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ABSTRACT

Micromammals (e.g. rodents, shrews), characterised by their small size, short lifespan and high
reproduction rate, are known for rapid adaptability to changing conditions, inhabiting all
environments besides the most frigid. They form a variety of relationships with other animals
as well as humans, from being prey up to mutualism, commensalism and even taming and
domestication. Changes occurring short or long-term within micromammal populations can be
a useful proxy for natural as well as human-induced changes. However, their remains from
archaeological contexts have seldom been investigated, with a scarcity of methodological

studies and incomparability of published data often discouraging research.

Human impact on the environment is especially noticeable in the case of insular environments
where humans are responsible for the majority of species introductions. This thesis examines a
series of case studies from the Orkney islands off north-east Scotland to develop a
micromammal zooarchaeological methodology and investigate the micromammal relationships
with predators and human activity in this context. Specifically it has two main aims: 1) perform
methodological research on obtained data to investigate established methods as well as to
suggest new approaches to data analysis given what data are retrievable from studied
assemblages; 2) apply the revised methodology to investigate a range of Orcadian sites,
covering two main time periods of intensification of maritime contacts: Neolithic (4000 — 2000
BC) and Norse/mediaeval (600 — 1500 AD) ages. Analysis standardisation and reproducibility

through coding in R is also introduced to deal with the large breath of obtained data.

The study provides conclusive results, broadening the understanding of micromammal
taphonomy and a range of different assemblages and deposition patterns present within and
around anthropic contexts. The breath of utilizable data retrievable from micromammal
assemblages is comparable with typical zooarchaeological research on the remains of bigger
species, for example including information on age of death or non-predatory taphonomic
factors. Spatial and contextual data, particularly, proves to be crucial for understanding the
impact of dispersal and burial processes on micromammal accumulations. Moreover, the
necessity for consistent sieving is confirmed, lower effort sampling or sieving regimes failing
to provide representative and comparable samples. The obtained data can be effectively
analysed through statistical methods, including classifying algorithms, bypassing problems

encountered in the case of multiple comparisons and deposition patterns. However, the results



also show that actualistic research may not be directly comparable with archaeological material
without considering non-predatory taphonomic factors and their impact on data

representativeness.

Assemblages identified within the studied sites seem to be formed by a variety of factors.
Identifiable predatory depositions could be attributed to both owls and diurnal raptors, taxa
expected to be found considering modern Orkney fauna and dominant micromammal predators.
Cases of non-predatory depositions included deaths of commensal species living and/or nesting
within the anthropic environment, self-entrapment in anthropic features such as trenches or pits
of single individuals and secondary accumulation in similar features due to dispersal. In
general, each site shows multiple different patterns being present, with certain areas or context
types (e.g. open/enclosed, natural/usage period/abandonment) exhibiting a predominance of a
specific deposition. Intrusiveness is surprisingly rare and, where identified, is characterised by
multiple intrusive species within the contexts, with singular species intrusiveness rarely being
noted. Some evidence for human interaction with micromammals, direct or indirect, can be
noted through additional taphonomic marks such as burning. However, a definitive

interpretation of these marks, as of now, cannot be achieved.
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LAY SUMMARY

The term “micromammal” refers to very small mammals, such as rodents or shrews. Those
species are characterised by a short lifespan, high reproduction rate and high adaptability to
changing conditions. Currently micromammals can be found inhabiting the majority of known
environments, and form a variety of relationships with other species, including humans.
Changes happening within the micromammal populations can be a useful proxy for natural as
well as human-induced changes. However, micromammal remains from archaeological

contexts have been rarely investigated, with multiple unresolved issues discouraging research.

Human impact on island environments is especially visible, in particular in a form of new
species introductions. This thesis examines several archaeological sites from the Orkney islands
off north-east Scotland. The research starts from checking the applicability of research methods
to the archaeological micromammal material. The methods assessed are primarily ones used in
micromammal research on contemporary micromammal remains. However, additional methods
common in zooarchaeology are also tested to broaden the possible amount of retrievable
information. Following method assessment and validation, the thesis applies these methods to
investigate the selected archaeological sites in detail. The sites themselves represent two major
periods of Orcadian history, Neolithic and Norse/Mediaeval, both known for the rapid

development of human settlements and frequent maritime contacts.

