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Abstract: Climate change, whether gradual or sudden, has frequently been invoked as a causal
factor to explain many aspects of cultural change during the prehistoric and early historic periods.
Critiquing such theories has often proven difficult, not least because of the imprecise dating of
many aspects of the palaeoclimate or archaeological records and the difficulties of merging the two
strands of research. Here we consider one example of the archaeological record — peatland site
construction in Ireland — which has previously been interpreted in terms of social response to
climate change and examine whether close scrutiny of the archaeological and palacoenvironmental
records uphold the climatically deterministic hypotheses. We evaluate evidence for phasing in the
temporal distribution of trackways and related sites in Irish peatlands, of which more than 3,500
examples have been recorded, through the examination of ~350 dendrochronological and '*C dates
from these structures. The role of climate change in influencing when such sites were constructed is
assessed by comparing visually and statistically the frequency of sites over the last 4,500 years with
well-dated, multi-proxy climate reconstructions from Irish peatlands. We demonstrate that national
patterns of “peatland activity” exist that indicate that the construction of sites in bogs was neither a
constant nor random phenomenon. Phases of activity (i.e. periods in which the number of structures
increased), as well as the ‘lulls’ that separate them, show no consistent correlation with periods of
wetter or drier conditions on the bogs, suggesting that the impetus for the start or cessation of such
activity was not climatically-determined. We propose that trigger(s) for peatland site construction in
Ireland must instead also be sought within the wider, contemporary social background. Perhaps not
surprisingly, a comparison with archaeological and palynological evidence shows that peatland
activity tends to occur at times of more expansive settlement and land-use, suggesting that the bogs
were used when the landscape was being more widely occupied. Interestingly, the lulls in peatland
site construction coincide with transitional points between nominal archaeological phases, typically
defined on the basis of their material culture, implying that there may indeed have been a cultural

discontinuity at these times.

Keywords: Peatland archaeology, Holocene climate change, Environmental impact, Environmental

determinism, Summed probability functions, Ireland
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1.0 Introduction

The pending threat of future climate change to human societies has stimulated considerable interest
in looking at how past populations have coped with climate variability and the last two decades
have seen major debates emerge regarding the vulnerability and response of past societies to
environmental change (e.g. Buckland et al., 1996; deMenocal, 2001; Hassan, 2001; Haug et al.,
2003; Brooks, 2006; Oram and Adderley, 2008; McAnany and Yoffee, 2010; Roberts et al., 2011).
With reference to the recent past, for which detailed and precisely-dated historical records exist,
Zhang et al. (2011) argue that ‘golden’ and ‘dark’ ages in both Europe and N. America were
determined by changes in temperature, which, through their impact on bioproductivity, resulted in
fluctuations in agricultural production that ultimately led to economic, social and demographic
changes. Similar scenarios have been proposed for prehistoric and early historic periods, with
human responses to climate change ranging from full-scale social collapse/transformation and
population crashes/spurts, to more subtle shifts in settlement patterns, economic regimes or
ritual/ceremonial practices (e.g. Bryson et al., 1974; Burgess, 1974; 1989; Weiss, 1982; van Geel et
al., 1996; 2004; An et al., 2004; Munoz et al., 2010; Biintgen et al., 2011). In the absence of precise
chronicles and instrumental records, however, ascertaining causal links between climate change and
social response is a considerably intricate process, not least due to the difficulties of achieving
sufficient chronological control to establish a secure temporal framework for the observed events.
Even when temporal coincidence provides a basis for considering cause-and-effect, there is a
danger that undue consideration of the wider archaeological record will lead to contentious
hypotheses (e.g. Baillie, 1989; 1993; Turney et al., 2006; Turney and Brown, 2007). This paper
examines one instance of human activity that took place in a climatically-sensitive environmental
setting and for which climate change has been invoked as an influential factor that highlights some

of the limitations of even the most plausible climatically-determined theories.

1.1 Archaeological activity in Irish peatlands

Irish peatlands are well known to be an important repository of palaeoclimatic data in the form of
oak and pine timbers that have been used to construct a long dendrochronological series for the last
7,000 years (Pilcher et al., 1995; 1996b; Brown and Baillie, 2012), and multiple peat-based proxies
for Holocene palaeohydrological and -environmental change (e.g. Barber et al., 2000; 2003;
Plunkett, 2006; Swindles et al., 2007a; 2007b; 2010; Blundell et al., 2008). Abundant
archaeological remains (amounting to >3,500 sites) from these peatlands (mainly raised bogs but
including their underlying minerotrophic horizons) also reveal a long history of human activity,

stretching back to at least 4000 BC and probably before (Raftery, 1996; Brindley and Lanting,
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1998; McDermott, 2001), with site concentrations often far exceeding the frequency of known
archaeological sites in their dry hinterlands. The sites comprise mainly a large number of trackways
(known in Ireland as toghers) that facilitated movement onto, within and across the peatlands and
'platforms' that may have served as working surfaces and habitations, but also includes a substantial
number of indeterminate, typically less substantial ‘structures’ (McDermott, 2007). The sites most
probably served a range of purposes: aiding communications, maintaining networks, providing
access to specific resources and quite likely at times fulfilling non-utilitarian needs. With a large
subset of sites (~10% of the total known record) independently dated by '*C or dendrochronology,
distinct 'phases' of peatland use have previously been suggested (Baillie and Brown, 1996; Raftery,
1996; Brindley and Lanting, 1998). These phases have in turn been interpreted in terms of their
palaeoenvironmental significance, either as evidence for wetter periods (Baillie, 1993) in which
such sites were necessary for the maintenance of existing communications and activities, or drier
periods during which the peatlands became more accessible environments (Baillie, 1999; Baillie
and Brown, 2002). In these scenarios, it is the impact of environmental change directly on the bogs
that is thought to have influenced human activity. The close relationship between the start of
clusters of dendro-dated peatland sites and growth anomalies in Irish oaks has prompted Baillie
(1993; Baillie and Brown, 2002) to surmise that environmental crises could have instigated social
responses that subsequently gave rise to peatland site construction. In this instance, climate is

deemed to have had an impact beyond the immediate bog environment.

In reality, palacoenvironmental studies of numerous trackways demonstrate that the features
frequently cross a range of hydrological environments on the peat surface, including hummocks,
hollows and pools, and encompass different types of wetland including ombrotrophic Sphagnum
bogs, fens and carr-woodland (Casparie and Moloney, 1996; Cross May et al., 2005a), suggesting
that such environmentally-deterministic interpretations are overly simplistic. In an examination of
multiple sites in Kilnagarnagh Bog, Co. Offaly, Bermingham (2005) found that trackways were not
built during particularly wet or dry phases, but tended to occur during transitional phases as the bog
surface changed from wet to dry, or dry to wet. Such studies have tended to emphasise the potential
role of autogenic hydrological changes in influencing when individual bogs were exploited
(Bermingham, 2005; Casparie, 2005; Caseldine et al., 2005). In Derryville Bog, sites were
constructed at times to take advantage of certain environmental conditions, at other times in
response to localised changes to wetter or drier bog surfaces (Cross May et al., 2005b) but tended to
be less common during very wet intervals (Gearey and Caseldine, 2006). These findings do not

account, however, for the apparently episodic nature of peatland activity at extra-local scales, nor



123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140

141

142
143
144
145
146
147
148
149
150
151
152
153
154
155
156

do they adequately establish the role of climate in determining phases of peatland use. The latter
failing is due in part to many of the sites being situated in fen peats, from which palaeoclimatic
reconstructions are more complex, and in part to the possible influence of site construction on the

hydrology of bogs with long histories of human interference (Casparie, 2005).

This investigation examines whether regional climate change is a plausible explanation for peatland
activity that can be supported by both the archaeological and palaecoenvironmental records. First, we
explore whether there are identifiable phases of activity within the archaeological record through an
examination of the probability density function (PDF) of "C-dated peatland sites, and a stacked
record of their dendro-dated counterparts. We consider how these patterns compare to PDFs that
might be produced if the sites were constructed randomly or constantly through time, or if the
dendro-dated sites reflected the “true” phases of activity. Secondly, we compare the frequency of
the archaeological sites with published, peatland-based proxy climate records to assess whether
increases and declines in the level of peatland site construction can be firmly associated with

specific climatic conditions or transitions.

