination of the constraining 
variable(s) i.e. there is a weighted linear regres-

weights being row sums of the cell percentage 

can only work on that aspect of information 
embedded in the count data which can also be 

it focuses on the causal relation. And we also 
-

count information and the constraint(s) is i.e. a 
measure for the strength of the causal relation. 

interpreted similar to it (
passim).  

coordinates of the point cloud and the algorithm 
returns to base CA. Metaphorically spoken it

shadow of that point cloud onto paper would 
show the most informative view. In technical 
terms: When we apply a new orthogonal coordi-

of the point cloud. The width of the point cloud 

size but are rarely used in analysis. One impor-
tant aspect refers to the scaling of the row point 
coordinates. The rotation moves the whole sys-

the coordinate system before the rotation. Now 
one could simply use the row point coordinates 
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 et al 2016; 

choose so called weighted average coordinates 

-
dinates which are present in the rows and the 
weights are the type frequencies themselves. In 

-
-

ment of the row points does neglect some parts 

uses instead the shape of the rotated type space 

-
clude sampling noise. And since archaeological 
data can always be considered to be noisy we 
like to keep that aspect.

the CA rotation the new space clearly can only 
consist of as many dimensions as the constrain-

-
ables each constraint adds one canonical dimen-
sion (cf. 
case it will be only one constraint and therefore 

this step amounts less to a rotation than to a di-

space i.e. a line. The remaining unconstrained 
information of the table represented by the resi-

to afterwards combine constrained and uncon-
strained results (cf. 
666). This has become the standard in CCA due 
to the implementation of the algorithm by Jari 
Oksanen (  et al. 2016). 

At the end the analysis should also include a 
permutation test of the relation between con-
straint(s) and counts. This test is very simple 

-

whole computation and count how many out-

inertia. If less than 5 percent of the outcomes 

advantages of a canonical ordination method 

causal relations in a reproducible way. 

Now we already have a three-part result. First 
there is the test telling us if we can assume a non-
random causal relation between the constraining 
variable(s) and the compositions represented by 

the count data table. Second we have a measure 
-

our cases (rows) are mapped as points where 
similar cases are close together. The types (co-
lumns) are also represented by points where pro-

to reconstruct the percentage of the respective 
type in the count composition of that row point 
(for a comprehensive interpretation of biplots 
and triplots see 

aspects may be missing along CCA1 – but in a 
canonical approach this may be of less concern. 

-

constrained ordinations to analyse the compo-
sitions of hunter/gatherer assemblages is an es-
tablished approach (  2015;  2016; 

connect composition and causal forces is a rather 

compositions in their relation to landscape types 
(  2020). But canonical ordination 

our knowledge have not been used in archaeo-
logy before. The innovation we present here is 

used for decades in e.g. Paleo-Ecology. It is not 
our invention nor did we develop any computa-

Consider that a canonical ordination estab-
lishes the relation between the count data and 
the constraining variable(s) by a formula (linear 

a right hand side (RHS). Such a formula can be 
-

formation related to constraint) but also for the 
RHS (i.e. value of constraint related to counts) 
i.e. which counts stand for which value of the 
constraining variable(s). Obviously for given 
data this makes no sense since the values of the 
constraining variable(s) must be known to estab-
lish the formula. Now what if we can describe 
new assemblages by the same typology but do 
not have values for the constraining variable(s)? 
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the established formula and solve it for the RHS 
i.e. use the relation established by the old as-
semblages to statistically estimate the value of 
the constraint(s) for the new assemblages. Such 
an approach is known as calibration of a CCA 
model (  et al. 2016). It is a long stand-
ing practice e.g. to reconstruct paleo-climate or 
environment data from species composition in 
lake sediments for paleo-lakes (  

must not be confused with the calibration of a 

radiocarbon date. Calibration within the CCA 
-

tion formula and not to the adaption of a radio-
carbon date to the calendar scale by correcting 
for changes in the atmospheric production of 
that isotope.

Microliths for Dating

which date between about 9000 and 7800 cal BC 

Fig. 2

1 2 3  4-9 10 
11  12 13 14 15

16 17 18 19
20  21 22 23

Fig. 2

1 2
3  4-9 10 11  12 

13 14 15 16
17 18 19 20  21

22 23
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Fig. 3

Orange purple light blue medium blue 
green pink yellow

Abb. 3
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(Fig. 2). Thus they belong to the middle and late 
Preboreal and early and middle Boreal phases 
(see Fig. 3). The selection of the dated inventories 
was determined on the one hand by the time 
span and on the other by the quality of the data. 

which provided C14-data. For some of them the 

Ourlaine in Belgium (  1980; 

-
 1998). In Ap-

pendix A only those types have been compiled 
which were also used for the CCA. A publication 
of the complete typology prepared by Gehlen 

Fig. 4

appendix D paragraph 3.1

Abb. 4

Appendix D Abschnitt 3.1
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-

Europe between ca. 6800 and 5300 cal BC is al-
ready in preparation.

Two microlith types without numbers – A and 

retouched microliths and backed bladlets respec-

they are only rarely found.

documented microlithic ensembles are known. 

from Saarland (

1971; 1975).

