
1  

 

 
 

 

 

 
 

Palaeoentomological reconstruction of the 

environment during the Late Quaternary. 

A comparison between living species in Europe and 

regionally extinct in the British Isles. 

 

 

 

 

Kourela Genovefa 

Umeå, Master of Environmental Archaeology, 2017- 2019 

Magister thesis 15 ects 



2  

 

Abstract 

 

During the Late Quaternary, abrupt climate and cultural changes took place and made 

alternations to the past landscape. Climatic phenomena such as expand of ice masses, 

sea level rise, high and low temperatures, migration of humans, decline and increase of 

forest areas and more changes were the reason of changing the biodiversity of species 

and the formation of the land. Here cartographic maps with the use of GIS will be 

presented from reconstructions of the environment during the Late Quaternary, which 

then will be interpreted from coleopteran fossils for the whole of Europe. Furthermore, 

living and extinct species will be compared, in which the focus of the extinction will be 

in the British Isles. Each period will show a different abundance of species, the regional 

disappearance of the species will be depicted by the abrupt changes in the landscape 

during the past. Anthropogenic and natural factors will be discussed and be compared 

with the habitats of the species. 
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1. Aims 

 

The aim of this thesis is to see through the use of insects if fossil fauna habitats can 

show, how the landscape was formed in the past due to natural and cultural factors and 

how it can be related to previous cases studies. The research questions are as follows: 

1. Which species got regionally extinct and what may have been the cause? Was 

it anthropogenic factors or natural? 

2. How can we use fossil beetles and their fauna to detect the changes in the 

environment? 

3. What prevalent theories do exist for the abrupt changes in the 

paleoenvironment? How can they be confirmed with the results of this 

palaeoentomological data? 

 

 
1.2 Introduction 

 

Until today numerous case studies have been made, to see how the paleolandscape and 

paleoclimate were formed. Archaeologists and scientists have used samples from plant 

macrofossils, pollen, wood fragments, ice cores, fossil fauna and other biological 

proxies as methods for their interpretations. In this thesis data from fossil beetles will 

be used to reconstruct the paleoenvironment from 26.000 BP until 0 BP. 

Beetles are essential for the ecosystem and their life is depended on many reasons such 

as natural alternations and anthropogenic factors. Palaeoentomology is essential for 

archaeology because humans can modify the environment they live in by creating 

extinct or new habitats for insects. Using beetles as a biological proxy is a helpful 

method to see changes in the environment due to their sensitivity as organisms. 

This thesis will focus on the reconstruction of paleoenvironment on living species as 

well as the extinct species with an emphasis in the British Isles. In the beginning of the 

thesis, a theoretical background will be given to the natural and human impact as well 
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as palaeoentomology, other biological proxy methods and the pros and cons of using 

databases. After the theory part, analysis will be given for the methods, the results and 

the discussion parts will be combined with appropriate tables by using Excel and 

cartographic maps for certain periods by using Qgis. 

 

 

2. Scientific Background 

 
2.1 Chronological Background 

 

The chronological frame of this thesis is focused in the Late Quaternary. According to 

Madhavrao (2015, 3) Late Quaternary refers to the past 0.5 -1.0 million years. This 

thesis includes chronological data that start from 26.000 BP until Present. Stadial and 

interstadial stages within the Late Pleistocene and the warmth of the climate during the 

Holocene are the main periods which are going to be discussed further down. Figure 1 

below can show clearly the categorisation of the periods. 

 

Figure 1: Late Quaternary time frame, stadial periods define cold temperatures and interstadial periods warm temperatures during 

the Late Glacial Period before the beginning of the Holocene Epoch (Figure made by the author). 

Late Quaternary 

 

 
 

Mid Holocene 

 

 

 

 

 

 

 
Period 
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2.3 Paleoenvironment. Natural and human impacts 

 

The reconstruction of the paleoclimate is already complex since a variety of factors are 

causing the forms of the landscapes. Fossils such as plant macrofossils or insects can 

support the reconstruction of the past land by connecting the natural and human impacts. 

Before getting into detail about the reconstruction of the paleoenvironment, human and 

natural impacts are going to be discussed to clarify the differences between them. 

Moreover, examples are going to be given for the changes of the landscapes due to 

variant causes. 

One of the natural changes of forming lands is the climate. Climate can vary from time 

to time and it always affects the landscape. According to Lawrence et al. (1996, 83), on 

the continent of Europe, much of the late Pleistocene was subjected to glaciation 

whereas the megafauna started to become extinct mostly because of the change of 

vegetation. If megafauna turned out to get extinct also fewer insects would survive. This 

fact can be explained by the soil productivity. Organic productivity is less in colder 

environments (Jones et al. 1993,1) and species are becoming extinct because of their 

sensitivity to climate change. Soil formation is another factor that needs to be 

considered when reconstructing the paleoenvironment. Soil contains a variety of 

components and it is essential for the plant life. The factors of soil formation are directed 

not only with the climate but also with the vegetation, topography, geological substrate, 

time and human impact (Linderholm 2010, 16). Furthermore, different kind of soil types 

can be found in a land. For example, acidic soils host different plants, trees and species 

in comparison with saline or alkaline soils. Every different sedimentation has dissimilar 

components and these components like magnesium or calcium are affected by the 

factors of the formation. 

Moreover, landscapes in colder climates are mostly dominated by the usual type of 

woodland that survives in the boreal forests, but when there is a variety of forest types 

such as Spruces (Picea spp), Pines (Pinus spp), Alders (Aldus spp) or shrubs the 

temperature tends to be warmer (Jones et al 1993, 35). Trees need time to grow and 

places where trees no longer exist anymore it can be caused by human impact or from 

natural. 
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On one hand, moorlands can be affected by natural effects. When the glacial age 

retreated it left behind erosion, depositional landforms, wetland surfaces, deepened 

slopes and valleys. Glacial features such as meltwater channels, permafrost or other 

subglacial drainage features are one of the causes where moorlands are formed 

(Simmons 1996, 12). A characteristic example of moorlands can be seen nowadays in 

the higher altitudes of Britain. 