2.0 Methods
2.1 Archaeological data compilation and analysis

Most of the sites known from Irish ombrotrophic peatlands have been discovered since the initiation
of dedicated archaeological surveys and excavations of Republic of Ireland bogs since the late
1980s, and the complete dataset includes indeterminate structures (~53%), short trackways (Class 3
toghers, ~30%), lengthy trackways (Classes 1 and 2 toghers, ~8%) and an array of less frequent site
types. Fig. 1 shows the location of the four main regions in the Irish Midlands which have been
subject to survey. We collated dating information for all site types (excluding habitations, burnt
mounds, artefacts and bog body findspots) from published datasets, the Irish Archaeological
Wetland Unit Database (University College Dublin) and Queen's University Belfast
Dendrochronological Database (see Supplementary Table 1 for details of all the '*C dataset,
Supplementary Table 2 for dendro-dated sites and Supplementary Note A for official site
classifications). Generally, any sites which contained dendro-datable oak timbers have been dated,
and the dendro-database therefore contains a virtually complete record of such sites, mainly (~70%)
from lengthy trackways. Of the remaining structures, a subset, equating to ~7% of the known
archaeological record, were dated using '*C dating; within this dataset, there is bias towards the

more substantial sites, with dates from ~12% of all trackway types and ~65% of platforms (non-
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linear features), but from only ~1% of the more enigmatic ‘structures’. The last mentioned category
includes sites that may have been significantly destroyed before discovery, untraceable in extent
during survey, or originally ephemeral. There is an inherent taphonomic bias in the recovery of
sites, as drainage and peat milling will have been carried out in all the bogs surveyed, resulting, on
the one hand, in the destruction of the youngest sites, and the extent of loss will vary from bog to
bog according to the length of time for which each peatland has been commercially exploited.
Drainage ditches rarely exceed 1m in depth and therefore at the time of an archaeological survey,
the peat strata exposed at any location seldom exceeds a ~2000 yr period of growth (estimate based
on average accumulation rates of modified raised bogs in Ireland [Plunkett et al. 2004]). The
relative paucity of Neolithic sites (>2500 BC), on the other hand, is due at least in part to the fact

that these levels have not yet been exposed or surveyed in many bogs.

The resulting dataset includes a complete list of 124 dendro-dated sites, the dating precision of
which falls into three categories: a) felling dates with annual precision; b) felling estimates with a
precision of +9 yr, where the outer ring of the timber was absent from the dated sample but the
heartwood-sapwood boundary present (the error margin being based on an empirical sapwood
estimate of Irish oaks [Baillie 1982]); and ¢) termini post quem (from timbers in which the
heartwood-sapwood boundary was not present and a only minimum date could be established).
Where multiple dates were available from any one site, a single best date (the most precise, or the
latest in the series) was selected to represent the site, unless multiple, discrete phases of
construction or repair were evident. To facilitate comparison with the '*C dataset, the data were
distributed into 25 yr bins (e.g. 1499-1475 BC, 1474-1450 BC). For category b dates that spanned
two bins (e.g. 1492+9 BC), a value of 0.5 was given to each relevant bin, assuming an equal
likelihood that that site could have been constructed in either age range. For category c dates, a
maximum likely age error of 280 yr was estimated using the average age plus one standard
deviation of trees felled for trackways in categories a and b (i.e. 207£73 yr) and, with consideration
of the age of each timber, establishing the range of bins across which a felling date was likely. A
pro rata value to a total of one for each date was then attributed to each of the relevant bins. This
maximum age calculation is considered reasonable in view of the observations by Baillie and
Brown (1995) that the ages of parkland and bog oaks from Ireland seldom exceeded c. 250 yr,
although oak timbers used in trackways were typically less mature (~100-200 yr old). Nevertheless,
12 sites in this dataset (representing 10% of sites) contain oaks that exceed 280 yr, the longest lived

being a 471-year-old specimen from Baunmore platform, Derryville Bog, Co. Tipperary.
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Our dataset includes '*C dates for 230 peatland sites (Supplementary Table 1). Nine sites that had
'C determinations older than ~4100 BP were excluded from analysis as their calibrated age ranges
are beyond the limits of most of the palacoclimate proxy records from Ireland. The vast majority of
sites were dated using samples of identified, short-lived wood or wood with outer rings/bark
identified, minimising the risk that an 'old wood effect' could skew the data, and the mean error
(AT) on the dataset is +47 yr. The dates were calibrated using Calib v.6.10 (Stuiver and Reimer,
1993) and the INTCALO9 calibration dataset (Reimer et al., 2009), and their probabilities summed
to provide a probability density function (PDF) with which to explore the frequency of peatland site
construction. One date per site was used for the analysis except where the original excavators
identified more than one distinct phase of construction or repair, or where this could be clearly
inferred by a disparity in the dates. Where dendrochronological and '*C dates were available for the
same site or phase of construction within a site the dendrochronological date was used for the
analysis. Where multiple '*C dates were available for a site, the date with the narrower calibrated
age span was selected where their probabilities overlapped significantly; in the case of sites with
discrepant pairs of dates with little or no overlap in their 95% confidence intervals and for which
multiphased activity was unlikely given the form of the structure, the position of the site in relation

to adjacent peatland sites was used to determine which date was more likely.

PDFs are increasingly used as a tool, albeit an imperfect one, for identifying major changes in past
human activity (e.g. Gamble et al., 2005; Kerr et al., 2009). Although this approach invariably
produces scattered date ranges that extend beyond the true start and end date of the phenomenon
being dated (Bayliss et al., 2007; Chiverrell et al., 2011), peaks and troughs within PDFs can
potentially be underpinned by real fluctuations in the frequency of activity, particularly if
sufficiently large datasets are available to minimise variability arising from sampling bias and '*C
statistical smearing (Williams, 2012). Some of the potential pitfalls of this technique (see Williams,
2012) are circumvented in the context of this study by 1) a large sample size (n=221) spanning a
relatively short time interval (4,500 yr) that should provide a robust and reliable PDF; 2) a low AT
(£47) within the dataset; 3) a reasonably representative subsample of the archaeological record,
notwithstanding the under-representation of the ambiguous and more ephemeral ‘structures’ and the
taphonomic issues described above; and 4) the dating of material that by and large directly relates to
the initial construction of the sites (only a small proportion of sites showing evidence of long term

usage or re-use), which is the specific activity under consideration.
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To test whether the PDF from the peatland sites reflects real phasing, we used OxCal (Bronk
Ramsey, 1995; 2001) to simulate '*C datasets from calendar dates representing constant (i.e.
regular) and random site construction over the last 4,500 years with activity weighted more heavily
between 1700 BC-AD 1650 (as in the dataset). "Constant" calendar years were calculated on the
basis of 221 evenly spaced dates spanning the period ~AD 1750-2500 BC, with the bulk of dates
(n=200) more tightly constrained within the period 1700 BC-AD 1650; 221 "random" calendar
years were calculated using the random function in Excel, with the same bias applied (cf. Riede et
al., 2009). These calendar “dates” were converted to simulated '*C determinations using the
simulation function in OxCal, and each simulated determination was attributed a random error
(generated again in Excel) of between +20 and £80 yr. The simulated determinations were then
calibrated and their probabilities summed (as above). We similarly simulated '*C dates for all
category a and b dendro-dated tracks, applied random errors to each and summed their calibrated
age ranges, to examine the potential extent of spread within this tightly-dated subset of the dataset.
Correlations between the resultant summed probabilities and the calendar dates on which the

simulations were assessed using Pearson correlation analysis.

