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Holocene vegetation change in northernmost Fennoscandia and
the impact on prehistoric foragers 12 000-2000 cal. a BP — A
review

PER SJOGREN AND CHARLOTTE DAMM

Sjogren, P. & Damm, C.: Holocene vegetation change in northernmost Fennoscandia and the
impact on prehistoric foragers 12 000-2000 cal. a BP — A review. Boreas xxxx

While single pollen records are widely used in reconstructing the environment for nearby
prehistoric settlements, they are less helpful when addressing large scale issues of variation in
human settlement patterns. In order to assess the impact of vegetation change on regional
prehistoric settlement- and subsistence patterns in an ecotone sensitive area, we inferred the
general change in main vegetation types based on palaeobotanical investigations from across
northernmost Fennoscandia. Tundra vegetation was predominant during the Lateglacial and
earliest parts of the Holocene. Maritime birch forests rich in ferns started to expand ¢. 11 000
cal. a BP and became dominant from 10 000 cal. a BP. Pine expanded from the NE of the
investigation area and pine-birch forest dominated in the inland around 8000 cal. a BP. A
gradual degeneration of forest towards more open birch woodland started c¢. 6000 cal. a BP
with the most marked change around 3500 cal. a BP. Along the northern outer coast this
eventually led to open heathland. Comparison with the archaeological setting suggests a
general correlation between low forest cover and extensive mobility patterns, while
widespread and varied forest cover appear to have led to a more sedentary way of life. The
background for this is arguably that the forested landscapes hosted a larger diversity of
resources within a shorter foraging distance, while areas and periods with low forest cover

required longer travels to obtain the desired prey and materials.

Per Sjogren (per.sjoegren@uit.no), Tromse University Museum, UiT — The Arctic University
of Norway, Lars Thoringsvei 10, N-9037 Tromsa, Norway, Charlotte Damm, Department of
Archaeology, History, Religious Studies and Theology, UiT — The Arctic University of
Norway, Breivika, N-9037 Tromsa, Norway
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Recently there has been a surge in the interest in demographic analyses in archaeology. This
is the case also for Fennoscandia and early prehistoric periods (e.g. Tallavaara et al. 2010;
Tallavaara & Seppé 2011; Apel ef al. 2017; Manninen et al. 2017). Much of the recent
research has specifically investigated links between demographic fluctuation and
environmental change at a supra-regional scale, rather than at site level. However,
comprehensive overviews of the environmental variation are lacking for many regions,
including the far north. In the following we seek to remedy this situation by presenting a
synthesis of available vegetation reconstructions from across the northernmost part of
Fennoscandia, here defined as the Norwegian counties of Finnmark and northern Troms,
including adjacent areas in northern Finland (Fig. 1). This will provide the background for
investigations of regional demographic variation and resource exploitation in forager

communities as observed from archaeological data.

The northernmost region of Fennoscandia has a very rich and well documented
archaeological record of hunter-fishers spanning most of Holocene period. The area was
colonised shortly after the beginning of the Holocene, but farming and herding of any scale
was introduced only in the course of the last 1000 years. The region has one of the highest
densities of preserved prehistoric house-pits remains found in temperate and arctic regions.
This may partially be attributed to the open landscape, limited accumulation of soils and
negligible disturbance by agriculture and development, leaving house-pits both easy to detect
and relatively intact. Northernmost Fennoscandia thus provides a rather unique opportunity
for studies of temporal and spatial demographic patterns, looking into, amongst other issues,
relative population fluctuations (Jergensen 2018), and demographic distribution. In both
cases it is pertinent to ask to what extent temporal change was related to either climatic and

environmental conditions or socio-cultural factors.

The majority of the dwelling remains are situated along the coast, suggesting a
subsistence based predominantly on marine resources. The relatively sparse faunal evidence
from archaeological sites supports a prehistoric emphasis on marine resources, notably cod-
fish and seal. Other resources exploited were reindeer, elk, and birds in addition to smaller
mammals (Helskog 1983; Engelstad 1984; Renouf 1989; Hodgetts 2010). Archaeological

evidence of the exploitation of wood and plants is typically only available through charcoal.

