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i.

Abtract

This thesis builds on the work of previous coleopteran-based climatic reconstructions to
recreate the environment and climate of the last 20,000 14C years of northwest Europe
using the data and methods available within the Bugs Coleopteran Ecology Package, and
aims to assess the ability of the BugsCEP results to provide information regarding
events and anthropogenic changes on environment during the Anthropocene. Samples
and data from 134 sites across northwest Europe and the British Isles were included in
this study. The Mutual Climatic Range method and the BugStats module based on
habitat code classifications were used to create the climatic and environmental
reconstructions respectively, the results of which are provided in eight isotherm maps
for 14.5-9 14C years BP and 2 EcoFigure graphs for 20,000 14C to present. While the
results of some isotherm maps align with the changes described in previous studies,
other climate trends are muted within these results. Likewise, some previously
recognized environmental shifts in Europe are visible, whereas other major events are
not distinguishable within the environmental record. An assessment of the
environmental reconstruction results finds that though there is not sufficient material to
support any proposed Anthropocene start dates, effects of anthropogenic influence upon
the environment may be visible starting within the last 2,000 14C years; the results also
show some support for the Vera Hypothesis.
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1.

Introduction

1.1

Aims

The aim of this thesis is twofold: to build upon the work of Coope et al. (1998) by rerunning the original coleopteran-based climate reconstruction of the Holocene, and to
evaluate the potential for the Bugs Coleopteran Ecology Package (BugsCEP) program to
provide information on the start of Anthropocene and related anthropogenic activities
and events by examining both the climatic and environmental reconstructions produced
by BugsCEP for evidence of such. This study’s structure and methodology differ from
those of the original study in a number of ways: it includes site data that has become
available since 1998, which allowed for a longer study period of between 0 – 20,000
uncalibrated

14C

years before present; it includes an environmental reconstruction;

finally, it depends almost entirely on BugsCEP for the storage and manipulation of data
as well as for the creation of environmental and climatic reconstructions. Nevertheless,
the reconstructions have been created with the goal of making them comparable to the
earlier Coope et al. reconstructions so that any differences due to a larger dataset are
visible.
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2.

Scientific background

2.1

Recent climatic studies

The original study by Coope et al. (1998) used coleopteran assemblages from 77 sites
across northern Europe to produce temperature reconstructions during the last glacialHolocene transition between 14,500 and 9,000

14C

years BP. The reconstructions

employed Mutual Climatic Range (MCR) estimates to produce maps displaying TMax
(the mean temperature of the warmest month), as well as those with isotherms based on
interpolations of TMax for eight time slices, which were divided this way in order to
reflect periods of major climate change. The study found thermal climate to be relatively
uniform throughout northern Europe at some times, but at others the region
experienced steeper temperature gradients than today.
There have been a number of recent studies that deal with Holocene temperature
reconstructions with a European focus. Most recently, Brooks and Langdon (2014)
reconstructed the summer temperatures of northwestern Europe between 15,000 and
8,000 14C years ago using assemblages of chironomidae (non-biting midges) which, they
argue, offer higher temporal resolution as they are more abundant than beetles in
sediment samples and offer the possibility for analysis of consecutive samples. However,
because adult chironomidae are not usually present during the winter in northwest
Europe and therefore do not appear in samples, only summer temperatures could be
reconstructed (Brooks and Langdon, 2014). Nevertheless, the authors hoped to be able
to compare the results with those of the coleopteran-inferred temperature estimates of
Coope et al. (1998). Comparison between their study and beetle-inferred temperatures
revealed chironomid assemblage-based reconstructions tended to predict cooler air
temperatures than beetle-based reconstructions. Others, such as Davis et al. (2003),
have used pollen data to reconstruct Holocene temperatures. Davis et al. studied
European pollen records from over 500 sites dated to the last 12,000 years in order to
create area-average time series reconstructions in 100-year time slices, both for regional
and European scopes. Similarly, they found spatial differences in climate trends and
climatic instability and change until approximately 7,800 BP, when climate became
more stable. There are also quite a few studies that focus on temperature
reconstructions for the last 1,000 years (Mann et al., 1999; Shaopeng et al., 2000; Briffa
6
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et al., 2001; cited by Davis et al., 2003), though these tend to limit their studied time
ranges due to the resolution of their chosen proxy.

2.2

Climatic and environmental proxies

A number of proxies aside from beetles have been used previously to reconstruct
palaeoclimates and palaeoenvironments. Ice cores are a useful source as they can
provide up to approximately 400,000 years worth of palaeoclimatic information, and
may be analyzed based on their isotope and gas contents, trace element and
microparticle concentrations, and physical properties such as the ice fabric or whether
they contain tephra (Bradley, 1999). Ice core data from the Greenland Ice Sheet Project
2 and the North Greenland Ice Core Project provide a high-resolution record of climatic
conditions, cycles, and events from Greenland to as far as Asia (e.g. Zielinski et al. 1994;
Barker & Knorr, 2007; Steffensen et al., 2008), whereas the Vostok ice core provides by
far the longest climate sequences of the past four glacial-interglacial cycles, about
400,000 years (Petit et al. 1997).
Ocean and lake sediment cores have also been used to identify such climatic changes
(e.g. Lowe and Walker, 1997) and are often evaluated upon the properties of the
biogenic and inorganic sediments they contain. Terrestrial sources mainly include
products of glacial, periglacial, or lacustrine activity (deposits, erosional features,
shorelines), Aeolian deposits, and pedological features, though more recently
speleothems have been used as a palaeoclimatic proxy, mainly by studying their stable
isotope ratios, growth intervals, annual band thickness, and trace elements (e.g.
Fleitmann et al., 2004) (Bradley, 1999; Fleitmann et al., 2008). Biological proxy data
sources include tree rings, pollen, plant macrofossils, insects, corals, diatoms, ostracods,
and other biota, and modern population distribution. Certain historical records may
also be used, by inferring climatic and environmental conditions from phonological
records or by comparing currents conditions with written records of environmental
indicators (Bradley, 1999).
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2.3

Insects as an environmental proxy

Insects, and beetles in particular, are among the most commonly recovered arthropods
found in archaeological settings (Reitz and Shackley, 2012). This is in part due to the
fact that beetle exoskeletons are especially resistant to decay, making them useful in
longer-term studies of the Holocene period and older (Reitz and Shackley, 2012).
Insects in general are a valuable proxy in climate and environmental studies as well as
archaeological studies as they often occupy quite specific habitat types and survive in
often narrow thermal envelopes (Reitz and Shackley, 2012). Insects found in nonarchaeological contexts are generally attracted to either a habitat type (such as peat
bogs) or a feature of that habitat (such as dung in a meadow), so long as it also fits the
requirement of their strict thermal envelope. Insects may be drawn to a variety of
features found in archaeological settings, or may have been brought in from elsewhere.
For example, the insects within a dwelling may have arrived accidentally through the
droppings of predators, entry in local flight, in imported material, in casual transport, or
on the occupants of the dwelling, or on purpose through migration and the seeking of a
new habitation site; they may live in the dwelling’s building material, or have been
attracted to the food stores or litter of inhabitants or perhaps arrived as parasites of the
occupants themselves (Elias, 1994, cited in Reitz and Shackley, 2012; after Kenward,
1985). There are even a few cases where insects have been domesticated and transported
intentionally by humans, such as in the case of silk worms and honey bees (Reitz and
Shackley, 2012).
Of course, site contamination is also possible, as insects may burrow into older deposits
and samples may become mixed accidentally during handling. Insects preserve well in
peats that have not yet dried; fen peats often preserve them better than peat bogs, which
tend to be too acidic (Reitz and Shackley, 2012). Anoxic, waterlogged conditions also
preserve well, while generally oxic conditions do not, though it is possible to find
desiccated or charred remains in such contexts. Taphonomic processes also affect the
interpretation of insect assemblages, as does the skill of the individual performing the
identification. Larger beetles, for example, are more likely to become fragmented and
are thus more difficult to identify, whereas small beetles are more likely to survive due
to their size; very small beetles may be completely lost during processing if the sieve
8
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being used is too large (Buckland, 2007). Additionally, individual species may be more
or less robust or delicate, which further affects their chances of erosion and
fragmentation (Buckland, 2007).
Among all insects, beetles in particular are arguably the most important insect order in
the Quaternary fossil record (Elias, 1994). Not only do they account for 25% of all known
species of organisms, but they also occupy nearly every niche imaginable, making them
an extremely useful proxy tool for habitats and environmental and climatic conditions
as some of these niches are quite specific (Elias, 1994). Moreover, no evidence exists for
significant beetle extinction events during the Quaternary, and nearly all fossil species
have also been identified in modern records, with similar associations of insect species
between the two groups (Elias, 1994). This is important as it allows researchers to
believe fairly confidently that today’s beetles have the same ecological requirements as
their fossil counterparts. This aspect, along with the fact that studies have shown that
beetle populations respond very quickly to even minor environmental changes, allows
for precise environmental and climatic reconstructions (Elias, 1994). Phytophagous
beetles are often excluded from such reconstructions, as they may merely reflect host
plant distribution, but still provide valuable information regarding past vegetation;
generally predators and scavenging beetles are the preferred source on past climates as
they are free to establish themselves in any region with a suitable climate (Elias, 1994).