2.2 Palaeoclimate records from Ireland

Regionally-relevant palaeoclimate reconstructions are undoubtedly requisite for examining the
potential impact of climate change on past societies. In Ireland, a §'®0 record from a speleothem at
Crag Cave, Co. Limerick, is thought to reflect mainly changes in air temperature but chronological
control on the record is poor with, for example, errors of £200 years stated for the Medieval Warm
Period c. 1,000 years ago (McDermott et al., 1999; 2001). A precisely-dated palacoclimatic index
inferred from mainly bog oak population dynamics in Ireland (Turney et al., 2005) has been shown
to be unreliable (Swindles and Plunkett, 2010), although growth anomalies in the oak chronologies
signify extreme, rapid environmental events at 2345 BC, 1628 BC, 1159 BC, 207 BC and AD 540
(Baillie and Munro, 1988), the nature of which has yet to be firmly identified. Other palacoclimate
reconstructions for the mid- to late Holocene have generally been performed using peat-based
proxies, such as peat humification, plant macrofossils and/or testate amoebae-derived water table
reconstructions. All three proxies provide indications of fluctuations in bog surface wetness (BSW)
through time, which in ombrotrophic bogs are thought to reflect past changes in the length and
intensity of the summer water deficit, most probably controlled by summer precipitation in oceanic
northwest Europe (Charman, 2007). As such, these records are highly apt for considering the
palaeoclimatic context of peatland site construction to ascertain if climate, through BSW,

influenced when such sites were constructed. This is true whether or not the sites were built on
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ombrotrophic bogs, as the hydrology of fens will also have been affected ultimately by climate

changes.

From the published literature, we have selected the testate amoebae water table reconstructions as
the primary proxy with which to compare the peatland archaeology datasets. These include
palaeohydrological records from three ombrotrophic bogs in the north of Ireland that extend back to
~2500 cal BC (Swindles, 2006; Swindles et al., 2010) and three sites in central Ireland (referred to
here as the Irish Midlands), one of which extends back >5,000 years (Langdon et al., 2012) and two
of which mainly span the last two millennia (Blundell et al., 2008) (see Fig. 1 for site locations).
The north of Ireland sites have been dated using a combination of AMS '*C dating, spheroidal
carbonaceous particles (SCP) and tephrochronology, and their age models are based on linear
interpolation (Swindles et al., 2010). Chronological precision in these records is strongest during the
Medieval to recent period, the early first millennium cal BC and the later 3rd millennium cal BC
where the records are dated by tephra isochrons. The Irish Midlands sites were dated using "*C
dating; the age model for Derragh Bog age was produced using the Bayesian depositional model
(Langdon et al., 2012) and linear interpolation was used at Ardkill and Cloonoolish bogs (Blundell
et al., 2008). The upper sections of the last two mentioned sites are thought to have been affected by
peat cutting, and for the purposes of this paper, the records have therefore been truncated at cal AD
1400 and cal AD 1250 respectively. BSW data from Derryville, Co. Tipperary (Caseldine and
Gearey, 2005; Caseldine et al., 2005; Gearey and Caseldine, 2006) and Kilnagarnagh, Co. Offaly
(Bermingham, 2005), are excluded as both sequences show evidence for autogenic processes

(including bog bursts) and considerable human impact that obscure their climatic signals.

We include also for comparison six peat humification records from ombrotrophic bogs in north and
western Ireland (Plunkett, 2006; see Fig. 1 for site locations). Although peat humification analysis
has been down-played as an effective means of reconstructing relative BSW due to the potential
influence of different plant components within the peat on the results (Yeloff and Mauquoy, 2006),
the studies presented here have demonstrated sufficient regional coherency to suggest that they
reflect to some extent wider palaeoclimatic shifts. These sites have been dated using
tephrochronology, which provides strong chronological ties between the records in the early first
millennium BC. Plant macrofossil studies have also formed the focus of palaeohydrological studies
in northeast and central Ireland (Barber et al., 2000; 2003). We have not included these records in
this synthesis as the one dimensional summaries (e.g. DCA Axis 1 scores) of their ecological

significance are complex and variable.
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To facilitate identification of any major trends in the palaeohydrology records, all data were
combined and sorted by age, detrended by linear regression and standardised. A Loess smooth
function (span = 0.02) was applied as a useful exploratory tool to assess overall trends in the data
but the interpretation of wet and dry shifts in BSW is based on a consideration of the individual bog

records.

3.0 Results
3.1 Identifying phasing in the archaeological datasets

The PDF and dendro-date age distributions of peatland sites are shown in Fig. 2, alongside
examples of PDFs from simulated datasets representing ‘constant’ activity, ‘random’ activity and
‘dendro’ sites. The actual distribution of dendro-dated sites separates into four distinct clusters, and
a fifth, more diffuse group whose features are obscured by tails arising from the category ¢ dendro-
dates. The PDF of the precisely and near-precisely dendro-dated sites indicates that the summing
probability approach captures these clusters very well (all yielding strong positive correlations), but
the age ranges of the phases are unevenly scattered either side of the binned dendro-dates, and
probability values are especially augmented between closely spaced clusters. The PDF of the '*C
dated peatland sites is characterised by numerous peaks and troughs that clearly distinguish it from
the more evenly distributed probabilities that would be expected if activity had been constant. Sites
that are built randomly through time are, however, capable of yielding PDFs with decadal to multi-
centennial scale features that imply periods of increased or reduced activity, despite the simulated
dates being spaced usually no more than a century apart. There are, nevertheless, significant
positive correlations between the random PDFs and the calendar dates on which they are based. The
dendro-dates and PDF of the '*C-dated peatland sites similarly show a high positive relationship
with each other and, notwithstanding the inherent smearing of dates, the combined results strongly
point to phasing within the dataset, with activity concentrated in the periods between 2700-1900 cal
BC, 1700-1375 cal BC, 1225-775 cal BC, 500 cal BC-cal AD 25, cal AD 400-900 and cal AD
1000-1650. These phases, and the lulls that separate them, are discussed in further detail below.

3.2 Bog surface wetness records

According to estimates of recent annual moisture deficit in Ireland, accumulated mainly in the
summer months (Mills, 2000), the locations of the palacohydrological records considered in this

paper can seemingly be divided into two zones, one running northeast-to-west zone and the other in

10
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the Irish Midlands (Fig. 1). The deficit model implies that, in the present climate regime at least,
peatlands in the Irish Midlands, and especially those in the archaeological survey regions, would be
more sensitive to summer drought than the peatlands to the north and west, whilst the latter might
be more vulnerable to increased effective moisture. From a palaeohydrological perspective, the
different sensitivities of the northern/western and Midlands sites might be expected to reveal

themselves as regional trends in the BSW records.

The juxtaposed palaeohydrology records (Fig. 3) indicate a great degree of variability in the
apparent responsiveness of individual sites to BSW fluctuations. The Lowess climate compilation
highlights possible trends in the data with a noticeable wet-shift occurring in the mid-first
millennium BC and a long-term trend towards increasing wetness from the mid-first millennium
AD until the end of the Little Ice Age. No consistent differences can be detected between the
northern/western records and those of the Midlands, although inter-regional variability is apparent.
Errors of £100-200 yr on the individual site age models complicate the establishment of widespread
climate shifts, although the timing of an apparently prevalent wet shift at ~750 BC is constrained by
tephrochronology. The degree of consistency between the BSW records is therefore evaluated in

relation to the timing of each phase and lull in peatland site construction.

3.3 Phases of peatland activity and their relationship to BSW records

The site age distributions strongly imply periods in which peatland activity was concentrated
(‘Activity Phases') or subsided (‘'Activity Lulls') (Fig. 4; Table 1), each of which will be discussed in
turn (age brackets are rounded to the nearest quarter-century). In this analysis, a 'lull' in activity is
not defined in quantitative terms, but is interpreted in light of the level of site construction that can
be attributed to the preceding interval. The identification of changes is based on both data sources
with emphasis placed on the more precise dendro-dataset in establishing the phase shift boundaries.
Multiplots indicating the calibrated probability distribution of individual '*C determinations
(Supplementary Fig. 1) are referred to in order to aid interpretation of the phases and lulls. As a
simple tool to compare fluctuating frequencies of sites between the defined periods, we have
calculated average construction rates based on the number of dated trackways attributed to each

period, which are presented in Table 1.

