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ABSTRACT: The role of numerical analysis in archaeobotany, ranging from basic description to
the use of multivariate statistics, is reviewed. Emphasis is placed on the archaeobotanical decisions
underpinning numerical analyses. Units of observation, andlysis and interpretation must. be
rigorously defined. Other critical archaeobotanical decisions concern the choice of data appropriate
to particular questions and data sets and the level of quantification to be adopted. These decisions
have major implications for the efficiency of archaeobotanical work in the laboratory. The
advantages and disadvantages of pattern-séarching and problem-oriented approaches to analysis are
discussed. Archaeobotanists are increasingly addressing complex problems which demand multi-
variate analysis of large data sets. The potential of some approaches current in the rtelated field of
community ecology is surveyed. Examples are given of numerical applications in archaeobotanical
interpretation and some as yet underused approaches and techniques are highlighted.

1 INTRODUCTION

Numerical analysis permeates most aspects of
archaeobotany and ranges from the simple
presentation of numerical data to the use of
complex multivariate statistics. Clearly, archaeo-
botanists_consider numbers fundamental to the
interpretation of plant remains and it is now
rare indeed to find ‘a plant report which does
not present at least the botanical identifications
in some guantitative form.

This chapter is not intended as a ’recipe
book’ of statistical methods for archaeobot-
anists, but as a review of numerical analysis as
an aid to the interpretation of archaeobotanical
assemblages and of the implications of numeri-
cal analysis for archaeobotanical procedures.
Whatever the level of expert advice sought
from statisticians, archaeobotanists must be able
to identify the problems and potential of their
data in terms relevant to statistical analysis and
to interpret the results in terms relevant to
archaeobotany. Most of this chapter is, there-
fore, concerned with archaecbotanical, rather
than statistical, decisions. .These decisions can
exercise considerable influence on the outcome
of statistical analyses and also have a number
of practical implications for archaeobotanical
work in the field and laboratory.

Early attempts at quantification .emphasised
the assessment of economic or dietary impor-
tance. Whether based on the relative quantities
of different taxa in a site/period assemblage
(Helbaek 1952), on the percentage of samples
in which taxa were present (Hubbard 1975,
1980) or dominant (J. Renfrew cited in' C.
Renfrew 1972) or on estimated dietary value
(MacNeish 1967), the aim was to summarise
the ’importance’ of each taxon in terms of a
single figure. In each case, the unjustified as-
sumption’ was. made ' that numerical - values
somehow reflect importarce.

Instead, it™is clearly necessary to make a
qualitative distinction between taxa: that were
selected for use and those represented as dis-
carded refuse etc. It is often assumed that
species used in the recent past were also used
in the more distant past, but perceived value
and usage may change through time (M. Jones
1981, 1988). Dennell (1976, 1978) makes the
more  justified assumption  that evidence for
processing and storage constitutes evidence of
use (lack of evidence providing no information
either way). This qualitative approach, however,
rests on numerical analysis, because the criteria
for identifying state of processing and storage
are partly quantitative.

Early attempts at quantification failed partly




because they confused description (counting
things) with interpretation (assessing = impor-
tance). Once the unattainable goal of assigning
a numerical value to the importance of taxa
has been dismissed, numerical analyses are
freed to address other, more answerable ques-
tions, to which end numerical description is the
first step (see also Kadane 1988). The organisa-
tion of this chapter makes a clear distinction
between numerical description and interpreta-
tion which is absent from much of the archaeo-
botanical literature on quantification.

Section 2, therefore, deals with numerical
description, in particular with the type of data
and level of quantification. Section 3 discusses
the treatment of archaeobotanical data prior to
analysis, including data selection and reduction,
and problems of standardisation and transfor-
mation. Section 4 considers some of the differ-
ent types of statistical analysis available (e.g.
pattern-searching vs. problem-oriented, classifi-
cation vs. ordination) and explores the potential
for archaeobotanical interpretation of a range
of techniques used in the related field of com-
munity ecology.

2 NUMERICAL DESCRIPTION

In archaeobotany, the purpose of numerical
description is as a basis for the inference of
past human behaviour (or occasionally for
environmental reconstruction if . natural seed
rain can be isolated in non-charred assem-
blages). It is desirable, therefore, to choose for
description 'a unit which results” from a single
human activity: one might call this unit the
‘unit of analysis’ and the activity described a
’behavioural episode’. Description at the level
of the site or phase conflates the results of
numerous different activities and so loses sight
of the purpose of description, yet many ar-
chaeobotanical reports still offer descriptions at
this level only,

A frequently chosen unit of analysis is the
archaeobotanical sample and this, if restricted
to a defined archaeological context, stands a
relatively good chance of representing a single
behavioural (or at least depositional). episode,
It is often desirable, however, to sample the
same context several times (in the hope of
isolating separate behavioural . episodes), even
though these samples may ultimately prove to
be of common behavioural origin. Conversely,
plant remains in some contexts may be of such
mixed origin that separate episodes cannot be
distinguished by even the most detailed. sam-
pling (Hubbard 1976). In the former case, the

same episode may be described. several times,
whereas in the latter the description may have
little meaning because the sample is so hetero-
geneous, but this does not pose a sericus prob-
lem until we move from sample description to
interpretation of the assemblage (below, section
3.1).

Having defined the unit of analysis, consider-
ation must be given to the choice of descriptive
variables and the jevel of quantitative detail
required. The mobt fundamental and widely
used set of variables is the botanical composi-
tion.

2.1 Botanical composition

2.1.1 Semi-quantitative description:
presence/absence

At the most basic level, taxa and plant parts
may be recorded as either present or absent.
This is the basis for Hubbard’s presence analy-
sis (Hubbard 1975, 1980), which ‘is based on
the concept of ’frequency’ used in community
ecology (e.g. Greig-Smith 1983; Kershaw &
Looney 1985), and the same method is dis-
cussed by Kroll (1983) and Popper (1988)
respectively under the titles of ’constancy’ and
‘ubiquity’. These authors summarise site/period
assemblages (above, section 1), but presence/
absence data can also be analysed on a sample
by sample basis (e.g. Lange 1990).

A problem emphasised in the ecological liter-
ature is that presence/absence data are reliable
only for samples (e.g. quadrats) of equal size
since the larger the sample, the greater the
chance of a taxon being present (Kershaw &
Looney 1985). Not only are archaeobotanical
samples often of varying size, but standardisa-
tion of samples. by volume or weight of deposit
does not solve the problem (below, section
3.1). Similar problems of reliability exist for
more quantitative data (Orton cited in G. Jones
et al, 1990), but to a lesser extent because
chance presences or absences contribute rela-
tively little to overall sample composition. Thus
Lange (1990) found that the analysis of species
composition was sensitive’ to the number of
species in each sample (and so to sample vol-
ume) in the case of presence/absence data but
not with fully-quantitative data.

In archaeobotany, there is the additional and
common problem of pre- or post-depositional
admixture from other behavioural episodes.
Such contamination. is particularly problematic
for presence/absence data and correspondingly
less so for fully quantitative data where small-
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2.1.2 Semi-quantitative description:
scales of -abundance

A second level of semi-quantitative description
involves recording of each taxon or plant part
on a coarse scale of abundance  (Hall et al.
1990).: A ‘major: advantage  of: this” method is
that it permits rapid ’scanning’ of samples (Toll
1988;" Hall et al. 1990), thus saving valuable
time and allowing some consideration of ‘unpro-
ductive samples which might otherwise be left
unstudied. Thus: this form:of semi-quantitative
description - provides.: a - simple’ but ' efficient
means of

(1) recording ‘plant material (e.g. ‘cereal bran,
leaf,” stem' and root  fragments) not  easily
‘counted’;

(2)+ dealing” with large numbers  of be-
haviourally mixed samples, and

(3) selecting- samples for detailed examina-
tion:

For “example, urban: 'deposits. at York have
produced large numbers of samples, but many
areof mixed origin. Extensive scanning has
provided a picture-of the ’background flora™ of
ruderal plants growing naturally in the’ town
and enabled routine identification: of - cess de-
posits (indicated by ‘concentrations of cereal
bran - Hall et al. 1983).