On the other hand, treeless areas can be affected by human manipulation too. Especially 

when people started to plough and farm. A huge amount of forested areas has been cut 

in the past for people’s needs. Greater changes started to happen in the middle of the 

Holocene when the temperature shifted to warmer climatic conditions and people could 

travel easier. According to Simmons (1996, 40) disturbances in the landscape by human 

impact can lead also to heathlands and mire formations. People used fire to modify the 

vegetation of the land as well as a hunting method especially in the Mesolithic cultures 

where people had not very advanced technology. They used to start fire in parts of the 

forests to hunt animals. Intensive fire and cutting of the trees were one of the reasons 

for landscapes become deforested. Moreover, domestication of animals can be a major 

factor in the extent of open areas, for example, places where domesticated animals were 

kept could be a cause to change the vegetation (Simmons 1996, 80). 

Another geomorphological record that changes the land formation is the rise of the sea 

levels. The rise of the sea levels is directly linked to the climate (Lambeck et al. 2010, 

92). From thousands of years ago until now, sea level continues to have fluctuations. Sea 

level can cause changes in the forming of the land, in the ocean basins and furthermore 

it affects human civilizations (Lambeck et al. 2010, 61). For example, around 12.000 

years ago a land called Doggerland was between Britain and it used to be inhabited by 

hunter-gatherers but due to the melting of the glacial, the land disappeared (Fitch et al. 

2007, 12). The sea level changes will continue for centuries and according to previous 

researches such as Mikkelsen et al (2008, 1), it is useful to use them in archaeology 

especially when fossil records are not enough for reconstruction of the 

paleoenvironment. 

The focus of this study is the reconstruction of the paleoenvironment. This will be 

achieved through samples from fossil insects by looking to extinct and extant species. 
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Extinct species will give information about the past forms of the landscape, but it will 

be analysed further down. 

 

 

2.4 Theoretical approach 

 

According to scientists, philosophers and historical records assumptions have been 

made about the existence of species. One of the first and at the time most controversial 

theories are coming from Charles Darwin, where he defined evolution by natural 

selection to explain adaptation and speciation (Bentley et al. 2007, 24). This definition 

can be applied also to beetles. Species due to environmental changes to survive tend to 

mutate and adapt to new environments or migrate to another suitable habitat. The ones 

which will be reproduced will have the same characteristics as their ancestors. 

Relating this term with palaeoentomology it should be stressed that insects, tend to 

migrate as a population rather than adapt, but they can also evolve under specific 

situations (Haw et al.2017, 12). The food source for a beetle can be an important factor 

for the evolution of the species. More specifically, if climatic phenomena such as sea 

level rise causes the separation of the species, one of them will evolve due to the 

different type of environmental factors, such as different nutrition source. For example, 

a species which belongs to the same genus and inhabit the same area but live separately 

in different altitudes and being unable to approach each other due to sea level rise, the 

one that will evolve will be the one which has better nutrition from the other, due to the 

existing flora in this area. The species which will evolve will have the same genus, but 

it will be a new subcategory. Unfortunately, the other species which will not evolve will 

likely die because their life is supported by specific habitats. The only solution of their 

existence is the possible migration. Migration of the species can also be transported with 

hosts such as animals or food sources like grain, or it can be transported by the changing 

of the environments that people create. A similar theory to natural selection and more 

appropriate with the palaeoentomology is the theory of niche construction. Theorists of 

Niche construction state that: 

It is a process whereby organisms, through their metabolism, their activities, and their 

choices, modify their own and/or each other's niches (Phillips et al. 2014,2). 
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Considering Niche construction theory, it can be assumed that is not only focused on 

the changes of the natural environment. Furthermore, it considers the changes of 

adaptive and non-adaptive environments, changes in the life of the organisms and 

changes between the environment and the organism over the years. 

Clearly, palaeoentomology is a specific term and when it is used to interpret 

paleoenvironments it is complex. It is crucial to remember that some beetles can inhabit 

a variety of places and changes in the paleoenvironment can be caused also by human 

impact. 

The landscapes and places we live in are important whether we shape them, or they 

shape us they are expressions of what we are [..] (Fedaku 2014,3) 

Accepting each theory, cultural and natural impacts are important terms that are not 

supposed to be forgotten. A better theoretical approach combined with the human 

association is the one from (Sauer 1952, 3): 

The history of mankind is a long and diverse series of steps by which he has achieved 

ecological dominance, he has intervened with and without design... to modify and even 

to originate organic entities. 

Mankind has existed over most of its span by modifying entire natural landscapes and 

contributing to alternations of the ecosystem. Extreme climatic phenomena and 

anthropogenic disturbances are the two factors that are going to be discussed in this 

thesis. To the complexity of the paleoenvironment, these theories will be combined to 

fulfil gaps and interpret the forms of the land according to beetles. 

 

 

 

 

 

 
 

2.5 Environmental Proxies and Previous Case Studies 

 

Apart from the use of insects as a biological proxy for the reconstruction of the 

paleoenvironment and paleoclimate, several other biological proxies have been used 

until today on case studies. Ice cores, plant macrofossils, pollen, dendrochronology, 
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lake sediment cores, Mollusca, sediments and other biotas can also show indications of 

the alternations in paleoenvironment (Reitz et al. 2012). For example, samples from ice 

cores can show the composition of the air and what kind of temperatures were in the 

past. 

