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ABSTRACT

This work initially examines the origins and methods of entomo-archa¢ological studies
and reviews the current state of this discipline.

Original work is presented on coleopteran faunas, mainly from medieval pits, recovered
and analysed from sites in Winchester, Southampton and Chichester. The faunas
resemble those recovered from deposits of similar provenance from other sites. They
also contain the earliest records of some species in Britain and the earliest medieval
occurrences of others which, were common in Roman Britain, but missing from the
Saxon urban record.

A modern analogue of a medieval cesspit was set up in order to investigate the
coleopteran faunas, which develop in that environment. Further experimental work was
carried out using a choice chamber, to determine the preferred pabulum of certain
species of Aphodius dung beetles.

The findings are placed in a wider context as a representative sample of all work,
carried out on Roman and post-Roman coleopteran thanatocoenoses, were included 1n
the following 1nvestigations. Methods of standardising data from different sources are
discussed.

The distribution of synanthropic species through time was studied, with special
emphasis on Tipnus unicolor and Cryptolestes ferrugineus. Investigations into the
characteristics of pit faunas and into the relationship between the assemblage and the
physical properties of the feature, in which it formed, were undertaken. Correspondence
analysis, from the CANOCO computer program, was used as an aid to interpretation, in
both exercises. Definite faunal types were discovered in pit assemblages, which could
be related to the known archaeological details and certain properties of the feature were
shown to influence the development of the fauna. These exercises proved that
comparing work by different authors can be productive and that CANOCO 1is a
powerful tool in analysis.
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CHAPTER 1: Introduction, Aims and Objectives

1.1 INTRODUCTION

This thesis is a study in entomo-archaeology. Insect remains recovered from
archaeological deposits have been used increasingly over the last thirty years as a source
of information for archaeological interpretations. This sub-discipline arose out of the
study of Quaternary entomology. Serious investigations in this area began about forty
years ago, pioneered, in this country, by Russell Coope. He encountered fossil beetles in
the sediments surrounding Pleistocene bones, and identified many of them by
comparison with modern specimens (Coope ef al. 1961). Coope (1965) admitted that he
was “blissfully unaware” that the received wisdom was that all insect species of that era

were now extinct. This discovery reawakened interest.

The early work had been laborious because it was necessary to examine the whole
sample microscopically and extract insect fragments individually from the carefully
teased out substrate (e.g. Coope 1959). A major advance took place when Coope and
Osbome (1968) published a method of isolating and concentrating the insect remains by
means of paraffin flotation. This technique has become standard practice and has

enabled the study to burgeon and diversify into archaeological deposits.

The reasons why the Coleoptera are important in Quaternary studies and the way in
which beetle assemblages form and are recorded are described in Chapter 2. Methods
used in the interpretation of the assemblages are reviewed in Chapter 3 and studies
which have increased understanding of the significance of what has been found, by
reference to beetle ecology, are described in Chapter 4. The information gained from

this study about the ancient environment has been summarised in Chapter J.
1.2 TYPES OF EVIDENCE OBTAINED

Initially it was thought that fossil beetles had evolved rapidly and could be used to zone

the Pleistocene, but it became clear that no discernible evolution had occurred during

that period. Elias (1994, Table 1.1) lists some of the new species names given by the

original researchers together with their true names identified later by reference to extant

species. However, it was recognised that the changing distribution of species could




provide even more information, as the ecological requirements of these extant beetles

were known (Coope 1977).
1.2.1 CHANGES IN CLIMATE

Insects are temperature-dependant, as they are reliant on a particular range for breeding
and dispersal. Their response to temperature changes is to migrate, making them good
indicators of climate. The speed of climatic change had not been appreciated by
previous workers 1n pollen analysis (Coope 1987), as vascular plants respond much
more slowly to temperature variation. The conditions at a particular sampling point can
be determined from a fossil beetle assemblage, by superimposing the known climatic
ranges of each of the collected species. The most significant indicators have been found
to be the maximum summer temperature and the temperature range between the coldest
and warmest months. Using these parameters, the area of range overlap between
species, the Mutual Climatic Range (MCR) is obtained. This method was developed by
two palaco-climatologists in collaboration with Coope and his research students
(Atkinson et al. 1986; 1987) and has been widely applied, e.g. (Coope 1937; 1995;
Walker et al. 1994).

By far the most important recent factor, affecting beetle distribution, has been the
impact of Homo sapiens on the environment. The activities of this species in cutting
down forests, draining land, and thus creating “culture steppe” conditions (c.f.
Hammond 1974) have destroyed old natural habitats so that even when they remain they
may be too small and isolated to support diverse communities of insects. Dinnin (1997)
found that the effect of humans on the environment was already reflected in the beetle
faunas by the early to mid-Holocene (c. 8300-2700 BP). Buckland (1976b) stated that
the known fluctuations in climate over the last 3000 years could not be backed up by
corresponding changes in the beetle faunas. The picture is further complicated because
human habitations have created warm microclimates (see Section 5.2.2) and colonising

species have been inadvertently transported about by human activity.
1.2.2 INSTRUMENTS FOR ARCHAEOLOGICAL INTERPRETATION

Beetles provide information about the physical environment, which can complement
and extend other environmental studies. For example, the widespread presence in early
Holocene deposits of the lime of the bark beetle (Ernoporus caucasicus) showed that

Tilia (lme) was commoner in the forests than had been previously appreciated from
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palynological studies (Dinnin and Sadler 1999). This was because Tilia is poorly
represented 1n the pollen record, as, unlike most trees, it is insect pollinated, and thus

produces less pollen.

While the assemblages of beetles found in natural environments are normally good
indicators of the surrounding environment, this is not the case when human activity
becomes an important factor in its formation. A significant difference between natural
and artificial environments is scale (see Chapter 3). Kenward (1978a, 1) asserts that “a
much finer resolution™ is required in the interpretation of archaeological as opposed to
palaco-entomological studies. This is because much more detailed interpretation is

required of the data, which are used as tools to decipher the activities of our ancestors.

“Along with other types of biological proxy data (e.g. plant macrofossils,
vertebrate remains, pollen), fossil insects are now making an important
contribution to the reconstruction of both the natural and the anthropogenic
environments associated with archaeological sites, supplying evidence about
human life-styles and living conditions.” (Elias 1994, 107).

More information can be gleaned if the evidence from all sources is considered

together, unfortunately this does not always happen (see Section 4.3).

Much of the work on archaeological insect assemblages has been carried out in the
north of England and on early medieval urban faunas. In particular, York has been
extensively studied. One of the aims of this study was to redress this balance, by
investigating material from sites in the south of England. Winchester, flounshing
contemporancously with York, provided some Roman and medieval samples for
examination, and other material, of medieval date, was available from Southampton,
Chichester and a rural site at Fishbourne near Chichester. This work is described in
Chapters 6-10.

1.2.3 UNDERSTANDING THE DEVELOPMENT OF THE BRITISH FAUNA

Studies of ancient beetles help in the understanding of the modern fauna. Changes in the
British coleopteran population can be traced, as beetles are identified from dateable
deposits. Many species, thought to have been new arrivals, have been proved not to be
(e.g. Aglenus brunneus (see Section 12.3.1.2). The dynamics of insect communities can
also be investigated. For example, it has been found from the archaeological record, that
some species common in a particular community at one time are absent at others (see
Chapter 12).




The earliest recorded findings of species, collected from the work of various authors,
have been collated by Buckland in the database BUGS, devised by Philip Buckland and
Yuan Zhuo Don (Buckland et al. 1997). The dates of introduction are being set back
carlier and earlier as data accrue. The dates of extinctions are more difficult to
document as they rely on negative evidence, but even today, species are being
discovered that were considered to be extinct. The large and distinctive woodland
beetle, Lacon quercus, for which no British records existed for the last hundred years,
was found living in Windsor Forest, a relic of ancient woodland (Allen 1936), although

it has not been seen since 1987 (Jones 1993).