3.3.1 Activity Phase 1 (2700-1900 cal BC)

Nineteen sites, including mainly short trackways but also longer examples and platforms, have been
"C dated to this interval, but only one dendro-dated trackway (dating to 2259+9 BC) falls within
11
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this phase. Overall, this represents a low frequency construction rate. Although the PDF peaks
slightly between ~2150-2000 cal BC, the age distributions are well distributed across this period.

The dated sites have a wide geographical distribution but are not found in the Littleton region.

From the beginning of this period, rising Lowess values are driven largely by the
palaeohydrological data from Derragh Bog which suggest increasingly dry bog surfaces until ~2400
cal BC. On the basis of the Derragh Bog and Dead Island records, there appears to be a trend
towards increasingly wet conditions after this time, but a similar change is only evident two
centuries later at Slieveanorra. An oak growth anomaly occurs towards the middle of the phase at
2345 BC but wet shifts in Dead Island and Slieveanorra bogs begin, respectively, below and above
a layer of Hekla 4 tephra, dated to 2395-2279 cal BC (Pilcher et al., 1996a), and are clearly
asynchronous in these sites. The increasingly wet conditions do not appear to have instigated any

changes in the frequency of peatland site construction during this phase.

3.3.2 Activity Lull A (1900-1700 cal BC)

The small probability distribution at this time derives mainly from four sites (Derryfadda 204,
Ballykilleen 92a, Rattin 16a and Bunsallagh 2a), the first three of which were most likely
constructed during the previous activity phase (Supplementary Fig. 1a). Only one of the dated sites,
a short trackway, therefore seems to have been constructed during this period. The palaeohydrology
records indicate some minor fluctuations in BSW, but overall the bogs appear to have remained

wetter during this interval, though not appreciably different from the preceding phase.

3.3.3 Activity Phase 2 (1700-1375 cal BC)

There is a large increase in the number of sites that can be attributed to this phase. The '*C dated
sites include 21 sites that were most likely built prior to 1500 cal BC and at least 12 sites that were
probably constructed between 1500-1375 cal BC. The dendro-dates reveal a concentration (n=29)
of trackway construction mainly between ~1600-1375 BC, with only one site built before an oak
growth anomaly at 1628 BC. Many of the sites in this group are short trackways found in
Derryoghil Bog, in the Mountdillon region, but there is a good representation of more substantial

sites in other parts of the Irish Midlands.

Water table depths at Derragh Bog and Dead Island Bog remain largely unchanged at this time,
suggesting no major palaeohydrological shifts, and although the data from Slieveanorra oscillate

quite considerably. The Lowess climate compilation suggests a shift towards drier conditions from
12
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the start of this phase, and appears to be influenced by relatively drier conditions suggested by the
humification curves at Garry, Owenduff and Moyreen. On the whole, the BSW records do not
signify any coherent wet or dry shift that could account for initiation of the widespread and
intensive activity in peatlands at this time, and there are no consistent perturbations in the BSW
records around the time of the 1628 BC oak growth anomaly. The condition of the wood recovered
from Killoran 18 trackway in Derryville Bog, which was constructed in the latter part of this phase,
suggested dry conditions during the site’s use (Cross May et al., 2005a), which is consistent with

the evidence suggested by the humification records.

3.3.4 Activity Lull B (1375-1225 cal BC)

A lack of precisely dendro-dated sites and a drop in the probability distribution of '*C-dated sites
suggest a fall-off in peatland activity at this time. The PDF remains rather elevated owing in part to
at least five sites that were probably built during the preceding phase, and three sites that are
possibly younger (Supplementary Fig. 1c). At least three, but up to possibly thirteen sites, were

built during this interval. A variety of trackways from the four main survey regions are represented.

The peat humification records and the water table reconstructions from Glen West and Derragh
indicate a shift to wetter conditions within this time interval but the Slieveanorra and Dead Island
water table reconstructions suggest short-lived shifts to drier conditions, followed by increases in
BSW. Essentially, the chronological precision of the age models is insufficient in all instances to
determine whether there was a synchronous shift in BSW around this time that might have impacted
upon peatland site construction. At Derryville Bog, however, a bog burst is thought to have lowered
water tables in this system at ~1250 cal BC (Casparie 2005), after which two sites (Derryfadda 311,
Cooleeny 64) are believed to have been constructed. This bog burst could conceivably have been

triggered by an increasingly wet climate.

3.3.5 Activity Phase 3 (1225-775 cal BC)

From the later 13th century cal BC, the PDF curve starts to rise, and by the early 11th century,
dendro-dated sites are certainly being built (total n=42 for this phase). Slightly more "*C dated sites
(n=26) fall within the two centuries before 1000 cal BC than the two centuries that follow (n=23)
(Supplementary Fig. 1d), but dendro-dated sites peak during the 10th century BC and were
constructed until at least the mid-9th century BC. The range of sites is dominated by short
trackways but more substantial sites were also built, and after ~900 BC, post-rows are represented

for the first time. The sites have a wide geographical distribution.
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The start of this phase would appear to be marked by continuing wet conditions, registered at six of
the palaecohydrological sites. The timing of an oak growth anomaly starting at 1159 BC falls within
the 95% confidence interval of age ranges from the earliest '*C-dated sites, whose construction
cannot, therefore, be demonstrated with certainty either to precede or follow the tree-ring event. A
shift to drier conditions is subsequently observed at Slieveanorra, Sluggan, Claraghmore (where it
occurs shortly before the Hekla 3 tephra isochron, dating to 1087-1003 cal BC [van den Bogaard et
al., 2002]) and Glen West in contrast to increasing BSW at Garry, Dead Island, Owenduff and
Moyreen. These discrepant trends may be indicating differential responses to climate at a
subregional scale, with the Irish Midlands experiencing warmer/drier conditions at this time. A
more consistent picture emerges at the very end of the phase, as eight, tephra-linked BSW records
point to drier conditions on the bogs at the start of the 8th century BC. Lower water tables are
recorded at the start of this interval in Derryville Bog attributed to the effects of the bog burst at
~1250 cal BC, but BSW increases after ~1055 cal BC, culminating in a bog burst dated to ~820 cal
BC (Casparie, 2005; Caseldine and Gearey, 2005). Here at least, more sites seem to have been built

when the bog was drier.

3.3.6 Activity Lull C (775-500 cal BC)

Both the dendro- and "*C-dated datasets point to a break in peatland activity from the beginning of
the early 8th century cal BC, perhaps as early as ~800 cal BC. Due to the extended plateau in the
'C calibration curve at this time, the dating precision is very poor for the '*C dated sites, and 13
sites have high probabilities spanning the interval (Supplementary Fig. 1e). Three dendro-dated
sites from three different bogs can be firmly attributed to the first half of the 7th century BC,
coinciding with a small rise in PDF. Sites include a range of trackways, a platform and perhaps one

indeterminate structure, and are found in all survey regions except the Blackwater group.

This lull occurs during a period in which many of the palaeohydrology records indicate a shift to
wetter conditions, the start date of which (~750 cal BC) is constrained by the presence of two well-
dated tephra horizons in several of the sites (Plunkett, 2006; Swindles et al., 2007a; 2007b). In at
least six sites, a wet-shift took place after the deposition of the GB4-150 tephra (dated to 800-760
cal BC; Plunkett et al., 2004) and before the eruption of the Microlite/OMH-185 tephra (dated to
755-680 cal BC; Plunkett et al., 2004), and has been interpreted as a widely synchronous event in
Ireland (Plunkett, 2006; Swindles et al., 2007b). Despite the close timing of the two changes, it

seems likely that the reduction in peatland activity began just before bog surfaces got wetter. Most
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of the palaeohydrological records suggest that wet conditions persisted throughout this interval. At
Derryville Bog, water tables rise during this interval up until the time of a bog burst which is dated
to ~600 BC and attributed to the impact of the construction of a large trackway, Cooleeny 31
(Casparie, 2005; Caseldine and Gearey, 2005).