An interesting example is the one from Steffensen et al. (2008, 680-684), which 

provides data for the two last warmings, the Bølling and the Allerød interstadials, which 

were interrupted by a cooling event called the Older Dryas. These climate changes mark 

the period before the beginning of the Holocene era. More specifically, during the 

period of 15.500 – 11.000 BP the ice cores showed that both interstadials were 

characterised with atmospheric heat and moisture even though they happened in two 

different type of periods (Steffensen et al. 2008, 680-684). 

Dendrochronology have also been used to identify climatic changes. Cold seasons and 

abrupt warm episodes can be identified from the tree rings (Reitz et al. 2012, 72-79). In 

the case study of Ivy-Ochs et al. (2009, 1-12), the expansion of glaciers with 

radiocarbon dates and dendrochronological dating in wood fragments was used to 

pattern climatic changes of European Alps during the transition of Pleistocene to the 

Holocene. The results from these proxies showed that the cold periods were too short 

for the ice sheets to expand during the Late Glacial period because it needs decades for 

the ice mass to build. Tree lines during 10.000 BP used to be higher than today and after 

the Younger Dryas, moraines formed which marked the further spread of ice. 

Both case studies show similar results even though they have different methodological 

approaches. Each method gives valuable information about the reconstruction of the 

paleoenvironment and combined it with palaeoentomology it can further the 

understanding of the past environment. 

 

 

2.6 Palaeoentomology: The importance of fossil beetles 

 

Palaeoentomology is the study of fossil insects which then can be used for 

environmental reconstruction. Fossil beetles thanks to their strong elytra can be well 

observed after a considerable amount of time. They can be found in wet environments, 

archaeological sites, disturbed areas and other natural or man-made habitats (Haw et al. 
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2017, 12 & Buckland P.2000, 11). Beetles characterise one-fifth of the existing 

organisms (Haw et al. 2017, 2). The main differences between palaeoentomology and 

environmental archaeology is that environmental archaeology studies the past 

environment through anthropogenic factors rather than the modification of past 

environment lands. Beetles due to their sensitivity to climate or man – made changes in 

the land, they are migrating, evolving or they are becoming regionally extinct (Buckland 

2000, 15). Thanks to the changes of the land and to the fact that insects can use as animal 

hosts, palaeoentomology can be also an important key for environmental archaeology 

as enhancing the possibilities of human occupation in a land. 

 

Moreover, fossil beetles can give important information for reconstructing the 

paleoenvironment, thanks to the fact that their habitats vary and their role in the 

ecosystem, they can give identifications of the vegetation such as open areas, wet or dry 

environments, farmlands or natural disturbed lands in the past. More specifically, the 

habitat traits of beetles are essential for the identification of symbols in the land (see 

figure 2). According to Hodder et al. (2005, 36) fire related species can also be a strong 

indicator of human occupation. If the fire related species are absent from the samples it 

can be linked with human interference as it has been referred before. Dung and carrion 

beetles can also sometimes be linked with human occupation since it can be indicators 

of domesticated or wild animals. Grain weevils can only relate to the anthropogenic 

factor and not to natural factors because of their specific habitat. Generally, there are 

many species that they occupy only narrow environments. These species due to their 

specialisation can give useful information about natural alternations and man-made 

manipulations (Buckland 2000, 12). 
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Figure 2: Beetle habitats. Every alternation in the environment natural or man-made can host specific beetles which can be 

combined with human events. (Philip Buckland 2014). 

 

 

 
 

2.7 Advantages and disadvantages of databases 

 

The best word to define a database is a wide storage. This storage is an operating system 

where programming languages can be used to retrieve data from the archive system. 

Databases are working as repositories, repositories for every information that can be 

saved as a digital record in a collection. Nowadays the use of databases is great, and a 

lot of databases are created for saving important data where users can have access and 

use this information for academic or practical reasons. Databases in Quaternary science 

and environmental archaeology are considered as storages dealing with fossil data. 

Fossil data can be plant macrofossils, insects, dendro fragments, diatoms, ostracods, 

pollen, vertebrates and other important proxies that can help in the paleoenvironmental 

research. Such databases are (SEAD) Strategic Environmental Archaeology database 

(https://www.sead.se/database), Neotoma (https://www.neotomadb.org), BugsCEP 

(http://www.bugscep.com) and everything that can contribute to the study of the 

paleoenvironment. According to Buckland (2007, 2), the typical hierarchy of data in 

Quaternary science is that the datasets are representing different sites in each sample. 

http://www.sead.se/database)
http://www.sead.se/database)
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Moreover, databases have pros and cons in the digital world. 

 
One the one hand, databases in archaeology can work as a digital duplicate where users 

can have easy access from different parts of the world. Easy access enables data to 

spread and become known not only to archaeology but also to other fields. Another 

advantage is that users can have information about the archaeological sites such as the 

name of the site, the number of samples and what archaeologists found in the sample. 

As Schiader (2001, 517) addresses, databases are not only places to store raw data but 

through the re-configuring of the data, users create the information they need to answer 

their research questions. Digital tools such as creating maps or graphs can help 

archaeologists in the re-configuring of the data. 

On the other hand, databases can lack also information. The lack of information can 

come from bad handling of data such as inaccuracies. Inaccuracies can be made by the 

person who added the information in the database because of negligence. Inaccuracies 

may also be made in the field where archaeologists during their field work classify an 

object without being analytical. Another problem is the typology and according to 

Schiader (2001, 518-519), it is an old problem that hasn’t been solved yet. More 

specifically in archaeology, there is standard structure compare to the structure of 

databases where tables don’t have entries for every classification. This loss can create 

missing information which may be valuable to some researchers. 
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3. Methods 

 

Before getting into further detail about the methods of this thesis, information needs to 

be given first for the Bugs Coleopteran Ecology Package (http://www.bugscep.com) 

database and the purpose of the habitat classification as well as a table with all the Bug 

Eco-labels. 