For'rather different reasons, a' similar method
is employed in the study of storeroom deposits
at Assiros. ' Here, large deposits "of charred
grain have been found; resulting from the de-
struction - of - storerooms: by fire. In some  in-
stances - the grain “was still: contained within
storage “jars and: other facilities, but elsewhere
the grain-had been spilt and partly mixed with
material from adjacent containers. Hundreds of
samples have been .collected with the aim: of
identifying  the ' minimum' number of - separate
storage- entities  represented. Rapid ‘scanning of
every sample is-used-in conjunction with strat-
igraphic and spatial ‘information ‘to' 'map” the
distribution of plant materials. Where mixing is
relatively slight, those  samples which = 'most
nearly ‘represent the original contents :0f ‘each
container can be selected for detailed analysis.
At the same time, more mixed areas are ident-
ified which require - fully-quantitative: - mapping
for resolution (below, section 4.3.5).

Popper (1988) uses a similar semi-quantitative
method, termed ’ranking’, but with ‘rather dif-
ferent ‘aims. Whereas Hall's method is" essen-
tially~ descriptive,” no " attempt ‘being ‘made  to

compensate. for differential* seed production -or
survival, Popper’s' ‘method adjusts: scales  of
abundance ‘to take account of:-the expected
seed production and. preservation potential ~of
each taxon or plant part. Thus Popper again
confounds " description © and - interpretation,
whereas: Hall leaves the problem of intérpreta-
tion 'to-a later stage.- Moreover, since. Popper’s
method of ranking-is based on-absolute" cotints
rather than scanning data, it lacks the labour-
saving advantage of Hall’s approach.

2.1.3 Fully-quantitative description

A fully-quantitative  description’ of each sample
requires a standardised 'way of counting plant
fragments. In-other words, it is mnecessary to
choose a ’unit of observation’.:Simple counts: of
all plant fragments ‘are clearly. flawed (though
commonplace), as these are so. influenced by
variable fragmentation.’ Moreover, while degree
of fragmentation may be of “interest in’its' own
right (below,. section 2.2), the recording of this
information - should ‘not be confused:with the
basic quantitative ‘description of taxa and plant
parts.

Similar. problems have. been widely considered
in-archaeozoology, where simple counts of bone
fragments have been ' heavily ‘criticised because
fragmentation, *retrievability -.and " identifiability
are 'so variable. The popular alternative, how-
ever, of reducing bone fragment counts to an
estimate. of the: minimum’ number of ‘individuals
represented,” suffers. from: the serious drawback
that different. carcass parts are of very different
utility; such that carcass parts rather than whole
animals are often the most logical basic unit of
analysis. In: archaeobotany, estimation of ‘mini-
mum’ numbers of individuals - suffers from the
additional ‘problem' that the number’ of seeds,
glumes etc. per plant is not standard in the way
that the number of bones per-animal usually is.
Estimates ' of  the minimum number of plants
represented-have been used but only in the
context' of reconstructing - dietary - importance
through the use of dietary equivalents: (Mac-
Neish1967).

At the level of  description; ‘the most useful
standardised method of counting plant  frag-
ments  is-in - terms of ‘minimum numbers’ of
plant parts (i.e. the smallest unit of behavioural
relevance), and this -is probably best achieved
by a‘'method akin to that of ’diagnostic zones’
in archaeozoology  (Watson = 1979): - for. ‘each

‘plant part, a feature 'is selected for" counting

which (a) survives well- archaeologically, (b):is
unambiguously defined ‘and “(c):is" accurately




identifiable. . To take the cereal plant: as an
example, embryo tips might be counted to
represent grain and, in the case of glume
wheats, the bases of the glumes and the culm
nodes -would Tepresent  chaff (rachis; glume,
lemma. etc.) and straw respectively; in: the case
of free. threshing cereals, the relatively. flimsy
glume: ‘bases would be: replaced by the ‘more
durable rachis nodes (G. Jones 1988).

2.2 Other quantitative measures

As well as botanical composition, a number of
other characteristics of archaeobotanical sam-
ples. can.be recorded numerically. For instance,
some measure of the quantity of botanical
remains relative to the. amount of sediment
processed may: be useful. This can be recorded
in terms of numbers of items (e.g. seeds) per
unit volume or weight- of sail or,: especially
where large quantities of plant macrofossils ‘are
concerned, in- terms of volume or weight of
plant. material per unit of soil. There are cer-
" tain advantages to using volume . of soil rather
than weight.. First, volume can- be more easily
measured on site and, secondly, it provides
'some. means of relating. the volume. processed
to the total volume of the deposit. (Green
1979). It has been argued (e.g. Green 1979)
that a standard weight or volume of soil should
be processed, but this is unnecessary provided
the quantity: of soil processed. is recorded. In-
deed, since density. of plant remains can vary
greatly, it is often necessary to process different
quantities of deposit in. order to obtain the
quantities of plant. desirable - for - numerical
analyses.

Density partly reflects rate of deposition and
so. can help to distinguish material discarded all
at once from that discarded. piecemeal over a
period of time and mixed: with other refuse
(below, section 4.3). Where dung .is the pre-
dominant fuel, density of charred seed may: also
indicate -levels of fuel use and thus contribute
to . the - identification - of seasonal strata in a
refuse deposit (Miller 1988).

The diversity of a sample may also: be de-
scribed .in a number of ways, all involving the
relationship between numbers of species: and
numbers- of seeds. Thus, samples: with- high
diversity have many species of even abundance
or. represented by few seeds and-those with low
diversity have few species of uneven abundance
or. represented by -many. seeds. The  simplest
expression of diversity is the ratio of number of
species to' number of seeds, but-this index is
very influenced by sample size in that larger

samples. do not have - correspondingly larger
numbers of species. Alternative . measures of
diversity have been applied to archaeobotanical
data by Lange (1990) and Pearsall (1983) with
the aim of comparing-diversity between phases
(and, in the former  case, -between feature
types). Whereas Pearsall calculated a single
diversity . index - (the: Shannon  index) for: each
phase, Lange used the mean index (Fischer’s a)
of the individual samples from each phase or
feature - type.- Pearsall showed -that “diversity
could be linked to other measures: of occupa-
tion - intensity, while Lange noted  increasing
diversity through time.

One problem with diversity indices is that
samples with few species with even abundances
can produce the same index as many species
with uneven abundances. For this. reason,
Lange broke down the Shannon index into its
constituent parts - number of species and even-
ness of abundance, showing that, while even-
ness increased through time; the  number of
species was more related to the volume of the
samples.. This effect could be even more
marked for diversity calculated at the assem-
blage level (e.g. by phase), where numbers of
samples as well as:sample sizes could vary:

Also - useful in the “description- of charred
remains, at least; is some measure of degree of
distortion and state- of preservation. Hubbard
and al Azm- (1990) have: devised - numerical
scales for recording the preservation and distor-
tion of cereal grains, which can be applied at
the level of the sample or. of the individual
grain, depending on the homogeneity of the
sample. The importance of recording preserva-
tion and. distortion separately .for charred re-
mains is rightly emphasised. by Hubbard and al
Azm on the grounds that the two result from
different taphonomic = processes.:-Distortion  is
the result of charring, the effects of which vary
according to the severity of the charring condi-
tions . {temperature, supply of oxygen etc. -
Boardman .& Jones 1990) and' ripeness/dryness
of the. grain. Preservation is largely related to
post-charring. conditions both before and after
burial - in particular. to-mechanical damage and
the effects of wetting and drying.

These variables may be: used both'as a means
of - identifying - circumstances of - charring - and
deposition. (below, .section 4.3) and as an-index
of the biases introduced by these  processes
(Boardman & Jones $1990). In-addition, the
roasting of milk-ripe  grain-: (friké) - may- be
recognisable from the state of distortion (Hub-
bard & al Azm 1990).