3.3.7 Activity Phase 4 (500 cal BC-cal AD 25)

This phase includes two distinct clusters of dendro-dated sites, between which there is an extensive
series of '*C dated sites, and on this basis, three sub-phases are distinguished. Subphase 4a includes
mostly long trackways (Class 2 and 3 toghers) mainly from two bog systems, Edercloon and
Derryville. Four dendro-dated sites were constructed in the early to mid-5th century BC, and five
'C dated sites were most probably constructed within this century. A hiatus in the representation of
dendro-dated sites can be seen in the latter half of the fifth century BC, but a substantial increase in
PDF is evident after ~400 cal BC which would not be expected if there had been a major fall-off in
site construction. As many as 21 sites have well-spread age probabilities across the period ~400-200
cal BC (Subphase 4b) that suggest continuous peatland use during this time, but the bimodal
probability distributions could potentially mask a hiatus in activity (Supplementary Fig. 1f). The
majority of sites are found in Derryville and Edercloon bogs, but other areas are also now
represented. After ~200 BC, the PDF curve declines, but continued construction is demonstrated by
seven dendro-dated sites, including the most renowned Irish trackway, Corlea 1 (Raftery, 1996),
and at least eight '*C -dated sites, and a further five sites have high '*C probabilities in this bracket
(Subphase 4c¢). Sites in this subgroup are much more widely distributed geographically, and include

five major trackways, four platforms and a range of less substantial sites.

The BSW records provide fairly consistent impressions of increasingly drier bog surfaces through
this period, with some minor wetter episodes. An oak growth anomaly dated to 207 BC occurs
towards the end of this phase, and its environmental origin clearly had no influential role in

determining peatland site construction.

3.3.8 Activity Lull D (cal AD 25-400)

This prominent lull is characterised by an almost complete absence of sites. Only one indeterminate
structure, (C-dated to cal AD 1-220, can be ascribed to this interval. The water table
reconstructions suggest that this was a prolonged phase of generally drier conditions on the bogs,

again interrupted periodically by some wet shifts. At Derryville Bog, in contrast, wetter conditions
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seemed to have prevailed until a further bog burst at ~cal AD 250 (Casparie, 2005; Caseldine et al.,
2005).

3.3.9 Activity Phase 5 (cal AD 400-900)

This phase is marked by a resurgence of activity and features 28 dendro- and at least 22 '*C-dated
sites. The majority of the dendro-dated sites cluster between ~AD 550-750. The PDF rises rapidly
at ~cal AD 400, peaking between ~cal AD 650-750, mirroring the increase in dendro-dated sites. At
least four of the '*C-dated sites predate the start of the dendro-site cluster, and two almost certainly
are later. Sites include a wide range of trackways, post rows, and for the first time, paved ways and
a gravel road, indicating a greater effort to create solid communication routes across the bogs. The
sites are very widely distributed throughout the four main surveyed zones. Both PDF and dendro-

dated sites decline unequivocally at ~cal AD 900.

A shift to increased BSW is seen at Slieveanorra, Glen West, Cloonoolish and, to a lesser extent,
Derragh at the start of this phase. By ~cal AD 500, this is particularly marked at Cloonoolish and
Glen West, and at AD 536 and AD 540, growth anomalies are recorded in the oak
dendrochronological record (Baillie, 1999). The dating precision is not sufficient to enable the
synchroneity of the wet shift and the start of this phase of activity to be established, but site
construction certainly began before the oak growth anomalies (Supplementary Fig. 1g). There
appears to be a return to drier bog surfaces at Glen West and Cloonoolish by ~cal AD 700, although
the Ardkill record is at its wettest at this time, and Slieveanorra and Dead Island also experience wet
shifts. The timing of drier conditions at Glen West and Dead Island is better restrained by the
presence of the ‘AD860B’ tephra (dating to AD 847, Coulter et al., [in press]) towards the end of

this interval.

3.3.10 Activity Lull E (cal AD 900-1000)

There is only one '*C-dated site, a short trackway, with a substantial probability range within this
interval, although it could have been constructed during the preceding phase (Supplementary Fig.
1g). No dendro-dated sites are known at this time. The palaeohydrological records suggest a shift to

wetter conditions, and at Dead Island, this can clearly be seen to occur after the ‘AD8860B’ tephra.
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525  3.3.11 Activity Phase 6 (cal AD 1000-1650)

526  The last millennium AD is characterised by continual peatland activity of varying intensity,

527  represented by a fluctuating PDF. The '*C-dated sites are fairly well-dispersed in time, with a large
528  peak in probability in the 15th century when at least eight sites are likely to have been built. No
529  dendro-datable sites can be firmly identified prior to the mid-12th century or after the mid-13th
530  century, although '*C dates indicate activity before and after this time bracket. A large number of
531  sites dating to this period are likely to have been destroyed by industrial peat extraction, with only
532  individual examples recorded in Derryville Bog and in the Mountdillon region, for instance. There
533 are a large proportion of gravel roads/stone trackways recorded during this time interval, and their
534  survival may be due in part to their greater visibility and the obstacle they pose to peat milling, but
535 also to a greater investment of effort in the construction of communication routes across areas of
536  peatland.

537

538  Both Slieveanorra and Dead Island show an overriding trend during this interval towards

539 increasingly wet bog surfaces, although at the former site, water levels fall again at ~cal AD 1500.
540 At Derragh Bog, a similar drop in water levels seems to take place at ~cal AD 1400. The Ardkill
541  and Cloonoolish records display contrasting conditions at the start of this phase, with Ardkill

542  registering very wet bog surface while the water table is at its lowest in Cloonoolish. Reduced BSW
543  is subsequently recorded at Ardkill at ~cal AD 1210-1350 (Blundell et al., 2008). These divergent
544  stories make it impracticable to disentangle a consistent climate influence on the peatlands and on
545  site construction.

546

547  3.3.12 Early Modern to Present (cal AD 1650-2000)

548  Although '*C dating precision of the peatland sites after ~cal AD 1600 is very poor, it is likely that
549  many sites younger than this would have been destroyed during the early stages of peat extraction
550  during the course of the last century. Three sites, two of which are indeterminate structures, can be
551  considered recent. The Slieveanorra, Dead Island and Derragh water table reconstructions all

552 provide a picture of very wet bog surfaces until the 19th century, followed by a steady falling of
553  water levels, but the impact on peatland site construction cannot be gauged given the taphonomic
554  bias in the archaeological record.

555

556
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4.0 Discussion

Drawing from the largest compilation of dates from Irish peatland sites until now, this analysis
confirms previous findings (Baillie and Brown, 1996; Raftery, 1996; Brindley and Lanting, 1998)
that there are discrete episodes of increased human activity on Irish peatlands recognisable within
the dataset. Although the '*C-dated sites tend to provide a smoother and more extended record of
peatland use than the dendro-dated examples, a detailed examination of their age probability
distributions shows that they generally follow the same patterning evident in the dendro-dataset, a
relationship upheld by statistical analysis at a multi-decadal timescale. In some instances (notably
for much of Activity Phase 1, in the 5th, 9th and 11th centuries AD and after the 14th century AD),
the '*C dates provide incontrovertible evidence (i.e. not merely an artefact of Hc smearing) of
activity in periods not well-represented by dendro-dated sites that highlights the fact that the latter
dataset does not offer a complete reflection of peatland activity. Of the 39 dated indeterminate
‘structures’, the most poorly represented category of peatland site, all but one fall clearly within an
activity phase, suggesting that these sites too are more common during periods of high frequency

peatland use.