BugsCEP is a coleopteran database that includes datasets that can be retrieved with the 

use of Microsoft Access for paleoenvironmental reconstructions. BugsCEP contains 

information of fossils beetles from around the globe but most of the samples are mainly 

depicted in the Northwest of Europe and in the British Isles because of the number of 

palaeontomologists who work there (Enayat 2015, 10). It is a database that has been 

built in MS Access 2000 including 43 tables related to beetle’s information. The 

datasets contain information connected to species taxa such as information from the site 

where samples have been taken, dating methods such as calendar, period and 

radiocarbon dates linked to the beetle fauna, ecolabels (Fig 14), number of abundance 

on each sample of a site and any further notes linked to archaeological material. Apart 

from the fossil information, MCR (mutual climatic range) and Bugstats are 

implemented. MCR is a temperature prediction system which can help answer future 

questions about climate change. Bugstats is a tool that can help the user to review the 

habitats which are represented in a site with each sample arithmetically and graphically 

(Buckland 2007, 95). BugsCEP has also been integrated to the Strategic Environmental 

Archaeology Database (SEAD) with sources from (MAL) lab of Umea University, the 

lab for Ceramic research and the Swedish National Lab for wood chronology (SEAD 

database) (Enayat 2015, 10). 

Habitat classification means the categorisation of the beetle fauna into groups according 

to their habitat traits. Koch ecology system includes 125 different codes and the Bugs 

Eco code selection includes 22 habitats (Buckland 2007, 121). Both codes are being 

combined to the database because some species can inhabit more than one places. Bugs 

Eco code contains general habitats with a specification on running and standing water 

and Koch ecology habitats are too specific, but it can help for further analysis in the 

paleoenvironmental reconstruction of a surrounding area. On this thesis the Bugs 
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Ecology code is used because Koch ecology system is not preferred for charts due to 

the variety of the ecolabels. 

Figure 3 shows the habitat classification which has been made by Philip Buckland and 

Paul Buckland with the cooperation of other experts. Their combination was structured 

by the correspondence of each habitat to archaeology and paleoecology, by the 

possibility of beetle fauna to saw their habitat traits and by the correspondence to other 

used habitats from previous authors (Buckland 2007, 123). 

 

 
Figure 3: Beetle habitats (Philip Buckland 2007). 22 Ecolabels with specific description in each habitat. 

 

 

 

 

 

 

 

All the data that have been used for the reconstruction of the paleoenvironment in 

Europe and in the British Isles were extracted from BugsCEP, the chronological period 
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of this thesis includes samples dates from the Late Quaternary until present. Late 

Quaternary is the period where most of the climatic phenomena occur such as extended 

cold periods to abrupt shifted warm temperatures. More specifically the radiocarbon 

dates for this data start from the late Pleistocene until the late Holocene. Figure 4 shows 

four theoretical steps of this thesis. The extinction of the species can define the rapidity 

of climatic changes during the last glacial and into the current interglacial, the Holocene 

(Buckland 2007, 150). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4: A theoretical preview of the steps that were used to create a general overview of the environment in the past. 

 

The selection of the data focused only on dated samples, where radiocarbon dating was 

available from stratigraphic sequences. Radiocarbon years include two dates the earliest 

and the latest but the true date of the taken sample is between these periods. Samples 

which are depended on archaeological sites have not been used due to the restricted 

knowledge of the surrounding area. According to Buckland (2007, 28-29), 

archaeological sites are not able to give further insights about the background 

conditions. Empirical data are needed to reconstruct the paleoenvironment because 

signs such as sedimentation or findings of charcoal are not enough nor accurate. 

The origin of the datasets was extracted from the BugsCEP database with the use of 

Microsoft Access. Query commands were used to extract the essential data. The basic 

Comparison and interpretation 
of extinct and extant species 

Compilation of Pie charts 

General overview of the 
paleoenvironment M

an
ip

u
la

ti
o

n
 o

f 
d
at

as
et

s 



18  

steps which were used to extract the data for the extant and extinct access files are the 

following: 

• Crosstab query with ecolabels and abundance for the first table 

• Simple query for the creation of the second table 

• Join the two tables into one 

 
More precisely, the first step was to take the table from the extant species and make a 

crosstab query with a basic field the sample code, ecolabels as a column heading and 

abundance as a total. The second step was to make another table with the appropriate 

connection of tables to get the sample code, the longitude and the latitude, the country, 

the radiocarbon dates and the site name. The third step was to connect these two tables 

into one, this completed successfully by having one table with all the essential 

information. The same steps were used for the extinction file and as for the names of 

the species different queries were used to extract these data. In total the extinction file 

included 56 sites with 203 samples for the British Isles and for the whole Europe 120 

sites with 673 samples. Figure 5 and Figure 6 show the results of the extinction and the 

living species. 

 

 

 

 
 

Figure 5: An example of the results from the extinction in British Isles 
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Figure 6: An example of the results for the living species of the whole Europe. 

 

 

 

 

Except for the work with the Microsoft Access, Excel was also used to make graphs, 

charts and pivot tables to understand where the number of samples were higher and to 

see valuable differences between the extinct and not extinct habitats. To make 

comparisons with the extinct and living species only data from British Isles were 

included because data for extinctions were only available for this region and not for the 

whole Europe. After the results from Excel records, the files figure 5 and figure 6 were 

saved as a csv folder to be uploaded at the Geographical Information System (QGIS) 

platform. QGIS was used to create pie charts for the whole Europe for the extant species 

and British Isles for the extinct species, showing the dominant habitats on each site 

every 1000 years. Creating maps every 1000 years gives the opportunity to see clearly 

the ranges of the climate change overtime thanks to beetles. In the discussion part, 

selected maps are going to be shown connected with natural and cultural information. 