2.4

The Bugs Coleopteran Ecology Package and other palaeo databases

The BugsCEP software package, developed by Paul and Philip Buckland, contains both a
relational database designed in MS Access as well as a user interface which allows a user
to input site information, countsheets, and metadata, search and retrieve existing data,
and perform climatic and environmental reconstruction using the BugsMCR and
BugStats functions respectively. Currently, the program contains information on species
(taxa, links to images, synonyms, records of species association, UK RDB rarity records,
special attribute records), reference information for each entered site, fossil records and
other sample-based records (sites, abundance datasheets/countsheets for each site,
fossil record entries in each countsheet, recorded dates for each sample), information
regarding climate and ecology (MCR thermal envelopes, ecology text excerpts,
distribution text excerpts, EcoCode assignments, Koch Ecology Code assignments, UK
9
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monthly activity records), and also identification keys (BugsCEP – Database overview).
The program runs using MS Access and exports the results of MCR and BugStats
calculations into MS Excel. Though the majority of sites in BugsCEP are located within
northern Europe and the EcoCodes and BugStats function is geared towards this region,
the package has been used in a number of studies outside this region and has been used,
cited, or been the subject of approximately 150 studies or articles since it was first
designed. The BugsCEP dataset has also been incorporated into the Strategic
Environmental Archaeology Database (SEAD), along with sources from the
Environmental Archaeology Lab (MAL) at Umeå University, the Laboratory for Ceramic
Research,

and

The

Swedish

National

Laboratory

for

wood

anatomy

and

dendrochronology (SEAD Database).
BugsCEP is one of many palaeo databases, which range in size, scope, material, ability,
and function. Some, like the Neotoma and SEAD databases, include multiple proxies in
their records and operate on a global level; others are narrower with regards to proxy
and regional in scale, such as the European Pollen Database (EPD) or the Integrated
Botanical Information System (IBIS), which contains information on Australian flora.
BugsCEP contains fossil records of Coleopteran species from sites across the globe, with
the majority of these being found within northwest Europe, due largely to the numbers
of entomologists living and working in these areas (Buckland, 2014) as well as the more
common practice of including beetles as a proxy in northwest Europe, particularly in
Scandinavia and the British Isles.

2.5

The Anthropocene

Discussion of a geological age influenced or even dominated by humans has existed
since the mid-1800s, when George Perkins Marsh commented on humans’ role in the
destruction of Earth’s environments in his Man and Nature (1864), and Italian geologist
Antonio Stoppani defined the “anthropozoic era” in 1873 (Erlandson and Braje, 2013,
citing Crutzen, 2002; Goudie, 2000; Braje et al., 2014), and has endured into the
twentieth century, with some European scientists adopting the term the “noösphere” to
describe such an era (Erlandson and Braje, 2013). The term “Anthropocene” was
suggested by Paul Crutzen in 2002 as a geological epoch dominated by humans which
would supplement the Holocene (Crutzen, 2002; Foley et al., 2013 citing Crutzen 2002).
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Crutzen listed the population boom of both humans as well as methane-producing
cattle, the destruction of rainforests, species extinction, human-induced emissions, and
an increase in greenhouse gases, caused for the most part by only 25% of the world’s
population, as hallmarks of the Anthropocene (Crutzen, 2002). Crutzen recognizes the
growth of global concentrations of carbon dioxide and methane as a mark of the start of
the Anthropocene in the second half of the eighteenth century, coinciding also with the
design of the Boulton-Watt steam engine (Crutzen, 2002).
Within the last decade or so, scientists, geologists, and archaeologists have been
interested in defining more precisely the start of the Anthropocene; there is even debate
as to whether or not it should be considered a separate geological era. In 2008, a
working group was formed by the Stratigraphy Commission of the Geological Society of
London (SCGSL) to evaluate this proposal and decide when the Anthropocene began
(Braje et al., 2014).
Needless to say, the evidence examined and criteria upon which the Anthropocene is
defined greatly determine the chosen start date, whether the criteria are anthropogenic
changes upon the environment, climate, animal populations, or greenhouse gas
concentrations. The formal SCGSL proposal supports a starting date of either ~A.D.
1850, with the birth of the Industrial Era, or in the nuclear era of the 1960s (Braje et al.,
2014). The first appearance of artificial radio-nucleotides resulting from such atomic
detonations in the 1950s has been used in the argument for a starting date a decade
earlier (Braje et al., 2014), while others suggest that the beginning of the Industrial Era
in Europe, around 1800, is more fitting. The advent of wide-scale global farming at least
8,000 years ago has been argued, particularly by Ruddiman (2003, 2005, 2013), to have
accelerated greenhouse gas concentration increases, deforestation, soil erosion, plant
and animal extinctions, and the associated climate changes (Erlandson and Braje, 2013).
Doughtry et al. (2010) are in favor of eliminating the Holocene completely and
extending the Anthropocene to 14,000 or 15,000 years ago when the extinction of
Pleistocene megafauna led to climate changes (Erlandson and Braje, 2013).
It is important to note that while the SCGSL is in support of a very recent beginning date
to the Anthropocene era, until 2013 the 22-person working group was comprised mainly
11
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of geoscientists and palaeoclimatologists, as well as an environmental historian and a
journalist; in 2013 an archaeologist was introduced to the group (Braje and Erlandson,
2013). Unlike the group dominated by earth scientists, many archaeologists argue that
human influence over the earth’s eco-systems began thousands of years ago, on a global
scale (Braje and Erlandson, 2013; Braje et al., 2014 citing Kitsch, 2005). These
anthropogenic changes in both terrestrial and aquatic ecosystems come in the form of
human-induced extinctions, transformations of landscape, and transportation of plants,
animals, and raw materials (Braje and Erlandson, 2013; Braje et al., 2014 citing Kitsch,
2005). Archaeological evidence of such influence and changes includes the extinction of
wooly mammoths in the Late Pleistocene, likely due to being overhunted by humans;
the slash and burn technique of deforestation to make way for growing cities and
populations, such as in the Mayan city of Tikal in modern-day Guatemala; terraced
agricultural fields, found in such places as Vietnam and Peru; ruins of Rome, the first
city to reach a population of one million over two millennia ago (Braje and Erlandson,
2013). Such events and their ecological consequences of course occurred long before the
start of the Industrial Revolution. Though the events and advances of the last two
centuries have also had immense, perhaps even unprecedented effects on the earth’s
eco-systems, anthropogenic changes were already in motion thousands of years ago,
even if their effects were not as widespread nor immediate. Foley et al. (2013) offer the
useful term Palaeoanthropocene – which they do not consider a separate geological
epoch – to distinguish between the rapid changes from the Industrial Revolution to the
present and the anthropogenic changes upon landscape and environment before the
nineteenth century, and call for an integration of disciplines to better understand the
period. The concept of the Palaeoanthropocene is useful to this discussion, as one of its
main distinctions from the Anthropocene is the scale in space and time that the two
operate

on.