Fig. 5

appendix D paragraph 3.2

Abb. 5

Appendix D Abschnitt 3.2
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Here we apply a CCA to our microlith data table 
and use C14 age – that is chronology – as the con-
straint. 36 assemblages from the Preboreal and 
the older Boreal are described by our microlith 
typology of 52 types resulting in a table with 36 
rows and 52 columns of count data. As constraint 

the last column of the data table. The radiocar-
bon dates presented in this paper were calibra-

( 2009) which works with IntCal20 
(  et al. 2020). With the recent advances 
of IntCal20 (

means were calibrated using the R_Combine 
 1978). 

So the total data set (see appendix C) is a table of 

the constraint. But only 34 of our assemblages 

only provisionally by an educated guess – and 
are estimated to be of late Preboreal age in the 
case of Reinheim and of middle Boreal in the 
case Jägerhaus-Höhle layer 11. 

We used the free and open source statistical pro-
gramming software R (R Core Team 2019) for all 
our computations. For CCA we applied the R -
tension package vegan
of the world leading multivariate ecologists under 
the supervision of Jari Oksanen (  et al. 
2016). The CCA model itself was computed by 
function cca() -
plemented standard procedures with standard R 
code. 

To allow interested readers educated in R for 
in detail reproduction of our results we added 
the R code as appendix D. In this code every step 

and the production of the illustrations is presen-
ted in numbered paragraphs and annotated with 

ap-
pendix D paragraph 2.1

appendix D paragraph 2.2.2
the calibration step i. e. the estimate of the cal BC 
dates for the two undated assemblages. How to 

with R’ (  et al. 2018) in the chapter on 
-

Every multivariate analysis involving an ordi-

should start by presenting how the information 
of the data table is covered by the ordination 

Fig. 4). In PCA as well as in CCA this dia-

-
-

be considered a sort of weighted (co-)variance. 
Since the actual numbers for the inertia value of 

-
constrained inertia as percentage of total inertia 
with appropriately sized bars. The size of all bars 
sum to a value of 100. 

disappointing. But if one considers all past cul-

the mircolith data one realizes that any causal 
force acting on such a multivariate phenomenon 
can at best cover only a minor part of all infor-

ignore all imprecisions inherent to radiocarbon 

date and dated phenomenon and not ending 
with a calibrated date representing a probability 
distribution and not a scalar value as implied by 

of dating bulk samples (see above) may further 
contribute to degrade the structured signal in the 
relation between assemblage composition and 

-
mation formula can weaken the manifestation of 
the causal relation and decrease the amount of 

-

in ecology when only one constraint is applied 
(cf. 

-

assemblage composition and our constrained 
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that cannot be connected to chronology.

also supply a p-value for the relation detected by 
the model to demonstrate that the relation de-
tected by the model was not caused by random 
chance. Nowadays to compute a permutation 
test with a lot of permutations is not a problem 
anymore. We run 99 999 permutations which 
together with the empirical data set make for 
100 000 manifestations and allow to decide about 

thousandth part of one percent i. e. at a very re-

with a permutation p-value of 0.00001 indeed. 

that the relation between microlith assemblage 
composition and chronological age is caused by 
chance. The test was implemented by applying 
function anova.cca() from package vegan ( -

-
duced by function cca() from the same package 
(see appendix D paragraph 2.1).

The concept of inertia can also be applied to 
measure for each type the amount of frequency 

total inertia of a table can also be considered 
to be the sum all type inertiae (see  

to specify for each type the amount of its inertia 
Fig. 5). 

to chronology we can determine types whose 
abundances are strongly related to chronology 

Leitfossil’ for cer-
tain periods. In our case the following microlith 
types represent – with decreasing strength – 
sensible chronological markers: C022 (partially 
edge-retouched micro point Clearly 
unequal triangle = Extremely unequal 
triangle Micro point with complete 
retouching of one edge and dorsal straight base re-
touch Strong unequal triangle = 

Edge-retouched lancet point = 20.8 
Micro point with oblique retouch = 17.1 
Clearly unequal triangle with concave 

retouched short side = 15.5 %) and E040 (Elongated 
symmetrical segment = 14.4 %). 

arbitrary decision and should be seen as our per-
sonal evaluation of the numerical results. There 
is only one hint in the structure of the barplot: 

inertia decreases only slightly between types. 
This structure is called an elbow in multivariate 
statistics and can be used as an empirical deci-
sion rule. Here this so called elbow criterion is 
our only argument for highlighting types C022 to 
E040 as sensible chronological markers.

Before we turn to the visualization of the CCA 
-

mates produced by the function calibrate() from 
R package vegan. Both estimates for calibrated 

-

is thought to be of early Preboreal age according 
to typological considerations and the results of 

 
et al. 1999;  1998-99). The cali-
bration step of the CCA asigns an estimated date 

which is perhaps some hundred years younger 
as assumed by the cited authors (Early Mesoli-
thic/Preboreal). This discrepancy is most proba-
bly caused by the singular occurence of the rare 
type C027 (micro-point with complete retouch-

which is frequent in many younger assemblages 
(see Fig. 3
to chronology (see Fig. 5). Remember that all CA 
based approaches emphasize rare types more 

case.
The estimated cal BC age for Jägerhaus-Höhle 

layer 11 is about 8080 cal BC. Here we can check 
the result for consistency with the other dates 
available for layers from the Jägerhaus-Höhle. 