Except for the pie charts, one map more has been created to show the extent of Last 

Glacial Maximum which will help in the understanding of the ice mass extent. 
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4. Results 

 

Figure 7 shows the habitats of species which became regionally extinct in the Late 

Quaternary age in British Isles. The red bars present the habitats that beetles still exist 

in British Isles from 961 BP to 26000 BP and the blue bars indicate the ones that they 

have been extinct during the time 26000 BP to 2000 BP. The dates between regionally 

extinct and extant species are not the same because carbon dates for extinction existed 

only from 2000 BP. From this chart, the British Isles is still dominated by a wide variety 

of habitats. The beetles with the greater percentage of extinction are the ones that they 

inhabited wet environments and open areas, such as marshes, open wet habitats, 

indicators of standing water, aquatics, meadowland, heathland and moorland. Minimum 

percentage is showed to wood and trees, pasture and dung, deciduous, halotolerant, 

disturbed, arable and halotolerant. 
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Figure 7: Comparison with extinct and extant species from England. In overall only 13 habitats were common, but 

ecolabels such as dry dead wood, dung/foul habitats, general synanthropic, indicators: coniferous, indicators: deciduous, 

indicators: running water, mould beetles and stored grain pest have not been used in this chart because there were no 

radiocarbon dates. 

 

 

 

 

 

 

 
Generally, the number of wetland species from figure 7 with the higher percentage of 

extinction it may present abrupt climatic alternation on different periods in the past. 

Figure 7 extinction results can be linked to the results of Late Glacial Period Figure 8 

where all the ecosystem changed vividly due to environmental factors. 
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Figure 8: Results from species that got extinct after 15000 BP to 10000 BP in British Isles. Wetlands/Marshes 

and Aquatics are the dominant ones, followed by heathland/ moorland and indicators of standing water. The 

percentage below the picture represent the amount of each habitat. 

 

 

 

The population of the beetles in the Late Glacial is mostly dominant from Helophorus 

genus and it can be found in both habitats of standing water and aquatics. Species that 

are most abundant are the species glaciallis, nigellus and sibiricus. 
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The habitat traits can clearly show the alternations in the environment due to the 

sensitivity of beetles. Figure 7 shows habitats with the lowest percentage of extinction 

which are the ones with the highest dominance in British Isles. Compared to the extant 

species in British Isles, there is a high number of halotolerant habitats which is an 

indicator of saline environments, landscapes domesticated by animals due to indicators 

of dung and disturbed soils, open and treeless areas because of meadow formation and 

indications of mixed forests because of deciduous. But it should be addressed that the 

number of species which are abundant in one habitat can sometimes be present in other 

habitats too because of the factor of mutation and adaptation. Before analysing the 

graphs below, it should be kept in mind the places where the samples have been taken. 

The landscapes at highlands are forming differently from the ones at lowlands. In low 

land areas different vegetation is forming from the higher and it does not always mean 

that a type of species starts to get extinct in general. Some species can mostly be found 

in highland areas. 
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Figure 9: Extinction results from British Isles. Four extinct habitats which three of them on wetland areas and one on heathland and 

moorland. The results are depicting the period from 26.000 BP to 2000 BP. The numbers on the left are representing the total abundance 

from all sites in British Isles. 
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Combining Figure 9 of the regionally extinct species in British Isles and figure 10 of 

the living species in British Isles, high peaks can be seen in the same habitats. More 

specifically, the absence of wet environments in the extinction graph can be combined 

with the aridity on a certain period such as the Late Glacial as it discussed below. The 

existence of the same habitats such as wet environments show it may be the mutation 

of species becoming subspecies by adapting to these kinds of environments or the 

change of the landscape from dry to wet habitats again because of streams or sea level 

rise (Buckland 2007). Indicators of wood and trees in figure 10 can also be shrubs where 

Britain nowadays is dominated by treeless areas such as heathland/Moorlands (Simmons 

1996, 52). Moorlands that are present in Upland regions may have been influenced by 

the last hunter gatherers (Simmons 1996, 56). Habitats such as Pasture /dung or 

disturbed/arable in figure 10 may present the beginning of human exploitation. 
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Figure 10: Results of living species in British Isles. The higher abundance is preserved at the habitats of wood and trees, marshes, meadowland, 

heathland and moorland under 600. The numbers on the left represent the total abundance of each habitat. 

 

 

 

 

 

 

 

 

 

 

5. Discussion 

 

The nature and the environment of the past is undoubtedly a highly complicated matter. 

Overall, during the Late Quaternary a wide range of environmental changes took place, 

concerning migration of people, extinction of animals, fluctuations of climate change, 

sea level rises, changes in the flora, alternations in the form of the landscapes and more. 
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In Europe, some regions experienced abrupt environmental changes and cultural 

responses whereas in some other areas the changes were slower (Lawrence et al. 1996, 

101). All these factors are going to be combined with the above results from beetle’s 

fauna’s extinction. The extinction of beetles is crucial because they represent a vital 

factor of biodiversity for both people and environment (Haw et al. 2017, 2). Consequent 

changes in the life of beetles could cause alternations in the environment. 

The period between 27.000 BP and 20.000 BP marks a cold period with extended ice 

seats in the Northwest of Europe and covering almost all the British Isles except a small 

part in Southern Britain (Huijer et al. 1998, 15). Figure 11 during the period 26.000 BP 

to 18.000 BP shows that heathland and sandy/dry landscapes were the dominant 

habitats. According to Jones et al. (1993) in British Isles the glaciation began around 

28.000 BP with an increase of ice until 18.000 BP where the deglaciation is 

characterised rapid because it was accomplished until 14.000 BP. The abundance of 

Aquatic species is higher in the site La Grande pile in France, which may indicate that 

rivers and lakes were dominant on this site compared to England where most sites were 

dry and open. 

Throughout the later periods of Pleistocene, periglacial phenomena and extremely 

scarce flora existed through the period of 18.000 BP especially in Central Europe where 

most of the landscapes were covered with treeless areas and steppe (Lawrence et al. 