The

authors

argue

that

the

anthropogenic

activities

of

the

Palaeoanthropocene led to mainly local and regional changes, perhaps not felt on a
global scale for some time; the Anthropocene experienced large changes on a global
scale, much more immediately (Foley et al., 2013). In this paper Anthropocene will be
employed because it is the more widely recognized term, but with the understanding
that it is referring to European-scale changes, often experienced locally, on a much
larger timescale than the last few hundred years.
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Even if scientists and researchers were to consider an Anthropocene starting point more
on the order of thousands rather than hundreds of years ago, the true difficulty may lie
with reaching an agreed upon date. Again, definitions and starting points for the
Anthropocene depend greatly upon the criteria as well as the proxy or evidence being
examined, as well as their respective resolutions. Foley et al. (2013) emphasize in their
discussion of the Palaeoanthropocene that it should be considered a transitional period
and not fixed in time, and thus fundamentally difficult to define.
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3.

Methods

3.1

Use of the Bugs Coleopteran Ecology Package database

Either the front-end user interface or the back-end relational database of the BugsCEP
package was used for almost every step of the process of creating climatic and
environmental reconstructions for each one of 29 total time steps. MS Access was used
in querying the Bugs database and in exporting results to MS Excel, which in turn was
used to import site and climatic information into ArcGIS as well as in the production of
output files by the BugsMCR and BugStats modules. BugsCEP is a product of the data it
contains, and the quality and coverage of this data, much like any database. Assuming
there were few to no errors in information inputted by users, there are still a number of
potential issues with database material. In this case, data is neither objective nor
neutral, but instead biased due to factors such as research history of database authors,
data contributors and their linguistic skills, and the availability of reference data for
different species (Buckland, 2014). Research history may affect both the level and
accuracy of individual identifications, linguistic skills may allow or prevent the inclusion
of relevant information or perhaps errors, and the availability of reference data
influences individual species identification. The extent of these biases and how they
affect interpretation depends greatly on how it is extracted, manipulated, and analyzed
(Buckland, 2014). This is especially true for the data used in this study: it was selected
initially through queries and later narrowed down by examining individual samples one
by one, and manually removing them; sample data was dissected into artificial time
slices; ultimately, certain settings and presets chosen when running reconstructions
affect output and consequently interpretation. Thus the biases in the original database
are as important as the data manipulation itself.
The steps taken to construct climatic and environmental reconstructions are in the
following flowchart:

14
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Step 1: Extract
samples to use from
BugsCEP using queries

Step 2: Maximize
available samples

Step 3: Create
pseudosite and
countsheets

Remove unreliable dates,
e.g. when researcher
expressed doubt at accuracy
or hard water error
indicated
Where sample is dated more
than once, combine dates
using OxCal 4.2

Create new query linking
the new table with
Index, Abundance,
Species Code, Site
Name, SampleCODE.
Perform crosstab query
to format correctly for
Bugs import

Retrieve all samples from sites containing Step
1 samples

Create age-depth models for undated samples
stratigraphically between dated samples

Remove samples older than 20 kcal BP;
import new table with combined,
interpolated, and extrapolated dates into
Access Bugs database

Export results into
Excel file
Repeat for each
time slice

Import Excel file
into pseudosite as
new countsheet
Repeat for each
time slice

Repeat for each time
slice

Step 4: MCR
reconstruction and
visualization

Select countsheet to
generate MCR
reconstructions using
BugsMCR
Repeat for each time slice

Create new query linking
Site Name, Latitude, and
Longitude with new T
Values table
Repeat for each time slice

Step 5: BugStats
environmental
reconstruction

Copy and paste
TValues into new
Excel file

Import Excel file
into Access as
new table

Repeat for each
time slice

Repeat for each
time slice

Export to Excel
file; calculate
TMaxMid and
TMinMid; change
to a Comma
Delimited File
Repeat for each
time slice

Select countsheet to
generate environmental
reconstruction using
BugStats

Average values for
each EcoCode

Repeat for each time slice

Repeat for each
time slice

Fig. 1. Flowchart displaying the steps taken to produce MCR and BugStats figures.
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Import into
ArcGIS; export as
new shapefile;
interpolate
TMaxMid values
Repeat for each
time slice

Change graph
source data to
reflect average
time slice values
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3.2

Sites

The data used came from sites in the BugsCEP program as available by 1 February, 2015
(Versions: BugsCEP v7.63; Bugsdata v9.1; BugsMCR v2.02; BugStats v1.22). All
European sites with stratigraphic sequences containing radiometrically dated samples
from 0-20,000 uncalibrated 14C years before present were initially considered. Samples
from archaeological sites were excluded so as not to inadvertently include species drawn
to human activities or presence, and Greenland sites were disregarded both because of
their distance to mainland Europe and so that the influence of the Greenland ice cap
would not skew the European-scale reconstructions. In total, 797 samples were
extracted from the Bugs database originating from 134 sites, with a total of 51,062 taxon
occurrences. A great number of samples originated from British Isle sites, which may
lead to slight overrepresentation within climate and environmental reconstructions.
Time Slice (14C
years BP)

No. Sites

No.

No. Taxa

No. MCR

Total

MCR

Samples

(NSpec)

taxa

Abundance

Abundance

0-500

2

6

14

6

19

6

500-1,000

6

16

192

44

467

74

1,000-1,500

7

14

179

36

715

112

1,500-2,000

8

14

319

60

1,228

195

2,000-2,500

8

15

266

62

1,019

168

2,500-3,000

10

25

297

56

1,447

222

3,000-3,500

15

36

316

66

1,097

235

3,500-4,000

14

40

369

78

1,585

312

4,000-4,500

17

32

374

66

1,303

230

4,500-5,000

8

24

285

61

1,110

155

5,000-5,500

9

13

164

29

342

61

5,500-6,000

6

10

167

19

700

68

6,000-6,500

4

16

179

30

645

76

6,500-7,000

7

12

278

42

1,367

191

7,000-7,500

7

10

104

28

237

57

7,500-8,000

11

16

281

49

1,175

158

16
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8,000-8,500

14

27

265

53

1,092

181

8,500-9,000

13

21

221

45

565

112

9,000-10,000

21

51

529

122

5,744

1,396

10,000-11,000 31

68

695

165

9,763

3,781

11,000-11,800 35

155

662

179

8,386

3,124

11,800-12,000 7

25

208

71

1,566

601

12,000-12,200 13

26

360

127

2,884

1,219

12,200-12,500 12

47

420

122

4,029

889

12,500-13,000 18

33

354

125

1,495

485

13,000-14,500 14

31

238

70

807

227

18,000-18,500 1

1

13

6

13

6

18,500-19,000 1

1

1

1

1

1

19,500-20,000 1

1

14

6

35

14

Table 1. Chart showing number of sites, samples, taxa, MCR taxa, abundance, and MCR abundance per
time slice. All dates are uncalibrated.

Data was extracted from BugsCEP using the Microsoft Access querying tool. In
Microsoft Access, queries may be a request for data results (called ‘select queries’) such
as retrieving data from a number of tables, or for action on data (called ‘action queries’),
such as adding, changing, or deleting data, or both (“Introduction to Queries”). Select
queries are created by creating relationships between different types and levels of data
in the database (for example, between species found in a single sample; between
samples to their originating site; between samples and their respective radiometric
dates) and then setting conditions for the results. The query results then display only the
data that follow these conditions or parameters, which may be based on relationships
(e.g. sites in Sweden) or values (e.g. samples older than 10,000 uncalibrated

14C

years

BP). Queries may even use the results of previous queries in their structures, and can be
based upon a chain of conditions.
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A.

SELECT TSite.SiteCODE, TSite.SiteName, TSite.Country, TSite.LatDD, TSite.LongDD,
TCountsheet.CountsheetCODE, TCountsheet.CountsheetName, TCountsheet.SheetContext
FROM TSite INNER JOIN TCountsheet ON TSite.SiteCODE = TCountsheet.SiteCODE
WHERE (((TCountsheet.SheetContext)="Stratigraphic sequence"))
ORDER BY TSite.SiteCODE;

B.

C.

D.