As in recent history, plants were probably of secondary importance as subsistence in
prehistoric northern Fennoscandia (Giinther ef al. 2018: supplement S1 text), but they might

have been important for key nutrients such as vitamin C (Bergman et al. 2004), and a
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welcome culinary supplement. The presence of different plant material, especially wood, was
on the other hand critical as fuel for heat, light and procurement of food (Damm 2016). It
delivered raw material for essential equipment such as hunting and fishing tools and
containers, as well as for constructions such as boats, sledges, hunting traps and shelter (e.g.
Kuokkanen 2000; Callanan 2013; Koivisto & Nurminen 2015; Bjerck 2016). Trees also
provided natural shelter and could be integrated in traps or guiding fences. The vegetation,
especially if forested or not, was also crucial for over-land mobility and line-of sight.
Particular stands of trees or even individual trees may have functioned as way points. For
example, the dark evergreen pine stand out clearly amongst the lighter birch, particularly in
winter. Finally the vegetation is a crucial part of the habitat for various types of animals in
different seasons, which could play an important role not just in subsistence, but also as
provider of skins, bone and antler, all vital for the livelihood in the far north. Some of the
most important species in the northern terrestrial fauna are reindeer and elk, who prefer
somewhat different habitats. Other game animals are brown bears, beaver, hares and various
game hunted mostly for the fur (e.g. fox, wolf; Helskog 1983; Engelstad 1984: Renouf 1989;
Hodgetts 2010).

Reconstructions of the local vegetation based on pollen analyses are available from a
large number of sites. However, in order to obtain a broader understanding of the supra-
regional landscape these hunter-gatherers inhabited, and how this may have affected their
settlement patterns and population size, an overview of the temporal and spatial
environmental diversity is required. Rather than focus on the environment in the relative
vicinity of the sites and any direct human impact on this, a reconstruction of the regional
variations is sought in order to provide a background to the choices made with regard to
settlement patterns: which environments and resources were available, what were the
prehistoric preferences, and did vegetation change affect demographic factors such as

population distribution?

Here we use intuitively (non-numerically) interpreted pollen records to compile and
summarise past vegetation development and diversity in northernmost Fennoscandia. We
want the results to be easily accessible for non-palynologists, in addition to serve as an
overview for specialists unfamiliar with this area. In addition to depicting the general
development in vegetation we also want to show the spatial variation in this development. To
achieve this aim we identify a number of vegetation types, with which vegetation

developments and patterns can be characterised. This approach does not allow gradual
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change, minor (but potentially important) taxa and the uncertainty attached to the data and
interpretations to be presented in as much detail as they ideally should. Still, considering the
quantity, variation and complexity of the available data we consider this the best way to
achieve a dense general overview. The present synthesis thus aims to present the broader lines

of vegetation history and variation of the region.

Regional overview

The Norwegian Atlantic Current brings warm Atlantic water north along the coast and the
predominant westerlies bring mild air inland, providing a comparably mild climate
considering the location north of the Arctic circle. This moderating effect on the climate
lessens towards the east as well as in the interior. Precipitation at the west coast is high, at the
outer islands more than 1500 mm a™', but decline towards the east with coastal precipitation
below 750 mm a™' east of Mageroya island (Dannevig & Harstveit 2013). The Scandes
mountain range running along the west coast partly shelters the inland from the moist
westerlies, bringing inland precipitation down below 500 mm a’'. The coastal climate is
maritime with mild summers and winters, although temperatures decline towards the east.
Tromse at the SW edge of the investigation area has a mean July temperature of 12 °C and a
mean January temperature of -4 °C, while Varde at the far NE coast has a July temperature of
9 °C and mean January temperature of -5 °C (1961-1990, https://www.met.no/). Precipitation
in Tromse is 1030 mm a™ and in Varde only 560 mm a™'. The inland is drier and show higher
seasonal variation with warmer summers and colder winters. At Karasjok in the inland mean
July temperature is 13 °C and mean January temperature -17 °C, and precipitation 370 mm a™'.
The main climatic gradients in the area are thus along the coast with wetter and warmer
conditions in the SW and colder and drier conditions in the NE, and from coast to inland with
larger seasonal temperature variations (especially colder winters) and drier conditions in the

inland.

Today most of the study area is covered by mountain heathland or barren ground,
although birch forest/woodland dominates in fjord areas, valleys and lowlands, and in dry
inland valleys pine forests are common. Birch woodland is common along the Finnish border
but is replaced by pine forest in the SE. North-Boreal vegetation dominates in the lowland
and Alpine vegetation at some altitude, while the Middle Boreal zone is limited to the inner

coast/fjord area of the SW part of the investigation area, and Arctic conditions (in the
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bioclimatic sense) only occur along the NE coast. The forest limit is highest in the interior SW
part of the investigation area, above 600 m a.s.l., and declines towards the coast and NE,
falling to less than 300 m a.s.l. at the SW coast and with arctic, tree-less areas at the NE coast

(Moen 1999).

It is important to note that the present investigation primarily reflects past changes in
lowland vegetation (the present Boreal and Arctic zones). There are three reasons for this.
Firstly, these areas are the most interesting from a human perspective as settlement and
activities are concentrated here; secondly, most of the palacorecords are from lowland areas;
and thirdly, high-altitude pollen records are difficult to interpret and local altitudinal

differences would complicate the presentation.