Another * characteristic which ‘could® be. re-
corded: numerically for- each sample is: degree
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of fragmentation. This could: help identify such
forms of processing as the pressing of: olives. for
oil (Kyllo- 1982), - the pounding of: wheat to
make ‘bulgur’ (Hillman -1984a) . or ‘the- coarse
grinding of pulses to remove the testa and. split
the seed (e.g. in the manufacture of ’fava’ or
split-peas’ - Halstead: & Jones 1989). Sample
density, preservation and. distortion, and: degree
of fragmentation by no means -exhaust the
range - of -variables: which could. usefully be re-
corded in the context of particular questions. It
is impossible, however,-to predict the full range
of characteristics which might prove useful and
it is-unrealistic to:record all these in every
situation.

3 DATA PREPARATION

Moving from sample description to the inter-
pretation of assemblages, some basic decisions
must first be made about the form in which the
data are -used for statistical analysis. - First,
which - variables - should be included? This will
depend partly on the questions posed, the basic
approach adopted (below, section 4.1) and the
type of scale on which each variable is meas-
ured, ie. whether- nominal (e.g. method of
preservation -:by charring, waterlogging etc.),
ordinal (e.g. degree of preservation and distor-
tion) or. interval/ratio :(e.g. - sample - density).
Even for the most widely used body of data,
botanical composition, certain decisions must be
made and these are discussed next. It is worth
noting that these decisions can have a greater
effect on the results obtained than does the
choice of statistical technique (Gauch 1982).

3.1 Data reduction

Ideally, each behavioural - episode  should - be
represented only once (Hubbard 1980) to avoid
the risk of patterns: being created by multiple
sampling of the same: episode or statistical tests
being unreliable - because - extra - significance . is
given-to events: represented- by many samples.
To minimise this risk, samples not distinguish-
able in terms of. stratigraphy- or composition
should not be. treated:as independent units of
analysis.

Once - duplicate samples have been amalga-
mated - (on paper), there are:advantages . to
selecting for statistical: analysis only the larger
of the resulting composite samples, since small
samples -may be unrepresentative and erratic in
their composition: ‘These samples are likely- to
create: ‘noise’ and obscure any pattern in the

data: One strategy is to analyse small samples
but ta:dismiss their results where: they: do not
fit. the general pattern: Lange (1990), for ex-
ample,- excluded samples containing few: species
after they had been-shown to be: outliers in a
correspondence- analysis.- Since these:small sam-
ples then contribute nothing to the. final- analy-
sis; however, it:would be advantageous: to ex-
clude: them: from the outset:so..that counting,
coding and:inputting of the data are avoided. If
large: numbers of -samples are: involved,- con-
siderable- time - may: be: saved -in ‘this way. The
exclusion of small samples from- statistical ana-
lyses - does’ not, of course, - preclude - the: re-
cording of taxa not found in the larger samples.

It is more: difficult to decide the threshold (in
terms of . quantity of: plant: data) at which a
sample should be included in:analyses. Lange
(1990) compared-a plot of number of species
(square root transformed - section. 3.3) against
fraction: of samples to the:theoretical: normal
distribution - and - excluded- samples: : containing
too few species: (three or-less). to:make a rea-
sonable fit to normal..In general; these samples
were also the smallest in numbers -of ‘seeds.
Unfortunately, this method again -involves: de-
tailed investigation ‘of -samples which: are. ulti-
mately not used in analysis.

Alternatively, Fasham and Monk (1978)- esti-
mated required sample size by successive sub-
sampling of large (pit) deposits. They took, as
a measure of adequate size, the point at which
fluctuations in the presence of different species,
due. to-the-. addition of new subsamples, . fell
below: 12%. Sample size was measured in terms
of volume. of deposit. (not number of - plant
items) and they- expressed their result in terms
of the percentage rather than absolute quantity
of deposit needed.

Varying rates of deposition result in- very
different quantities of remains per unit-of de-
posit, however, and normally it is the quantities
of taxa and plant parts (rather than volume of
deposit) that are of interest. Van der Veen and
Fieller (1982) have calculated: the: number of
items required to estimate relative quantities at
different:levels of accuracy. and confidence,-for
different sizes- of parent population (expected
numbers of items in a: deposit) -and for: dif-
ferent degrees of compositional heterogeneity.
With: increasing size - of parent -population,the
fraction required decreases,. such:-that ca. 400-
500 items would:always.provide an:estimate:ac-
curate :to. 5% at 95-98%: confidence. Where
this- figure. is unattainably high; samples: of; say,
100 (or:even 50)-items could be used, provided
note . is taken of- the. resulting loss-of : accuracy
(see for example M. -Jones 1979; G. Jones




1987;.. Orton, cited in G. Jones et al.:1990).
Whatever  the level - chosen; -this -approach has
the advantage that a decision is made before
too: much- laboratory: time: has: been :spent on
material-of dubious statistical worth.

As well:as selecting samples- for analysis;. it is
also.advantageous to-beselective ‘of ‘taxa and
plant parts. The: inclusion-of tare taxa-can lead
to: noise which ‘may obscure patterns -in- the
data(Gauch :1982) or even:lead  to. misclassi-
fication - of ~samples: Hillman: (1984b); for ex-
ample; potes that the presence of two seeds of
a-particular: species resulted in the isolation of
some:samples. as a separate. group. The: counter
argument -is. that' ecological “’indicator” species,
though uniquely informative; are often present
at - low frequencies. This is undoubtedly true
when dealing with: live stands of vegetation, but
in archaeological samples such indicator species
can only ‘be distinguished from rare occurrences
attributable ‘to minor, pre- or post-depositional
contamination- on:the basis of regular associa-
tion. The recognition of such association-is only
possible -if ‘the: potential ' indicator species is
present in more: than one or two samples.

One solutionto the problem of rarities is:to
group:: taxa “into - classes sharing-‘a“ "common
relationship with any -‘given: human: activity"
(Hillman: 1984b);- thus: placing less emniphasis on
the isolated occurrence of a' single taxon. Fewer
taxa are removed in this way and less potential
information:is lost. - particularly advantageous
for ’patchy’ data sets in which-most species are
only ‘present ‘in a- féw samples.. On ‘the other
hand, ‘the time 'saved by: early: elimination’ of
rare taxa can be vast if:a large proportion of
the taxa on-a site is present-in very few sam-
ples and, because: of their rarity, represented
only by badly preserved specimens which: are
difficult to:identify. ‘Time thus saved can be
used- to:study: larger' numbers: of -samples,” to
identify - crucial specimens. by: time-consuming
techniques “such - as:"surface-scanning . electron
microscopy: or - to- collect: much-needed ecologi-
cal ‘data.: Early elimination of rare taxa is-not,
therefore; a question of “cutting corners’, but a
choice: - between - alternative " archaeobotanical
priorities. The: onus is:on the investigator:to
establish that :the: study of rare taxa makes. a
significant” contribution to the analysis.

Whether: applied to individual: taxa  or groups
of ‘taxa, criteria for inclusion have -to:be: deter-
mined. ‘Lange (1990) excluded species on. the
basis of the total number of seeds. in: the as-
semblage ‘(species with- less: than:11 seeds were
excluded). < Given the potential of indicator
species,® however, it:may be better to exclude
species, not on’ the basis: of ‘their:contribution

to. individual samples (since indicators are:often
present at low -levels), but-of: the: number of
samplesin which: they occur. Presence in 5%
or 10% of samples has:often been used as. the
minimum in_ecological studies (see for example
Gauch 1982;. Lange: 1990).: A cut-off  level . of
10% - of samples was:.tested on ethnographic
material from Amorgos:and: proved more. than
adequate for :most questions.” Indeed; for the
identification .of .crop. ‘processing: products: and
by-products, a cut-off: level of 40% gave results
which were nearly as accurate-as one of :5-10%
(G. Jones 1984).  Different -cut-off -levels- are
appropriate -for ‘different data sets (depending
on their diversity) and questions. Also, a cut-off
level based on the absolute number of samples
may be more appropriate than one based on
the relative number.