1996, 83-99). Pleistocene epoch is one of the periods with the colder and drier climatic 

phenomena, whereas in the late Pleistocene which is closer to the beginning of 

Holocene the climate became warmer (Jones et al.1993, 34-36) 

Some species could actively search for suitable alternative areas because of alternation 

of the habitat and therefore the wisest factor for reconstructing past environments is to 

look to the habitat traits of the extinct species (Haw et al.2017, 12-15). 
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Figure 11: From 26.000 BP to 18.000 BP open areas and sandy dry environments were dominant. Except the site La Grand 

Pile in France where aquatics had the highest abundance. 

 

 

 
 

Comparing the results with a multiproxy approach of a climatic reconstruction by Huijer 

et al. (1998, 17), the periglacial activity showed continuous permafrost in England, 

Poland, Germany, the Netherlands and Belgium. On the other hand, permafrost 

formation in Northern France was discontinuous. Fluvial deposits were characterised 

by the transition between the middle and the late Pleniglacial period. By looking at 

figure 11 most of the pie charts are spotted in the southern part of Britain, which may 

represent the forming of the habitats in the iced free area. Habitats with indications of 

wet environments might be connected to the streams and rivers that are included in 

fluvial deposits. Moreover, in Britain the high presence of sandy/ dry habitats can be 

combined with the sand deposits since the sites outside of the extent of ice were 

subdivided in sandy silt areas (Huijer et al.1998, 18). Hominins used to inhabit places 

where animals migrated. From an anthropogenic perspective in the southern part of 

Britain in figure 11 indications of dung were found, meaning that animals would likely 

have been present; this might be related with early hunters even though the earliest 

archaeological indications derive from 8.000 BP (Lawrence et al.1996). 
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Figure 12 shows the extinct habitats from 26.000 BP to 19.000 BP. Moreover, 

indications of species that can also inhabit Boreal forests in British Isles are spotted in 

the southern-east of Britain and not in the central or the northern part. Boreal forests 

and dry landscapes can be indicators of a cold climate. More specifically, Diacheila 

polita, Boreaphilus henningianus, Helophorus sibiricus and Bembidion genus were the 

ones that got extinct regionally in British Isles. Combining their traits together, they 

inhabit cold wet environments such as cold water from the melting of the snow, dry 

heaths or boreal forests, scarce vegetation and moist environments (Buckland & 

Buckland 2006). 

An interesting approach but at the same time questionable is given by Guthrie (2001, 

6) for the spread of aridity during the late Pleistocene age, who claims that clear skies 

play an important key factor to the transformation of steppe to tundra. His research is 

unique because it shows differences with Lawrence et al. (1996) who supports that 

changes in the landscapes are caused by humans and the overgrazing of animals. 

Moreover, on his research Guthrie combined clear skies with a radical decrease in 

rainfall and sun angle which gives higher energy to the ground because there is no cloud 

cover to low the radiation of the sun. But can this theory stand alone for the aridity 

during the Late Pleistocene in the North part of Europe? As Simmons et al. (1996, 23- 

25) addresses, changes in the landscape happened both by natural factors and cultural 

factors. Humans should not be excluded from the changes of the landscape since 

alternations in the land are known to be caused by their manipulation (Lawrence et al. 

1996). The habitat traits of figure 11 can be combined with the Devensian cold stage in 

Eastern England where sandy dry areas, little vegetation and shallow lakes used to exist 

(Jones et al.1993, 16-19). 
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Figure 12: Regionally extinct habitats in the British Isles between 26.000 BP to 19.000 BP. Wood and trees, heathland 

and indicators of wet environments. 

 

 

 

 

 

 

 
 

The results from figure 11 and figure 12 can be related with the figure 13 below, 

describing the extent of ice during around the period 20.000 BP. Figure 13 shows that 

the ice sheet was spread mostly in the North and Northwest Europe. If we combine both 

figures, we can observe that species are only spotted in sites where the ice mass is 

absent. The open and dry areas from figure 11 and the extinct species of beetles 

inhabiting woody and forested areas from figure 12 may be combined with the aridity 

of that time caused by the combination of cool climatic temperature and other natural 

phenomena. 
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Figure 13: Last Glacial Maximum during the Late Pleistocene. The period is around 20.000 BP. In this map the extent 

of ice is covering the whole Scandinavia, Alps, Iceland, a big part of the British Isles. The land between France and 

British Isles is Doggerland before it disappeared from the sea level rise (Map by the author using data from Ulamm , 

Weichsel -Wurm- Glaciation 2013). 

 

 

 

 

 

The period between 16.000 BP to 15.000 BP marks the beginning of the Late Glacial 

figure 14. According to Guthrie (2001, 13), during the Last Glacial period most of the 

Northern European landscape was dry. There were no wet surfaces as lakes, marshlands 

or rivers as they were reduced to streams and a dry grass landscape was expanded. This 

is evidence of strong aridity due to the glaciers and their related causes on the climate. 

Furthermore, this fact is supported by Roberts (1989, 48) who is reporting that beetle’s 

faunas, pollen and geomorphological evidence confirm that the British Isles during the 

Late Glacial period had a generally dry and cold climate in the uplands of Scotland. 

According to Angus et al. (2011, 8), in Britain the species H. sibiricus is abundant only 
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in cold phases and the absence of the species glaciallis after the melting of the glacial 

means that there was no extensive cold winter, but warmer climates where the habitat 

of aquatics who got regionally extinct due to the change of the vegetation and the 

absence of snow layers. Presence of a warmer climate can give the genus Aphodius 

from the pasture/dung habitat which is mostly known to appear in temperate 

environments (Castri et al. 1990, 209-211). 