1.3 AIMS AND OBJECTIVES OF THIS STUDY

The body of work amassed by entomo-archacologists might yield more information 1f 1t
is treated as a whole and not just used to interpret individual features or sites. This
process is called meta-analysis and enables multiple studies by different researchers to
be collated “to generate higher order conclusions about general trends and patterns™
(Amquist and Wooster 1995, 236). This approach was used in the furtherance of the

main aims of this thesis. These were: -

1. To seek explanations for the hiatus in the records of some synanthropic beetles

through time.
2. To investigate the nature of pit faunas
3. To determine the role of the feature type in the formation of the assemblage

Two beetles, in particular, are inexplicably absent from the archaeological records of
certain periods. These are Tipnus unicolor from the urban early medieval period and
Cryptolestes ferrugineus from the later. It was hoped that the patterns of distribution
obtained from a database, listing the occurrences of these beetles, together with a study

of archacological, historical and ecological information might provide results (see
Chapter 12).

The varied faunas associated with the more constant habitat provided by a cesspit is
another enigma. In pursuance of this aim an experimental cesspit was set up 1n order to
discover the types of beetles attracted to the pit (Chapter 11). Choice chamber

experiments were also carried out to determine the microhabitat preferences of the




Aphodius dung bectle (see Chapter 11). Initially, the database, designed by the author

and used above, was employed to investigate the distribution of decomposer species,

common in pits, but it provided little information (see Chapter 12).

The possible effect of the feature, in which the assemblage collected, has been largely

ignored to date, yet many samples have been taken from pits or wells, both of which

have been recognised to have some influence on the resultant assemblages. The precise

affects have not been studied.

A new and powerful technique of multivariate analysis, using correspondence analysis
from the computer program CANOCO (Ter Braak 1988), was used in the furtherance of
the above aims. Using a combined species list from the faunal lists produced by
different workers, the relationships between the assemblages could be demonstrated.
This method also identified the significant species causing the clustering of the samples.
To create that list, from such a disparate selection of data, required the adoption of
special procedures. More strategies had to be devised to reduce its size, so that the
disparity between number of samples and number of taxa was lessened. The groupings
determined by this technique were checked against other types of data. The
investigations into faunas from pits and different feature types are reported in Chapters
13 and 14.




CHAPTER 2: The significance of fossil beetles and the process of recovery

2.1 INTRODUCTION

This chapter explains why Coleoptera are useful aids to interpretation, outlines the
stages in the formation of the archaeological beetle assemblage and considers the
collection and registration of data. The only published system for recording the degree

of preservation of specimens is discussed.

2.2 THE USE OF BEETLES AS A RESEARCH TOOL

2.2.1 PRESERVATION OF REMAINS

The vast majority of insect remains preserved in sediments are coleopterous. This is for
a number of reasons. Firstly, the body plan of the beetle, with its tough exoskeleton,
wings, jointed limbs and a supply of air, ducted directly to all parts of the body, has
made it one of the most successful animal groups on the earth. It incorporates one fifth
of all known species (Tudge 2000) and has been able to colonise a wide variety of

niches. The British Isles has nearly 4000 species.

Beetles have well developed sensory systems, especially olfactory, which together with
good mobility, provided by the jointed limbs and wings, enable them to rapidly colonise
newly available habitats. Thus, they are good environmental indicators. Secondly,
preservation is due to the robustness of the beetle exoskeleton. This chitinous material 1s
heavily sclerotised and survives well in anoxic or very dry situations. Most
archaeological material has been preserved in the anaerobic conditions induced by
waterlogging. More rarely preservation occurs by dehydration, in particular, in and
regions, the remains of stored product beetles may survive in tombs (Levinson and
Levinson 1985; Panagiotakopulu 2000). For these reasons beetles are predominant in

ancient deposits.

Moreover, remains may often be identified to species because of the distinctiveness of

the sclerites, not only can shape and size be used but characteristics of the surface

microsculpture are retained and are most useful diagnostically (Coope 1977).

Unfortunately, a bias exists in the records, because the main source of preserved

material, in temperate regions, is in waterlogged deposits. Thus the best-documented
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natural habitats from the Quaternary are peat bogs, followed by lake, pond and coastal
environments (Elias 1994, 18). When the study extended into archaeological deposits,
there was a change in the type of feature examined from natural to artificial. Features
cut below the water table, such as wells, drainage ditches and pits became the most
promising sources of insect remains. The greater likelihood of preservation in low-lying

areas remained, causing a potential bias in the results.

2.2.2 EVOLUTIONARY STABILITY OF COLEOPTERA

An 1mportant outcome of the early work was the realisation that beetles have not
evolved significantly over the last two million years. Some species have remained stable
for much longer; for example, the fossil beetle described by Wickham (1919 cited in
Elhas 1994) as Donacia primaeva is indistinguishable from the modern aquatic leaf
eater Plateumaris nitida (Askevold 1990), although 30 million years separate the two.
The evidence for beetles’ evolutionary constancy is set out in Coope (1970) and
Matthews (1976a; 1976b). This was an unexpected finding, as it had been assumed that
the selection pressures imposed by the unstable climate during the Pleistocene, would
have led to alterations in the gene pool (Coope 1978). These changes should have
spread rapidly because of the high reproductive rate of insects and resulted in
speciation. Instead, climate variations caused the insects to change their geographical
range rather than adapt to the new conditions. This meant that migrating insects were
constantly mixing the gene pool and conditions for the formation of new species, 1.€.
genetic isolation, did not occur. So that, for example, Aphodius holdereri, today
restricted to the high Tibetan Plateau, was a common dung beetle in Britain during the

Middle Devensian interstadial of the last glaciation (Coope 1973).

This has important implications for the study of palaeo- and archaeo-entomology
because, as most of the recovered specimens are extant, it is possible for information to
be gained about their ecological requirements. The usefulness of this knowledge
depends on uniformitarian principles, that is an assumption that the forces, which acted
in the past, are the same as those in operation now, and thus information about the past
can be gleaned from comparison with the present. It also assumes that accurate
identifications can be made from the remains and that detailed ecological information 1s

available. There are problems in both these areas, which will be addressed later.



2.3 COLLECTION OF DATA

Although useful faunal lists can be obtained from archaeological material, information
loss occurs at all stages from the formation of the death assemblage to its analysis. All
the changes affecting the assemblage between the living community (biocoenosis) and
the recovered death assemblage (thanatocoenosis) are termed taphonomic (from the
Greek Taphos meaning a grave) (see Fig. 2.1). In this text, the word “assemblage™ i1s

used to mean death assemblage, and the term “fauna” has the same meaning.
2.3.1 FORMATION OF THE THANATOCOENOSIS

The formation of a death assemblage is a chance process and only the remains of
organisms, which remain in the preserving medium may survive. Beetles, which breed
in the medium and then disperse from it, will be lost, although congenitally malformed
or teneral examples may remain, providing proof of breeding. Teneral specimens are
newly emerged imagoes. These are recognisable because the exoskeleton is soft and
unpigmented and they indicate breeding because, in that state, the insect 1s unable to
move. An event such as sudden flooding or burial may trap insects, which might
otherwise have moved elsewhere. Some of the fauna will have been attracted to the

medium; others will be chance arrivals, part of the background rain of insects.

Insects may enter the death assemblage by various routes, some of which are shown
diagrammatically (Kenward 1985a, Fig. 1; Buckland et al. 1993, Fig. 33.6). If insect—
bearing material, such as peat was present, specimens from a much earlier period may
have been introduced e.g. (Buckland et al. 1993; Hall et al. 1980). A large proportion of
the fauna may be stochastic, as beetles are mobile and may stray from their preferred
habitat. Kenward (1978a) first stressed the importance of this random element. Further
selection may occur on all those potential constituents. Some differences in the
assemblages may be due to the characteristics of the particular feature type, e.g. wells
act as pitfall traps and collect many more carabids than other features (see Chapter 14).
Bectles may be “picked over” by birds or small mammals or conversely added to an
assemblage in their facces (Kenward 1978a). Another problem is that earlier deposits

formed on the same site may become mixed with later.