-

is published to be from the earlier Boreal period 
(
dating by the determination of the charcoal re-
mains (
that in favourable conditions our model is able 
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Fig. 6

appendix D paragraph 3.3

Abb. 6

Appendix D Abschnitt 3.3
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the microlith assemblage compositions in our 
table and the assigned calibrated ages we used as 
constraining variable is so detailed as to allow us 

And it holds another very important insight: the 

comprising three of the authors (Gehlen/Schneid/

measurement tool. So the CCA result encourages 
us to use this data and the typology it is based on 
for further canonical investigations. If possible 
we shall investigate space by using site coordi-
nates. To decide which assemblages to include in 

for future work.
-

ple or canonical is a kind of map showing several 
aspects of the data (see
and 258). In CCA this is called a triplot (Fig. 6
because it depicts three kinds of information: the 

the types (types as squares) and the relation of 

constraining variable. Constraining variable(s) 
are usually represented by arrow(s). But our ca-

only applied one constraint only. The second and 

right. An arrow would also be parallel to CCA1. 

metric variable as a bar with annotated values 
is a special case indebted to having only one 
constraint. With several metric constraints they 
should always be displayed as arrows.

(
of coordinates is called scaling 1 (

row-isometric display (
134). Technically one can say the row points are 
placed at doubly weighted eigenvectors of the 

root of its inverse row sums and the other the 
square root of the eigenvalues. Whenever an or-

apply scaling 1. For points mapped in that way 
-

quare distances between assemblages. These 
distances have a clear interpretation: the closer 

their compositions when rare types are empha-
sized. 

Types display the shape of the multidimen-

-
times called vertices. This kind of coordinates 
is known as standard coordinates (  

-
tion between a type point (in standard coordi-
nates resp. scaling 1) and the origin and one can 
reconstruct the frequency of that type in the re-
spective assemblage. An assemblage (row point) 

-
necting line close to the type point consists near-

the constraining variable. In fact function cali-
brate() from package vegan

-
constructed value of the constraining variable. 

Type points which lay in roughly the same 
direction when looking from the origin represent 
types that are frequently occurring together in 
assemblages. Type points who are positioned far 

-
lation to the constraint. Here the triplot further 
elucidates the relation between chronology and 
types presented in Fig. 5. The micro-points C010 
and C022 lay far out to the right which means 
their frequencies increase with the age of an as-

situated far out to the left.
The ordering of the assemblages from right 

to left roughly represent their age as measured 
-

struction as the row point coordinates are of the 
-

ear constraint’ version. Assemblages spread out 
-

enced by causal forces not related to chrono-
logy. And the type points laying far out in the 
vertical are frequent in those assemblages. E.g. 
the two assemblages from Trou Al’Wesse (W4bg 
and W4bb) are both marked by relatively high 
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a

b
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Fig. 5).

While a classical triplot is presented to evaluate 
-

together with the constraint(s) e.g. only sites are 
also a valid way to display relations (sites Fig. 
7a and types 7b) among these points or between 
them and the constraint(s). An additional colour-
ing by region (cf. Fig 2) facilitates comprehend-

-
Fig. 7a) i.e. inertia not related 

to chronology seems to be related to a spatial 
aspect. Some of the sites from southwestern 

beta and W4bg = Trou Al’Wesse layer b gamma) 

CA1. Also the strata from the Jägerhaus-Höhle 
which are part of the model (layer 10 and layer 

-
-

tions.

A second phenomen deserves discussion here as 

about C14-dates and also on the working princi-

of Haverbeck (Habe) with a date of about 8760 
BC (cf. Fig 2
constraint. Its age is estimated to be about 9040 
BC when using its microlith spectrum which 

seems to be at odds with the data supplied. A 

to be at work for the site of Achim-Bierden 30 
(Abi) where a date of 9010 BC is estimated by 

the coordinate position of Haverbeck is the im-
portance (10 of 12 microliths) of micropoint type 
C022 in its assemblage. Since this micropoint 
type dominates at slightly older sites e.g. from 

average scores’ (see above) its predominance 
moves Haverbeck towards these older sites. If we 
consider the nature of C14-dates being probabi-
lity distributions the estimated date is not com-
pletely outside the range for the possible real age 
of Haverbeck. Similar forces but now working in 
the opposite direction cause the CCA estimate to 
place Achim-Bierden 30 some 200 years young-
er than its most probable calibrated age. Here 
micropoints type C010 and C021 with 1 resp. 5 
specimen making up nearly half of the only 13 
microliths at Achim-Bierden 30 force the estimate 

-
pletely unlikely when thinking about the possi-
ble age range for the real date of Achim-Bierden 
30. 

into account the nature of C14-dates the contra-

-

is the best approach to capture a large scale trend 
-

tice to each and every single element of a sample.