The study provides new information about methods, data and the sites themselves. The amount
of data possible to retrieve from archaeological micromammal remains is comparable with
typical zooarchaeological research on the remains of bigger species. Spatial and contextual
information proved to be of importance when assessing whether remains were scattered over a
wider area, remained in the original deposition place or were affected by a transition from the
surface to underground. The necessity for consistent sieving of archaeological sites was
revealed, with lower effort leading to a significant loss of information. Various statistical
methods seem to be working with the obtained data, facilitating comparisons between multiple
deposition patterns. The results also show the difference between modern and past

micromammal depositions, stemming from processes happening after assemblage creation.

Accumulations of micromammal remains found within the studied sites are a result of a variety
of processes. Some of them can be traced to the activity of both owls and diurnal raptors, taxa

which currently inhabit Orkney and are the dominant micromammal predators. However, non-
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predatory depositions are also present. They are mainly connected to species living next to or
nesting within human habitation, being a result of their natural death or accidental self-
entrapment. In general, each site showed multiple different patterns being present, with certain
areas exhibiting a predominance of a specific deposition. Remains accumulated due to
burrowing are surprisingly rare, easy to differentiate from original contexts due to the presence
of multiple species introduced to Orkney in later times. Some evidence for human activity could
be noted, especially in the form of burn marks, however such finds still lack definitive

interpretation.
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1. INTRODUCTION

1.1. RATIONALE BEHIND THE STUDY

The term “micromammal” commonly refers to very small mammals, including rodents, shrews
as well as smaller representatives of hedgehogs and lagomorphs. Such animals are usually
characterized by a short life span combined with a high turnover rate, resulting in rapid
adaptability to different environmental conditions and a tendency towards invasive colonization
of new habitats (Stahl 2016, Escudé¢ et al. 2013, Belmaker 2018). Due to their characteristics,
micromammals are known to inhabit all terrestrial environments besides coldest ones, such as
arctic polar deserts, and consist of the overwhelming majority of all mammals, both in terms of
the number of recorded species as well as overall population size (see Wilson & Reeder eds.
2005, 185-529 & 745-752). They can also form a wide range of different relationships with
other species and their environment, from being a source of food for predators up to mutual
relationships with other species as well as commensal relationships with humans. Being a
significant part of the environment biomass, their population dynamics can affect said
environment in a number of ways, both positive (e.g. encourage new species to settle, help in
biomatter circulation) as well as negative (e.g. causing extinctions by taking already occupied
niches). Considering their population dynamics, it is not surprising that a significant part of
mammal remains found in natural (Chaline & Mein 1979; Andrews 1990; Kusmer 1990) as
well as cultural (Brothwell & Jones 1978; Stahl 1996) deposits often belong to these species.

What prompted researchers to investigate micromammals in detail in the case of the Orkney
archipelago was the predominantly anthropogenic nature of Orcadian flora and fauna. It was
progressively amassed during the long history of the isles, from first Mesolithic settlers and
early Neolithic farmers, through the period of Roman influence, ending on Norse and later
Scottish rule (Bullard 1975; Berry 1985, 48-86; Berry 2000: 49-79). Orcadian archaeological
sites have been thoroughly sieved or sampled since the 1970s, providing ample materials for
further study. The majority of research has concentrated on establishing the origin of
micromammal species and the exact date of their introduction to the isles. Results provided
strong evidence for multiple introductions during maritime trade intensification periods, with
parent populations being found not only in the British Isles but also in Western and Northern
Europe (e.g. Corbet 1979; Haynes et al. 2003; Nicholson 2005 & 2007; Martinkova et al. 2013).



While providing promising results, research questions more related to zooarchaeology so far
have been only briefly investigated. The author’s earlier study on Skara Brae micromammal
assemblage (Romaniuk & Herman 2016; Romaniuk et al. 2016a;b) shed new light on the
spectrum of possible relationships between human and rodent populations. It appeared that
Orkney voles might have been intentionally gathered by Neolithic dwellers of Skara Brae and
deposited alongside household refuse. The reasons behind this were not fully clear, with food
processing and pest control being considered as most likely. The former idea could lead to a
solid argument for deliberate human transportation of small animal populations to more remote
and isolated regions of the British Isles (Haynes 2003; Martinkova 2013), while the latter could

stem more from the accidental introduction.

Studies on micromammal assemblages within zooarchaeology remain rare due to multiple
issues hindering any research attempt. The most discussed issues are a combination of
problematic retrieval and handling of microvertebrate remains, requiring high-effort and
systematic sieving and sampling regime (Stahl 1996). Beyond that, micromammal assemblages
may consist of multiple species with very similar skeletal and dental morphology. This
frequently results in any identification attempt requiring a wide reference collection and/or
experienced researcher. As many archaeological excavations are usually restricted in terms of
financial backing, time or even storage, micromammal and microvertebrate finds are often
excluded from the archaeological investigation if no contextual evidence points towards their

importance.