The presence of species within an assemblage does not necessarily signify that the

conditions within that medium were once suitable for it. They may have been attracted



Fig. 2.1: Information loss in the taphonomic process (after Sadler 1983)
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to 1t by smell, like wasps to a jam jar trap. This particularly applies when the 1nsects
have been ejected from their normal habitat by, for example, the dismantling of a hay
store (Smith 1991) or by heat rendering it temporarily uninhabitable. A Roman trap for
grain weevils is described by Varro (cited in Beavis 1987), which consisted of placing
the contaminated grain on the ground inside a ring of vessels filled with water. The
beetles would crawl out from their disturbed habitat and be drowned.

Another reason why the thanatocoenosis does not reflect the living community 1s
because certain species are more likely to be trapped in the type of deposits, from which
the insect remains are recovered. This may explain why there are few dermestids (pests
of dried organic matter) in ancient waterlogged samples and relatively few Gracilia
minuta, which attacks wattle but likes dry twigs (Harde 1966, see Chapter 7). Naturally
enough, the assemblages are dominated by species of decomposing material and damp,

rather than dry ground, as these conditions favour preservation.

Insects from different habitats will accumulate within the layers transported by a
number of different agencies; that is by mobility of the insects themselves or indirectly
by humans, other animals, wind or water. This continues for an indefinite period of
time, in the case of a well, for example, it may be a number of years, during which time

further changes may occur to the thanatoceonosis.

2.3.2 CHANGES AFTER BURIAL

Beetles falling into water should sink to the bottom and be in an ideal position for
preservation, although they may pass through an aquatic organism’s gut before finally
coming to rest. Beetles in rubbish-bearing features are often buried by the addition of

more waste. However, the stratigraphic order implied by these methods may be lost.

Water is the most important agent in the taphonomic process as it is an effective
medium of transport. For example flowing water can cause convergence of the remains
in one spot; for example, this was suggested as a reason for a huge concentration of
beetles, in a cesspit deposit in Norway (Kenward 1988). Assemblage mixing can also
occur in standing water. It has been argued that a rubbish-filled Roman well at
Skeldergate, York, had contaminated grain dumped in it and the dry grain pests within 1t
floated, and eventually became incorporated in the upper layers (Hall er al. 1980). In

pits, gases formed by the decomposition of organic material may result in much
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disturbance of the semi-liquid medium. This mixing may well explain the lack of

variation in some pit samples.

Mixing may also occur by bioturbation, through the action of plant roots, earthworms
and other organisms, which may include beetles, forming a post-depositional element of
the assemblage (Kenward and Allison 1995). The area may by disturbed by further
human activity. Deposits may be affected by physical processes, such as soil creep and
cryoturbation. It 1s possible for the soil to be so thoroughly reworked that all evidence

of structure 1s lost and only a dark earth remains (Macphail 1994).

The assemblage is also subjected to decay. Soft tissues and unthickened chitin may be
broken down, thus coleopteran larval remains disappear except for their heads and
caudal furcae, which may remain. The elytra of groups like the Cantharidae, which are
poorly sclerotised, may also disappear (Buckland and Coope 1991). If water levels
fluctuate, causing oxygen to enter the deposits, chemical breakdown will continue and

the physical processes outlined above will cause further physical breakdown.

The decay of specimens not only makes identification more difficult but the
preservation of remains may also be selective. However, at least for urban deposits, “It
appears that either most insects are preserved or most have decayed completely,”
(Kenward and Large 1998, 52). Assemblages in which robust forms dominate, such as
some rich in spider beetles, are thought to reflect the fauna at the time of deposition and
not selective decay of species (Kenward and Large 1998). The very durable
exoskeletons of some weevils and ground beetles are the last to decay and so
assemblages, containing these taxa, may produce biased results, if the matenal 1s poorly
preserved. (e.g. Wagner and Pelling 1995). According to Kenward and Large (1993),
these groups are rarely significant in archaeological deposits, but, as they are found in
samples from ditches and moats (e.g. Wagner and Pelling 1995) it seems sensible to

consider the possibility of selective decay in interpretation.
2.3.2.1 Recording the state of preservation

The state of preservation of the insect remains should be recorded because 1t throws
light on their taphonomic history. Kenward and Large (1998) proposed a system for
doing this. This is an extension of a system already used by the EAU, although not
normally published. Most authors, if they mention state of preservation at all, will

simply give a subjective view of general condition if it is particularly good or bad. A
11



five point scale i1s used by workers at ARCUS (University of Sheffield), but, while this

has the ment of being simple to use, it does not distinguish between chemical

breakdown (erosion) and physical (fragmentation); and it is, unfortunately, not
published.

Kenward and Large argue that: -

“The degree of decay, whether through chemical or mechanical damage,
may give clues concerning, among other things, differential preservation,
residuality, the separate origins of ecological components, time sequence 1n
communities, unusual ongins (e.g. milling, bird droppings), and episodes of
dehydration or other transient assaults on deposits.” (Kenward and Large
1998, 49).

The points at the end of their list are mainly useful in ascertaining whether buned
material 1s still decaying. This information could be useful as a justification for further
excavations. The scheme proposed allows for the recording of degree of erosion, degree
of fragmentation, colour changes and other properties such as the occurrence of
abrasion, soft/pale or associated sclerites. These measurements are designed to be as
objective as possible, but they are very detailed and rely on comparative features, as for

example in this statement from the scale of erosion: -

“3.5 As 3, but thinning, colour change, and/or surface modification have
progressed quite strongly” (Kenward and Large 1998, 53).

This means that much experience would be needed to obtain consistent results. In
addition, calculations are required of the proportions of specimens affected, in order to
determine separate depositional histories of sub-assemblages. Estimates of numbers at
each level on the scales are required so that information about the pattern of distribution
can be provided. For example, the presence of specimens at two levels of decay would
indicate at least two origins of the insects. This is fairly straightforward but, in addition,
information on the skewness of the distribution is required, although the possible

significance of this 1s not remarked upon in their paper.

The aim of this system appears to be to measure everything, in case it may prove to be

useful sometime in the future. For example, the only reason given for the recording of

colour changes is that they appear to reflect important aspects of ground conditions.

However the exact nature of these conditions still needs to be determined.
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It has been argued that the detailed recording of the preservational state is a waste of
time and resources (Kenward and Large 1998), although with practice, the authors
claimed that 1t can be done in a matter of two to three minutes. Consistency of results 1s

another important feature of any evaluation scheme and the authors concluded that: -

“1t 1s suspected that the only way to ensure absolute, as opposed to useful,
comparability between records made by different workers would be a period
of collaborative work, followed by a period of cross checking,” (Kenward
and Large 1998, 57).

It seems that this system 1s impractical and is unlikely to be adopted by workers outside
the EAU.

2.3.3 SAMPLING PROCEDURE

Although ecological methods are often used in the analysis of archaeological
assemblages, there are necessarily great differences between the two approaches, partly
due to very difterent sampling procedures (see Kenward and Large 1998). Even the use
of the word “sample™ is different. The entomo-archacologist uses it to mean the block of
sediment from which the insects are extracted, not the insects recovered from it
(Kenward 1978a). For ecological studies, all efforts are made to ensure random
sampling of a population (see Magurran 1988), but even so it is difficult to eliminate all
bias. Therefore great efforts are made, in modern ecological entomology, to ensure
uniformity of the sampling points, not only standardising the collecting equipment but
also the conditions at the site, such as height from ground and time and length of the
period of capture. In contrast, the conditions under which the insects in archaeological
features accumulated are unknown. They are not even representative of a once living
community, as their origins are many and various. It is not always possible even to
know for certain whether or not species had lived within the deposit. Borrowing terms
from palacontology (Brouwer 1967), those beetles, which had lived within the sampled
material, became known as the autochthonous component and those from outside, the
allochthonous component (Kenward 1978a). Detailed ecological knowledge about
habitat requirements of individual species, which could help to elucidate this problem,

is also often lacking (see Chapter 4).