From pollen records to vegetation classes

The present synthesis is based on previously intuitively (non-nummerically) intepreted
palaeobotanical records. However, in order to allow direct comparison between records some
reintepretation and/or reformulation has been necessary. As many records as feasible were
included to provide as a complete picture as possible of both the data available and the past
vegetation change. Nevertheless, some records were dismissed as i) they only covered as short
period of time (c. <2000 years); ii) were associated with problems as (very) uncertain dating
or hiatuses; iii) were not suitable for inferring local low-land dry-ground vegetation, for
example high altitude sites or very large mires; or iv) were not or only partially published. In
total we found 59 pollen records relevant for the present synthesis (Table 1, Fig. 1). The
pollen data were interpreted as published, with accompanying variation in the quality, but in
all cases comprehensive pollen percentage diagrams were available. The position of all sites
were determined or checked against present digital maps (Kartverket, www.norgeskart.no;

National land survey of Finland, http://www.maanmittauslaitos.fi; accessed 2017).

The chronologies follow the original publications as far as possible. Published non-
calibrated '*C dates were calibrated with OxCal 4.3. (Bronk Ramsay 2009) using the IntCal
13 calibration curve (Reimer et al. 2013). The record ages are presented as calibrated e
years (cal. a BP) before 1950 CE. If only depth-scale was available linear
interpolation/extrapolation between calibrated radiocarbon dates was used in order to date
zone-borders. The number of '*C dates varies between records, and in older investigations

bulk dates were used, with less reliable results than the more recent high resolution AMS
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dates. We have made no corrections for this disparity in quality of the depth-age relationship
between records, although the number of dates are provided in Table 1 to allow for some
estimation of the dating quality. The only exception is Ostervatnet (Prentice 1981) were the
basal bulk '*C dates clearly have been contaminated by dolomitic clasts in tillite and here the
zone-dates of Holmfjellvatnet (Prentice 1982) are applied by correlation. Notably, basal bulk
'C dates in the region are prone to hard-water effect and may be too old (Prentice 1981;
Seppd 1996). This might affect other sites as well, and the earliest records may display too old
dates, although we have not been able to determine which and too what degree. In addition,
correct dating of the uppermost part of peat or lake sediment are perilous (Sjogren et al.
2007), and are not uncommonly disregarded and ignored as uninteresting, which has resulted

in uncertain chronologies for the past 1000 years in many records.

The original zonation and interpretation of the pollen records are adhered to when they
aimed to depict local dry-land vegetation and are compatible with the vegetation classes
applied here. In several cases though, the aims of the original interpretation differed from the
present and accordingly also the basis for zonation, in which cases the pollen data have been
re-interpreted directly. When the original interpretation/zonation was kept it was always
checked directly with the pollen-data in order to provide internally coherent interpretations.
Vegetation reconstruction based on pollen data are well explained and discussed elsewhere
(e.g. von Post 1916; Tauber 1965; Prentice 1985; Faegri & Iversen 1989; Jackson 1994) and
here we will only mention two aspects that pose special challenges for pollen interpretation in
the present region: Firstly, some of the most common pollen-types are difficult to distinguish
from each other, i.e. tree-birch pollen (Betula pubescens-type) from dwarf-birch pollen
(Betula nana-type), and crowberry-type (Empetrum-type) from billberry-type pollen
(Vaccinium-type, or more generally Ericales-type). How well and to what degree these are
separated may vary between analysts. Secondly, it may be challenging to determine to what
degree the pollen assemblage represents local (~20—200 m; see Prentice 1985) vegetation as
compared to stand-scale (~0—20 m) and regional (beyond ~2 km). Many plants growing on
the mires are also important constituents of the dry-land vegetation (e.g. crowberry, dwarf-
birch and grasses), and sites in open terrain with little local pollen production may receive
relatively large amounts of regional tree-pollen. Pollen accumulation rates (PAR), and/or
macrofossils are useful to determine if and to what degree a taxa is locally present, but these

types of data are not available for all sites. These potential biases have been carefully
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considered when interpreting the pollen data/results, but all uncertainties could not be

mitigated.

Based on the palaeobotanical investigations and present vegetation we concluded that the
use of eleven main vegetation classes and four sub-classes were most suitable to describe the
change in vegetation as perceived in the palaeobotanical records, see Table 2. The vegetation
types used here largely correspond to modern vegetation types (see Fremstad 1997; Moen

1999; Walker et al. 2005), although not in a strict sense.