In the same manner as considering spatial infor-
mation deepened our understanding of the CCA 
results for the sites colouring of types by type-

ig. 7a (p. 332
Fig. 6

Abb. 7a (S. 332

Abb. 6

Fig. 7b (p. 332
Fig. 6

Abb. 7b (S. 332
Abb. 6
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groups (Fig. 7b) is helpful to recognize details 

backed bladelets are present throughout the 

ted to show a relation to the constraint. Conse-

vectors orthgonal to each other can be called in-

tric representation of that lack of chronological 
relevance. 

which can be transformed into a chronological 
description of armature type-history: while 
asymmetrical trapezes (F31) disappear towards 

symmetrical trapezes with one concave side 
(F25k) replace them and straight sided elonga-
ted symmetrical trapezes (F025) are present all 
the time. For segments (E020 and E040) the plot 
also elucidates some techno-history: while sym-
metrical pieces (E020) are present nearly all the 

millenium causing the CCA to place them conse-

versions (E040) takeover during the later phases.
At this point one may have turned back to the 
data table (Fig. 3) and could have been tempted 

by looking at the individual columns of that ta-

give a more neatly and comprehensive visual 

Fig. 3 and only state 
their impressions.

Conclusions

Our application of CCA consisted of an ordina-
tion of 34 microlith assemblages constrained by 
their C14-age. The model indicated a potential 
relationship between assemblage composition as 
measured by our typology and age of the assem-
blage. In a further step we implemented a cali-
bration of our CCA model to estimate the age of 

such an instrument is established. This method 

probably will also be applicable to other periods 
and artefact groups.

In our case the frequencies of the following 
microlith types represent – with decreasing 
strength – sensible chronological markers: C022 

analysis of the microlithic types from Mesolithic 
 kilo-

and the northern central European plain reveal 
that microlithic types are not the only important 

in the distances between the assemblages from 
Fig. 7a

presented here shows a certain geographical 
sorting which we shall verify in future applica-
tions of CCA using geographical coordinates as 
constraints. Although already during the later 

-
lithic inhabitants of Central Europe into regional 
groups must have taken place towards the end 

-
phasize that applications of a CCA model are not 
limited to chronological questions but allows to 
estimate values of unknown constraints in any 
multivariate causal relationship and for causal 
variables of any kind. One future application 

-
tions from a regional perspective while also re-
specting chronology as the treeplot in Fig. 6 and 
Fig. 7a respectively shows. 

Appendices

A Typology of the microliths used for the CCA.

B C14-dates for the sites/layers used for the CCA.

C 

D
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Note

The free open source statistical programming software 
vegan’ are available 

Acknowledgements
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Appendix A  Typology of the microliths used for the CCA

Non-geometric microlithes - Nichtgeometrische Mikrolithen

Endretouched microliths
type 
code name / description sketch remarks dating / frequency

A010

Microlith with transverse retouch

Mikrolith mit Querretusche

Microlith with straight end 
retouching 

(dorsal or ventral)

bladlets; Gramsch 1973, p. 20; 
Taute 1971 = type A37; G.E.E.M. 

1972, Lamelle tronquée

Entire Mesolithic / rare

A020

Microlith with oblique retouch

Mikrolith mit schräger 
Endretusche

points by tip angle 60° and 
larger. The tip lies on the 

unretouched edge

bladlets.

Corresponds to type 90 in 
Petersen 1993 = large microlith 

with oblique end retouching; 
Gramsch 1973, p. 20; Taute 

1971 = type A38; G.E.E.M. 1972, 
Lamelle tronquée

Backed bladelets

type 
code name / description sketch remarks dating / frequency

B011

Broken simple backed bladelet

Gebrochenes einfaches 
Rückenmesser Taute 1971 = type A33

Entire Mesolithic / rare; 

Middle Mesolithic

B012

Complete simple backed bladelet

Vollständiges einfaches 
Rückenmesser

Taute 1971 = type A32

B021

Broken backed bladelet with one 
truncation

Gebrochenes Rückenmesser mit 
einem retuschierten Ende

 One end is 
retouched straight or obliquely.

Taute 1971 = type A35

blades.
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Micro points without or with dorsal basal retouch
Mikrospitzen ohne oder mit dorsaler Basisretusche

type 
code name / description sketch remarks dating / frequency

C010

Micro point with oblique retouch

Mikrospitze mit Schrägretusche

Microliths with a more or less 

converges with the sharp edge in 
a point. The point angle is between 

40° and 60.

or bladelets; 
Taute 1971 = type A38; 

G.E.E.M. 1972 = Pointe à 
troncature oblique

Points with diagonal 

since the Late Palaeolithic 
(Ahrensburgian culture). Here 

they are called Zonhoven 
points, but they were 

exclusively made on blades. 
The Mesolithic objects are 

Early Mesolithic.

C011

In outline triangular micro blade with 
diagonally retouched short end

Im Umriss dreieckige Klinge mit 
schräg retuschiertem kurzem Ende

Obliquely truncated micro blade with 
two converging, more or less pointed 

unretouched edges.