The activity phases correspond in an Irish archaeological framework to the Later Neolithic-Early
Bronze Age (Activity Phase 1), the Middle Bronze Age (Phase 2), the Late Bronze Age (Phase 3),
the Early-Developed Iron Age (Phase 4), the Early Medieval period (Phase 5) and the Medieval to
Post-Medieval periods (Phase 6). Activity Phases 2 and 3 stand out as being the most pronounced
periods of peatland site construction, and Activity Phases 4 and 5 are also characterised by a high
frequency of sites but will have been affected to a greater extent by taphonomic loss. Each phase is
generally represented by sites from more than one area, suggesting that peatland activity at these
times was part of widespread cultural phenomena; sites dating to the initial centuries of Activity
Phase 4 are restricted mainly to two peatlands, but these peatlands are located in two discrete
regions indicating that this is an extra-local phenomenon. Although at Derryville, Co. Tipperary,
peatland sites constructed after ~1250 cal BC and ~820 cal BC were seen to be a response to
autogenic reductions in bog surface wetness (Cross et al., 2001; Cross May et al., 2005b), these
sites fit within the wider pattern of peatland use in other Irish bogs, although ‘unusually’ wet (in the
context of the palaeohydrological records discussed in this paper) conditions at Derryville may have
hindered site construction during the latter part of Activity Phase 3. Thus, the general prevalence of
a 'national pattern', so described by Raftery (1996, p. 411), implies that local bog development and

autogenic processes alone cannot have played a leading role in determining when peatlands were
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utilised in the past, and wider, external factors — whether they be climate or cultural — need to be

sought to explain the observed trends.

It is evident from a visual comparison of the peatland sites’ date distributions and the
palaeohydrological records that there is no coherent correlation between past climate and the
construction of sites in bogs, and this is upheld by a statistical test of the correlation between the
archaeological datasets and the Lowess climate compilation. Activity Phases 1, 2, 3 and 4 span
periods in which bog surfaces were largely drier, but the hydrology of the bogs during these periods
was evidently variable, and sites are also represented during wet intervals, particularly during
Activity Phases 5 and possibly 6. Notwithstanding some level of chronological uncertainty in the
palaeohydrological records, the starts of the phases are not consistently linked to specific wet/cool
or dry/warm shifts, implying that climate change was not the over-arching impetus for the initiation
of peatland use (contra Baillie, 1993; 1999) and that the sites were not constructed merely during
periods of palaeohydrological transitions (contra Bermingham, 2005). The results also show that
although there is indeed a close temporal relationship between oak growth anomalies and the start
of building phases in Irish bogs (Baillie, 1993; Baillie and Brown, 2002), the activity usually
commences categorically before the tree-ring events (Activity Phases 1, 2, 4 and 5). The start of
Activity Phase 3 cannot, however, be certainly disassociated with the environmental event that gave

rise to the 1159 BC growth anomaly.

The lulls in peatland activity are of variable length, ranging from one century (Activity Lull E) to
four centuries (Activity Lull D). As with the activity phases, the lulls cannot be equated consistently
with any specific bog surface conditions, occurring as they do at times of lower (Lull D), higher
(Lulls A and E) and variable (Lulls B and C) water levels. It is particularly noteworthy that the lulls
do not — as far as it is possible to say with the available dating precision —consistently occur at times
of changes in palaeohydrological conditions. The start of Activity Lull C begins at ~800-775 cal
BC, coinciding with dry conditions on many bogs whose timing is constrained by the presence of
the GB4-150 tephra, dated to 800-760 cal BC (Plunkett et al., 2004). The start of Activity Lull D is
closely associated with a wet shift whose timing in at least one bog (Dead Island) can be placed in
the latter half of the 9th century AD. This strongly suggests that on the whole lulls were not
prompted by palaeoclimate transitions. Curiously, apart from Activity Phase 1/Lull A (which only
includes two sites of Later Neolithic date) and the spread of sites across the last millennium, the
lulls between the activity phases occur at transitions between nominal archaeological periods,

namely the Early/Middle Bronze Age (Activity Lull A), the Middle/Late Bronze Age (Lull B), the
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Late Bronze Age/Developed Iron Age transition (now termed the Early Iron Age but until recently
regarded as a cultural dark age [Becker at al., 2008]) (Lull C), the Late Iron Age (also regarded as a
cultural hiatus) (Lull D), and the Viking town era of the Early Medieval Period (Lull E). Although
scholars of Irish archaeology may debate the timing of these periods, or indeed whether they
constitute discernible cultural units at all, the lulls tend to indicate a discontinuity in certain human

activities at these times.

Activity Phase 2 can be correlated with a major expansion in the number of recorded settlement
sites across Ireland between ~1700-1325 cal BC (Ginn, 2012), including a good number in wetland
areas (e.g. Pollack and Waterman, 1964; Bradley, 1997), and it is towards the end of this period that
the highly productive Bishopsland industry emerges amid the context of strong trade links with
various areas in Britain (Eogan, 1964; 1984). Whether or not the settlement record implies
increased population pressure, the association of some wetland settlements with ‘fine” objects
negates the idea that peatlands were marginalised environments (O Néill and Plunkett, 2007) and
the archaeological record as a whole illustrates the incorporation of peatlands into the general social
landscape. There is a marked change in burial practices, as formal burials with grave goods decline,
and the artefact record signifies a period of prosperity, certainly towards the end of the phase
(Becker, 2006). Beginning before the 1628 BC growth anomaly, there is no clear climatic stimulus
for these changes, although the palacohydrology records suggest that relatively warmer/drier
conditions prevailed that may have helped support a thriving subsistence economy. During this
period, therefore, extensive settlement conceivably gave rise to a greater use of the landscape,
incorporating peatlands and giving rise to a need or desire to build structures in these environments.
These changes can be seen in the context of developments in neighbouring areas of Europe.
Kristiansen (2007) identifies the period 1700-1500 cal BC as one of landscape transformation in
northwest Europe associated with agricultural expansion possibly linked to the widespread
availability of metal. In Britain, settlement expansion settlement expansion is also noted from
~1500 cal BC (Jones 2008) and in the Netherlands, there is evidence that, there too, peatland

trackway construction was a cultural feature at this time (Casparie, 1987).

The end of this phase (Activity Lull B) may have coincided with increasingly cold/wet conditions,

the timing of which is uncertain but evidence for which has also been put forward from Britain (e.g.
Langdon and Barber, 2005). Indeed, climate deterioration around this time is thought to have been a
contributing factor to the abandonment of field systems in southern Britain (Amesbury et al., 2008).

Juxtaposed pollen and humification records from sites discussed in this paper indicate, however,
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continuity in the nature and extent of land-use following the wet shift (Plunkett, 2006; 2009a),
which suggests that, irrespective of the precise timing of any widespread wet/cold shift around this
time, the subsistence economy in Ireland was not notably altered in the wake of a climate
deterioration. Thus, although the decline of peatland site construction in the early 14th century BC
and a more general reduction in the settlement record both hint at a possible demographic crisis,
neither phenomenon can be categorically attributed to agricultural failure in the wake of a climate
deterioration, and indeed the pollen and artefactual evidence (the rise of the Bishopsland industry)
appears to counter the idea of a population decline. An ability to withstand climatic fluctuations
could have been facilitated in some part by the practice of mixed agriculture through much of the
Middle and Late Bronze Age, in which relatively hardy barley was the predominant cereal
component (Johnston, 2007) and the mode of production was seemingly one of self-sufficiency
(Ginn, 2012). Whether or not peatland activity diminished before or after a climate shift cannot

presently be ascertained, but it is seems likely linked primarily to a retraction of settlement.

The earlier half of Activity Phase 3, on the other hand, is characterised in many pollen records by a
period of woodland regeneration, and in the archaeological record by the start of hillfort occupation
and a curtailment in hoard deposition and burnt mound construction (O Néill, 2005; Plunkett,
2009a; 2009b), pointing to a different cultural milieu of which peatland use was a component. The
precise dating of sites during this period is hampered by a plateau in the calibration curve that tends
to smear dates across several centuries, but it would appear that there is the beginning of an
expansion of activity in the wider archaeological record from the 12th century BC (Armit et al.,
2013), from which time first swords in Ireland start are recorded (Matthews, 2011). Wet/cold
conditions appear to have continued as this activity phase emerged, but the palacohydrological
records then indicate intra-site variability that hampers reliable climate reconstruction but that may
denote the onset of warmer/drier conditions in the Irish Midlands in the 11th century, when dendro-
dated sites begin to emerge. From around the same time, the artefactual record demonstrates the
emergence of far-reaching trade links, and expansions in metalwork production and hoard
deposition in peatlands, mirroring developments in Britain; the following two centuries are
recognised as a pinnacle of technological and aesthetic creativity in later prehistoric Ireland (Eogan,
1994; 1995) and there is a further expansion in general activity (Armit et al., 2013). This latter
period can again be associated, through palynological studies, with a high level of land clearance
(Plunkett, 2009a; 2009b), presumably associated with agricultural output, but the start of the
peatland activity pre-empts these developments and does not appear to be simply a response to a

burgeoning economy or expanding population. Occupation sites, some of which are associated with
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fine objects, are again found in wetland areas (e.g. Raftery, 1942; Grogan et al., 1999; Hencken,
1942; Raftery, 1994), which together with the many peatland hoards imply that these environments
were an integral part of the cultural landscape. Demographic expansion and intense agricultural
activity have similarly been proposed for other regions of continental Europe within this same

period (Kristiansen, 1994).