A lack of an established methodological framework specific for archaeological assemblages is
also a contributing, if less discussed, issue. Micromammal remains have been intensively
studied by quaternary researchers for over half of a century, mostly due to being considered a
great proxy for past environmental conditions (e.g. Chaline 1972, Avery 1982a;b) or specific
predatory activity (e.g. Andrews & Evans 1983; Andrews 1990). Methodology of
micromammal taphonomy has been developing for the most time with research aims and
questions specific to biological, especially paleoenvironmental, sciences in mind. The material
studied included predominantly natural contexts, especially cave fills, and comparative data
coming from modern predatory assemblages or regional zoological studies. As the
aforementioned proxy research dominated the subject, studying past populations dynamics (e.g.
mortality profiles; population health through pathological finds) has rarely been done. As a
result, many elements of the wider taphonomic and osteological field, especially connected to

non-predatory factors, have not yet been evaluated for micromammal remains. It is a problem



especially in a setting where human activity might be a biasing factor. While micromammal
taphonomy methods have been proven applicable on a technical level to archaeological
assemblages (e.g. Weissbrod 2005; Fernandez et al. 2009; 2011) such attempts required either
further contextual explanation or additional taphonomic research to broaden discussable
taphonomic processes with ones often encountered in zooarchaeology (e.g. the impact of
dispersal and secondary accumulation, see Weissbrod 2005). The necessity of additional effort
being put in methodological studies leads to research not being taken beyond the identification

of species or by being handed over to strictly paleoenvironmental or genetic research.

Considering the visible need for wide methodological research on such finds, the author saw a
possibility for a larger PhD project on Orkney micromammal archaeological finds. Open access
to a number of assemblages from the Orkney isles, successful implementation of current
methodology to Skara Brae material and taxonomic diversity related to human activity make
proper foundations for the methodological assessment of established methods to archaeological
material. Moreover, it would also be possible to assess the applicability of methods more
prevalent in zooarchaeology, thus creating a choice better suited for archaeological
investigations. Once done, the revalued methodology could be finally applied to the
archaeological material itself, hopefully providing better and more accurate answers than
micromammal taphonomy previously could. Contextually, the analysis of several sites will
definitely provide more details on possible micromammal assemblages that may be encountered
within anthropic and mixed contexts as well as possible differences between species across

wider periods of time and space.



1.2. RESEARCH AIMS, OBJECTIVES AND QUESTIONS

Two key aims have been identified for this thesis:

To evaluate, adapt and broaden micromammal methodology to better suit
archaeologically retrieved data (Aim 1)
To provide detailed and critical analysis on Orcadian archaeological micromammal

material with updated methodology (Aim 2)

These aims will be achieved by following eight objectives:

Review of the current methodology related to micromammal taphonomy in
palaeoecology and archaeology (Objective 1).

Selection of a number of sampled or sieved archaeological micromammal assemblages
from throughout the Orkney archipelago for analysis (Objective 2). The selection
should represent main periods of species introduction (Neolithic/lron
Age/Norse/mediaeval) as well as different but comparable (implementation of sieving)
retrieval patterns used in archaeology.

Creation of a reference base for the comparative analysis between known studies and
archaeological material as well as broader methodological research (Objective 3).
Investigation of the applicability of established micromammal methodology to Orkney
archaeological assemblages using statistical analysis (Objective 4)

Broadening the selection of utilized methods by applying elements of statistical
reasoning and by adding ones that obtain data more suitable for zooarchaeological
research (Objective 5)

Depending on the outcome of previous points, revaluation of the choice of methods
applicable to archaeological, especially Orcadian, sites (Objective 6)

Investigation of the Orkney assemblages (Objective 7)

Discussion of obtained information, with stress put on contextual ramifications of

established methodology and different retrieval methods (Objective 8)

Chosen aims and objectives in turn can relate to specific research questions:

How developed is micromammal taphonomy and archaeology and what areas remain

omitted or under-researched? (Research Question 1)



Can the application of statistical testing and classification help in the archaeological
interpretation of micromammal finds? (Research Question 2)

Can reconstructing mortality profiles and investigating pathological changes help in
analysing short-lived micromammal populations? (Research Question 3)

How do different retrieval methods impact obtained datasets? (Research Question 4)
Do different taphonomic factors create similar patterns, or can one factor create multiple
patterns over time? (Research Question 5)

Are there any noticeable differences in micromammal accumulations between studied
sites and/or between specific time periods? (Research Question 6).