Petersen 1993 = type 101

Early and Middle Mesolithic / 

Mesolithic; 

Maglemose period, 

but also occurs in the oldest 

phase).

C021

Micro point with complete retouching 
of one edge

Mikrospitze mit kompletter 
Retuschierung einer Kante

Due to the straight or arched dorsal 

length.

and Wouters 1956, 29); 
Petersen 1993 = type 91; 

Taute 1971 = type A1; 
G.E.E.M. 1972 = pointe à 

retouche laterale

Entire Mesolithic / These 

the Early Mesolithic.

C22

Partially edge-retouched 
micro point

Mikrospitze mit partieller 
Retuschierung einer Kante

and Wouters 1956, 29); 
Taute 1971 = type A2; 

G.E.E.M. 1972 = Pointe à 
troncature très oblique

Entire Mesolithic / These 

during the Initial and Early 
Mesolithic.

C22g

Partially edge-retouched micro point 
with straight base retouch

Partiell kantenretuschierte 
Mikrospitze mit gerader 

Basisretusche

(2014) Middle Mesolithic / rare
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Micro points without or with dorsal basal retouch
Mikrospitzen ohne oder mit dorsaler Basisretusche

type 
code name / description sketch remarks dating / frequency

C22j

Micro point with partial retouching on 
both edges 

Mikrospitze mit zwei partiell 
retuschierten Kanten

(2014) Middle Mesolithic / rare

C023

Micro point with complete retouching 
of one edge and dorsal oblique base 

retouch

Mikrospitze mit kompletter 
Retuschierung einer Kante und 
dorsaler schräger Basisretusche

The base retouching can be 
straight or concave; 

(2014)

Early and Middle 

C23j

Micro point with complete retouching 
of one edge, partial retouch on the 

second edge and dorsal oblique base 
retouch

Mikrospitze mit kompletter 
Retuschierung einer Kante, 
partieller Retuschierung der 

gegenüberliegenden Kante und 
dorsaler schräger Basisretusche

(2014) Middle Mesolithic / rare

C024

Partially edge-retouched micro point 
with dorsal oblique base retouch 

Partiell kantenretuschierte Mikrospitze 
mit dorsaler schräger dorsaler 

Basisretusche

The base retouching can be 
straight, convex, or concave.

Wouters 1956, 29)

Middle Mesolithic / 

C025

Micro point with complete retouching 
of one edge and dorsal concave base 

retouch

Komplett kantenretuschierte 
Mikrospitze mit konkaver dorsaler 

Basisretusche

Wouters 1956, 29), Taute 
1971 = type A5; G.E.E.M. 

1972 = pointe à base 
transversale

Early and Middle 

during the Middle 
Mesolithic
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Micro points with dorsal basal retouch 
Mikrospitzen mit dorsaler Basisretusche

type 
code name sketch other characteristics or 

remarks
dating / 

frequency

C026

Partially edge-retouched micro point with 
dorsal concave base retouch

Partiell kantenretuschierte Mikrospitze mit 
dorsaler konkaver Basisretusche

1956, 29); G.E.E.M. 1972 =  
pointe à base transversale

Middle Mesolithic 
/ rare

C027

Micro point with complete retouching of one 
edge and dorsal straight base retouch

Komplett kantenretuschierte Mikrospitze mit 
gerader dorsaler Basisretusche

Taute 1971 = type A4; 
G.E.E.M. 1972 = pointe à base 

transversale

Middle Mesolithic 

Partially edge-retouched micro point and 
dorsal convex base retouch

Partiell kantenretuschierte Mikrospitze mit 
dorsaler konvexer Basisretusche

Early and Middle 
Mesolithic / rare

C27j

Micro point with complete retouching of one 
edge, partial retouch on the second edge and 

dorsal straight base retouch

Mikrospitze mit kompletter Retuschierung 
einer Kante, partieller Retuschierung der 
gegenüberliegenden Kante und dorsaler 

gerader Basisretusche

Middle Mesolithic 
/ rare

C028

Partially edge-retouched micro point with 
dorsal straight base retouch

Partiell kantenretuschierte Mikrospitze mit 
dorsaler gerader Basisretusche

G.E.E.M. 1972 = pointe à base 
transversale

Final Early 
Mesolithic and 

Middle Mesolithic 
/ rare 

C029

Notched micro point

Gekerbte Mikrospitze

The tip angle is smaller or equal to 60°. 

clear retouched notch.

The pieces are relatively wide.

Early Mesolithic 
to early middle 
Mesolithic / rare

C210

Micro point with rhombic outline

Mikrospitze mit rautenförmigem Umriss

Only one side is retouched with an obtuse 
angle. The second side is not retouched but 

equally angled.