A further loss of information occurs when collecting material, because it 1s not possible
to be sure that the sample is fully representative of that context. This raises questions

about sample size and number.
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2.3.3.1 Sample size

Kenward (1978a) advocated taking a large enough sample so that an assemblage of at
least one hundred individuals could be extracted. He claimed that this would be
necessary to ensure that an unbiased faunal list was obtained. In order to do this, about
1-3kg of the sediment would normally need to be examined. Pressure of work at the
EAU has led to the abandonment of this objective and normally only 1kg is studied
from each context (Kenward et al. 1986), which often results in much smaller
assemblages.- This 1s due to the policy of the EAU (where Kenward’s guidelines are
practised) to investigate almost every excavated layer for insect remains and of
necessity their emphasis has shifted from quality to quantity (e.g. Hall and Kenward
1990; Kenward and Hall 1995).

“Its not a case of a magic cut off .. stats for 500 insects are better than those
for 200, which are better than for 100, which are better than for 30, but they
can all tell us something” Kenward (pers. comm. 1999).

However as Kenward himself points out, by implication, the smaller the assemblage the

less representative it will be and therefore the greater will be the information loss.

Other workers, who have looked at smaller numbers of samples, have taken, on average,
between 1-5kg of material to study. Sometimes due to small contexts or low
concentrations of insects assemblage numbers are unavoidably small. Occasionally very
large amounts of matenal are sampled. About 70kg was analysed from the Roman pit in
Alcester and a minimum number of 1548 beetles were recorded. Although examining
such large quantities of material may not be necessary in order to obtain a representative
selection of the bectles present, the larger the assemblage the greater the chances of
picking up previously unrecorded beetles for that period and so increasing
biogeographical knowledge. The single specimen of the grain pest, Palorus
subdepressus, the only Roman example of that species so far discovered, would
probably have been missed in a smaller sample, as might the thirteen specimens of the
exotic wood pest, Hesperophanes fasciculatus. This species was probably imported
with timber from the Mediterranean (Osborne 1971b).
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2.3.3.2 Measurement of sample size

Sample size 1s not always given by workers but, if it is, most have sampled by weight.
Kenward (1992) takes General Biological Analysis samples of 5-10 kg from which to

sub-sample for all small biological remains. The insect sub-sample is normally 1kg.

English Heritage guidelines recommend sampling by volume and consider a 101 sample
a suitable quantity for insect extraction (de Rouffinac, English Heritage Environmental
Officer, pers. comm.). The advantage of this method is that material can be placed on

site into standard sized watertight containers without the need for weighing.

It can be seen that there 1s not a standard method and that there are pros and cons to
each. In theory, collection by volume should give a more accurate measure of the
density of the insect component. However, it may be difficult to sample accurately
because the sampling process will disturb the compaction of the layer. If measurement
1s by weight, unmeasured factors such as wetness of sample and the presence of
intrusions such as stones will affect the result. The amount of inorganic matenal, in
samples collected by volume, will also affect the concentration of insects. For these
reasons and also as a matter of necessity, when different or no units of measurements of
sample sizes are given, the only way to compare disparate faunal lists is to look at

overall assemblage composition.

2.3.3.3 Comparison of assemblages by percentage composition

If the numbers of each taxon are recorded as a percentage of the total number of
individuals recovered (MNI), then comparisons can be made between assemblages of
different sizes. This method has its drawbacks, if, for example, large numbers of
autochthones are present, the figures will be distorted and the percentages of all the
other species will be depressed. In a living community this type of calculation would be
more meaningful as the organisms may interact with each other and so high numbers of
one species may affect the levels of others in the same niche. On the other hand a death
assemblage contains sub-faunas from different and unrelated habitats, so a large
increase in the numbers of a species from one habitat would not have affected the
numbers from other sources. This is why the numbers of the abundant species
(superabundants) may be adjusted to be around 10% of the total assemblage size (see
Kenward 1978a but see Section 3.3.4.2 and Chapter 13). This method is not perfect but
it appears to be the most practicable.
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2.3.3.4 Standardisation of sample collection

Standardising the size of samples collected, even from the same site, is not always
possible or desirable. Different strategies may be needed for different feature types,
because of the differing rates of formation and thickness of the layers, and there are
difficulties in comparing very different types of substrate (see Chapter 11). On many
sites selection is self-limiting because only the deepest features are waterlogged and

context size may also be a limiting factor.

Due to the method of counting species numbers by the minimum possible number of
individuals (MNI), doubling of sample size usually leads only to a small increase in
assemblage size (Kenward ef al. 1986). Thus it would be more profitable to take several
samples from different parts of the context and deal with them separately than to sub-
sample from one large block. Even so, it would not be possible to know, for certain,

whether beetles were being counted twice because their parts had dispersed so widely.
2.3.3.5 Sampling frequency

Having considered size, the next problem is determining the number of samples to take
from a context. This depends on the amount of spatial variation within the layer.
Although intra-contextual variation is acknowledged as an important factor (Kenward ef
al. 1986), little work had been done on it. Strudwick (1979 cited in Hall e al. 1983b)
studied this and other unpublished work has been undertaken at various sites in York.
The results lead Kenward ef al. (1986, 171) to the conclusion that "while there may be
considerable variations in the identifiable biological remains, their general implications
are usually much the same." The raw data of a study by Topsey of a pit is recorded 1n
(Hall e al. 1993a, 12) and they demonstrated a good constancy of species. Further work
on inter-contextual differences within pits was one of the stated aims of the excavation
at Coppergate, York (Kenward and Hall 1995, 455). The only example in the text was
of an atypical pit examined by McConaghey, “it seems most likely that the pit contained
open water and that it stood unused for a considerable length of time” (Kenward and
Hall 1995, 567). No results are given. Another study has been carried out by the present
author (see Section 8.4.2.1).

Pit faunas, which form the bulk of the studies described above, are predictably uniform
due to mixing of the contents (see Section 2.3.2). In deposits formed under large bodies

of water, such as moats, samples are often taken from different depths because the
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stratification represents a time sequence (e.g. Girling and Robinson 1989). Taphonomic
processes may cause some homogenisation in wet deposits and the material most likely
to show lateral varnation would be that which is spread out horizontally, but not formed
under water, such as floor and midden deposits. Work by Smith (1991; 1998) seemed to
confirm that there could be marked variation in midden deposits, although he describes

differences between surface and internal samples, and not horizontal differences.

Kenward et al. (1986) suggested homogenising large samples before sub-sampling, if a
method could be found that was not too destructive of the enclosed remains. The largely
untested assumption made here is that spatial relationships are less important than the

collection of a subset of species present.
2.3.4 EXTRACTION METHODS

The extraction process is the next point where information loss may take place. When
specimens were picked out directly from sediment, it was occasionally possible to
recover the whole exoskeleton with diagnostic parts like legs and antennae still in
position (€.g. Coope 1959). In addition, more information about taphonomic processes
was available from the condition and position of specimens. However the method is
both too time consuming and inaccurate in other ways to be practical for archaeological
matenal. However, it was used by Koch (1971). Recognition of remains is selective,
dependant to some extent on visibility, thus favouring the extraction of large and
brightly coloured specimens (Buckland and Coope 1991). These problems are overcome
by the adoption of paraffin flotation methods, which involves mixing the deposit with
water then adding a thin layer of paraffin. The insects separate from the sediment and
float up to the paraffin/water interface, where they can be poured off and concentrated
over a fine sieve (Coope and Osborne 1968). xxThis method has the great advantage of
speed but there are certain associated disadvantages. Less taphonomic information can
be extracted because the remains are disaggregated. Sieving loses small elements and
individual sclerites are rendered unattributable to any particular specimen, so that
counting has to be by the minimum possible number of individuals (MNI). Koch (1971)
was able to achieve a better level of identification, by extracting specimens directly
from the sediment, because he collected a greater number and variety of body parts
from each specimen, than is possible with the paraffin flotation method, but the labour

involved is much greater.
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2.3.4.1 Efficacy of method

Studies on the efficacy of the paraffin flotation method introduced by Coope and
Osborme (1968) have shown it to be very efficient at recovering coleopterous remains
but not i1deal for fly pupania or calcified material (Phipps 1986). This method was
explained in detail by Kenward (Kenward et al. 1980), who also advocated boiling
samples containing much plant material with caustic chemicals to disaggregate it, and
prevent too much appearing in the flot. Although Kenward (1992) estimated that this
method 1s 95% successful, he considered that a better recovery rate resulting from
improvements in the efficacy of the paraffin would be a high priority (Kenward et al.
1986). As the initial examination of samples, at the EAU now involves normally
involves only a single paraffining (Kenward er al. 1986) and because of the volume of
material dealt with by this group, any advance that would speed up the process would
be welcomed. There has also been some concern over the efficacy of the extraction
procedure, possibly due to the type of paraffin used, concerning work from Carlisle
(Kenward et al. 1992b, 4).