Can differences identified between micromammal assemblages retrieved across chosen
sites be attributed to specific factors? (Research Question 7).

How do micromammal assemblages form within different anthropic contexts?
(Research Question 8)

How does micromammal data correlate to previous research on Orcadian microfauna?

(Research Question 9)



1.3. THESIS LAYOUT

Introductory chapters (Literature Review, Materials and Methods) explain the study research
background, the current state of methodology (Objective 1) as well as materials and methods
chosen (including Objectives 2 and 3). In the latter case a distinction was made between
methods used for methodological evaluation (Aim 1) and later sites assessment (Aim 2). It is
further seen in a division of analysis section into two separate case studies. The first case study
(Chapter 4) is methodological, concerned with assessing the utility of the generated data as well
as employed or created methods, thus addressing Objectives 4, 5 and 6. The second case study
(Chapter 5), on the other hand, is a traditional site-based analysis but with the methodological
framework refined by the previous case study (Objective 6), addressing Objective 7. A joint

discussion of both case studies follows, with stress being put on Objective 8.

The literature review (Chapter 2) is divided into two main sections, with an introduction briefly
describing the current state of international micromammal research in archaeology. The first
section includes detailed information on the origin and meaning of the term “micromammal”
and elaborates on the reasons for studying palaeoecological and archaeological material, the
main issues related to performing micromammal research, and the currently utilized methods
(Objective 1). In contrast, the second part focuses exclusively on the Orcadian natural history
and micromammal fauna of the region, alongside any meaningful studies performed on them

or their remains relevant to this research. The summary will answer Research Question 1.

The methodology chapter (Chapter 3) contains information vital to both case studies. The first
section includes basic data on sites chosen for this research (Objective 2), with stress being put
on methods utilized during the retrieval of micromammal remains. The second section
discussed the choice of methods to be applied to the micromammal material as well as obtained
references (Objective 3) for the sake of data collection for both case studies. The third part, in
turn, concentrates exclusively on the methodological investigation in the first case study,
including the utilization of the results in sites assessment in a second case study. The summary

will briefly discuss key points of each of three sections.

The methodological case study (Chapter 4) contains its own analysis section and a short
methodology revaluation, directly related to the analysis results. The analysis section is divided
into several parts, each concerned with a different issue, including data distribution and

variation, pattern-seeking through correlation and machine learning, sample representativeness



in relation to retrieval methods, exploring the impact of dispersal, evaluating age estimation
methods, ending on investigating metric and pathological data (Objective 4 and 5). An
additional section was dedicated to revaluating methodology for Case Study 2 in the light of
Case Study 1 results (Objective 6).

The sites assessment case study (Chapter 5) is fully dedicated to Objective 7. Analysis was
modelled to discuss each site separately. Data from each site was further divided into specific
methods and data, starting from general NISP/MNI/completeness distribution on each site,
mortality profiles, NISP related ratios (skeletal frequencies and relative abundances),
fragmentation patterns, taphonomic marks (digestion and burning) and results of classification

methods.

The final chapter (Chapter 6) concentrates on a joint discussion, additionally reframing findings
of both case studies in a broader perspective of archaeological science. Such an approach will
help fulfilling the last objective (Objective 8) and deliver final answers to Research Questions
2 - 9. The discussion is divided into two parts. First part concentrates on the methodological
aspect of analysis, predominantly on Case Study 1 and relevant results from Case Study 2. In
turn, the second part focuses on sites interpretation, with each site discussed separately,
similarly to case study Il. The conclusions chapter (Chapter 7) summarises all the key points of

the thesis as well as provides a broader outline of further research possibilities.

Due to various different naming conventions in taphonomy, zooarchaeology and
palaeoecology, the author tried to follow that established by Peter Andrews (Andrews 1990). It
is the most common used in micromammal taphonomy, with only minor differences from

mainstream zooarchaeology (for example, using “talus” instead of “astragalus”).