 

 

 

 

Figure 14 shows a variety of habitats in British Isles, Netherlands, Poland and France, 

Sweden. Beetles inhabiting wet environments, wood and trees, open areas such as 

meadowland or heathland and beetles that exist in general synanthropic environment 

are the ones which have the highest abundance. For example, the abundance in British 

Isles of wood and trees were 570 in total. Considering the historical records from 16.000 

BP to 15.000 BP and combining it with the pie charts, the indication of higher 

abundance in wood trees does not necessarily mean that the landscapes where 

dominated by wood areas as it can be any type of existed wood such as low shrubs 

which can be found in open areas. General synanthropic species and indications of dung 

in the same samples could be associated with humans. The environmental change in the 

late Pleistocene undoubtedly helped to speed the spread of human growth (Roberts 

1989, 55). 
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Figure 14: Variation of habitats through the whole Europe with the highest of Wood and trees, wet and open environments 

and general synanthropic abundance. 

 

 

 

 

 

 

The results generated from Figure 15 below indicate that beetles in wet environments 

and open landscapes used to exist in that period. More specifically, according to 

Buckland and Buckland (2006) the beetle Boreaphilus nordenskioeldi can be found in 

tundra landscape or grounds which are heavily disturbed by frost action while 

Hypnoidus rivularius can be found in heath and open landscape and Ocypus picippenis 

inhabits warm or dry slopes or cattle pastures and grazed land. These habitat traits may 

give indications of a drier climate and an open treeless area where the climate is starting 

to get temperate this is further believed by the presence of Helophorus genus as these 

beetles inhabits warmer environments (Fikacek 2011, 11). 

Comparing the pie charts of this thesis with the isotherm maps from Enayat thesis 

(2015, 28-32) after 15.000 BP, similarities can be found with figure 14. In Northwest 

Europe the climate was fluctuating between 13 to 15 degrees as well as in the west parts 
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of Europe. Slightly higher temperature differences were observed in central Europe, 

whereas in east Europe the temperature was close to 19 degrees and in the northern part 

the temperature was below 10 degrees. The uniformity in the temperature between the 

North and the rest of the Europe might be explained due to the fact that the ice sheet in 

the North retreated gradually. The isotherm maps showed temperate environment which 

can be associated with the regionally extinct species that were living in warmer 

environments. 

 

 

 

 
 

 

 

 

Figure 15: Wetland environments as well as heathland, wood and trees and indicators of Dung were existed that 

period before they got extinct in the beginning of the Late Glacial. 

 

 

 

Additionally, Figure 16 below represents the period from 9000 to 10000 BP which is 

the end of the Late Glacial and the start of a warmer climate. The rapid climate change 

from cold to warm is the key for the beginning of the Holocene Era. Sea level rise and 

tundra/steppe lands replaced by woodlands (Simmons 1996) and mixed deciduous 

forests continued until the 8.000 BP (Roberts 1989, 71-72). According to Lawrence et 



34  

al. (1996) hunter-gatherer groups expanded throughout the Europe, and for the next few 

millennia the interest was in crop cultivations and food productions. 

These prehistoric evidences may be combined with the pie charts in Figure 16 which 

indicates that throughout Europe the dominating habitats were woodlands, wet 

environment and disturbed areas having also indications of dung and carrion. More 

specifically, the sites of each country had different amount of abundance in each habitat. 

In western Europe the sites of France in total, indicate higher number of abundance in 

woodland areas to 300, general synanthropic to 171, carrion to 161 and disturbed areas 

to 155. In contrast in the North the sites in Sweden and Norway indicate lower number 

on each habitat. This fact may be explained, by climatic variation because vegetation 

lands started to grow later in the North in comparison with western and southern regions 

(Lawrence et al. 1996, 88-90). This also could be linked to human exploitation in the 

North because the glaciers retreated later in comparison with the whole Europe since 

hunting in Fennoscandia started from 10.000 BP. According to Roberts (1989, 82) in 

the early-mid of the Holocene peat bogs started to form in the West of England and 

Ireland because of the deforestation by prehistoric farmers and pastoralists. However, 

Hodder et al (2005, 18) claims that thanks to archaeological findings in the mid- 

Holocene the only evidence for human presence in Britain were few charred hazel nuts 

and some indications of flint or chert artefacts. Moreover, indications of dung and 

carrion in Scandinavia figure 16 can be combined with the hunting practises during the 

Mesolithic period were Mithen (1996, 205) reported that late Mesolithic animal bones 

such as red deer and wild boar were found in the Southern Scandinavia. 
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Figure 16: Period of the end of Late Glacial in Europe, dominant habitats were woodland areas and open areas, wetlands, 

carrion, dung and disturbed. 

 

 

 

 

 

 

Comparing the habitats from figure 16 with figure 17 in British Isles, the ones that got 

regionally extinct were heathland and meadowland areas, wet environments, woodlands 

and indications of standing water. Considering the traits of the species Bembidion 

mckinleyi they live in exposed wet environments consisted of cold water usually 

originated from glaciers or they can also be found in barren ground. (Buckland & 

Buckland 2006). The lower abundance of this species could be related to the climatic 

variations during this period from cold to warm. 

Characteristic are the isotherm maps from Enayat thesis (2015, 31) where they can 

approve the extinction of the cold species in British Isles since the temperature was 

close to 17 degrees. Isotherm maps from Coope et al. (1998, 425) show that from 11.000 

BP to 10.000 BP a colder climate was ranging from 9 to 10 degrees for the whole 

Europe, however the climate changed abruptly after 10.000 BP with the Northwest of 
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Europe reaching higher than 15 degrees. Both case studies report an extinction of colder 

species Figure 17, as well as melting of the ice and the beginning of a warmer era. 

 
 

 
 

Figure 17: Extinct habitats in four sites in England. St. Bees, Red Moss, Glanllynnau and Davenham: Church 

Moss. 