SiteCODE
SITE000009
SITE000011
SITE000012
SITE000019
SITE000020
SITE000024
SITE000025
SITE000027
SITE000031
SITE000032
SITE000035
SITE000037
SITE000038
SITE000039
SITE000040
SITE000040
SITE000045

SiteName
Aghnadarragh
Alcester: Alluvial
Alcester: Coulter's Garage
Endletvatn
Ängdala
Ardleigh
Armthorpe
Askern
Aston Mill: Late Holocene
Aston Mill: Glacial
Austerfield
Aveley
Bad Tatzmannsdorf
Baker site
Ballybetagh
Ballybetagh
Barnwell Station

Country
Ireland
England
England
Norway
Sweden
England
England
England
England
England
England
England
Austria
England
Ireland
Ireland
England

LatDD
54.5966
52.2175
52.2156
69.7333
55.5833
51.9145
53.545
53.6239
52.0161
52.017
53.4567
51.5003
47.3333
51.1395
53.1667
53.1667
52.215

LongDD
-6.255964
-1.856389
-1.8725
19.08333
13.11667
0.9836493
-1.040278
-1.150278
-2.083055
-2.084469
-0.9986111
0.2347222
16.2167
-2.796111
-6.25
-6.25
0.1531714

CountsheetCODE
COUN000030
COUN000008
COUN000007
COUN001066
COUN000012
COUN000755
COUN000013
COUN000014
COUN000015
COUN000016
COUN000019
COUN000020
COUN000021
COUN000022
COUN001441
COUN000023
COUN000029

CountsheetName
Aghnadarragh_bugsdata.xls
Alcester Early Holocene_bugsdata.xls
Alcester Coulters Garage_bugsdata.xls
Endletvatn
Angdala PA_bugsdata.xls
Ardleigh
Armthorpe_bugsdata.xls
Askern_bugsdata.xls
Aston Bronze Age PA_bugsdata.xls
Aston Late Glacial PA_bugsdata.xls
Austerfield_bugsdata.xls
Aveley_bugsdata.xls
Bad Tatzmannsdorf PA_bugsdata.xls
Baker Track_bugsdata.xls
Ballybetagh Coope
Ballybetagh PA_bugsdata.xls
Barnwell Station_bugsdata.xls

SheetContext
Stratigraphic sequence
Stratigraphic sequence
Stratigraphic sequence
Stratigraphic sequence
Stratigraphic sequence
Stratigraphic sequence
Stratigraphic sequence
Stratigraphic sequence
Stratigraphic sequence
Stratigraphic sequence
Stratigraphic sequence
Stratigraphic sequence
Stratigraphic sequence
Stratigraphic sequence
Stratigraphic sequence
Stratigraphic sequence
Stratigraphic sequence

Fig. 2. Examples of query formats in SQL language (Table A) and Design View (Tables B,C) and their
results (Table D, abbreviated). In this case the SQL language and design view are different formats of the
same query, both resulting in Table D.
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1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

Alcester: Alluvial
Alcester: Coulter’s
Cottage
Armthorpe
Aston Mill: Late
Holocene
Baker Site
Ballybetagh
Barnwell Station
Bidford on Avon:
Pilgrim Lock
Bigholm Burn
Brighouse Bay
Davenham: Church
Moss
Church Stretton Site
CS1 and CS2
Church Stretton RS2
Clettnadal
Colnbrook
Colney Heath
Condover
Croft
Croydon
Dimlington
Drumurcher
Farmoor: Late
Glacial

23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.

Glanllynnau
Glen Ballyre
Godøy
Gransmoor
Hanö
Havre
Holywell Coombe
Heldalewater, Hoy
Isleham
Körslättamossen
Lausanne
Lea Marston A
Lea Marston B
Leicester: Early
Holocene
Little Stretton
Llanilid
Messingham
Mingies Ditch 1
Misterton Carr
New Shide Bridge
Nørre Lyngby
Northmoor LG
Notsel, Mark Valley
Porthe Meare Cove
Ramsey Heights
Ranstad
Red Moss
Redkirk Point
Repton

52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.

Ripon: Racecourse
Roberthill
Rodbaston Hall
Rowlands Track
Shortalstown
Skalafjordur
Sproughton
St. Bees
Stourport
Taillefer Massif
Teith Valley
Tiln
Tinney’s Brushwood
Usselo
West Bromwich
West Cotton
West Drayton
Whitacre Heath
Wilden
Yarborough Quarry
Yoxall Bridge
Zabinko
Redwick
La Grande Pile
Bysjön
Torrie Borehole
Björkeröds Mosse
Conty
Tourves
Abingdon
Abbots Way
La Borde

84. Lac Long Inferior,
Vallée des Merveilles
85. Houdancourt
86. Yarnton
87. Okruglo
88. Kinfauns
89. Hawks Tor
90. Stafford: Kings Pool
91. Queens Valley
92. Hemavan
93. Wellington
94. Bidford on Avon
95. Barrow-on-Trent
96. Hemington
Lateglacial
97. Ballywillin
98. Croftamie
99. Aston on Trent
100. Raunis
101. Bedale
102. Skálafellsjökull
103. Barmston
104. Horton Kirby, South
Darenth
105. Bexley: Crossness
106. Bexley: Norman
Road
107. Beckton: Woodwich
Manor Way
108. Greenwich: Bellot St.
109. London: Poplar High
St.

Fig. 3. Map and list displaying locations of each site and corresponding site name.
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110. Greenwich: Abbey
Wood
111. North Duffield
112. Sellafield
113. Dale Bottom:
Birkwoods
114. Valleröds Mosse
115. Stanwick, Northants.
116. Lac des Lauzons
117. Holme Pierrepoint
118. Pilling Moss: Brook
Farm
119. Thorne: Tween
Bridge Moors
120. Conesby Sidings
121. Bjørnøya
122. Jurby Head
123. Awkley
124. Pilning
125. Ebbsfleet
126. Verona
127. Ripon: South
128. Nosterfiel
129. Newby Wiske
130. Sharow Mires
131. Uxbridge
132. Finglas River
Waterville
133. Deptford: Old Seager
Distillery
134. Ramsey: High Lode
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For this study, a query was created to retrieve samples in the BugsCEP database that
were from stratigraphic sequences (rather than from archaeological contexts). These
were then narrowed down again to include only samples that were between 0 and
20,000 uncalibrated 14C years BP, thus excluding samples that were not radiometrically
dated. Finally, the few samples in the query results that were from Greenland sites were
removed.
These final query results also provided the originating site number for each of the
samples, which allowed for a new query designed to retrieve all samples from such sites,
whether dated or undated. These results were then examined one by one to determine
whether age-depth models could be designed to provide dates for additional samples,
therefore increasing the number of samples available and consequently the resolution of
reconstructions. Some samples had been dated twice; in many instances laboratory
researchers had noted which samples’ dates seemed improbable or where hard water
error was suspected, so these samples were disregarded by manually removing them.
Where samples had been dated more than once and no notes had been made regarding
the trustworthiness of one over the other, the uncalibrated dates were combined using
the OxCal 4.2 14C date combination method. Linear age-depth models were built in MS
Excel for stratigraphic sequences with undated samples and at least two dated samples;
these were then used to interpolate dates for samples lying stratigraphically between the
dated samples, and to extrapolate dates for samples either above or below the dated
samples. Linear regression age-depth models were favored over other types in this case
for the sake of time as well as consistency. As there were nearly 30 sites with sufficient
dates to allow for age-depth modeling, each with a unique context and sediment
accumulation rate curve, choosing an appropriate modeling type would require making
a decision for each site on a case-by-case basis with information on each site that was
potentially unavailable. Furthermore, most errors in interpolated or extrapolated dates
should theoretically be minimized by the fact that dates would be grouped into rough
time slices. However, age-depth models are not unproblematic; one of these problems
lies in reducing 14C dates to single points to use in a model (Blaauw, 2010). In this study,
uncalibrated dates have been used to create models. Generally, this is a far from ideal
practice, as the relationship between a
20

14C

date and a calendar date is not linear

20,000 14C Years of Climate and Environmental Change in Europe – Misha Enayat

(Blaauw, 2010); however, the time commitment required for calibrating all dates in this
study would be extensive and therefore outside the scope of a master’s thesis.
After the combination, interpolation, and extrapolation of uncalibrated radiocarbondated samples was complete, the Excel sheet containing this data was imported into
Access as a new table. Using basic queries, the samples were broken up into time slices
containing the abundance of each species within each time segment, the date for the
containing sample, insect code, family, genus and species. Time slices were chosen to
reflect those in the original Coope et al. study for the sake of direct comparison; where
dates fell outside the range of this study, 500 year time slices were used, both to enable
visualization of change over time and for the sake of using manageable amounts of data
with regard to the capacities of MS Excel and BugsCEP. The results of each time slice
query were each then reformatted using crosstab queries into table format that could be
imported as countsheets for a pseudo-site in BugsCEP, specifically containing the insect
code, full name (family + genus + species (if available)), and sample code as columns,
with rows containing the full species name and abundance in each sample. The results
of these queries were exported as Excel files, and imported into the BugsCEP program
as countsheets for a pseudosite.