It has also been suggested (Hillman 1984b)
that only components which-are conspicuously
abundant under: one set. of conditions (e.g. in
one -type of -crop:processing. by-product) and
relatively rare under all others (e.g. in-all other
by-products) - should - be. included: in -analyses.
Such -elimination. is . not 'necessary -and may
result in the ‘loss of valuable information:  For
example, one class of material may-be: abun-
dant in"two types of crop processing by-product
which can nevertheless be' distinguished: on- the
basis of a:second class of material, even though
this is- shared with: a- third: type of by-product.
Such polythetic: classification: can be very useful
(Clarke 1968) and is easilyachieved -through
multivariate statistics.

3.2 Standardisation

It is most straightforward to use ’raw’ data
which, in the case of botanical composition,
means counts of plant items. A common prob-
lem with' this. approach is- that; if one category
of samples has a much larger number: of. items
per sample than: other: categories, it may be
distinguished..on this basis-alone.:For example,
ethnographic . samples . of crop processing - by-
products can: be- distinguished on'the basis of
their. weed seed:content: (below, section:4.3).
Although an attempt was:made to: standardise
the: number of weed seeds in- each sample. (ca
300 - larger numbers would have been imprac-
ticable for-most samples), the weeds in coarse
sieving . by-products were ‘mostly.«in ’heads’:and
50 it was necessary-to: collect far more than-300
seeds  to: ensure a. representative :number: of
heads. In a discriminant:analysis using. simple
weed: counts, the. coarse: sieve by-products were
easily distinguished, but this was largely due to
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the-greater sample size: artificially dividing the
coarse sieving counts by:three, to-make ‘them
roughly: comparable: in size ‘to* the other sam-
ples;: greatly reduced: the ability“of the: tech-
nique to discriminate: this type of by-product.
Clearly the. original - discrimination:was - based
not so much-on the types as on the absolute
quantity of weed seed; and this was simply an
artefact-of the method of sampling.

Green: (1982): has argued- for -a- contextual
standardisation: in' the form of:’seed concentra-
tion analysis’ which: expresses each: taxon as the
number of seeds: per unit: volume of deposit.
While: density of plant' material ‘may illuminate
rate. of: deposition (above, section-2:2), inter-
pretation is': far- easier if sample composition
and sample density are not-conflated.

Assessment  of sample: composition is usually
concerned: (except for indicator species, for
which . presence/absence  information may be
useful): with-relative quantities of: taxa or plant
parts:: e.g.if - light -weed ‘seeds predominate, ‘a
winnowing - by-product: - is -indicated: - Composi-
tional standardisation: may,: therefore; be more
appropriate. - Relative. quantities: can ' be- ex-
pressed in terms- of proportions or percentages;
but with the drawback' that anincrease in° one
species always results. in+a 'decrease- of: all
others, ‘and: one taxon: present :in- very large
numbers - may obscure the: relative proportions
of - the -others:. This: problem is relatively- slight
for -samples with large: numbers. of taxa, but
worse: - for: very small numbers.. Alternatively,
pairs: of variables (e.g.- taxa' or ‘groups of:taxa)
can be directly compared as ratios specifically
to address: certain. questions. A disadvantage of
proportions; - percentages - and --ratios s that
(unlike: raw: data) these’composite’. variables
(Miller-1988). involve: treating - counts: -of - dif-
ferent - plant. parts or-- species * (perhaps- with

different seed- productivity: etc.) as. equivalent.,

Clearly, the form in  which data should be ana-
lysed- depends: on. the nature of the data, the
questions - posed and the: statistical methods
used. Miller (1988) discusses some of the: ques-
tions for-which percentages or ratios have been
considered: particularly appropriate.

3.3 Transformation

As: a rule; neither raw::counts of items  nor
percentages - are -normally: distributed: - (i - the
statistical sense):. they ‘are- usually. positively
skewed: (oftenheavily ' s0), ' with- many- samples
having few items of a particular-type-and few
samples ~ having~ many - items. Many statistical
procedures ~ assume a normal : or-.near-normal

distribution and' this is most crucial when tests
of -significance - are- used,  though “misleading
results ‘may-be obtained even when description
or -dataexploration:‘is the main-aim (Jongman
et-al 1987).:For some  procedures - that do not
assume ‘normality; “it-may " still be desirable'to
give “less -weight - to - dominant species” if  such
dominance “is* likely to be ‘the result of chance
events (e.g. when a single plant growing next to
the* sampling - site: produces - an’ exceptionally
high count for that species). It is often appro-
priate; therefore, ‘to transform the data in a
way which reduces the effect of high counts
and/or ‘makes- the: data’ more normally - distrib-
uted. This = is <'usually’ achieved:+using square
roots or:logarithms.

The  square “root: transformation of- ethno-
graphic- data from Amorgos and-archaeobotani-
cal -data from Assiros (G. Jones: 1984, 1987)
reduced the skewness for all taxa, but many
distributions  were still far from normal. Lange
(1990) - used: both square roots and logarithms
to - transform his data - with -apparently little
difference in the result.

4 STATISTICAL ANALYSIS
4.1 Archaeobotany and community ecology

The - questions posed inarchaeobotany-and the
problems “encountered- have ‘much “in” common
with those of community ecology, a field :in
which: statistical -analysis’ has* been more widely
applied, “but - there are- also important “differ-
ences. These will be discussed in terms first of
the types-of interpretation’ sought and then of
the implications for: analysis.

4.1.1 Interpretation

There is' considerable overlap between archaeo-
botany and:: community: ecology; “in - that -the
former: is ‘frequently .concerned with vegetation
under human management, while the latter can
provide  information -on ‘the’ types - of ‘natural
vegetation exploited.: Archaeobotanical® inter-
pretation, ‘however, -emphasises past” human
activity, if only'because” samples “derived- from
marn-made contexts are most likely to shed light
on-this aspect-of the past,'whereas community
ecology is: ' more “concerned with vegetation. per
se. Moreover, community ecology -is exclusively
concerned with “'growing vegetation - (and" the
effects thereon of the mnatural ‘and cultural
environment), - whereas:: archaeobotany” also
encompasses. the' subsequent™ effects “of ‘human




manipulation . (e.g. harvesting, food processing,
discard) and: of ‘natural’ depositional and. post-
depositional: processes. . In. particular, in:com-
munity. -ecology, spatial variation - is -integrally
related to ecological variation in growing condi-
tions, whereas: in archaeobotany it is usually
related to the final human manipulation..of - the
plants (i.e. discard) and is. only. likely to.reflect
ecological. (among . other) differences. -when
recorded at a regional: level (e.g. Willerding
1980a).

Indeed, a characteristic of archaeobotanical
research is concern with temporal and spatial
variation, - such- that . interpretation operates at
two_levels. Time trends or differences between
feature types are meaningless if they cannot be
interpreted in-.terms: of past: human  activities.
On the other hand, behavioural differences that
are. independent. of time or space do not:con-
tribute much-to our understanding of the past.
Indeed, while appropriate  scales can-only be
defined.. in -relation. to specific questions, the
most interesting questions tend to be those
posed on a large temporal or spatial scale (M.
Jones 1985), demanding a large ’unit of inter-
pretation’.

4.1.2 . Analysis

There . are two basic - approaches - to _statistical
analysis: which may be termed. ’pattern: search-
ing’ and ’problem-oriented analysis’. In archaeo-
botany, - pattern. searching starts with counts of
individual . taxa, plant parts etc. (possibly- stan-
dardised. and/or transformed) and uses statisti-
cal .techniques: to. group samples.or: to- identify
major axes of variation on. the basis of botani-
cal composition. These ’patterns’ can then be
interpreted in terms of behavioural or ecologi-
cal relevance.

An advantage of this essentially inductive
approach is- that, by not . predetermining . the
questions asked. of the data, it: allows  unex-
pected patterns to-emerge, so leadingto:inter-
pretations not foreseen by. the analyst.. On the
other hand, as. applied. to date, the pattern-
searching approach only uses counts of individ-
val- plant . taxa; implicitly excluding variables
such. as--density of-plant material, . preservation
and-distortion,-even. though these. might make a
valuable - contribution - .to the analysis.. In: any
case, -there . will: always. be- some - potentially
informative variables: beyond the imagination of
the analyst - and, -in - this. respect; . pure - pattern
searching is:illusory.