All figures in this thesis were created by the author if not stated otherwise.
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2. LITERATURE REVIEW

2.1. INTRODUCTION

This review was designed and written to achieve two main goals. One is, simply, to provide as
comprehensive review as possible given the obvious gap in the available literature, overall or
about specific details, about micromammal archaeology and palaeoecology (Research
Question 1). Alongside this goal, the natural environment of Orkney and all micromammal
species will also be discussed to embed the research in a location-specific context. The second
goal is to provide reference material and discuss the methodology that might be of relevance to
this research. It will be vital to later identify where new methods can be applied and what has

to be investigated in the methodological part of this study (Aim 1 and Objective 1).

In order to achieve those goals, this review will firstly cover relevant terminology and reasons
behind studying micromammal finds. Once those points are covered the review will proceed
with existing methodology connected to retrieval, handling and studying such remains, ending
on a review of Orkney micromammal fauna. Terminology is rarely discussed despite its
apparent relation to methodology and different approaches between archaeology and other
sciences. The reasons and methods covered will include most vital elements from the
perspective of archaeology and related sciences, with some brief discussions from the
perspective of general zooarchaeology practice. For the sake of clarity, all key points of this
chapter, including references that are going to be used later in the research, are going to be

shown in the chapter summary.
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2.2. MICROMAMMALS IN ARCHAEOLOGY AND PALAEOECOLOGY

2.2.1. PRIMARY SOURCES

The discipline of micromammal zooarchaeology still lacks a proper, up-to-date and
comprehensive literature review. While some publications can be used as reference sources
(e.g. Stahl 1996) and handbooks (e.g. Andrews 1990) these are usually several decades old.
Only some specific elements of methodology have been summarised in recent publications (e.g.
dental wear in Belmaker 2018), sometimes pooled with and presented alongside similar
methodological results taken from bigger and/or non-mammal species (e.g. taphonomy in
Fernandez-Jalvo & Andrews 2016). It is a problem as the reliability of some methods has been
put into doubt (e.g. Saavedra & Simonetti 1998; Matthews 2002) while a number of revised
(e.g. Fernandez et al. 2017) or new (e.g. Lyman et al. 2001) methods have become available.
Lack of published reviews is further deepened by the fact, that till today many innovative or
otherwise interesting methodological studies, as well as case studies containing comparable
data, are hard to find without a great deal of time spent on a literature search due to being
published in regional journals, obscure for international reader. Even if archaeologists become
involved in micromammal research single case studies are mostly published, with long-term

projects, for example of Weissbrod and his team (2005-2013), being a rarity.

Thankfully, in the past two decades the situation has changed for the better. Especially in recent
years one can observe a sudden surge in publications about micromammals, either from
archaeological contexts or natural sites comparable to the former (e.g. Hawkins et al. 2017;
Weissbrod et al. 2017a;b; Luna et al. 2017). Research on small animal remains, also including
amphibians and reptiles, is slowly becoming a distinct part of zooarchaeology, with its own
methodology and set of objectives. It is especially visible by relatively recent creation of a
dedicated working group, called Microvertebrate Working Group, by the International Council
for Zooarchaeology (ICAZ- MVWG; see Microvertebrate Working Group 2016).
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2.2.2. TERM MEANING IN ZOOARCHAEOLOGY

In sciences interested in past and present animal populations and their interactions in specific
ecological conditions, it is commonplace to divide species into groups depending on their
overall size, especially in the case of mammal species. Such division is a justifiable one due to
the physiological (McNab 1990) and behavioural (Eisenberg 1990) impact of size on population
dynamics and later taphonomic history (Behrensmeyer et al. 1979; Retallack 1988; more in
Lyman 1994a) as well as differences in retrieving and handling remains (e.g. standards
described in O’Connor 2000; microvertebrate methods in Andrews 1990; Stahl 1996).
However, precise boundaries between size classes as well as the level of their importance to the
research are usually an outcome of a methodology internal to a specific science. In zoology,
several division lines for mammals have been suggested. Most common is a 5kg living weight
threshold for differentiating big and small animals (Bouliére 1975), often utilized by scholars
from sciences beyond biology (e.g. zooarchaeology: Brothwell & Jones 1978; parasitology:
Morand et al. 2006).