The first parattin flotation normally removes most insects from the sample and should
be representative of it. Usually, in the present author’s own expenence, second and
subsequent flots increases the amount of plant and other non identifiable remains so
much as to make them counter-productive. Kenward et al. (1986) reported that for
inexplicable reasons, occasionally little is extracted until the second flot, especially 1n
highly organic contexts. Silt-filled heads may sink and fail to be collected (Coope 1979)
but generally sclerites will be missed randomly and so unless detailed information about

concentration of remains 1s required, these losses will not be important.
2.3.4.2 The process of sorting

The process of extraction separates the chitinous element from most of the other
materials. It is then necessary to sort through this insect-rich extract under a low power
binocular microscope collecting certain elements for diagnosis. Heads, thoraces and
elytra are the main elements required but the acdeagus and limbs parts may be of value
as well. The possibility for loss of useful material due to human error is great. Strategies
need to be developed by the sorter in order to reduce this risk, for example, it 1s more
productive to concentrate on a limited number of diagnostic parts at one time (Kenward
1992). Insect parts are more likely to be overlooked if much plant material is present.
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Nevertheless, sclerites will tend to be missed during the sorting procedure and as this is
often random, 1t 1s not necessarily serious. One exception to this is the fragmented
remains of large specimens, which have been unnoticed due to the lack of a

recognisable shape, €.g. Sudell (1990, 269).
2.3.5 THE IDENTIFICATION PROCESS

The process of 1dentification leads to a selective loss of information, but it is surprising
how often identifications, right down to species level, can be made. This is partly due to
the amount of detail that may be preserved. Structural colours, hairs, scales and surface
patterns only visible under high magnifications are often still present on the exoskeleton
(Buckland and Coope 1991). The aedeagus may enable identifications to species to be
made 1n cases where other external differences are not apparent. The aedeagus is part of
the male genitalia. Identification keys are useful aids but often require features such as
antennae and legs, which are not recoverable whole, and so direct comparison with

modemn specimens 1s also necessary.

Full identification may not be possible if only fragments or a limited number of types of
sclentes are recovered or the differences between species may not be distinguishable
from the elements used for diagnosis. Even so, workers at the EAU not only record the
numbers of species involved but also the numbers of individuals within the group, using
labels, a, b, ¢ etc. This level of identification can only be achieved by a mixture of
experience and guesswork (Kenward pers. comm.). Information is lost not only because
not all of the remains can be identified to species, but also because most authors do not
record material at all, if, for example, it was only identifiable to family. This 1s
unfortunate as even very general identifications can be useful. For example, recording
the numbers of carabids (ground beetles) and curculionids (weevils) in faunas may be

still be helpful in interpretation (see Chapters 13; 14).

If identification is only to genus or higher levels, the ecological data are much less
specific, which causes problems when assigning habitat details (see Section 4.5). Most
workers, if identifying to levels higher than species, do not indicate how many species

may be present in that taxon. This distorts rank order lists and diversity indices.

A short cut used by workers at the EAU, in order to make the best use of limited time, is
to not fully identify everything, unless it is archaeologically important. "This 1s not as

illogical a statement as might first appear," (Kenward 1992, 86) as specimens are
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closely enough identified for their significance to be known. This approach 1is
considered to be most suitable for use in urban settings where the total number of
species 1s less than in rural sites (Kenward 1992). It sounds a dangerous precedent, as 1t
relies on preconceptions, but it is unavoidable since, with limited resources, the
emphasis on extensive sampling, must result in lower quality. One example of where
this may have happened 1s at Coppergate, York, where it seemed likely that Diphasium
complanatum, the club moss used in dyeing, had a Scandinavian origin, but no

associated insect fauna had been identified with it.

“with the exception of samples for which identification was carried out at
the ‘detailed level’ the policy adopted for the examination of insect
assemblages meant that rare taxa which were not immediately identifiable

as unfamiliar aliens may have been overlooked” (Kenward and Hall, 1995,
772).

It has since been suggested (Buckland 1997) that the small rove beetle Eucnecosum
brachypterum (Grav.) which was present, may have been introduced with the moss, as it
normally inhabits mountainous regions (Harde 1984). This explanation has already been

given for a similar occurrence of this beetle in York (Buckland et al. 1974).

2.3.6 THE RECORDING PROCESS

Another place where information loss occurs is in the recording of numbers. Since it is
not possible to know the individual origin of the sclerites, unless still articulated, only a
minimum number of individuals (MNI) can be estimated. Thus, although in theory, i1t
would be possible for the head, thorax and left and right wing cases of a particular type
of beetle to have come from four different individuals, they will be recorded as one.
This is why additional samples only marginally increase the total number of specimens
(Kenward ef al. 1986).

The semi-quantitative recording methods of the EAU are also a source of information
loss. Estimated numbers are deployed for the more frequent taxa with 6 being used for
amounts between 4 and 9 and 15 for larger quantities. These figures are used because
they have been shown to be the average and are used on assemblages regardless of size.
If the state of preservation is poor, the relative quantities of the different species may
only be scan recorded (e.g. Kenward 1985b), in these cases only a 3 or 4 point scale of
abundance is used. These semi-quantitative lists have been found suitable for some

comparative purposes (see Chapters 13 and 14). Problems do arise, however, if these
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lists are used for the creation of rank order curves (see Section 13.6.1.3.1).

2.4 CONCLUSION

A vast amount of information is lost between the laying down of the assemblage and its
retrieval. Many of these losses are random, and so do not bias the composition of the
resulting fauna. Those modifications that are selective often help to distinguish the

particular characteristics of faunas from different features.

21



CHAPTER 3: The interpretation of the death assemblage

This chapter examines the interpretative methods used in archaeo-entomology.

3.1 EARLY WORK

Lyell (1911) produced the earliest faunal list of insects in archaeological contexts in this
country comprising beetles found during the excavation of the Roman town at
Caerwent. The list contained 51 taxa but interpretation on the implications for palaco-
economy and biogeography was lacking. In fact, it “had so little to strike the
imagination” and no evidence of “pest species or the like” (Amsden and Boon 1975)
that it did not immediately inspire others. Nothing more substantial was recorded until
the 1950s when Kimmins (1954) and Bradley (1958) published their results. This early
work was mainly in the form of lists of species, little interpretation was offered, which
is unsurprising in view of the small size of the assemblages and the lack of comparative

matenal.