In community ecology, pattern-searching- ap-
proaches: -are - termed- .classification, . where. the

aim .is.to identify discrete groups. of: composi-
tionally - similar . samples, .or.-indirect. gradient
analysis,  where samples are. arranged: in:order
according to -:their - compositional :. similarity
(Whittaker 1973). In statistical-terms, classifica-
tion-is achieved: by various :methods. of cluster
analysis (e.g. average link, Ward’s method and
the program TWINSPAN) and:indirect gradient
analysis by various . ordination -techniques: (e.g.
correspondence analysis or reciprocal averaging,
principal. components -analysis and- multidimen-
sional- scaling’ - Jongman - et -al. 1987). At .a
simpler level, correlation - coefficients can: be
used to explore.the relationship between: pairs
of variables. Cluster -analysis and ordination
operate (primarily): on compositional data: and
so can be easily applied in archaeobotany:

The alternative, . problem-oriented - analysis,
begins with a - specific question..and uses: the
data to address this. In community. ecology,. this
takes its most extreme form in- direct gradient
analysis - where samples are arranged- in:se-
quence  along - a - known gradient . (Whittaker
1973). Regression analysis is particularly suited
to direct gradient analysis; the reverse; whereby
a- particular gradient is inferred from composi-
tional data, can be tackled with a variety of
‘calibration’ . -methods - including inverse regres-
sion. and weighted - averages (Jongman .et: al
1987). Analysis ‘of variance and t-tests are ap-
propriate when samples can:be grouped into'a
small- number - of: ’classes’. These are: overtly
deductive- approaches: In an- archaeological
context, direct gradient analysis:is only possible
against a temporal or spatial (e.g. contextual)
gradient, since the behavioural gradients which
may underlie such trends. are unknown. Calibra-
tion, on the other hand, could be used to infer
behavioural gradients from compositional data.

Somewhat intermediate between:-direct - and
indirect gradient. analysis -is- canonical - ordina-
tion, which- detects: patterns in. compositional
variation that can be: explained. best by known
gradients. Techniques-include canonical corre-
spondence - analysis, - redundancy * analysis (the
canonical .version of principal  components ana-
lysis) or, when: samples can:be:grouped-into-a
small - number of classes,: discriminant analysis
(canonical variates analysis). Again, canonical
ordination requires a known: gradient (or:gradi-
ents) which, in a purely archaeological context,
must be-either temporal: or spatial: Alternative-
ly; . present-day. samples - (generated : by: known
activities) can:-be used:as a control to:which
archaeological samples of -unknown behavioural
origin are compared. :

Another -middle-path is to-select:or-create
variables . appropriateto a particular: question
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(preferably based on knowledge of the relevant
variation in present-day samples - e.g. Hillman
1984b) ~and to use these ’problem-oriented’
variables in essentially ’pattern-searching’ statis-
tical analyses. This may involve the construction
of ’composite’ variables (below, sections 4.3.2,
4.3.3) which can be a problem if heterogeneous
material is involved (above, section 3.2).

The fact that interpretation is built into prob-
lem-oriented analysis can be an advantage and
a disadvantage. Lange (1990) argues persuasive-
ly for the pattern-searching approach when he
says that groupings of archaeobotanical remains
should not-be based on "notions of the investi-
gator”. He points out that the botanical con-
tents of an archaeological feature may be unre-
lated to the nature or age of the feature. Simi-
larly, behavioural (or ecological) groupings of
species’ are inevitably based on *present-day
observations and the assumption that these
responses have not changed through time may
be unjustified in many cases. Moreover, the
responses of many species are fairly catholic,
embracing a range of different conditions. The
grouping of samples .or species in_this. way is
seen as.a "premature form of interpretation”
(Lange 1990).

On the other hand, patterns in the data are
predicted . in advance with a problem-oriented
approach and, if such patterns emerge, then a
likely. interpretation. is that proposed. in the
originalhypothesis or. model. Such analyses are,
therefore, as good (or bad) as the quality of
the original. model, i.e. the appropriateness. of
the original groupings or. gradients, of modern
"control’ samples and/or of .the variables se-
lected. Because. their use is heuristic, however;
inappropriate. models are more likely to. result
in a failure to interpret patterns:in the ar-
chaeobotanical data than in misinterpretations.
The problem-oriented approach is rather less
subjective than. pattern. searching, since it is
almost always possible to interpret an observed
pattern. in.an ad hoc fashion, but predicting a
pattern. to: which data: must. be matched is a
more’ exacting. task.

Further - advantages : of . problem-oriented . ana-
lysis are noted by Hillman. (1984b). First; many
taxa (or plant parts) are.represented. in few
samples and. only by grouping them into classes
according -to.. their ecological or: behavioural
significance can reliable associations be recog-
nised. Secondly, ratios of different classes may
be indicative of certain conditions. which might
otherwise be masked by the mass of raw data.
Thirdly; spatial: andtemporal variation may: be
dealt . with- in -succession, thus. eliminating: the
effects of  the: .one 'in order to consider -the

other.

Likewise, it is desirable to allow for the ef-
fects of crop processing and discard before
using samples to address more fundamental
questions such as methods of crop cultivation
or patterns of consumption (Dennell 1972;
Hillman 1984b; G. Jones 1984, 1987). With the
pattern-searching approach, on the other hand,
all sources of variability are explored simul-
taneously, with' the risk that the results of crop
processing or discard may obscure (or be misin-
terpreted as) evidence for more interesting
aspects of human behaviour.

The issues raised in the preceding discussion
are illustrated in some applications of numeri-
cal analysis to archaeobotanical data (below,
section 4.3) after a brief discussion of some of
the statistical techniques used.

4.2 Statistical techniques

No attempt is made here to explain the mathe-
matics underlying the statistical procedures used
by. various investigators. Such explanations fall
outside the scope. of this chapter and are, in
any case, not necessary for understanding the
aims and results of the analyses which follow. It
may. be helpful, however, to draw attention to
some general points.

For interpretive purposes, a distinction can. be
made between: ’explanatory’ and ‘response’
variables. In community ecology, these would
be the ’environmental’ variables (natural and
human) and the species (abundances or pres-
ences) . respectively. - In’ archaeobotany, where
the data set is the archaeological assemblage,
the range of explanatory variables can-be ex-
panded to include: actions:: performed on  har-
vested - plants, - depositional/post-depositional
processes andtime/space trends.. Likewise; the
range of response variables: may  include ' the
different parts of plants (relevant to: proces-
sing), the density of remains, their preservation
and: distortion . (relevant:- to deposition/post-
deposition) and so on:

It is: usually desirable to treat explanatory and
response ‘variables: differently in statistical’ ana-
lyses.  In -regression = analysis, for - example,  a
distinction is made between independent (ex-
planatory) and:dependent (response) variables.
Canonical ordination techniques also distinguish
the - two “types ~of - variables. Ordination and
cluster - analysis deal “with response variables
only.  Several:procedures extract composite
variables (gradients) which ‘may be combina-
tions" of ‘the explanatory :variables, as: in™mul-
tiple regression,: ortheoretical gradients: based
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Fig. 1. Correspondence  analysis* of “archaeobotanical samples’ from De Horden. Samples are
represented by symbols indicating (a) main feature type (b) main period (after Lange 1990).

on the response - variables, as in ordination.
These composite gradients: are variously " re-
ferred ‘to''as ordination axes (for ordination
generally), ‘principal -‘components,  discriminant
functions - etc., - depending on: the particular
technique- used. In+each case, the gradients
serve to identify major-trends in:the data.

Another difference betweentechniques: is- in
thenumber ‘of variables-that can be analysed
simultaneously. For example; regression analysis
handles one response: variable at- a. time: with
one- or (with -multiple regression) several ex-
planatory variables.: Cluster analysis, ordination
and canonical ordination, on-the:other hand,
are capable of analysing many response: varia-
bles simultaneously and the last also analyses
one: to-several explanatory variables.: The num-
ber of composite gradients - constructed also
varies, multiple regression:having one -and the
ordination: techniques- several: . The - differences
between:- and :relative ‘merits. of different: statisti-
cal: techniques, . as.-they relate. to: community
ecology, are-discussed- elsewhere (e.g. Jongman
et:al. 1987).