In the case of zooarchaeology however such division more often than not is based instead on a
line between already studied and known domesticates and big game species and lesser-known,
smaller species neglected in earlier studies due to technical reasons and/or lack of relevant
knowledge (Brothwell & Jones 1978; some remarks in Glyn 1981). “Micro” species separation
from other established animal categories correlates to a degree with their small frame but its
roots are actually in a different methodological approach to such finds rather than in
preestablished, rigid size categories. For example, the term “microvertebrate”, frequently
utilized in palaeontology, was invented to denote fossilized remains of small animals which
need specific methods of retrieval and analysis to be applied to be successfully studied (Hibbard
1949). With paleoecological and palaeological studies frequently utilizing archaeological
material (e.g. Kretzoi & Vertes 1965) it has also become popular in zooarchaeology (Stahl
1996), arguably for similar reasons. However, this term includes species of different biological
patterns, possibly requiring different analytical methods, thus being somewhat problematic to

properly utilize on a methodological level of the research.

A more specialized and easier to define term is “micromammal”, often utilized by quaternary
and related sciences. Micromammals encompass almost exclusively rodents, former
insectivores and smaller lagomorphs (Grodzinski & Wunder 1975; Morand et al. 2006). The
majority of those mammals share similar biology, with short lifespan, high reproduction rate,
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tendency towards burrowing or arboreal lifestyle and nocturnal life, being a prey species to
larger predators and prone to establishing commensal-like relations with humans (Hulme-
Beaman et al. 2016). There are several weight thresholds suggested for this category (e.g. up to
300g in Grodzinski & Wunder 1975). However, the most widely used is up to 1kg of a living
weight. It is due to the majority of rodent and insectivore species do not exceed that size
(Morand et al. 2006, 5 Fig. 2). Thanks to distinct biological and morphological traits the
methodology between sciences revolving around studying micromammal populations and
remains seems relatively similar and, even if interested in different sets of data, to some degree

comparable with each other.

Micromammal research can also include bats or compare results to bat-related research (e.g.
Morand et al. 2006), but it is debatable whether bats can be considered as micromammals.
Similar to Rodentia, order Chiroptera represents a large portion of mammalian biodiversity
(Wilson & Reeder eds. 2005 312-524), inhabiting the majority of known environments. In terms
of size majority of bat species do not exceed 1kg, qualifying to be included as a micomammal
(Morand et al. 2006, 5 Fig. 2). However, beyond ecological importance and general size, their
biology is more similar to bigger species, especially when considering long lifespan and related
factors (Wilkinson & South 2002). Due to that, even if retrieval and handling methods are
roughly similar, analytical approach and results interpretation might differ, in a manner already

noted for the microvertebrates.

2.2.3. REASONS TO STUDY MICROMAMMALS

PALEOECOLOGY

In quaternary sciences, micromamamal remains are considered as excellent indicators of short
and long-term regional climate changes as well as floral and faunal composition. It is due to a
short period between the factor occurrence and the subsequent adaptation of micromammal
populations (Chaline 1972; Chaline & Mein 1979; Cano et al. 2013; Comay & Dayan 2018a).
Most of the early research relied on analysis of taxonomic abundance and the known actualistic
studies on the relationship between particular species with their habitat, which in turn provided
information about past vegetation and climate (e.g. Avery 1982a, 1982b, 1988; Andrews 1990,
165-177; Reed 2003). Later methods, on the other hand, concentrated on morphometric analysis

of micromammal teeth and mandibles, especially vole molars, to notice a correlation in
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morphological change with the environment (Escudé et al. 2013, Cucchi et al. 2014). Due to
the same factors that enabled paleoenvironment reconstruction methods of chronological dating
that utilized species sequencing (e.g. Mein 1989) and later arvicolid teeth morphology were
developed (e.g. Martinez et al. 2013). However, their exact accuracy is currently considered

debatable (see Martin 2014).

As one of the points of zooarchaeology is to analyse past ecological systems in which humans
dwelled it is not surprising that archaeological finds have been studied by quaternary scientists
or their methodology has been incorporated in zooarchaeological divagations. It is especially
visible in the case of Palaeolithic sites from Europe (e.g. Bennasar et al. 2016; Carbonell et al.
2008; Belmaker et al. 2016; Luzi et al. 2016; Rey-Rodriguez et al. 2016; Lopez-Garcia et al.
2015 & 2017), Africa (Avery 1982A and B; Stoetzel 2013; Reynard et al. 2016) or Americas
(Benton 1999; Teta et al. 2005; Lopez et al. 2016) where assemblages made by hominid activity
often mix with natural depositions or predatory remains over a long period of time.
Palaeoenvironmental data from micromammals can also be analysed with information obtained
from bigger species (Maridet & Costeur 2010; Berto et al. 2016) or palynological studies (van
Dam & Utescher 2016) to obtain better results. With the deeper knowledge of human-
micromammal relationships not only information about the past environment for a specific
period can be assessed to a studied hominid population but also information about possible
ecological changes during their presence in the region can be provided (see e.g. Bafiulus-
Cardona et al. 2017; Weissbrod & Zaidner 2013; Weissbrod et al. 2005 to 2017). Such data can
be later utilized in discussion about the environmental impact on human subsistence patterns
(e.g. Hillestad-Nel & Henshilwood 2016). Even chronological species sequencing can be to
some degree informative — appearance and extinction of various rodent taxa have been utilized
as a means to approximate a relative chronological order of hominid appearance and dispersal
through Europe (genus Mimomys and Arvicola: Cohen et al. 2012). Recent research also
suggests that carbon isotope analysis of modern populations truthfully resembles current
environmental conditions (Leichliter et al. 2016) — such information can be of use for studies
on the past. However, in Europe archaeological features younger than the Early Bronze Age
(e.g. Banuls-Cardona & Lopez-Garcia 2016) are rarely being integrated into a