3.3

Mutual Climatic Range method

The Mutual Climatic Range (MCR) method was developed by Timothy Atkinson, Keith
Briffa, and Russell Coope in the 1980s, though it is similar to earlier methods such as
that of Grichuck (1969) (Perry, 1986); it was later expanded by Joachim and Perry
(Buckland 2014 citing Atkinson et al. 1986, 1987). It allows for climatic reconstructions
by grouping identified organisms by their modern ecological preferences (such as
temperature range and maximum temperature) (Reitz and Shackley, 2012) and
assuming species constancy – that the species of the past behaved and existed in the
same way. The method relies upon the presence or absence of species rather than on
their relative abundance and uses the concept of climatic envelopes, (Elias, 1994). A
species’ climatic envelope is the range of climates in which it can tolerate and survive.
The assumption underlying the MCR method is that the palaeoclimatic context of the
entire assemblage falls within the area of overlap of the climatic envelopes of all species
in an assemblage (Elias, 1994). This method has been tested on modern assemblages
21
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from Europe and Asia, and the MCR-based reconstruction results match the modern
climatic conditions of each assemblage.
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Fig. 4. Scatter plot of latitude and sample date for each sample included in the study, as well as means of
dating.
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The first step in the MCR method is to compile modern distribution maps for each
species, using only predator and scavenging beetle species. This is because such species
are relatively free to establish themselves in any region with a suitable climate, whereas
the distribution of phytophagous species reflects mainly the regions where species’ host
plants are found (Elias, 1994). Secondly, the climatic range of each species must be
determined by converting geographical ranges of species into climatic ranges using a
base map of the locations of meteorological stations, which also helps determine
whether each station is inside or outside a species’ geographical range (Elias, 1994).
Stations within and outside of the range are plotted by a computer along with their
climate data. This is used to determine TMax (the average temperature of the warmest
month) and TRange (the temperature range between the warmest and coldest months),
and through them an estimate of TMin (the average temperature of the coldest month).

TMax ˚C

Mutual Climatic Range

TRange ˚C
Fig. 5. Tolerance ranges and mutual climatic range of two hypothetical beetle species. (After
Elias 1994, after Atkinson et al. 1986).

Thirdly, species’ climatic envelopes are coded and stored within numeric form on a
computer. A grid is superimposed on the TMax and TRange plot and designates each
grid square with either a 1 or 0, depending on if it is within or outside of the envelope
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(Elias, 1994). The benefit of the computer-based MCR method is that the knowledge of
someone with years of Coleoptera expertise can be incorporated into a program that can
be used by those with less experience and adequate identification skills to produce
accurate climatic reconstructions (Perry, 1986). The final step is to create a climate
reconstruction from an assemblage of named species. This is done by providing a list of
species in an assemblage to the computer program, which then retrieves the numeric
envelope of each species and superimposes them on top of each other to produce the
graph of TMax and TRange percentage overlap, which in turn provides TMax, TRange,
and TMin values (Elias, 1994). This method has been subjected to tests by creating
climate reconstructions using modern beetle assemblages and comparing the results to
those from local meteorological stations, which gave acceptably close results.
The MCR method still provides only a model of past climatic conditions and events and
is therefore, of course, imperfect. A number of factors contribute to uncertainty of MCRbased reconstructions. Among them is the fact that some meteorological stations can
provide data that is inconsistent with the rest of the region, or may seem consistent
within the context but are erroneously included within distributional boundaries (Perry
1986). Another factor relating to these stations is their spatial irregularity, especially in
Russia, thus the boundaries of the tolerance envelopes cannot be drawn with 100%
accuracy (Perry, 1986). Additionally, the all-or-nothing calculation of probability density
function on the occurrence of a specific beetle within each matrix cell is problematic
(Perry, 1986), but no other option presents itself while the distributional data remains
qualitatively based on presence/absence rather than occurrence numbers. Andersen
(1993) cites beetle assemblages as being problematic in predicting past summer
macroclimates whose temperatures likely depend on latitude when there are great
differences between past and present latitudinal distribution of species.
The BugsCEP program already contains 436 MCR thermal envelopes, and produces
MCR estimates from a user-selected assemblage with a few options regarding
calculations and output (such as what is an acceptable overlap percentage, and whether
the output file will include sample envelopes or species lists).
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For this study, the same MCR function within BugsCEP was used to run climate
reconstructions for each time segment. The program outputted TMax, TMin, and
TRange graphs, sample envelopes and sample species lists into an MS Excel file. The
Excel sheet containing the TMaxLo, TMaxHi, TMinLo, TMinHi, TRangeLo, and
TRangeHi values for each sample code was then imported back into MS Access as a new
table. A new query was created to link the sample code to the site information and
sample date. This outputted the following information: site name, site code, latitude and
longitude, date, and all the T values for each sample. The midpoint of TMax and
midpoint of TMin were calculated within the Excel file. The resulting information was
exported into a comma delimited Excel file, and then imported into ESRI ArcGIS 10.3.1.
After import, the TMax midpoint values were subjected to inverse distance weighting
interpolation (IDW). IDW interpolation weights points that are closer to prediction
locations (areas without data) greater than points that are farther away, so that closer
points have more influence. The properties of the results were set to reflect the following
temperature bands based on those used by Coope et al. (1998): <9˚C, 9-11˚C, 11-13˚C, 1315˚ C, 15-17˚ C, 17-19˚ C, >19˚ C. This was to allow for comparison with the original study.

3.4

BugStats module

The BugsCEP program includes a BugStats module, used to produce environmental
summary diagrams from user-inputted countsheets. BugStats is a statistical tool, taking
into account beetle abundance as opposed to the qualitative BugsMCR, which uses only
presence/absence information. It does not produce a complete environmental
reconstruction, but provides information on aspects of the environment that may be
represented by beetle fauna (Buckland, 2007). Currently, the BugStats output files
produce graphs and statistical information on the number and percentage of species
grouped into the following EcoCode classes: aquatics, indicators: standing water,
indicators: running water, pasture/dung, meadowland, wood and trees, indicators:
deciduous trees, indicators: coniferous trees, wetland/marshes, open wet habitats,
disturbed/arable habitats, sandy/dry/disturbed habitats, dung/foul habitats, carrion,
indicators: dung, mold beetles, general synanthropic, stored grain pest, dry dead wood,
heathland and moorland, halotolerant species, and ectoparasitic species. Additional
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proxy data sources are most often quite useful as a supplementary source in beetlebased environmental resources (Buckland, 2007).
BugStats is based on a classification using Koch (1989-92, cited by Buckland, 2007) as
well as the references in BugsCEP for each individual species, usually using a number of
references to classify a species and avoiding a reliance upon regionally specific
classifications, in order to create a system that can be used for the majority of Europe
rather than specific regions (Buckland, 2007). The Bugs EcoCode habitats listed above
were defined on the basis of their usefulness in palaeoecology and archaeology, the
ability of beetle faunas to indicate the habitat, and the frequency of use of certain
habitats by other authors (Buckland, 2007); these will eventually need to change over
time as experience and research continues (Buckland, 2007). They include both general
and indicator classes. Indicator classes are defined as subsets of wider environments
represented in the classification system (such as Deciduous and Coniferous Trees being
a subset of Wood and Trees). Where species have not been identified more than
‘spp.’,’sp.’, or ‘indet.’, taxa may be assigned to all EcoCode classes of the species in the
genus, except for the indicator classes.
These classifications are used in the BugStats module when it tallies the number of
species in a countsheet that fall into each EcoCode category, both raw counts as well as
abundance weighted (if desired by the user), and produces a raw data table which is
exported into MS Excel, and then is recalculated using standardization models and
converted into a bar chart. A sum of the tallies along with sample abundances and
number of taxa counts for each sample is also included, with some additional
information on each sample.
BugStats is to be used as an investigative tool, rather than a system that produces
answers, by offering the possibility of reducing sensitivity to variations in species
numbers, and allows for comparison of samples from various sites with different
authors (Buckland, 2014). In this regard its investigative abilities are particularly of use
when compared with the results of other environmental proxies.
In this study, the BugStats module was used to create environmental reconstructions for
each of the 29 time slices. The same countsheets used by the BugsMCR method were
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used here, and species with incomplete identification were used in the calculations (so
that the “To species id’s only” option was unchecked). Non-abundance weighted values
were opted for in this case, and graphs were scaled the same way for each time section to
allow for simpler visual comparison.