The study did not became established until the catalyst provided by Coope and Osborne
in 1968, with their development of the paraffin flotation method, which simplified the
recovery of insect remains. A number of papers, citing the uses of insects to
archacology, were published in the early 1970s (e.g. Osborne 1973; Kenward 1974,
Buckland 1974), as by then work had been undertaken on a variety of sites. So 1t was
somewhat surprising that a review of the archaeological literature published 1n 1975
stated that: -

"The endless repetition, however, of common ground beetles and the like 1n
the published lists can but signal the severely restricted utility of the work
from an archaeological standpoint." (Amsden and Boon 1975, 134)

Much of the work to date had been on Roman well faunas, which do contain high
numbers of carabids. It is ironic that Ervynck et al. (1994), working in Belgium, have
advocated using only the carabid beetles from well faunas as ecological indicators. They
argued that they provided all the information that was required. In one case, they were
able to show that Roman farming practices had exhausted the soil and led to
abandonment of the surrounding fields and in another that the well had never been

situated in a building. If other beetles had been considered, they might have been able to

provide more wide-ranging information than just land usage.
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Interpretative methods, established in the field of palaco-entomology, continue to be

used for archaeo-entomological studies.

3.2 MOSAIC METHOD OF INTERPRETATION.

The procedure, used by workers in palaco-entomology, was outlined by Shotton (1959)
with an ecological interpretation of a hypothetical pool. Two groups of beetles were
recognised; the aquatics or aquatic marginals providing clues about the pond itself and
the transported species giving information about the surrounding area. The ecology of
the beetles provides the clues to the nature of the habitats.

This “mosaic” approach (Kenward 1978a) was carried forward into the interpretation of
archacological features. However, it was recognised that the situation was complicated
by the fact that several habitats might be present. Thus Girling (1978, 86) states that:-

"A particular feature of insect investigations from the Somerset Levels is the
very close correspondence of habitat requirements of the successive faunas
and it is not unusual for beetles tied to interdependent habitats to account for
100% of the stenotopes (habitat specific) in any sample. It is respect the
faunas contrast strongly with those from urban situations where the artificial
surroundings can result in apparently anomalous groups whose
interpretation can be problematical.”

Problems arose when attempts were made to work out the relative importance of the
habitats indicated. Although Girling (1978) wrote that it was necessary to look at the
whole assemblage and not at individual beetles as markers of a particular environment,

Kenward stated that: -

"Early interpretation relied (implicitly) on the assumption that there was a
one to one specimen: habitat relationship, in combination with a measure of

informed 1ntuition." Kenward (1997, 136).

Some species will be naturally commoner than others; for example, small species with
their smaller biomass tend to be more abundant than large. Some habitats support a
wider variety of species than others. Some beetles may have been transported a long
way from their point of origin in the gut of birds or mammals or by wind. The latter 1s
referred to as “the background fauna” (Kenward 1975a) and is a component of most
insect remains from archaeological sites (Kenward 1978a). Coupled with these

problems is a lack of knowledge about the exact environmental requirements of many of

the species.
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Despite these caveats most workers still continue with the same approach, although
improving their interpretations in the light of later knowledge. So Kenward (1997, 146)
claimed that: -

"The palacoentomology of occupation sites has until now been largely a
descriptive and deductive process. This is not a matter for shame, since
every biological discipline must pass through the stage of "natural history"-
observation and data collection - before synthesis and theorising of any
value.”

3.3 THE WHOLE ASSEMBLAGE APPROACH

Kenward (1978a) felt that the “mosaic” method, inherited from palaco-entomologists,
was suitable for the broader based climate and ecological studies of that discipline, but
not precise enough for archaeological studies, where a much wider range of habitats and
micro-habitats need to be investigated. In particular, methods were needed to

distinguish that element of the fauna, which had been transported a long distance.

“There 1s an overriding need to find ways of separating this background
clement from the autochthonous component of a death assemblage before

making deductions about ecological conditions at the site of deposition”
(Kenward 1978a, 7).

He felt that a new approach was required involving the whole assemblage, so he
introduced quantitative methods, new species groupings and techniques previously used

by ecologists. These methods facilitated comparisons as: -

“The 1nsect assemblage from any sample can only be fully understood
against the background of many species lists from a wide range of sites and
circumstances,” Kenward (1978a, 26).

The Whole Assemblage Method, devised by Kenward (1978a) is still used by the
Environmental Archaeology Unit (EAU) based at York, although it has evolved over

time.
3.3.1 PRESENTATION OF DATA

New ways of recording data were introduced. At first, the data for each taxon were

registered in four ways; by the minimum number of individuals (MNI) present, as a

concentration (numbers’kg), as a percentage figure (numbers/total number of

individuals) and 1ts position in rank order of abundance in that list. In later work the
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Fig. 3.1 Examples of rank order curves, showing features useful in diagnosis (after
Kenward 1978b) |

A: Rank order curve for an assemblage
dominated by autochthonous “compost”
insects from a floor layer

B: Rank order curve for an assemblage
from a midden layer dominated by an
autochthonous fauna of decaying matter,
but with a strong admixture of insects from
other habitats.

150

C: Rank order curve for a modem
assemblage from a roof gutter,
representing “background fauna”.

100
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Fig. 3.2 Cumulative frequency graphs as a means of tllustrating “community™ structure
in insect death assemblages. The bold line represents the “standard™ denived from the

model of MacArthur (1957) and the fine lines represent the observed curves. (After
Kenward and Large 1998).
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sample size 1s standardised to 1kg so that concentration figures are no longer necessary

works (€.g8. Kenward ef al. 1986). These data may be used in various ways.

3.3.1.1. Rank order curves

Rank order graphs may be drawn from the above information and the shape of the curve
provides details about the nature of the assemblage. A steep beginning to the curve,
caused by the abundance of some species, suggests the presence of autochthones. While
a long tail, caused by many species at very low levels, suggests many allochthones; see
Fig. 3.1). Although the expected profiles of assemblages formed under different
conditions may not be known, these curves may be compared with others both ancient
and modern. For example, this method was used in the interpretation of a layer of buried
soil at Skeldergate, York (Kenward 1978a, 36) by making comparisons with modern
curves produced from similar material. The first use of this technique had been on an
assemblage from a Roman pit at Alcester (Osbormne 1971b), as the realisation that
decomposer species occupied the higher rankings enabled the deduction to be made that

the pit was full of refuse.
3.3.1.2 MacArthur’s broken stick method

Models of species abundance give a measure of the distribution of species abundances
in an assemblage (species equitability) and this can be shown by a cumulative frequency
curve. The shape of the curve has been found to fit certain mathematical formulae. The
curve for The Broken Stick Model of Abundance Distribution is normally thought to
represent well-established communities, which exploit the available living space
randomly, as though it is divided between them like a “broken stick” (MacArthur 1957).
This pattern of distribution was also found to fit archaeological assemblages, which
were assumed to have a purely background origin (Kenward 1978a). This model,
dismissed in Kenward (1978a) as being tedious to calculate and not very useful, became
feasible with computerisation. Using the following formula the expected numbers of

species at each level of abundance may be calculated.
S(n) = [S(S - 1)/N] (1-0/N)**
(derived from MacArthur 1957 cited in Magurran 1988, 30)

Where: -
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S = Number of species
S(n) = Number of species in the abundance class with “n” individuals
N = Total number of individuals

The difference, between a theoretical result based on this model and the actual result,
should indicate whether material was present which actively attracted beetles. This 1s
illustrated by means of “community structure graphs” in which the theoretical Broken
Stick component i1s reduced to a straight line and the actual results are shown as a
deviation from it (see Fig. 3.2). The shape of the derived curve is significant. This
method has limited application but it was used to show that beetles in the Bedern well,
at York, were derived from two sources, the sump and the well infill (Kenward et al.
1986). It was also used by Kenward and Large (1995) to determine the degree of
maturity of pit faunas (see Section 13.6.1.3.3).

Nowhere is the evidence presented justifying the use of this algorithm, it is simply used
because “it works™ and the degree to which it conforms to the model is not given. It 1s
strongly affected by sample size (Poole 1974), which may cause difficulties 1n
interpretation if widely differing assemblage sizes are involved. It was designed for
living communities and represent; the most equitable state of affairs with no
competition for niche space (Magurran 1988, 29), as indeed may be true of a death

assemblage.