A distinction- should also -be made. -between
data -exploration -and . tests: of statistical -signif-
icance.. The former serves to summarise data or
to-identify- patterns, while: the latter state- the
probability. that: observed -patterns -are" due-. to
chance: factors. alone. (i.e. sampling variability).

Statistical testing, in particular, is based ‘on the
assumption that samples were selected random-
ly (Shennan 1988; see also M. Jornes, this vol-
ume). Different statistical - procedures *place
varying ‘emphasis on these two-aspects-of statis-
tics, with - statistical testing playing a major role
in“univariate” and bivariate analyses’ (e.g.” anal-
ysis of variance ‘and regression analysis) but a
subsidiary ‘role ‘to data exploration in multi-
variate® analyses (e.g. ordination and classifica-
tion):(Gauch 1982).

4.3 Applications: in archaeobotany

Methodologically, Old and New. World:archaeo-
botanists have developed: parallel ‘solutions to-a
number of common problems and: New World
archaecbotany has, - therefore, ‘featured “in- the
preceding  discussions. “In - line: with: the - geo-
graphical focus:of - this- volume, : however, - this
section on applications: of numerical- analysis - is
restricted to Old World archaeobotany.

4.3.1" Pattern searching
Lange - (1990) used - the ordination . technique;

correspondence: analysis; to. explore archaecbo-
tanical data from.Late Iron -Age and Roman
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De Horden, the Netherlands. His-analysis' was
based ‘on species abundances (i.e. response or
‘intrinsic’. variables) and- the plot of- the first
two - ordination axes revealed a fairly . homoge-
neous ‘cloud’ of samples and species: points. To
examine visually the effects of ’‘extrinsic’ ‘vari-
ables on the ordination, he replaced first the
sample points and then the species points in
his ordination diagram-by symbols representing
each of these variables in turn.

Replacing sample. points-first with volume: of
sample; then with number of species and finally
with: evenness - of * species . distribution (above,
section 2.2) revealed no clear ordering or clus-
tering -of ‘these variables, rindicating. that the
ordination:is not governed by such factors. The
symbols for chronological period, however, did
display -ordering " along ' the - first- axis, :indicating
that this axis represents a time trend (Fig.<1).
Also,-the symbols for-one feature:type (house
floors) were clustered at the’late’ end of the
axis (Fig.-1), probably because house:floors are
almost exclusively from the last period.

Lange: then teplaced species points. by their
abundances and - the resulting lack -of  order
indicated -that ‘the ordination is not-a simple
function of abundance. When the species points
were ‘replaced by symbols: denoting ecological
group, however, cultivars and-weeds were lo-
cated towards one end of the second axis while
grassland - species and those adapted. to fluctu-
ating conditions were "located: towards-the other
end. With symbols denoting: life-form, the or-
dering along the second axis: became -even
clearer; presumably reflecting the same gradient
from annual - cereals-and: weeds to-perennial
grassland species: This: axis' was therefore inter-
preted -as: an . ’ecological’ gradient. The: time
trend ‘and - the: ecological ' gradient - were “not
perpendicular to one another-in the ordination
diagram: each is partly reflected in. the other
axis, indicating: that the two trends are related:

Of particular: interest is: Lange’s: treatment of
aberrant species in the ordination diagram - i.e.
of: species:which did not relate to the’ecological
gradient--as “expected- on the- basis “of their
present-day - ecology. For each: such''species, a
separate ordination diagram was drawn showing
the abundance: of the"species at each:sample
point::From::this, it was:apparent that ‘some
species « deviated - from': ecological :expectations
because of:their-irregular, or very limited, dis-
tribution.: Others had-a: split-distribution, sug-
gesting that-they: can’ favour‘another: habitat- as
well as their present-day: primary -habitat. Yet
others exhibited - distributions * quite- different
from expectations; suggesting that their ecologi-
cal response has changed through'time. This

result ‘¢ould 'not have been: obtained with a
problem-oriented. - approach’ ‘which: grouped
species-at:the. outset according to their present-
day ecology. A -similar analysis for Late Iron
Age Thorpe::Thewles, N.: England (van der
Veen +1987);, however, failed to:identify any
interpretable gradients.

Relationships ‘between  pairs: of response-vari-
ables ~were explored by use of -correlation
coefficients-at Abingdon,- S. England (M:- Jones
1979). The proportion of cereal grain was sig-
nificantly and negatively correlated with - the
ratio of wheat glumes to grains, implying  an
association between weed seeds and chaff (pre-
sumably-in crop cleaning residues).

Pattern searching in the form of classification
(using the . program- TWINSPAN) was- applied
to. compositional - data -fromThorpe - Thewles
(van:der-Veen 1987) and De-Horden (Lange
1990), but did not produce-interpretable results,
in the former: case, at least, because ' the groups
identified . were -:based -on sample size- alone
which affects the number of' species represen-
ted (above, section-2.1.1).

4.3.2 Pattern searching using: problem-oriented
variables

The use of problem-oriented: variables in. pat-
tern searching . techniques is exemplified by
Hillman’s - analysis of ‘crop: processing activities
at Late Iron Age. and Roman Cefn Graenog,
N.. Wales (Hillman- 1984b).. Principal - compo-
nents analysis, - an- ordination - technique, - was
applied - using ratios of selected: plant ‘compo-
nents: the- taxa-and plant parts: represented
were classified according to (A) their probable
mode of arrivalon- site, (B) for cereals:and
probable segetal weeds; the type of processing
product - or - byproduct in+ which = they: would
normally - be found - (on the basis of ‘ethno-
graphic observation). and (C) for' segetal weeds,
their: growth: habit - and: height “in crop - stands.
For:each sample, the numbers of items:in-each
class were summed (calculating the crop pro-
cessing’ totals’ separately - for cereals and
weeds):

Ratios of different class totals were- selected
to‘address - specific questions:® e.g. -the Ttatio of
winnowing to- fine sieving indicators’ to assess
whether the settlement-was a primary producer
of cereals: orconsumer: of : crops' grown else-
where; and the ratios:of:the indicators of each
by-product- to - cleaned - product indicators . to
identify: the ‘stages:'of - processing represented.
These - ratios:can:then :be .- used -in*principal
components-analyses.- In" the example given by




Hillman, the first principal component sepa-
rates a group of ’fine cleanings’ from a sample
of -apparently fully-cleaned- grain, the:.variables
contributing to that gradient including the ratio
of waste indicators ~ (from coarse - and fine
sieving) - to- indicators of cleaned product.. The
second principal component reveals two groups
of samples interpreted as ’fine - cleanings’- and
fine. cleanings mixed with fodder or bedding’,
with contributory variables including. the . ratio
of crops-and segetals to species with other
modes of arrival.

Variables chosen to reflect aspects of crop
processing were also used in principal compo-
nents analysis at Late Bronze Age Assiros, N.
Greece (G. Jones 1987). For example, weed
seed abundances were translated into. groupings
based on such characteristics as- their . ’aerody-
namic’ properties (relevant to winnowing), the
likelihood of their remaining in heads or spikes
after threshing (relevant to the use of a coarse
sieve which allows grain to pass through it) and
their size (relevant to the use of a fine sieve
which retains the grain). Other variables were
the ratio of weed seed to grain, the density of
charred seed in the sample and the preserva-
tion and distortion of the grain.

The first principal component demonstrated
an association between high density of seed,
good' preservation, little distortion, low ratios of
weed to crop seeds, large quantities of big-free-
heavy weed seeds and small quantities of small-
heavy weed seeds; and vice versa. This gradient
seems to distinguish between: cleaned products,
burnt accidentally: and deposited wholesale, and
by-products, burnt- deliberately and discarded
piecemeal as: refuse. All the ’headed’ weed
seed: groups contributed :to- this: component,
suggesting either ' that by-products of coarse
sieving as well as fine sieving contributed to the
refuse component. or-that some species did not
remain in heads to the extent predicted. Thus,
an unpredicted result was' possible: even though
the species abundances were grouped according
to: predetermined: criteria (cf. above;: section
4.3.1).