3.5

Identification of the Anthropocene within results

The results of the environmental reconstructions will be examined for evidence of any
anthropogenic activity within the Holocene in particular. Specifically, the following
EcoCode percentages will be examined for evidence of dramatic ecosystem changes or
trends: Pasture/dung, Meadowland, Wood and trees, Indicators: deciduous, Indicators:
coniferous, Disturbed/arable, Indicators: dung, Stored grain pest, General synanthropic,
and Heathland/moorland. The aim in examining these specifically is to determine
whether periods of deforestation/land clearing are visible, and if any signs of animal
domestication or food storage may be discerned.
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4.

Results

4.1

Results of climatic construction using BugsMCR

The following eight isotherm plots display the results of MCR-based climatic
reconstruction of the eight time slices used in the study by Coope et al. (1998). The maps
were created using inverse distance weighting interpolation of the midpoints of TMax.
BugsMCR provides a range of possible temperatures rather than an absolute value for
each sample within a countsheet, which is potentially more useful (as temperatures
would have varied within the warmest and coldest months) but more difficult to
represent. To counter this, the isotherm plots in Coope et al.’s study were based upon
calibrated TMax values, which are mathematically incorrect precisely because each cell
in the range of thermal envelopes is equally likely to represent the climate in which a
species can live, so the median value is not more probable than any of the other values
(Buckland 2007). For the sake of comparison with Coope et al.’s results, the midpoint of
TMax ((TMaxHi + TMaxLo)/2) was used in the isotherms of this study. Though using
the midpoint of these values is not a valid median, as each value within the thermal
envelope (between TMaxHi and TMaxLo) is an equally likely temperature (Buckland
2007), it will provide the most useful and interesting results for comparison with Coope
et al.’s original results. More differences between the two may also arise from the fact
that inverse distance weighting interpolation was applied in this study, since Coope et
al. did not specify what type of interpolation was applied to construct their own
isotherm plots.
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A. 14.5 – 13 kBP TMax values

B.13 – 12.5 kBP TMax values

Fig. 6. Isotherms for 14.5-9 kcal BP based on TMax midpoint values.
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C. 12.5 – 12.2 kBP TMax values

D. 12.2 – 12 kBP TMax values

Fig. 6 continued. Isotherms for 14.5-9 kcal BP based on TMax midpoint values.
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E. 12 – 11.8 kBP TMax values

F. 11.8 – 11 kBP TMax values

Fig. 6 continued. Isotherms for 14.5-9 kcal BP based on TMax midpoint values.
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G. 11 – 10 kBP TMax values

H. 10 – 9 kBP TMax values

Fig. 6 continued. Isotherms for 14.5-9 kcal BP based on TMax midpoint values.
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The majority of samples had an MCR overlap of 100%, though in a few instances overlap
fell to below 100%. Samples without 100% overlap represent multiple temperature
regimes (Buckland, 2007). Many of the 100% overlap samples contained a relatively
high number of species, indicating a stable temperature regime or that the species
within the sample existed within a similar time frame of each other (Buckland, 2007). In
non-100% samples, MCR percentage overlap was over 90%, which is generally
considered acceptable (Perry, 1986). A few less had overlap percentages in the 80s, and
four samples had overlaps of 70-79%. Six samples in various time slices had overlap
percentages of 50-66.6%, the lowest (Sample 1042 from Mingie’s Ditch 1 in England, 14C
dated to 10860±130) with an overlap of 50% and containing only two species:
Notiophilus palustris (Duft.) and Helophorus glacialis Villa. This particular sample had
the highest TRangeHi value by far (48 ˚C). Interestingly, the samples with the lowest
overlap percentages (between 50-66%) contained far fewer species than those with 70%
overlap; time slices also contained more non-100% overlap samples the older they were.
A few time slices, particularly ones not included in the Coope et al. study, had so few
samples and sites that they could hardly be counted as representative. Time slice 0-500,
for example, contained only six samples, three of which contained MCR data; all
samples were from the same site with one exception. The time slices 18,000-18,500,
18,500-19,000, and 19,500-20,000 all contained only one single sample.

4.2

BugStats environmental reconstructions

The following figures are the output of the BugStats module using all species available in
samples, including those without MCR data. The last three time slices (18,000 – 18,500
BP, 18,500-19,000 BP, 19,500-20,000 BP) only contain one sample each, rendering
them inadequate for accurate environmental reconstruction; the sample from 18,50019,000 BP in fact only contains one species, Amara alpina (Payk) from a site in Verona,
Italy. In this case, the species indicates an environment of heathland and moorland, and
also possibly the under-storey of a Boreal forest (BugsCEP, Buckland and Buckland,
2006), but this represents the environment of one area of western Europe at one time,
rather than representing the potential environment for the entire study area in the
whole 500 year time span, as the figure would suggest.
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The main EcoCodes that were examined for evidence of anthropogenic activity relating
to the Anthropocene were the following: Pasture/dung, Meadowland, Wood and trees,
Indicators: Deciduous, Indicators: Coniferous, Disturbed/arable, Indicators: Dung,
General synanthropic, Stored grain pest, and Heathland and moorland.
Evidence of pasture/dung remains relatively stable throughout the entire 20,000 year
sequence. Levels are stable until around 2,000 years BP, when they decrease, and then
reach a slight peak around 500 years BP. As would be expected, the Dung/foul habitats
EcoFigure mirrors that of pasture/dung quite closely. The specific dung indication is
highest by far within the last 1,000 years, and otherwise maintains very levels
throughout the sequence. General synanthropic species percentages are at their highest
between 1,000-500 years BP, coinciding with the Pasture/Dung peak.
Meadowland species are more strongly represented. These are at their highest between
7,500-7,000 years BP, before falling approximately 2,000 years later. These levels
slowly rose again until about 2,000 years BP, where they fell to the currently very low
levels of the present. This trend was mirrored, though subdued, in both the EcoFigures
of Disturbed/arable and Sandy/dry disturbed/arable. The apparent boom in heathland
and moorland species between 19,000-18,500 years BP is a result of the small number
of samples from this time slice, which contained only Amara alpina (Payk.) from one
sample. The steep increase in this figure around 3,500-3,000 years BP is followed by a
sharp drop around 2,500 years BP but then becomes generally quite strong, particularly
after 1,000 BP. Both fortunately and unfortunately, the levels for stored grain pests are
practically non-existent throughout the series (any signals are below 1%). This makes it
impossible to use these species to comment on human behavior but it is a reflection on
the contexts sampled. As the stratigraphic sequences used in this study excluded
archaeological sequences to attempt to minimize the influence of human activity upon
content results, a high number of stored grain pests found presumably within a
habitation or dwelling context would cast doubt on the value of such samples and their
usefulness and accuracy in recreating past climates and environments.
EcoCodes that were particularly useful for comment on climatic changes over the last
20,000 years were Aquatics, Indicators: Standing water, Indicators: Running water,
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Wetlands/marshes, and Open wet habitats, along with many of the EcoCodes used in
the anthropogenic activity analysis.
Aquatic indicators are generally very high; the dip in Aquatics corresponds to a delayed
dip in Wetlands/marshes, as well as small troughs in Open wet habitats between 3,5002,500 years BP and 7,000 to 6,500 years BP. Running water indicators are extremely
low but stable, with slight exceptions at 1,000-500, 2,500-2,000, and 6,500-6,000 years
BP; the lack of indicators from 19,000 to 18,000 years BP is almost certainly due to the
small amount of samples available for these time slices. Indicators for Standing water,
on the other hand, drop below 1% from 7,500 to 6,000 years BP, rise slightly, and then
are at their highest within the last 500 years.
Interestingly, the rise in woodland species between 6,000 to 3,000 years BP found in
Buckland’s (2007) reconstruction is visible earlier, from about 7,000 to 5,000 years BP
when looking at wood and trees species. There is a slight increase in deciduous indicator
species during Buckland’s time frame, but it occurs from 5,000 to 4,000 years BP and is
not particularly pronounced. However, as Buckland points out, the 6,000 to 3,000 years
BP woodland species increase is consistent with previous studies on British landscape of
the period, likely because the majority of samples for this time period were extracted
from British Isle sites; for this study, additional sites from France, Sweden, and Iceland
were included, which may have lessened this effect.
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5.