3.3.2 HABITAT GROUPS

Like other workers, Kenward (1978a) attempted to separate species into habitat groups.
Uniquely, the faunal lists, from the EAU, contain both Coleoptera and Hemiptera
recorded together, although the numbers of Hemiptera are rarely large. A new artificial
grouping was devised dependant on the ability to breed indoors. All species capable of
living in “accumulations of organic matter” were omitted from this list, as their habitat
may have been situated within a building. As this is not a well-defined difference, 1t was
divided into two sub-groups; firstly, definite outdoor species and secondly, a larger
group which included probable outdoor species (Kenward 1978a). Both figures are
usually calculated. Some species remain problematical, especially those associated with
decomposer habitats, such as may be found by rivers or in pastures, and the

classification largely relies on the judgement of the researcher. The whole faunal list 1s
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divided up on the basis of this factor, which can provide information about the
provenance of deposits and the influence of the background fauna. This grouping was
probably of particular importance to Kenward because of his early work on identifying
Anglo-Scandinavian floor deposits (Hall er al. 1983b). It has been used ever since by
EAU workers but, rarely by others: Robinson (1981c¢); Smith (1996); Moffet and Smith
(1997) are the only other published examples.

The assemblages are also divided into habitat groupings but, initially, only one of these
was identified. This was the aquatic group (Kenward 1978a), and it was divided into
water dwellers and waterside or damp ground species. These have the advantage of
being reasonably clear-cut groups, although there are problems with some species, now
restricted to waterside situations, which were once common in towns (see Section
4.2.1). These aquatic species may indicate background rain influence or imported

waterside vegetation used for floor coverings, for example.

In urban archaco-entomology the “decomposer” species are extremely important but
they span a wide range of habitats, from mouldy litter under grass at one end to wet
smelly dung at the other. The sub-division of this group, based on the wetness of the
substrate, was undertaken by Kenward (1982) and is described in Section 4.2.1 below.
From 1982 onward, the decomposer groups have been included in the sub-division of
the assemblage (e.g. Hall et al. 1983b; Kenward er al. 1986). The state of the decaying
material, signified by particular members of this group, has important consequences for

health and hygiene. Those at the drier end of the scale include beetles living within the

fabric of buildings, the “house fauna”. However, this important element is not specified
as such, although much work has been done in this area (see Chapter 4). Other
categories have been added later. These are the phytophages (species feeding on plants),
moorland, timber and grain species. The problems involved in the classification process

are discussed in detail in Chapter 4.

3.3.3 ASSEMBLAGE STATISTICS

This new “Whole Assemblage” method differs from the “Mosaic Method” of analysis
in that, after classifying species into these groups, various statistics are calculated. This
is done so that the influence of the background fauna and the local habitats may be

assessed more objectively.
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The sizes of the various groups are calculated in two ways: by the numbers of taxa
present and by the percentage of total numbers. The latter figure expresses the size of
each of the sub-assemblages represented in relation to the whole assemblage. This gives
useful data for comparisons and information is gained about the relative importance of
the habitats. There are dangers in using percentage figures, which are discussed in
Section 3.3.4.2. In addition, adjustments must be made during interpretation as, for
example, the decomposer habitat is likely to be over-represented and the woodland
under-represented, due to the different mobility of the insects in these groups (Kenward
1978a, 10). The size of the outdoor component gives an indication of the amount of
background influence. Further information may be obtained from a measurement of

diversity.
3.3.3.1 Measurement of diversity
Kenward places great importance on the measurement of diversity stating that it: -

“will probably prove to be one of the most useful statistics of ancient insect

assemblages, especially when it is combined with other properties.”
(Kenward 1978a, 23)

Diversity has been measured by means of Fisher’s Alpha (Fisher ef al. 1943), which1s a
‘gauge of species richness used in ecology. It compares the number of species present

against the total numbers of individuals.
S =a log.(1 + Na)

S = Number of species
N = Number of individuals

a = The index of diversity.

The index of diversity can be extrapolated from a graph ( Fisher et al. 1943, 52) and the
degrec of error can be calculated at the same time. Fisher’s Alpha is relatively
independent of sample size, and for samples of a hundred individuals has a degree of
accuracy of around 20% of the value of . It is also suitable for use in situations where
a number of random vanables have acted on the material (May 1975), as is the case
with thanatocoenoses. A figure for the whole assemblage is calculated and 1n later work

(i.e from Hall et al. 1983b onwards), for the various habitat groupings, if they are large
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enough. A good correlation between the index of diversity and the amount of
background influence has been found. For example, a high reading, together with a low
concentration of individuals and the lack of a dominant habitat group, is characteristic
of a fauna formed outside in yards and streets by random processes (e.g. Kenward
1979a, sample 1744). Fisher’s Alpha can also be used in the calculation of the degree of
maturity of certain types of deposit (see Section 13.6.1.3.3).

3.3.4 CRITICISM OF THE WHOLE ASSEMBLAGE METHOD

It has been stressed that great care is needed in interpretation, when using this method.
Some pitfalls are discussed in Kenward 1978a, although some of the advice given has
later been disregarded, see above. Even when first laid down, the methods outlined
above were supplementary to existing procedures and were no substitute for experience
(Kenward 1978a). This meant that the actual species present were considered as well as
these reductive methods, which, being independent of species, lose much of the

information. The algorithms are designed to show up diagnostic features and enable

comparisons to be made with a variety of material, both ancient and modermn.

Buckland (1979a) and Angus (1979) were both unimpressed by the statistical methods
employed by Kenward (1978). Buckland thought that the loss of information caused by
giving each species equal weighting was unjustified. They felt that the same results
would have been reached by following traditional natural historical lines. Most workers
in the field agreed with this and few adopted these methods. However, few other

workers have dealt with such large numbers of samples.

Many of the criticisms that can be levelled against the method spring from this
emphasis on non-selectivity in sample taking. In order to process them within budget,
streamlining techniques had to be adopted (Kenward et al. 1986; Kenward 1992). In

addition methodology has changed over the years and there is no published account of

current practices (Kenward pers. comm. 1999).

3.3.4.1 Sample size

Due to the policy, adopted by the EAU of sampling as widely as possible, it became
standard practice to analyse only 1kg of material from each context (Kenward et al.
1986). Frequently the resulting assemblage was smaller that the one hundred individuals

initially considered necessary (Kenward 1978a). These small assemblages are treated to
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all the statistical tests used on larger assemblages (except for measurement of diversity
if MNI 1s less than 20).

Yet no work has been published to show that small assemblages are typical of the whole
context, if variation occurs, the smaller the sample the less representative it will be.
Research has been carried out by the EAU on a pit fauna to examine intra-contextual
variation (Topsey cited in Hall e al. 1993a). Samples from this type of feature have
probably undergone post-depositional mixing and so are unlikely to exhibit much
variation (see Chapter 3), which was indeed the case in this example. However, even
though there was little variation, the concentration of specimens, in each 1kg sample,
varied by a factor of two and a half (Hall er al. 1993¢). This point was ignored by the

authors, yet this measure is used to gauge the attractiveness of the substrate to insects.
3.3.4.2 The calculation of percentage figures

When the numbers of each taxa are calculated as a percentage of the total numbers of
individuals, the value for each group is relative to the size of all the other groups. If the
size of one group is swollen by high numbers of individual species (superabundants),
the figures for the other taxa will be correspondingly depressed. Superabundants,
defined as species forming 10% or more of the assemblage, probably represent beetles
breeding in or circumadjacent to the deposit. In practice, less objective parameters are
also used to identify reproduction, such as the appropriateness of the species in question
and the presence of teneral or malformed specimens. Whether reproducing or not, 1t was
acknowledged that figures, based on the percentage formed of the total number, will be
seriously distorted if any species is present in large numbers (Kenward 1978a). Initially
percentage figures were recalculated after their removal. Later no such action was

taken, except with grain pests, (Kenward et al. 1992a; b; c). This was justified as

follows: -

“taking out superabundants is only really appropriate when they hide other
information. Thus I look at stats with and without grain pests, since they
often swamp everything but where they are part of a dominant community
there is no problem, is there?”” (Kenward pers. comm. 1999).