To explore whether the variation identified: by
the principal components analysis was con-
tinuous or grouped, a cluster analysis (Ward’s
method) was performed on the same-data: (G.
Jones 1987). Two very clear clusters were-iden-
tified, - the first including. the:: samples from
known storage contexts, along with some: others
from “more: ambiguous: contexts. This. cluster
might be: interpreted as cleaned: products-and
the other, in the light of the: gradient: identified
by ‘the principal- components: analysis, as dis-
carded by-products. When predepositional vari-

ables only (i.e. the ratio of weed to crop seeds
and-’types’ of weed seeds) were used, a num-
ber of sub-clusters was distinguished in- the
second cluster, suggesting that this. discarded
refuse. may include a range of products and
by-products.

4.3.3 Canonical ordination

The only form of canonical ordination yet ap-
plied in archaeobotany is discriminant analysis.
Following an ethnographic study. on Amorgos,
S. Greece, four groups of present-day samples
from crop processing (i.e. the by-products. of
winnowing, fine and . coarse sieving: and. the
cleaned product): formed the basis for the ex-
traction . of discriminant - functions - (G. -Jones
1984). Discrimination using the: proportions. of
individual weed species was apparently success-
ful, in that a high proportion of samples could
be reclassified into their original group on the
basis of the discriminant functions extracted.

It is unlikely, however, that any archaeological
site would yield exactly the same range of weed
species ‘as that found in present-day samples.
To use- the. ethnographic samples as control
groups for - comparison with archaeological
samples, therefore, it was necessary: to translate
individual species -into groups based.on seed
characteristics - relevant to: crop  processing.
Various ways of using:these characteristics were
tried. Ratios. of large. to small;- heavy to light
seeds etc. were: notably: less successful in- dis-
criminating the four groups. To take account of
the degree to which plants possess each charac-
teristic, species were: scored for- each charac-
teristic-on a:scale of 1.to 5. The proportion of
each species. was-then multiplied by its score
and the products summed. for each sample,
giving one figure ‘for each characteristic. for
each sample. (similar -to the ’weighted averages’
method of calibration in community ecology -
Jongman et al. 1987).-This produced-a clearer
discrimination, but the best tesult. was: obtained
when species were grouped according . to- all
three : characteristics simultaneously:-to - take
account of the fact that one:characteristic: may
interfere with the. expression of the:others. This
results - in six categories - for ‘each sample,
ranging from big-headed-heavy seeds. to small-
freelight - seeds. This inductive -search for the
best discriminating variables is justified on. the
grounds' that, for the ethnographic samples, the
right’: answer -is. already known and so the
problem is-to-find - the variables which serve
best to detect it.

These . categories, along with: the ratio of
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Fig. 2. Discriminant analysis of archaeobotanical samples from Assiros. Circles
enclose 90%. of ethnographic samples; archaeobotanical samples are. represented by
symbols-indicating their classification (after G. Jones 1987).

weed to crop seeds, were then used as dis-
criminating variables when archaeological sam-
ples from Assiros were compared to the ethno-
graphic. control groups (G. Jones 1987). Most
of the samples were classified with high prob-
ability - as fine sieve . by-products - or - cleaned
products (Fig. 2) and these classifications corre-
sponded well with the two groups identified by
the cluster analysis (above, section. 4.3.2).
Samples classified. with lower probability could
well represent mixtures of different products
and by-products.

Alternatively, groups for discriminant .analysis
may - be based. on: contextual criteria. For ex-
ample, to test whether a contrast between ’rich’
and ’poor’ areas at post-medieval “Amsterdam
was reflected . in. plant- usage,. a . discriminant
analysis  was performed, . using species. as. the
discriminating: ‘variables and five archaeobotani-
cal samples from each area as the groups to be
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discriminated (Paap 1983). The analysis . pro-
duced a clear discrimination of the two groups
though. the probability of samples belonging. to
the ’rich’ groups was often low. Moreover, the
discriminating species were not generally: those
which  might. be expected. to reflect wealth,
perhaps because of the chance effects of .con-
structing- groups. from so few samples.. In gen-
eral,. groups. based on archaeological criteria
are likely to be less reliable for identifying be-
havioural patterns than control groups: of sam-
ples from known. (i.e. present-day) activities,
since. different activities are unlikely to relate
unambiguously to:particular context types.

A possible ‘non-statistical parallel for canoni-
cal ordination is. Dennell’s study of crop pro-
cessing -in Neolithic. and Bronze Age Bulgaria.
Response . variables,- in . the form.of compositio-
nal data (the proportion. of cultigens, number
of weed seeds; range.of weed species, number




of chaff fragments etc.) and grain measure-
ments, were used in conjunction with explana-
tory variables, in this case context types-(oven,
floor, midden etc.), to construct groups repre-
senting’  different crop processing activities
(Dennell 1974, ..1978). This non-statistical ap-
proach does not, however, permit  objective
assessment of the results obtained.

4.3.4 The direct approach

For direct gradient analysis’ in archaeobotany,
the only useful gradients along which samples
can be arranged are those of time or space.
Examples - include regression analysis for con-
tinuous gradients and analysis of variance for
discrete classes of samples.

Regression was used to analyse the changing
proportions of different taxa through time. at
Iron Age and Roman Abingdon,-S. England
(M. Jones 1979), taking the percentage of one
of the pottery fabrics as an indirect measure of
the age of each deposit. The relationships of
three taxa to'this' time gradient (Fig. 3) were
statistically significant (at the 95% level). The
proportion of cereal grain (in relation to chaff
and weed seeds) decreased and was related to
the movement of the settlement away from the
excavated area, which accordingly received less
domestic debris rich in grain and more. agricul-
tural debris rich in chaff and weeds. The other
significant trends involved weed taxa: Vicia/
Lathyrus' species  increased, suggesting: depletion
of soil ‘mitrogen-and so - perhaps intensification
of arable farming; Eleocharis decreased; sug-
gesting either a contraction of arable away
from damp ground or an improvement in
drainage.

In each case, the effect of time on sample
composition was - interpreted “in “terms - of
changing - circumstances over . ‘the’ period in-
volved. Such analyses’ are limited- to the study
of one species (or ‘other ’dependent’ or ‘re-
sponse- variable) at a time, though' time ‘and
space could be ‘considered together as 'indepen-
dent’” or explanatory’ variables- in “a" multiple
regression ‘analysis.

Analysis' of - variance has been applied to
charred remains' from Anglo-Saxon Wraysbury,
S.°England, where the mean proportions of the
major “taxa were compared between different
featirre types: pits, gullies'and ditches (G.*Jones
1990). - Only - pulses (especially" Vicia/Lathyrus)
showed any ‘significant (at the 95% level) varia-
tion between feature types, with pits and gullies
having a higher proportion than:ditches. T-tests
showed that the proportion of pulses-(especially

Vicia/Lathyrus) is also significantly’ greater in
deposits contaminated by early medieval mate-
rial than in uncontaminated deposits. Since
both pits/gullies and early medieval contamina-
tion tend to be concentrated in one area, this
difference may be spatial, chronological, func-
tional or a combination thereof. For example,
Vicia/Eathyrus may have been used for animal
fodder " in the vicinity of the pits/gullies, its
cultivation (presumably for fodder) may be a
relatively late development or, if it was a weed
of other crops, it may indicate a decline in soil
fertility.

The advantage of the problem-oriented ap-
proach, in allowing questions to be tackled in a
specific order, :is illustrated by comparison of
the ratio of Chenopodietea (garden/ruderal
weeds) to Secalinetea (field weeds) in samples
from present-day Amorgos and Bronze Age
Assiros (G. Jones in press). T-tests showed that
the ratio of Chenopodietea to Secalinetea was
significantly greater-at Assiros, suggesting more
intensive  (garden-scale) cultivation in the
Bronze Age. To ensure that this pattern re-
flects changes in husbandry practices, rather
than the results of crop processing, the ar-
chaeobotanical samples were first assigned to
processing stage (above, sections 4.3.2, 4.3.3),
so ‘that fine sieve by-products from Assiros
were only compared with fine sieve by-products
from Amorgos and so on.