 

 

 

 

 

Figure 18 below shows a variety of beetle habitats dominating each country during the 

period 0 to 2000 BP. In the Ballywillin site of Ireland, the dominant ones are the habitats 

of Aquatics with the highest abundance of 32 species, wood and trees with meadowland 

close to 12 species and heathland at 11 species. According to Buckland (2007) (table 

14.), with the detailed definitions of each habitat, Βallywillin site in Ireland used to be 

surrounded by wet environments such as rivers and lakes, open landscapes and 

indications of moss. In comparison with the Iceland site Skálafellsjökull a totally 

different environment formed during there that time. Dung/ foul habitat was the one 

that had the highest abundance 88 species, followed by wetlands and Marshes to 79 
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with general synanthropic at 74 species. Mould beetles were close to 17 and Carrion 

habitats to 27. 

 

 
Figure 18: Results of beetle habitats from 0 to 2000 BP at four countries, Iceland, Ireland, England and France. 

Diversity of habitats in each country whereas Aquatics is the one which is more widespread. 

 

 

 
 

Comparing with the Eco figures of Enayat (2015, 35), general synanthropic species had 

the highest percentage between 1,000-500 years BP, coexisting with the Pasture/Dung 

peak. All these results together can show high presence of animals, but also possible 

presence of humans thanks to synanthropic species. Synanthropic species can be found 

to houses and farms or even with domesticated animals, where the only similarity 

between Ireland and Iceland is the presence of wetlands. Continuing to England and 

France Aquatics was one of the main habitats with 665 abundances in three sites in 

England and 158 in two sites in France, wetlands, dung habitats, disturbed fields and 

carrion were also dominant but with lower abundance in both countries. Relating the 

results with the historical records of the British period from 2000 BP to 0 BP, the Late 

Iron age are and the beginning of the Roman Empire are indicated to these dates. 
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Anthropogenic factor could be an influence to consider for the changes in the landscape 

during that time due to migrating, trading, fishing, hunting and the presence of rural 

dwellers. The habitats of dung, arable fields, and carrion can be indications of previous 

human life. According to Cross (2006), in the Southern and Eastern Britain farmers 

used to own livestock and organise the agricultural community. This fact can be 

associated with the location of the sites figure 18 in Britain because of their 

geographical location. 

 

 

Comparing the extinct habitats from figure 19 two beetles got extinct in Stourport site, 

the first is Simplocaria metallica which inhabits heathland and moorland and the second 

Airaphilus elongatus which was found in the habitat of wetlands and marshes. The 

abundance of these two species was very low and according to Buckland and Buckland 

(2006) Simplocaria metallica inhabits open environments with natural grassland among 

mosses or it may be an indicator of a previous boreal forest. As for Airaphilus elongatus, 

it prefers moist environments, but it does not specifically live in the water. Causes of 

extinction might was a possible ground aridity from natural phenomena or human 

occupation. The presence of only on site in British Isles at figure 13 after 2000 BP could 

be explained by the fact that this site was the only one which had radiocarbon dates, 

also because during the period 1000- 0 BP extinct species were not reported. This 

information can be related to the lack of radio carbon dating and not with the fact that 

species did not get extinct that period, because landscapes never stay in their pristine 

stage. 
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Figure 19: Site Stourport, Extinct species in habitats of meadowland, Heathland and Wetland areas during the period 

1000 BP to 2000 BP. 

 

 

 

 

 

 

 

 

6. Conclusion 

 

Palaeoentomology as a biological proxy in environmental archaeology provides useful 

information for the interpretation of the paleoenvironment. Fossil fauna turns out to be 

important for the modifications in the landscape thanks to their sensitivity to climate 

fluctuations and cultural disturbances. Except the fact that beetles as organisms are 

important for the ecosystem they can be found everywhere, in any form of the landscape 

such as archaeological sites, rural areas, urban areas and more. The fact that beetles 

substitute a wide number of the biodiversity it is always worthwhile to use them as a 

biological proxy in archaeology. 

Comparing this data to other case studies, abrupt climatic changes can be confirmed 

with the fluctuations in temperature due to the extinction of beetles. The importance of 
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what kind of species got extinct is essential because their habitats may be linked to 

anthropogenic factors. The species which got regionally extinct during the Devensian 

period in British Isles may confirm the cold environment of that time. It can be related 

to the retreat of the ice mass which could be one of the causes of extinction even though 

disturbed habitats and general synanthropic species were also widespread in some parts 

of Europe. Disturbed areas and synanthropic beetles can also be linked to anthropogenic 

factors, but during that time the chance of erosion would be more possible. Moreover, 

abrupt climatic changes happened during the period of the Late Glacial which caused 

most of the ice mass to melt as a result of new environments. Anthropogenic factors can 

be associated more with the habitats in the Late Glacial and Late Holocene. In the Late 

Glacial the habitats were variant with higher abundance on carrion, pasture, and general 

synanthropic compared to Devensian period. Prehistorical records such as the spread of 

hunter gatherers through Europe after the melting of the glacial and the beginning of 

agriculture in the Late Holocene could be some of the sites where the samples have 

been taken. 

These interpretations were only supported by beetle fauna, having other data into a 

multiproxy analysis would support or even also contradict more these interpretations. 

Considering the fact that the number of the dated samples were few and that some 

beetles can inhabit more than one environment it opens new questions about the 

alternations of the environment in the past. For future development in this work, (GBIF) 

the Global Biodiversity Information Facility can be used as a comparison to the 

regionally extinct species from the past. GBIF is an open access network where 

information about the presence of beetles can be found from the 18th century until today. 

With the occurrences of beetles today in other regions of Europe, it can be assumed that 

they went regionally extinct and that they migrated to other similar habitats as the ones 

in the past. Another future development in this work could be extra sampling for 

Magnetic susceptibility and Phosphates on sites where synanthropic species were found 

to reassure the presence of people in the past, see Grabowski (2014, 40). 
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