This research argues that there is.

The problem was sometimes solved in later work by the use of semi-quantified lists,

whereby species numbers above 5 were estimated as 6 and 15. The latter figure usually
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denotes a superabundant species, but the method has been used arbitrarily. Sometimes
actual and estimated figures for high rankings, have been used in the same work (e.g.
Hall and Kenward 1990) and they were used regardless of total assemblage size and

consequently the figure 15 does not always represent 10% or more of the total.

3.3.4.3 Use of the indoor/outdoor category

The division of whole assemblages into indoor or outdoor types has not been adopted
by most other workers. It was designed to distinguish between deposits formed within
buildings and those formed outside. In York, alternating high and low levels of species
diversity of the “probable outdoor species™ group were found in samples presumed to be
from Anglo-Scandinavian floor deposits (Kenward 1978a). This was originally
interpreted as layers of occupational build up, with low diversity due to enclosure
within a building and therefore lack of access to “background rain” beetles, alternating
with an influx of beetles 1n new flooring materials. By the time the site excavation was
published, this neat interpretation had been discarded. After work on a modern barn, it
had been discovered that many “outdoor” species can penetrate buildings and therefore
the differences between deposits formed indoors with those formed outdoors are less
clear cut (Hall er al. 1983b). However, more careful examination of the site data
revealed that, true outdoor faunas were still recognisable, as they were much more
diverse than any of the disputed assemblages. The assemblages with more diverse
“probable outdoor species,” originally interpreted as fresh floor coverings, also had a
greater number of foul decomposer species, which suggested an alternative origin in
squalid flooring materials (Hall et al. 1983b). It was, therefore, speculated that the
differences may have been solely due to the position in the building, which could not be
determined, and they are no longer considered to be very significant. This category has

to be used with care in interpreting the location of assemblages.

A high value of species richness in the “outdoor” category is usually considered
indicative of a high background fauna. This may be true in practice, although it is not
directly measured. The main element of the background fauna is decomposer species
(see Chapter 14), which are deliberately excluded from this category. In addition,
aquatic species and phytophages, which are included in this group, may indicate the
immediate surroundings. The main characteristic of the species in the background fauna
is high mobility. This factor is discussed in Kenward (1978), but it is not used in

classification.
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However, the “outdoor” category is a useful indicator of the allochthonous component
of an urban fauna, which is important in interpretation. The problem with other systems,
which rely on classification by habitat to interpret the surroundings of an assemblage, 1s
that few beetles provide incontrovertible evidence of a particular habitat. Thus 1t 1s a

useful diagnostic tool, especially for urban archaeological studies (see Section 6.3.1 and
Chapter 15).

3.3.4.4 The use of the index of diversity

Problems arise from using a procedure designed for ecological data on archaeco-
entomological data and this applies to the use of diversity indices. The difficulty of
identifying insect remains to species creates problems because each taxon is treated
with equal weight. Identifications to genus or higher level conceal the number of
individual species. Workers at the EAU from 1986 onwards have endeavoured to
separate out the individual species even if they could not name them. This prevents
distortion of the measurement of diversity. Direct comparisons of diversity with work
by others, who have not done this, are not possible. Small assemblages may also
produce unreliable results but they may be omitted if the degree of error is high
(Kenward and Hall 1995, 465). The main difficulty is in the interpretation; Kenward
(1997) admits that this is not always straightforward. For example, high diversity of the
decomposer element could mean that a varied, well-established community was present
or conversely it could indicate a random background fauna. So it 1s necessary to
consider the ecological requirements of the constituent taxa. The greater diversity of
large assemblages may simply indicate that they formed over a longer time span
(Kenward 1978a). There are also differences between assemblages, which stem from
their formation in different types of features (see Chapter 14). This point was illustrated
in Kenward (1978, Fig. 8, 9) but not commented upon, and the importance of this aspect
of assemblage formation was initially overlooked. Another difficulty with comparisons

is that most other authors do not include Hemiptera within their lists.

3.3.4.5 Importance of feature type

In the early work, little consideration was given to the type of feature from which
assemblages were collected. Thus, information about the habitat represented by the
fauna was recorded regardless of the features from whence they came. The size of the

habitat groupings were recorded, by period, in the form of bar charts (e.g. Hall and
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Kenward 1990 fiche 11 figs 103-113). These charts are not referred to in the text, and
they are not direct measures of temporal changes, as the type of feature in which the
faunas developed had varied greatly over time. For example, all the features examined
in Period 6 were cesspits, while earlier periods displayed more variety, with a number
of samples from drainage ditches and floor deposits being examined. The information
about feature type was present in the text but it was not easily accessible. Only in Hall
and Kenward (1995) are the figures for habitat types per period broken down into
feature types.

3.3.4.6 Difficulties in verifying interpretations

The difficulties of managing the large projects undertaken by the EAU (e.g. Hall et al.
1983b; Kenward and Hall 1990, Kenward and Hall 1995), inevitably gave rise to
problems. Lost samples are mentioned and unease is expressed about the genuineness of
really unexpected findings. For example, it was suspected that the Anglo-Scandinavian
grain pests from Coppergate, York were cross-contaminants from Roman material
(Kenward and Hall 1995, 761). 1600 samples were collected from that site and the
amount of data generated by 1t has, so far, prevented its publication. Data are often
published on fiches to save space, for example, the statistics for the environmental
studies from the Colonia (Hall and Kenward 1990) occupy the equivalent of a book five

times the size of the original monograph.

Although the reader is urged to study the raw data in order to fully understand the work
(Hall and Kenward 1990), it is not displayed in a user-friendly fashion and the
implications remain obscure unless a great deal more work is done. A large amount of
statistical information is published but this depicts the raw data and is not always fully
explained. For example, in Kenward et al. (1986, 255-257) figures 50, 51, 54 and 56 are
not mentioned in the text, except as “certain data from insect analyses”. Histograms of
various parameters, such as those concerned with the composition of the decomposer
fauna and the concentration of “outdoor species™, are routinely expressed in several
different ways. No explanation is given about how these various measurements affect
the conclusions drawn. The wrnitten information is not backed up directly by charts or
diagrams. Instead relevant information is scattered about and not cross-referenced. For
example, in order to understand Kenward and Hall (1995, 644, Figure 178) it 1s

necessary to look in six different places in the text. Even then, without the species lists
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for each sample, which still await publication in a “Technical Journal”, the information

cannot be verified.

3.3.4.7 Conclusions

Although there are problems with the individual components of the “Whole Assemblage
Method”, it has been used in combination with more traditional species-based methods
and integrated with other environmental data, making it an effective tool In
interpretation. The unique methods used lead to problems when comparisons are made
with other work (see Chapter 13). However, because the bulk of the research on urban
assemblages has been undertaken using the “Whole Assemblage Method”, any

synthesis of work in this field must incorporate it.

The deployment of these intensive methods was only possible because of the
computerisation developed and used exclusively at York. This was innovative in the
1980s but now, when other computer techniques are available, the method seems

unwieldy and outdated.

3.4 METHODS OF COMPARING FAUNAL DIVERSITY

3.4.1 JACCARD’S AND SORENSON’S MEASUREMENTS’ OF DIVERSITY

Jaccard’s method allows for the degree of diversity between faunas from different sites
to be measured using the “coefficient of community”. It can also be used to investigate

species associations, as the frequency with which pairs of species occur together can be
measured. It was used for this purpose, with some success, to sort out the habitat

preferences of a number of beetles found in archaeological assemblages (Kenward

1982, see Section 4.2.1).
Jaccard’s coefticient of community, C;=j/(a +b - J)
j = Number of species common to both sites
a = Number of species at site A
b = Number of species at site B.

Like the similar Sorenson’s index, which uses the same parameters, it only compares

two variables at a time and only measures presence or absence of species. Many species
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