palaeoenvironmental reconstruction.

Another substantial part of the palaeoecological research is identifying the depositor, especially
avian predators or carnivores. Most small animals usually end as prey to bigger species and

their remains end up accumulated together in a specific assemblage. Natural death happens
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rarely (Andrews 1990, 2-4; Stahl 1996) and can be an indicator of a unique, usually secondary
accumulation event (e.g. Tomassini et al. 2017). Owl pellets have already been utilized in
palaeoreconstruction (e.g. Davis 1959; unique example on modern material in Love et al. 2000)
for some time and with additional research, combined with the analysis of carnivore
assemblages and scats (e.g. Andrews & Evans 1983; Montalvo et al. 2012) a methodology of
studying such contexts has been established (Andrews 1990). By being able to detect a
particular animal deposition one may also identify a predator that may otherwise be physically
absent from the assemblage record (e.g. Barn owls, Williams 2001). Avian deposition in
archaeological features may be present due to sharing a similar environment to humans (e.g.
Hillestad-Nel & Henshilwood 2016; Williams 2001) and should be expected in cases of periods
of human absence from the site (Smith et al. 2016). On the other hand, when the pattern of
accumulation does not match such criteria, it may be considered as evidence of other factors
being involved in accumulation, including fluvial transport of remains or flooding of

hibernating animals in their burrows (Tomassini et al. 2017).

MIGRATIONS

Micromammals can also form complex bonds with humans and their environment, from typical
commensalism (living nearby humans and taking advantage of the food stored by them) to
edificarian (living within human structures but scavenging on their own) or environmental
synanthropism (living within a man-made environment, such as crop fields and pastures)
(O’Connor 2013, Fig. 57, Hulme-Beaman et al. 2016). Archaeological finds are often
incorporated in studying the appearance, habitat change and dispersal of such species. It is
especially well researched in relation to human migration. There are a number of modern and
historical cases for human involvement in micromammal species dispersal (Long 2003, 45-60,
87-236), especially those considered as pests (e.g. Skokholm isle colonization by house mice:
Berry 1964). That is also why data on micromammal finds are often included in major papers
(e.g. O’Connor 1988A, 1992 & 2004; Last 2014), with stress being put on identifying
commensal species, such as house mouse (Mus musculus or Mus domesticus, Berry 1991; Berry
et al. 2008), brown rat (Rattus norvegicus, Taylor et al. 1991; Quy & Macdonald 2008) and
black rat (Rattus rattus, Taylor 1991; Twig et al. 2008).

Most relevant to such archaeological investigations are studies on the house mouse, a well-