The decline of peatland site construction through the 9th century BC, ceasing perhaps as early as
800 cal BC, echoes the downturn in the wider archaeological record (Armit et al., 2013). In the
absence of the tephra-dated palaecohydrological records, it would be very tempting and plausible to
interpret these changes as responses to the onset of wetter/colder conditions observed in many sites
in Ireland ~750 BC. As already noted, however, the tephra-dated palacohydrological records
indicate drier bog surface conditions at the start of this century. The peatland activity phase almost
certainly comes to an end, therefore, during a period characterised by a drier/warmer climate when
discontinuities are noted in numerous pollen records, including those from Garry, Sluggan,
Claraghmore and Glen West (Plunkett, 2006; 2009a; 2009b), and the fall-off in site construction can
be disassociated with the inferred climate event. Alternative triggers for the essential demise of the
Irish Bronze Age floruit may then lie internally within an increasingly complex socio-political arena
or an unsustainable culture of metal production and consumption, or externally by way of
destabilised exchange networks with Britain and mainland Europe, where cultural discontinuities

are also observed at this time (e.g. Needham, 2007).

The ensuing Activity Lull C is the least well defined discontinuity identified in this study as a large
number of sites have high probabilities during this interval, and some dendro-dated sites were
certainly constructed. In this instance, the lull is interpreted from the lower frequency of activity.
Other contemporary archaeological sites dated by '*C tend to suffer from the same imprecision
resulting from the shape of the '*C calibration curve at this time, and the understanding of the phase
in wider terms is therefore restricted. The metalwork evidence, which ceases to show signs of
exchange with Britain and continental Europe from ~700 BC, may signify economic stagnation

(Raftery, 1994).

Activity Phase 4 emerges within a wider context of general woodland regeneration in pollen records
from many areas of Ireland, but few archaeological sites of any kind (with the exception of dendro-
dated peatland sites) can be firmly attributed to the period before ~300 cal BC (e.g. Raftery, 1994).

This phase encompasses the end of what has traditionally been perceived as a cultural ‘dark age’,
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and which has only recently — mainly since the identification of dendro-dated peatland sites (Cross
etal., 2001; Cross May et al., 2005a) — begun to emerge as a period of low visibility archaeology
whose recognition has been greatly hampered by the long '*C calibration plateau between ~800-400
cal BC. Certainly from a material culture perspective, there is little with which to define the period
~500-300 cal BC, as the artefact record is largely devoid of objects certainly post-dating ~700 BC
and pre-dating ~300 BC. The peatland sites can be seen to fit within an increasing body of non-
distinctive site types that can be now attributed to this period (Becker et al., 2008), extending into
the more developed stage of the Irish Iron Age which is renowned for its major ceremonial/political
centres, linear earthworks and fine metalwork with British affinities, as well as lakeside settlement.
The prevailing climatic conditions seem to have been warmer/drier throughout the phase. Although
many pollen records show only very minor evidence of human impact on the landscape before ~300
cal BC (e.g. Molloy and O’Connell, 1991; Plunkett, 2009b), there are exceptions (Molloy, 2005),
and the peatland sites provide reliable evidence for a human presence that surpasses the “dryland”
archaeological or palynological records. Indeed, at both Derryville and Edercloon, where much of
the early Phase 4 activity is concentrated, there is only limited evidence for farming activity in the
surrounding area until ~200 cal BC (Caseldine et al., 2005; Plunkett, forthcoming). Again, it seems
that the increase in peatland site construction occurs intriguingly in the absence of any overt
changes in climate, demography or economic productivity, although drier bog surfaces may have
facilitated activity. Interestingly, this appears to be a period of trackway building in Dutch bogs too
(Casparie, 1987).

The subsequent Activity Lull D stands out as a prolonged period in which little or no peatland
activity took place. This reflects a lacuna in the general archaeological record, the cultural
significance of which continues to be a matter of conjecture, although a major population crash has
been hypothesised (Weir, 1993; 1995). Pollen records variously show signs of woodland clearance
from as early as ~cal AD 200-300 (Weir, 1993), demonstrating human presence during this time,
but the precise timing of the evidence has not yet been thoroughly assessed. More recent research
suggests continued representation of human presence in the archaeological record through
undiagnostic, low visibility sites (Becker et al., 2008). An alternative explanation to a demographic
decline may lie in part in the economic impact of the Roman occupation of Britain and adjacent
Europe and its affects on the socio-political structure of Late Iron Age Ireland (Newman, 1998),
although this does not account for the decline in peatland activity. While it may be argued that the

bog surface conditions were generally drier at this time, and that constructions were not needed to
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facilitate activity on and around the bogs, a gap in the peatland archaeology record is also recorded

at this time at Derryville Bog during a period of high water table (Caseldine et al., 2005).

Activity Phase 5 occurs during a period of generally wetter/colder conditions, but coincides with the
start of the Early Medieval period in Ireland, which is characterised by major changes in the
settlement record, including an upsurge in the number of domestic farmsteads (known in Ireland as
raths) and lake settlements, and the emergence of monasticism and the vast creative industry that
accompanied it. Baillie (1995) has argued that a short-lived catastrophe at AD 540, interpreted from
the tree-ring record, provided impetus for the spread of the Christian faith, more traditionally
credited to the efforts of St Patrick in the mid-fifth century AD. The siting of some early churches
and monasteries on bog islands certainly played a role in the proliferation of large trackways
through bogs during this phase (McDermott, 1998) but peatland activity undoubtedly began
sometime in the century and a half before the hypothesised environmental catastrophe. Post-rows
that are cross areas of peatlands during this phase possibly relate to the emergence of formalised
land divisions (Cross et al., 2001), and the reasons for peatland activity are, in this phase, more
explicitly multifarious. The archaeological, literary and palynological evidence together provide an
overwhelming impression that this was a ‘golden age’ in Ireland that was supported by a thriving,
mixed subsistence economy (Kelly, 1997; Hall, 2000; 2003). Dendro-dates from horizontal mills
indicate intensive agricultural output between the 8th and early 10th centuries at least (Brady,
2006). It may be no coincidence that the dendro-dated peatland sites decline from the mid-8th
century after which trackways continued to be constructed from other building material, including
short-lived oak and non-oak planks, until ~cal AD 900. Potentially, intensive land-use may have
impacted on the extent and/or age structure of native woodland, limiting the availability of mature

oaks for ‘mundane’ purposes.

Peatland site construction in Activity Phase 5 ostensibly continues through wet and dry phases on
the bogs, regardless of whether or not climate impacted on other aspects of society at this time, but
it may have come to an end as conditions got wetter around the end of the 9th century. The exact
timing of the wet shift cannot be ascertained, but at Dead Island Bog, it can be demonstrated to
occur immediately after the deposition of the ‘AD860B’ tephra, suggesting a date in the latter half
of the 9th century. The hiatus represented by Activity Lull E represents a short interlude which
corresponds a period of major social and economic re-organisation, following the rise of Viking
Dublin as an economic hub (Edwards, 2005), and the decline in peatland sites from ~cal AD 900

could quite possibly be linked to a general change in socio-political or economic activity.
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The re-emergence of site construction in Activity Phase 6 can be seen against a backdrop of BSW
records whose variability hinders the reconstruction of a consistent palacoclimate record, but which
should arguably encompass the Medieval Warm Period and the early stages of the Little Ice Age.
Whether or not these climate fluctuations impacted in any coherent way on bog surface conditions,
there seems to be little suggestion in the peatland archaeological record, notwithstanding the certain
taphonomic loss of sites, of an associated response in human activity. The relative confinement of
dendro-dated sites to the period between mid-12th century or after the mid-13th century may again
reflect over-exploitation of oak woodland and/or restricted timber resources, as peatland sites are

certainly built from other materials over a much more extended timeframe.