There are numerous examples of the direct
approach in archaeobotany where samples are
grouped according to period or feature type’
and ‘then compared-in terms”of ‘their numerical
characteristics,~ but ~not ' ‘through' the “use of
statistical techniques.

4.3.5 Spatial mapping

In addition to spatial’ analysis® in “the" sense of
comparing contextual ’types’; ‘there is  scope for
study -of  the relationship between archaeobot-
anical ‘material - at different points in space.
Spatial “analysis in' this sense has been applied
at both “the intra= "and inter-site ‘levels, but
without * ‘the ~ ‘use " of * “statistical’ "~ mapping
techniques.

At the intra-site level, within the Bronze Age
storeroom’  complex -at* Assiros, ' individual
storage entities were identified by plotting the
crop composition of samples-on a plan of the
complex (G. Jones et al. 1986).  Concentrations
of ‘certain crops were interspersed’ with more
mixed samples’ indicating the centres and" peri-
pheries respectively of storage episodes. In this
way an’ estimate was obtained of the ‘minimum
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Fig. 3. Regression analysis of archaeobotanical samples from Abingdon (after M. Jones 1979).

number of storage containers of each crop”in
each room, which tallied well with the known
number ‘of containers:

Examples of inter-site mapping are provided
by studies® of Neolithic central Europe (Willer-
ding-1980a) and, on a smaller scale, of the Iron
Age Upper: Thames Valley, :S. England (M.
Jones 1985). In-the central European example,
the presence or absence of a:range of culti-
vated and wild species was plotted on a map,
exposing regional differences in the adoption of
crops and development of ‘the weed flora.

In the Upper Thames Valley, the proportions
of ‘grain; chaff and weeds in each sample were
compared-visually for ‘each site.  Sites on the
first gravel terrace have no“samples with more
than 50% cereal grain, ‘while  the majority- of
samples from’ the second gravel terrace had
30%-100% - grain.- This - was interpreted as:re-
flecting a difference between sites: producing
their own crops, where a considerable quantity
of grain might be wasted at harvest time, and
those importing crops from elsewhere,” where
the only waste expected would be chaff and
weed seed.

5: CONCLUSIONS

The foregoing discussion has by no means
exhausted the potential of numerical analysis in
archaeobotany. Other areas. of application  in-
clude taxonomic identification, ranging from the
use of metrical criteria (e.g.” Helbaek 1952) to
multivariate analysis (Kosina 1984) and the use
of genetic data to simulate the process of ce-
real - domestication . (Hillman. . & Davis . 1990).
The focus of this chapter,: however, has: been

on numerical analysis as an aid to the “inter-
pretation of archaeobotanical assemblages.

Large bodies of data“are required to address
many of the questions nowposed by archaeo-
botanists, and: in“particular to" distinguish"varia-
tion-in the archaeobotanical record which is the
result of crop processing or discard activities or
post-depositional factors. from''that caused by
more- interesting behavioural or ecological” dif-
ferences. - The- ‘analysis - of ~large = assemblages
poses’ prdctical ‘problems, - ‘however,  as’ it is
difficult to compare large numbers of samples
and variables on-a purely visual basis."A com-
mon solution to- this' problem-is to present and
analyse data at the level of the overall assem-
blage, i.e. by blocks of timie (periods/phases) or
of space (e.g. feature types). This is unsatisfac-
tory, however, as it obscures”much variation
within: phases or feature types which may be of
ecological, behavioural or taphonomic impor-
tance - (Lange  1990).-“To- accommodate - such
variation ' and to - demonstrate the Trtepeated
associations . between - variables - which are  the
basis- of much interpretation; it is-necessary to
analyse material’ in-*smaller-units: such “as' the
archaeobotanical “sample”.

For example,” many published reports use
ecological or phytosociological groups-in inter-
pretation . (e.g.* van~ Zeist 1974; Wasylikowa
1978a, 1978b; - Willerding 1978, 1979, 1980b,
1983; Knorzer 1984a, 1984b; Jacomet 1987) but
present this information ‘at the (site or period)
assemblage level. There is a lot of scope for
using: this™ type: of ~information ‘in statistical
analyses - (above' section 4.3), provided - the
groups are” calculated “at-a sample level (e.g.
Wasylikowa 1981; Behre 1986).

Archaeobotanical study operates, therefore, at




three levels:

(1) the ’unit of observation’ is the individual
plant item about which information (such as
presence, size, preservation etc.) is recorded;

(2) the ’unit of analysis’ should correspond as
nearly as possible to an individual event in the
past (usually represented by the archaeobotani-
cal “sample’);

(3) the ’unit of interpretation’ is usually the
larger assemblage about which information is
sought (a period, site or region).

Each of these units must be chosen with
rigour. The unit of observation must be ar-
chaeologically durable, definable and identifi-
able (above, section 2.1.3), if it is to be usefully
quantifiable. The unit of analysis should be
behaviourally discrete, if it is to have real
meaning (above; section 2),:and the: unit of
interpretation should be sufficiently large to
provide information of archaeological relevance
(above, section 4.1.1). :

Consideration. of the problems and potential
of statistical analysis also has important implica-
tions . for . archaeobotanical . practice. For  the
purposes. of numerical analysis. it may:.not. be
necessary. or.even desirable to include every
sample and species or to provide fully-quantita-
tive. data for all samples. Where appropriate,
data sets.can be reduced.in size, by excluding
small samples and rare species,. and in com-
plexity, by recording species on a semi-quantita-
tive- scale. This offers the important advantage
that. time otherwise spent sorting, . identifying
and counting plant material can.be used to
better purpose.

A distinction has been drawn between pattern
searching. and. problem orientation, but . the
approaches = are . complementary. rather than
mutually exclusive (cf. G. Jones 1987). Pattern
searching may reveal unexpected. patterns in
the data, valuable in raising. new. questions or
exposing unwarranted . assumptions.. (e.g. con-
cerning the ecology of individual . species..-
above, section 4.3.1). Problem-oriented analysis,
on the other hand, allows variability such as
that caused by crop processing or discard. to be
controlled  before exploring.  other. aspects of
predepositional behaviour (above, section 4.3.4).

It is striking how little use has been made of
a- number of techniques currently: employed in
related. disciplines such as_community. ecology.
For example, calibration .is well. suited to. ar-
chaeobotanical questions: . indicator values . for
different. species. could .. be. used. to. construct
gradients based on the ordering of samples,
provided. that such information. is. recorded  at
the sample. level. In fact, reconstruction of field
conditions. from ecological . indicator _values,

often in the graphical form of an ’eco-diagram’,
is widespread (e.g. Willerding 1978, 1980b,
1983; Wasylikowa 1978a, 1978b; van Zeist et al.
1986; Jacomet 1987), but the relevant data are
usually presented at the level of the site/period
assemblage and so are not amenable to nu-
merical analysis (an exception is the presenta-
tion of two samples from Przemysl, Poland -
Wasylikowa 1981). There is a lot of potential
for this type of analysis in archaeobotany since
the aim is to reconstruct past conditions from
species composition etc.

Canonical ordination has also (with the ex-
ception of discriminant analysis) been under-
used. Canonical ordination techniques can be
applied either directly to archaeobotanical data,
using time and/or space as explanatory vari-
ables,or: to ‘modern samples collected along a
known behavioural or ecological gradient, as a
model! with which archaeobotanical material is
compared.

Archaeobotany - has  made. remarkable  ad-
vances in the sampling, retrieval and identifica-
tion of plant remains, and in the development
of : present-day ecological = and ethnographic
models. Only by  harnessing the potential of
statistical techniques for analysing large and
complex. data sets, can  the.benefits of these
advances be realised.
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