known and widespread species of highly commensal rodents that originated in Southwestern
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Asia (Suzuki et al. 2013). Contrary to rats, house mouse emergence as a species was from the
beginning deeply rooted in ecological niches created by a slow shift in human populations
towards a more sedentary lifestyle and subsequent creation of anthropogenically altered
environments in the late Upper Palaeolithic (Weissbrod et al. 2017a). Especially archaeological
sites containing their remains from the Natufian culture (C.A. 12 - 9 thousand years BC) are
well-documented thanks to Weissbrod and colleagues (2005; 2013; 2017a;b). Mus musculus
was widespread in Near Eastern urban sites in the second and first millennia BC (Weissbrod et
al. 2012a; 2014). The nature of this unique self-domestication is still debated (strict parasitism
in Dekel et al. 2017 vs commensalism in Weissbrod et al. 2017b), but from this point onwards
one can see a slow dispersal of house mice from the Middle East in a number of directions,
alongside human migrations (Auffray et al. 1990, O’Connor 2010; Suzuki et al. 2013). Their
remains were found within cultural strata in Catal Hiiyiik (Brothwell 1981, Jenkins 2012) as
well as within Transcaucasian sites related to early farmers (Cucchi et al. 2013, more sites in
Auffray et al. 1990, table 1). Cyprus, the first Mediterranean island colonised by house mice
and a traditional hub for regional maritime trade, had a population established already in early
Neolithic (C.A. 9 - 8 thousand years BC; Cucchi et al. 2002), with mitochondrial DNA
providing evidence for multiple subsequent introduction events (Garcia-Rodriguez et al. 2018).
Unintentional human transportation of these species on ships, at least since Late Bronze Age,
was archeologically confirmed. The investigation of a shipwreck of a Levantine origin, found
on the shallows south to the modern Turkish city of Kas, Antalya province, retrieved remains
of multiple house mice specimens (“the Uluburun shipwreck”, more in Cucchi 2008). House
mice colonization of the Western Mediterranean and North-Western Europe took however
longer. Slow pace was most likely due to the region being underdeveloped in comparison to
Eastern Mediterranean until the second half of first millennium BC (Cucchi et al. 2005; Cucchi
& Vigne 2006; O’Connor 2010). House mice dispersal reached Great Britain around the first
century BC, if not earlier (Bramwell et al. 1990; see Searle et al. 2009 Appendix 1), with stable
populations established soon thereafter (e.g. York: O’Connor 1992 & 2004; Shetland isles:
Nicholson et al. 2005; more in: O’Connor 2010). However, house mice were later reintroduced
to the Northern and Western end of the British Isles due to Viking, supplanting the original
house mice population alongside a new wave of human settlers (Searle et al. 2009; Jones et al.
2012 & 2013).

Apart from house mouse the dispersal of the black rat, a rodent species endemic to South Asia

(McCormick 2003; Aplin et al. 2011), has been widely discussed in the past few decades
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(Armitage et al. 1984; Armitage 1994). Although encounterable in the wild, black rats strongly
prefer a human-altered environment (Harris et al. 1995; Taylor 1991; Twig et al. 2008). The
earliest known black rat remains, from the early second millennium BC, were found within the
archaeological site of Tell el-Dab’a, Egypt (Boessneck 1976, 34). Roughly similar dating, the
middle of second millennium BC, was established for rat bones from the city of Isin, modern
Iraq (Boessneck & Ziegler 1987). Signs of black rat presence were also found in Slovenia, dated
to 1400 to 400 BC (Toskan & Krystufek 2006). It reinforced the notion, that the introduction
of black rats to an European part of the Mediterranean predated trade intensification during the
Ptolemaic period (Armitage 1994) and suggests not a single but a number of such events.
Eventually, black rats reached first century BC/AD France (Vigne & Femolant 1991) and Great
Britain (as seen in excavations in York: Rackham 1979; O’Connor 1988A; although some may
have come earlier, see Bramwell et al. 1990). Later centuries in Great Britain have seen
fluctuations and possibly extinctions and reintroductions of this species (Reilly 2010), which
highlights the importance of human agency in their survival. Local black rat populations in the
UK are present until today, especially in urban areas (Harris et al. 1995).

An introduction of one species may result in the extinction of other animals, especially those in
a similar ecological niche. Such indirect impact of humans on the environment has been
especially well studied in insular environments, most notably Galapagos islands (Steadman &
Ray 1982; Steadman et al. 1991) and other places through Oceania (Harris 2009). The
Polynesian rat (Rattus exulans) and New Guinea spiny rat (Rattus praetor) have been
introduced to most of the isles of Oceania with human migrations (Taylor 1982; Roberts 1991,
White et al. 2000) and their remains can be found in strata dated to around sixth to fourth
millennium BC onwards (e.g. Allen et al. 1989; Spriggs 1989). New Ireland forest Rat (Rattus
sanila), native to New Ireland, became extinct shortly after first Polynesian rats and New Guinea
spiny rats were introduced to their habitats (Flannery & Wicler 1990; Flannery 1995; Leavesley
& Allen 1998). Interestingly, their dispersal, apart from osseous remains, was also noted by bite
marks on fossilized seeds (Prebble & Wilmshurst 2009).

However, species traditionally considered as non-commensal can also disperse due to human
actions, especially if there are no other species to compete wit