Discussion

5.1

Comparison with Coope et al.’s climatic reconstruction results

The addition of sites and samples has contributed to a much more complex picture of
the climatic dynamics of western Europe when compared to the results of Coope et al.
(1998), Atkinson et al. (1987), and Coope and Lemdahl (1995). From 14.5-13 kBP, TMax
results indicate much warmer temperatures than the Coope et al. estimates, particularly
across the British Isles. MCR from a sample from southern Scandinavia, at the edge of
the ice margin covering northern Europe at this time, suggests cooler temperatures than
the rest of Europe, but still a few degrees warmer than the original estimates would
suggest. Across the Baltic Sea, temperatures are considerably warmer, exceeding 19˚C.
The samples from time slice 13-12.5 kBP provide a similar picture of northwestern
Europe to Coope et al.’s reconstruction. Unfortunately, data was not available for
southern Scandinavia or southern Europe, but the limited reconstruction provided
matches well with the original isotherm. Temperatures were suddenly much warmer
with a latitudinal influence; the 13-15˚C and 17-19˚C temperature bands across Great
Britain are also in agreement between the two, as they are across much of continental
Europe, although the results of this study estimated a wider 17-19˚C band to the south.
The slight cooling trend demonstrated by the original study results are replicated here,
but the isotherm for 12.5-12.2 kBP suggests a much more homogeneous temperature
range across northwestern Europe than previous isotherms, and moreover suggests
even cooler temperatures to the south than do Coope et al.’s reconstruction. While
Coope et al.’s isotherm for 12.2-12 kBP is not dissimilar to the previous time period with
slightly warmer temperatures around the southern perimeter of the Fennoscandian ice
sheet, this study’s isotherm for the same time period displays a very different picture
when compared to the previous time slice. The results are similar to Coope et al.’s
however, with temperatures between 13-15˚C for the southern half of the British Isles
and with warmer temperatures to the southeast, between 17-19˚C or even exceeding
19˚C. The 11.8-11 kBP data is also quite different. Again, temperatures are much warmer
than previous estimates, but the cooling trend visible in Coope et al.’s isotherm is visible
within the British Isle data, as well as in southern France, in this study as well. The
predicted temperatures differ greatly, however, in the region of Denmark and Sweden,
37

20,000 14C Years of Climate and Environmental Change in Europe – Misha Enayat

where temperature estimates vary between the two by about 4˚C. The British Isles
sample data indicates a slower cooling trend from 12.5-10.5 kBP, as does Atkinson et
al.’s (1987) study, but in this case the 11.8-12 kBP time slice is the exception, as it shows
a brief warm period during these two centuries.
The recent climatic reconstruction of the 11-10 kBP time slice at first glance bears almost
nothing in common with the Coope et al. reconstruction. Even where the two studies
share sites or depict the same region, the reconstruction of this study suggests much
warmer temperatures when compared to the Coope et al. data. The coldest temperatures
in this case, found in Scotland and Northern Ireland, indeed coincide with the nearby
ice-sheet existing at the time, but data from England suggest temperatures 2-4˚C
warmer than the original study predicts. It is possible that some of the variability in this
study’s results arise from the broader time slice and the fact that the 65 samples
included in MCR reconstructions may have been dated to different ends of the 1,000
year time slice. Additionally, almost 50% of the samples included in this time slice had
been dated either through interpolation, extrapolation, or combination of uncalibrated
14C

dates. Normally, date combination usually would not affect the time slice

categorization of a sample and many dates were interpolated using dated samples from
the same time slice. In both scenarios such methods would not change the designation
of time slice; however, there were a few instances where dates had been interpolated or
extrapolated across time slice boundaries. Situations like these may result in a sample
being miscategorized and the results being skewed.
Finally, the 9-10 kBP isotherms are in general agreement, with a few differences. Coope
et al.’s map shows a sudden warming during this period, whereas in the results of this
study this is seen in the British Isles but not in southern Sweden or continental Europe,
where in fact the opposite is the case. The comparable warming trend at around 9-10
kBP is consistent with Atkinson et al.’s (1987) findings during the same period in the
British Isles, and a similar dramatic warming found by Atkinson et al. around 13 kBP is
also visible around 13 kBP. Again, the differences between Coope et al.’s isotherm and
the isotherms produced by this study may be a result of a larger time slice and the
inclusion of non-14C dated samples; it also may be due to some extent to the effect of the
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inverse distance weighting interpolation method used, though this cannot account for
the differing values in areas where samples were taken.
The spatial variability in climate found in the British Isles in the time periods between
14.5-9 kBP as well as the differences in results when using different data sets can be
explained either as minor excursions of climate away from the major trends or as
artifacts of the data: the broad time slices and the accuracy of the

14C,

combined,

interpolated, and extrapolated dates. Using dates that have been interpolated in a
manner based on site context, rather than strictly using linear interpolation, may help to
determine whether these excursions were actual minor events or reflections on the
quality of data.
The high number of British Isle sites used in this reconstruction on one hand helps to
provide a clearer picture of regional climate change in the area, but also gives the
inaccurate impression that climate change was much more variable within this region
than in any other. It may be that similar effects would be visible had more sites within
continental Europe been used. It is also difficult to directly compare isotherms when
potentially different interpolation methods have been used. All in all, the inverse
distance weighting interpolation applied here along with the chosen time slices serve to
illuminate some already well-established large-scale trends within the study area, but
mask others where site data was not available or included.

5.2

Evidence of environmental change in BugStats results

The BugStats results and corresponding EcoFigures suggest a number of shifts between
environments dominated by wetlands/marshes and others dominated by meadowland,
wood and trees, and heaths and moors. The increase in the wetlands influence is
accompanied by jumps in open wet habitat indicators, while drier habitats are to a small
extent associated with higher percentages of disturbed/arable or sandy/dry
disturbed/arable land. These results, in conjunction with other studies, may shed light
on precipitation rates and changes throughout the study period. Studies on lakes in
Sweden and Estonia (Vassiljev, 1998) and Sweden, Estonia, France, and Greece
(Harrison et al., 1993) have correlated oscillations in lake levels with climate change.
Harrison et al. found that larger changes in precipitation were a plausible explanation
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for varying lake levels in northern Europe, and suggested that the changes to the rate of
precipitation were a consequence of interacting insolation and residual ice-sheet effects
on the atmospheric circulation over the Atlantic (Harrison et al., 1993). Vassiljev (1998)
found that lake levels were more sensitive to decreases in precipitation as opposed to
increases, and observed lake level changes at Lake Bysjön in south-central Sweden at
9,000 years BP and 6,000 years BP. During these periods lake levels were 6-7m and 45m lower than present, respectively, and are believed to have been the result of a
decrease in precipitation. A shift is indeed visible within the EcoFigures results around
6,000 years BP, reflected by a decrease in aquatic species which extends to 8,000 BP
and a minimum value in wetland/marsh indicators. Open wet habitats demonstrate a
decrease between 7,000-6,500 BP as well as a low between 3,500-2,500 BP. Standing
water indicators are low between 8,000-6,000 BP; aquatic and wetland/marsh species
experience a small decrease around 9,000 BP, but not as steep as in 6,000 BP. It is
possible that this is a result of using regionally varied site data. Many of the
precipitation trends have been observed regionally, where in another region the
opposite trend may be experienced. Therefore, using a combination of geographically
dispersed sites may contribute to the muddling of signals for regionally experienced
trends.
The evolution in Europe from wetter climatic conditions in the early Holocene to drier
conditions in the late Holocene found in the results of other studies (Ben Tiba and
Reille, 1982; Carrión et al., 2001; Jalut et al., 2000, 2009; Pérez-Obiol and Sadori,
2007; Sadori et al., 2011; Sadori and Narcisi, 2001; cited in McClure, 2013) is not
completely visible in these results. Heathland and moorland indicators peak, as do those
of meadowland and wood and trees about 1,000 years later, from about 1,500-2,000
years BP, but then drop as they reach the present day. This is very likely the
consequence of the quality of data used for the most recent time slices. The 0-500 time
slice, for example, contains 6 samples total (3 with MCR data), with 14 unique species
and a total abundance of 19.