Final Early 
Mesolithic and 

Middle Mesolithic 
/ rare

Bilateral retouched micro point with rhombic 
outline

Beidkantig retuschierte Mikrospitze mit 
rautenförmigem Umriss

Middle Mesolithic 
/ rare

The tips always lie on the central axis.
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Micro points with dorsoventral basal retouch
Mikrospitzen mit dorsoventraler Basisretusche

type 
code name / description sketch remarks dating / frequency

C121

Complete edge-retouched 
micro point with dorsoventral 

convex base retouch

Komplett kantenretuschierte 
Mikrospitze mit dorsoventraler 

konvexer Basisretusche

Taute 1971 = type A9

Early and Middle 
Mesolithic / more 

Mesolithic 
(Beuronian A in south 

western Germany)

C125

Complete edge-retouched 
micro point with dorsoventral 

concave base retouch

Komplett kantenretuschierte 
Mikrospitze mit dorsoventraler 

konkaver Basisretusche

Taute 1971 = type A11; G.E.E.M. 
1972 = pointe à base transversale

Middle Mesolithic / 

C127

Complete edge-retouched 
micro point with dorsoventral 

straight base retouch

Komplett kantenretuschierte 
Mikrospitze mit dorsoventraler 

gerader Basisretusche

Taute 1971 = type A10; G.E.E.M. 
1972 = pointe à base transversale

Early and Middle 

C128

Partially edge-retouched micro 
point with dorsoventral straight 

base retouch

Partiell kantenretuschierte 
Mikrospitze mit dorsoventraler 

gerader Basisretusche

1972 = pointe à base transversale
Early and Middle 
Mesolithic / rare

G

The tips always lie on the central axis.

der Mittelachse.
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Micro points with ventral basal retouch
Mikrospitzen mit ventraler Basisretusche

type 
code name sketch remarks dating / frequency

C221

Complete edge-retouched micro point 
with ventral convex base retouch

Komplett kantenretuschierte 
Mikrospitze mit ventraler konvexer 

Basisretusche

Taute 1971 = type A6 Middle Mesolithic / rare

C225

Complete edge-retouched micro point 
with ventral concave base retouch

Komplett kantenretuschierte 
Mikrospitze mit ventraler konkaver 

Basisretusche

Taute 1971 = type 
A8; G.E.E.M. 1972 

= pointe à base 
transversale

Middle Mesolithic / rare

C227

Complete edge-retouched micro point 
with ventral straight base retouch

Komplett kantenretuschierte 
Mikrospitze mit ventraler gerader 

Basisretusche

Taute 1971 = type 
A7; G.E.E.M. 1972 

= pointe à base 
transversale

Final Early Mesolithic / 
Middle Mesolithic / rare

C228

Partially edge-retouched micro point 
with ventral straight base retouch

Partiell kantenretuschierte Mikrospitze 
mit ventraler gerader Basisretusche

B. Gehlen Middle Mesolithic / rare

G

The tips always lie on the central axis.
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Lancet points
Lanzettspitzen

type 
code name / description sketch remarks dating / frequency

C031

Edge-retouched lancet point

Kantenretuschierte Lanzettspitze

Elongated and narrow point with regular, curved 

Gramsch 1973 = 
Lancet point; G.E.E.M. 

1972 = pointe à dos 
rectiligne

Middle Mesolithic / more 

Middle Mesolithic

C033

Lancet point with dorsal straight or convex base 
retouch and additional partial retouching on the 

second edge

Lanzettspitze mit dorsaler gerader oder 
konvexer Basisretusche und zusätzlicher 
partieller Retusche an der zweiten Kante

Gramsch 1973 = 
Lancet point; G.E.E.M. 

1972 = pointe à dos 
rectiligne

Middle Mesolithic / rare

C034

Lancet point with partial edge retouching and 
dorsally retouched straight oblique base

Lanzettspitze mit partieller Kantenretusche und 
dorsal retuschierter gerader schräger Basis

Elongated and narrow lace with partial edge 

the opposite edge, which merges into a straight 
or diagonal base retouch.

Petersen 1993 
= type 92 

Middle Mesolithic / rare; 

Maglemose, phase 2 / 

C036

Lancet point with dorsal concave and oblique 
retouched base

Lanzettspitze mit dorsaler konkaver, schräg 
retuschierter Basis

Long and narrow point with complete edge 
retouching and subsequent oblique, concave 

base retouch.

Petersen 1993 
= type 94

uneven-sided triangles 
in this way, that the tip 
lies on the central axis.

Middle Mesolithic / rare; 

C037

Lancet point with partial edge retouching

Lanzettspitze mit partieller Kantenretusche

Elongated and narrow point with regular, curved 
material (B. Gehlen)

Late Early and Middle 

C038

Lancet point with partial edge retouching and 
dorsal oblique retouched base

Lanzettspitze mit partieller Kantenretusche und 
schräger dorsal retuschierter Basis

material (B. Gehlen)
Late Early and Middle 

Mesolithic / rare

C042

Lancet point in the shape of a long trapezium

Lanzettspitze in Form eines langgestreckten 
Trapezes

Trapezoidal, elongated and narrow tip. The 
assumed angle between the two retouched ends 

material (B. Gehlen) Middle Mesolithic / rare
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Geometric microlithes - Geometrische Mikrolithen

Triangles, part 1
Dreiecke, Teil 1

type 
code name / description sketch remarks dating / frequency 

D011

Isosceles obtuse triangle

Gleichschenklig-stumpfwinkliges Dreieck

The angle between the two retouched 
sides is more than 90°

Petersen 1993 
= type 96; 
Taute 1971 
= type A17; 

G.E.E.M. 1969 
= triangle 
isocèle

Large isosceles obtuse triangles 
and Clearly unequal triangles (s.b. 

the Late Palaeolithic (Ahrensburg 
culture). The Mesolithic objects are 

the Early Mesolithic

D012

Isosceles right-angled triangle

Gleichschenklig-rechtwinkliges Dreieck

The angle between the two retouched 
sides is 90°

Taute 1971 = 
type A18 Early Mesolithic / rare

D013

Isosceles pointed triangle

Gleichschenklig-spitzwinkliges Dreieck

The angle between the two retouched 
sides is less than 90°

Taute 1971 
= type A19. 