Overall, the peatland archaeological sites provide a valuable record of changes in the levels of past
human interactions with these environmentally-sensitive environments. Our results indicate that
periods of intensive and reduced activity show no linear relationship with periods of climate
change, or to local-scale responses to autogenically-driven BSW levels at individual bogs. In many
instances, it seems that this activity took place at times in which other wetland constructions,
namely lakeside settlements, are frequent, for which there are prolific artefactual records that
indicate extensive external trade links, and during which there is palynological evidence for
extensive woodland clearance (Hall, 2000; 2003; Plunkett, 2009a). Together, these elements point
to widespread settlement patterns, productive subsistence and craft economies, and presumably,
considerable movement through the landscape, and may even reflect periods of increased
populations. It is no surprise, then, that structures would be constructed within Ireland’s extensive
bog systems to aid the exploitation of these environments and movement across them. More
intriguing, however, are the periods between ~1225-1100 cal BC and ~500-300 cal BC when
peatland site construction appears to pre-empt the cultural expansions of the Late Bronze Age and
Iron Age, respectively, and reveal a degree of continuity at least in terms of landscape use that is not
otherwise explicit in the archaeological record. Caution must therefore be applied in interpreting the
activity lulls in terms of demographic crashes, and wider economic impacts, including

developments beyond Ireland, must be given due consideration.

5.0 Conclusions

The evidence presented here suggests that human activity took place on Irish bogs during specific

phases of the last five millennia mainly irrespective of the influence of the prevailing climate
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conditions. Although excessively wet conditions may have served as a barrier to site construction in
certain bogs at certain times, there are clearly extra-local trends in the periods of peatland site
construction that suggest that the impetus for such activity has a wider relevance. Similarly, the
suggestion that trackways reflect "opportunistic ventures" on the part of the peatland users, building
sites when conditions on the bog facilitated or necessitated them (Bermingham, 2005, p. 273),
cannot explain the existence of a national pattern of peatland use, which seems to be significantly
culturally-determined. Rather, it seems that cultural reasons were the prime motivators for changing
levels of human interaction with these environments through time, and there is unlikely to be any
single interpretation to account for increased or decreased activity associated with each phase. Thus,
although activity at any one bog may have at times been limited by local bog surface wetness levels,
the main periods of increased peatland usage were governed by wider cultural trends characterised
in the main (though not exclusively) by what seem to have been general expansions in settlement
and burgeoning economies, and perhaps population levels. Furthermore, at least two of the phases
recognised in this paper appear to have counterparts in other parts of Europe, namely Activity
Phases 2 and 4 (Casparie, 1987), further pointing to a social impetus for these undertakings. The
peatland sites, both in their acme and hiatuses, quite clearly highlight the interconnectedness of

communities on a range of scales, from the local to the inter-regional.

We do not suggest that climate had no impact on past Irish societies. Literary and historical records
provide ample evidence that human populations were at times at the mercy of their environment:
bad winters decimated livestock, bad summers led to crop failure, and human populations
invariably suffered as a consequence (e.g. Kelly 1997). For the most part, these events left no
appreciable mark on the cultural record (see, for example, the frequent annalistic references to
extreme weather events sometimes leading to significant mortality rates which did not ostensibly
alter the nature of Early Medieval and Medieval societies or economies [Corpus of Electronic

Texts: http://www.ucc.ie/celt/publishd.html]), but sustained environmental crises could well have

stimulated an enduring social response (e.g. Kerr et al., 2009). Instead, we draw attention to the
potential pitfalls of interpreting cause-and-effect on the basis of close temporal proximity of cultural
and climate changes. The peatland archaeological record from Ireland provides an excellent
illustration of the need for tight dating control if the relationship between climate and cultural
changes is to be established. Understanding of the '“C- and dendro-dated archives has been greatly
enhanced through their mutual comparisons, and the phases identified in this paper provide a well-
dated framework with which to examine changes in other aspects of the archaeological record.

Identifying coherent palaeoclimate changes in proxy records is in itself fraught with difficulties, as
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this paper shows, mitigated to some extent through the identification of tephra isochrons, and there
is a clear need for a more critical approach to drawing correlations between closely-dated events.
Where they exist, combined palaeoclimatic proxies and palynological records can be used to bridge
the chronologically murky gulf between the palacoenvironmental and archaeological records, and to

test whether reconstructed climate events had a perceptible impact on agricultural productivity.
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List of captions

Fig. 1. Location of main regions in which archaeological surveys of peatlands have been carried out
in Ireland (i, Mountdillion; i7, Derrygreenagh; iii, Blackwater; iv, Littleton) and the three bogs
(Corlea, Derryville and Edercloon) which have been the subject of major archaeological research
projects. The locations of the bogs from which palaeohydrological records referred to in this study
are also shown (SL, Slieveanorra; GA, Garry; DI, Dead Island; SG, Sluggan; CL, Claraghmore;
GW, Glen West; OW, Owenduff; DE, Derragh; LL, Lough Lurgeen; AR, Ardkill; CO, Cloonoolish;
MO, Moyreen). The contours indicate the average annual moisture deficit (9 mm) for the period

1961-1990 based on Mills (2000).

Fig. 2. Probability density functions (PDFs) of a) the '*C dates from the peatland sites, alongside 25
yr bins of the dendro-dated sites. Also shown are simulated '“C datasets representing: b) constant
peatland site construction (weighted towards the period 1700 BC-AD 1650) (related calendar dates
not shown due to their even distribution); c-e) random peatland site construction; and f-h) dates
simulated from the precise and nearly precise dendro-dates from peatland sites. The Pearson

correlation values of each set of data are indicated.

Fig. 3. Testate-amoebae-derived water table (WT) reconstructions (expressed as water table depth
(cm) below surface) and humification (HU) records (standardised data expressed as arbitrary units,
a.u.) from Ireland (see text for references). WT reconstructions error ranges have been removed for
diagrammatic clarity. The locations of tephra isochrons are shown by boxes (grey boxes indicating
tephra identity confirmed by geochemistry, white boxes indicating Microlite tephra identified
visually on basis of feldspar inclusions, and circles indicating tephra identity inferred through
morphology and stratigraphic position). Data from the individual records have been added together
and ranked in chronological order to provide an overall compilation. A Lowess function is used to
identify main trends in the records, whose significance is nevertheless assessed in the text on the
basis of the individual palaeohydrology records. Dates of growth anomalies in Irish oaks are shown
on the extreme left of the figure (Baillie and Munro, 1988), and approximate cultural divisions are
indicated on the extreme right (LNeo: Late Neolithic; EBA: Early Bronze Age; MBA: Middle
Bronze Age; LBA: Late Bronze Age; EIA: Early Iron Age; DIA: Developed Iron Age; LIA: Late
Iron Age; EMed: Early Medieval Period; Med: Medieval and Post-Medieval Period; Mod: Modern
Period). Green bands indicate the Peatland Activity Phases described in the text.
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Fig. 4. The probability density function (PDF) and dendro-dates of archaeological sites in Irish
peatlands, indicating the activity phases (AP) and lulls (AL) described in the text. Approximate

cultural divisions (see Fig. 3 for abbreviations) and notably events are also indicated.

Supplementary Figure 1. Multiplots of the calibrated age ranges of individual '*C-determinations
used in this analysis. Green screens indicate the dates which are attributed to Activity Phases;
orange screens indicate dates possibly attributed to Activity Lulls. Red lines indicate the timing of

growth anomalies in Irish oaks (Baillie and Munro, 1988).
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