5.3

Visibility of Anthropocene and associated events

The second major aim of this study was to evaluate the ability of BugsCEP to provide
information on the Anthropocene and any other anthropogenic activities or related
40

20,000 14C Years of Climate and Environmental Change in Europe – Misha Enayat

events within the last 20,000 years. The environmental reconstructions of each time
slice produced by the BugStats module were the most useful source of data in evaluating
this. In particular the following EcoCodes could be related specifically to human activity
(through deforestation or land-clearing, the domestication of large animals, and food
storage): Pasture/Dung, Meadowland, Wood and trees, Indicator: Deciduous, Indicator:
Coniferous, Disturbed/Arable, Indicator: Dung, Stored grain pest, Heathland and
moorland, and General synanthropic.
Many of the environmental trends visible within the results of the BugStats
reconstructions are not easily correlated with known effects of human activity during
the time period. The advent of farming and the introduction of animals to the area,
which occurred approximately 8,000 years ago (McClure, 2013) may only be discerned
within the last 2,000 years by examining dung indicators. The deforestation experienced
in Europe during the Bronze and Iron Ages (Guélat and Richard, 2014) is not
particularly visible in this record since, as previously mentioned, the low levels for wood
and trees demonstrated in the EcoFigures during the mid-late Bronze Age and Iron Age
are most likely artifacts of the data. An anthropogenically forced decrease in forests to
make way for wide-scale global farming, should theoretically be accompanied by an
increase in open habitats, which is not the case here. However, some debate exists
regarding the impact of early farming activities from the early Neolithic on. Some
current palaeobotanical and fire record data support the theory that the shift from
wetter to drier conditions contributed to vegetational changes, as opposed to the
changes being the result of human activity (McClure, 2013), whereas charcoal analysis
from the archaeological area of Campo Lameiro in northwest Spain combined with the
results of earlier local studies and palaeo-ecological literature from the area suggested
that humans had been using fire to maintain open spaces in the region since at least
approximately 6,000 cal. years BP (Kaal et al., 2011). Interestingly, the results from this
study indicate that wetlands in Europe began to increase around this time, with
heathland, moorland, and meadowland vastly decreasing.
Nevertheless, the signals from the last 2,000 years within the environmental record are
partly the result of human activities within the region. According to McClure (2013), the
clearest evidence of broad-scale vegetational changes due to anthropogenic activity does
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not occur until after 4,000 years BP, and often not until 2,500 years BP if sampling
higher elevations. Environmental changes may also be slower to respond to and reflect
human activity in different regions. For example, Sadori et al. (2011) argue that in the
Balkans, climate variability remained the main forcing factor with regards to
vegetational changes until after 4,000 years ago, where vegetational change was humaninduced.

5.4

Evidence for the Vera Hypothesis

The EcoFigures for Meadowland, Heathland and Moorland, and to a lesser degree
Disturbed/arable and Sandy/disturbed dry/arable provide some basis for discussion
with regards to the Vera Hypothesis. Until recently, the widely accepted environmental
model for lowland Europe showed domination by high, closed-canopy, mixed-deciduous
forest until it was influenced by human impacts approximately 6,000 years BP. Frans
Vera (2000) challenged this model and proposed instead that large herbivores had
played an important role in maintaining an open landscape during the early post-glacial
period (Birks, 2005). Vera’s hypothesis suggested that it was these large herbivores,
such as deer, bison, aurochs, and wild horses, which ultimately influenced the forest
structure, as opposed to forest structure influencing the abundance of such animals
(Birks, 2005). The Vera discussion is important to our understanding of
palaeoenvironments as well as to today’s forest management policies, as if it is correct it
will require a reconsideration of such policies, which currently are designed to maintain
a state of high-forest (Birks, 2005). Pollen-based analysis from sites in Italy and the
Balkans indicate that the dense forest cover of the early- to mid-Holocene did in fact
begin to open around 9,000 years BP after reaching their maximum expansion, but
suggest that this was mainly the result of climatic changes around 9,400 years BP (e.g.
Sadori et al., 2001, cited in McClure, 2013). Other pollen-based reconstructions reject
the Vera hypothesis as the pollen data only show forest opening around 3,000 years BP,
coinciding with human impact (e.g. Birks, 2005; Mitchell, 2005).
In the BugStats results, EcoFigures for Meadowland and Heathland and Moorland do
indeed demonstrate an increase between 9,000 to 6,000 years BP. Disturbed/arable
and more so Sandy/dry disturbed/arable also demonstrate very gentle increases during
this time period, though it is difficult to determine the significance of these numbers, as
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they are still well below 5%. Important to note is that the Wood and Trees indicators
suffered a small dip during this time period, but that levels still remained high, which is
in agreement with Vera’s hypothesis of a patchwork of open grassland, scrub, and
forested groves. The results would suggest that while open areas flourished, they did not
do so at huge expense to forest cover.
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6.

Conclusion

The results of this study have demonstrated a number of things: that the addition of new
sites and data offer, in some regions, a more detailed look at the complex and often
smaller-scale climatic changes occurring during major trends in Europe; that these
findings are in agreement with some widely accepted environmental and climatic
trends, but do not reflect others; and that though there may be some indication of the
signature of human activities upon the natural landscape, these do not occur until the
mid-Bronze Age to the Iron Age and do not necessarily reflect the domination of the
environment by humans that has been occurring over a multi-millennia period. In this
sense, the results are not able to provide clarity regarding a potential start date for the
Anthropocene, but if the signals of the last 2,000 to 3,000 years are indeed influenced
by human activity, it would support the notion of a start date occurring thousands
(rather than tens or hundreds) of years ago.
While the addition of new site data certainly helps to gain a more complete picture of
the environmental and climatic changes occurring within the last 20,000 years, the use
of interpolation and extrapolated dates may also confuse the matter. To be fully
confident in the reconstruction results, age-depth model type should be determined on
an individual basis, and original publication material should be consulted when making
these decisions. Though some time slices contain too few samples to be of real use in
reconstructions, as a whole the number of available sites and samples have increased
hugely since the original Coope et al. (1998) reconstruction and that of Buckland in
2007.
Future research should focus on the task of applying appropriate age-depth models, as
well as the acquisition of samples and dates from additional sites within mainland
Europe. Because of the high number of samples originating from the British Isles as well
as Sweden, the climatic trends in these areas visible on isotherm maps may be more
accurate than on the continent, where only two or three sites are available to represent
the climatic shifts over nearly 1,000 kilometers. Using more widespread samples from
the continent may be of value to the Vera discussion as well. It is possible that mixing
the various environments represented by these samples into one graph of EcoFigures
will muddle the representation of individual habitats by averages values, but as a whole
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the results may also demonstrate large, wide-scale trends within Europe that can
provide a basis for discussion on the Vera Hypothesis, anthropogenic activity and
effects, and the Anthropocene.
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