Taute regards 
this type as 
a transverse 
arrowhead

Middle Mesolithic, 

D014

Prejlerup-triangle

Prejlerup-Dreieck

equal length, which meet in a prominent 

Petersen 1993 
= type 97

Middle Mesolithic / rare;

rare

D021

Clearly unequal triangle

Deutlich ungleichschenkliges Dreieck

The long retouched edge is less than 
twice as long as the short retouched one

Petersen 1993 
= type 98; 
Taute 1971 
= type A20; 

G.E.E.M. 1969 
= triangle 
scalène

Clearly unequal triangles and Large 
isosceles obtuse triangles (s.a. 

the Late Palaeolithic (Ahrensburg 
culture). The Mesolithic objects are 

the Middle Mesolithic; 

D022

Strong unequal triangle

Stark ungleichschenkliges Dreieck

The long retouched edge is at least twice 
as long and at most three times as long 

as the short retouched one

Taute 1971 
= type A21; 

G.E.E.M. 1969 
= triangle 
scalène

Early and Middle Mesolithic / much 

Mesolithic
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Triangles, part 2
Dreiecke, Teil 2

type 
code name / description sketch remarks dating / frequency 

D023

Extremely unequal triangle

Extrem ungleichschenkliges Dreieck

The longer retouched edge is more 
than three times as long as the short 
one. Usually the pieces are relatively 

long. Sometimes the angle between the 

the two long edges are almost parallel. 
Sometimes the long tip is retouched 

dorsally and ventrally opposite.

Elongated and 

Gramsch (1973, 21); 
Taute 1971 = type 

A22; G.E.E.M. 1969 
= triangle scalene 
allongé à petit côte 

court

Middle Mesolithic / more 

D027

Lancet-like Sværdborg triangle with a 
concave retouched short side

Lanzettartiges Sværdborg-Dreieck mit 
konkav retuschiertem kurzem Schenkel

Extremely unequal triangle with a 
pronounced tip and a slightly curved, long 
retouched edge. The short edge is clearly 

retouched in a concave manner. 

complex II 
(B. Gehlen)

Early and Middle 
Mesolithic / rare

D028

Clearly unequal triangle with concave 
retouched short side

Deutlich ungleichschenkliges Dreieck mit 
konkav retuschiertem kurzen Schenkel

material (B. Gehlen)
Middle Mesolithic / 

D029

Strong unequal triangle with concave 
retouched short side

Stark ungleichschenkliges Dreieck mit 
konkav retuschiertem kurzen Schenkel

material (B. Gehlen) Middle Mesolithic / rare

D031

Clearly unequal triangle with lateral spine

Deutlich ungleichschenkliges Dreieck mit 
lateralem Dorn

material (B. Gehlen); 
similar to type D014

Middle Mesolithic / rare

D110

Isosceles triangle with one concave 
retouched side

Gleichschenkliges Dreieck mit einem 
konkaven Schenkel

B. Gehlen Middle Mesolithic / rare
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Segments
Segmente

type 
code name / description sketch remarks dating / frequency

E020

Symmetrical segment

Symmetrisches Segment

retouched edge corresponds to a curve 
section. The length-to-width ratio is 

Taute 1971 = type A16; 
G.E.E.M. 1969 = segment 

de cercle

Early and Middle 
Mesolithic / rare

E040

Elongated symmetrical segment

Langschmales symmetrisches Segment material (B. Gehlen)
Middle Mesolithic / 

Squares
Vierecke

type 
code name / description sketch remarks dating / frequency

F25
Elongated trapeze on irregular blade 

Langschmales Trapez aus 
unregelmäßiger Klinge

Taute 1971 = type A23

The angle between the 
two retouched ends 

1971) is obtuse.

Early and Middle 

Elongated trapeze from irregular blade
with one straight and one concave 

retouched side

Langschmales Trapez aus 
unregelmäßiger Klinge mit einem 

geraden und einem konkav retuschierten 
Schenkel

The angle between the 
two retouched ends 

1971) is obtuse.

Middle Mesolithic / rare

F031

Asymmetrical trapeze 
on irregular blade

Asymmetrisches Trapez aus 
unregelmäßiger Klinge

Asymmetrical trapezes have two 

meet at an acute angle (less than 90 °).

The angles between the 
long unretouched edge and 

the retouched ends are 
always greater than 45 °; 
Taute 1971 = type A24

Early and Middle 
Mesolithic / rare

it is a transverse arrow head. 
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site 
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m
aterial
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chrono-
zone

references

1

F43c
Bln-3354
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 -
 -

 -
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Z
F3

15
IIIc

early 
Boreal

 
2004, 310

F43b

Bln-3021
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70

8958 ± 27
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8134

8121
charcoal

Z

F4
16
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2000, 61
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C

8
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60
C

8
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Bln-3006
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D
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Z

F6
6a

IIIa
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Bln-3013
8980

60
F6

6b

Bnl-3023
9040

60
F4

6b
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Bln-3017
9010

70
F2

6c
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F42c

Bln-3706
9470

60

9368 ± 25
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C
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23a
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Bln-3358
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23o
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site 
no.

site nam
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C
C

A 
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P
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chrono-

zone
references

12

B-946
8840

70
-

-
-

8005
7961

charcoal
10

early Boreal

1978, 17
B-948

9600
100

-
-

-
9012

8984
charcoal

13
m

iddle 
Preboreal

13
U

tC
-7226

9580
60

-
-

-
8978

8995
charcoal 

pinus 
sylvestris

-
m

iddle 
Preboreal

 2015, 31

14
Siebenlinden 1

ETH
-7544

8540
75

8685 ± 55
7737-7600

7940-7589
7669

7765

bone

AH
 2

m
iddle 

Boreal
2003, Tab. 1

ETH
-8266

8840
80

bone

15
Abri Bettenroder 

Berg IX

BB10

8750
220

8780 ± 156
8169-7607

8269-7585
7888

7927

charcoal

10
m

iddle 
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 1994, 63

8810
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charcoal
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-

-
-
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13

early Boreal
 1994, 56
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ETH
-
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8705
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7845

7886

bone
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Boreal
 et al. 2012, 
Tab. 12

ETH
-

14248
8680
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bone

ETH
-32111

8730
70

bone

ETH
-

33045
8710

90
charcoal

ETH
-

26386
8875

75
bone

ETH
-

26387
8940

75
bone
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Appendix C Data sheet used for the CCA
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Appendix D  Script for conducting the CCA in ‘R’

###   CCA mesolithic data
#
# This code shows how to compute a constrained correspondence
# analysis for a data table with cases (assemblages, in rows) 
# and categories (types, in columns) using a single metric 
# variable as constrained. The cells of the table contain
# counts.
# In this study the rows are mesolithic assemblages of 
# microliths and the columns are microlith types. The 
# constraining variable is the mean of a calibrated 14C 
# date of an assemblage.
#
# The aim is to order the assemblages according to the 

# sure there really is a signal in the microlith data that 
# is connected to the 14C dates.
#

# is reversed and the formula just established is turned 

#

# analysis in community ecology and is in use for decades.
#
#
# 2020-11-01
# Birgit Gehlen, Georg Roth, Nele Schneid, Annabell Zander
#
# References:
# a) method 

#

# sure the data table has the same structure as ours:
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#

# In the later cells all values are integers. No row

# the constraint are coded as 0 not as NA.

# column (row.names=1) and semicolon as separator 
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   row.names=1)

# Note, there are no white spaces in the row or column 
# names nor the data.

# $ F021 : int  0 1 0 0 0 0 0 0 0 0 ...

# $ C220 : int  0 1 0 0 1 0 1 0 0 1 ...

# Column 1 of the .csv table is no column any more but
# used to label the rows.

# being years, should be integer numbers i.e. a R vector 

# data table before import. 

# column to be removed.

# Note, CA or CCA do not accept empty rows or columns 
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any(colSums(abu)==0)
any(rowSums(abu)==0)
any(is.na(abu))

# Select constraining variable

# Note, we coded the missing values as 0, not as NA.

# Remove these elements from the data before proceeding to CCA.

   # and asign as new data table object

   # and asign as new integer vector

(types)

# entries of the constraining variable.

str(undass)  # data table with only 2 rows but 
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# (see 1.1.).

## 2.1. CCA

# Compute CCA model (and print to console)

# When measured by Chisquare distance - as in CA and 

# between microlith spectra and calibrated 14C date is 

#
# Note, we only used one constraining variable (14C dates),

#

# Remember CCA was computed without the two undated 

# to predict the constraining variable for the assemblages 
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# 2.2.1. CCA Coordinates for assemblages

# which is not connected to the constraint - therefore we 

(undassBC <- calibrate(mod, newdata=undass))

# which was found by CCA.
# Any assemblage described by the same typology as the original 

# It is used to solve the CCA model formula for rows
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# microlith types (columns with counts) are connected to 
# the constraint (14C date). 

# strongly related to chronology (and in which way) i.e.

# related to the constraint.

# a type which are caused by chronology measured as percent.

## plot window using the mouse.
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width=1, space=0, col=cols)

# Note, there is a lot of dissimilarity between spectra

width=1, space=0)

#   (the closer the more similar)
# - types as points
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# - constraint as arrow
#   (project row onto it to reconstruct constrain value)
#

# by types.

# colours

# constraint

# plot limits
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# constraint as arrow

# Instead values of constraint

# legend
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plot(mod, scaling=1)