Results and interpretation

The Holocene changes in vegetation types at the individual sites are presented in Fig. 2, sorted
in three transects from west to east following the outer coast, the fjord area and the inland.
The schematic vegetation development has been summarised in Table 3 as characteristic
vegetation-type per millennia. A comparison with the general climatic development is
provided in Table 4. Below the most important features of the vegetation development and

associated climate change are compared with the known demographic changes in the region.

The tundra period — pioneer settlement (14 000—10 000 cal. a BP)

The outer coast of northern Norway started to emerge from the ice around 15 000 cal. a BP,
and at the start of the Younger Dryas cold period c¢. 12 700 cal. a BP the ice had retreated to
the inner fjord area. There the ice-front halted or possibly re-advanced to the Tromsg-
Lyngen/Main sub-stage, some 50—100 km inland from the outer coast (Fig. 1). At the
beginning of the Holocene, 11 700 cal. a BP the ice started to retreat again, more rapidly in
the east than in the Scandes to the west (Stroeven et al. 2016; Romundset ef al. 2017). The
last remains of the Scandinavian Ice Sheet in the Scandes Mountains melted away around
9100 cal. a BP (Cuzzone et al. 2016). Integrated summer insolation peaked around 11 000 cal.
a BP (70°N, Huybers 2006; Huybers & Eisenman 2006), and insolation alone would suggest

warmer summers and colder winters.

Pollen records dating back to the earliest deglaciated areas are scant (sites #20, 34), but
those that do imply that tundra vegetation prevailed c. 14 000—13 000 cal. a BP., which is in
line with investigations further south in northern Norway (Elverland & Alm 2012; Birks et al.

2014). The earliest commonly recorded vegetation-type in northernmost Fennoscandia is a
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steppe tundra vegetation characterised by an abundance of mugworth (4rfemisa) pollen, in the
period between ¢. 13 000 to 12 000/11 500 cal. a BP, which coincides with the cold Younger
Dryas period (12 700-11 700 cal. a BP). Birks 2015 and Birks ez al. 2012 argue that most if
not all mugworth pollen were long-distance transported from the southeast. That would infer
extremely low local pollen productivity, which in turn would mean a very harsh climate and
sparse vegetation. A very cold late Younger Dryas with polar desert vegetation (in the broad
sense, i.e. very cold and dry) is also recorded at Andeya just south of the investigation area
(Vorren et al. 2009). Subsequently, the steppe-tundra changed into shrub-tundra. In this early
period many radiocarbon dates are uncertain, but the main change seemed to have occurred c.
11 500 cal. a BP, marking the start of the Holocene period (11700 cal. a BP). This early
Holocene shrub-tundra period shows a very clear succession from an early phase were willow
dominated (Salix sp.) to a late phase were crowberry dominated (Ericales/Empetrum).
Different dates of the onset suggest that this change was caused by natural succession
following the ice-retreat and soil maturation rather than directly initiated by general climate
change, although as noted above radiocarbon dates are notoriously uncertain in this early
period. Notably, temperatures inferred from lake macrofossils are considerably higher than

the terrestrial vegetation would suggest (Viliranta et al. 2015).

The pioneer foragers that arrived at the coast of northernmost Fennoscandia 11 500-11
000 years ago encountered an open shrub-tundra landscape with willow thickets and dwarf
shrubs. There was a general lack of trees, but birch trees might be found in more sheltered
areas and expanded from 11 000 cal. a BP onwards. The limited stands of birch trees must
have stood out in the landscape, pointing out sheltered locations. However, many human
settlements were located on exposed locations. The terrestrial fauna must have been limited to
arctic species adapted to the tundra environment, such as reindeer which immigrated from the
east (Kleppe 2014, 2018). The marine productivity was nonetheless high (Breivik 2014), and
the locations of early Mesolithic settlement sites strongly indicate reliance on marine
resources. While some of these pioneers may have arrived from the east or south-east (Kleppe
2018), other early foragers journeyed north along the Atlantic coast and must have used boats
as their primary means of transportation (Bjerck 2016). The open landscape allowed for good
visibility from the boat or on land, helping to locate favourable landscape elements, such as
rivers and lakes for fresh water and fresh water fishing (although the availability of these at

this time is underexplored). Similarly, fauna could be more easily spotted and pursued in that
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landscape, possibly much in the same way as reindeer hunts were conducted on the tundra in

Greenland (Grennow 2009).

Charcoal from archaeological sites demonstrate that shrubs such as willow and
presumably dwarf birch were used in fires. It is likely that the limited number of larger trees
and branches were initially reserved for construction of boats, shelters and for instance spear
shafts, all crucial equipment which required larger and stronger pieces of wood. The presence
of charcoal from pine suggests that driftwood was also employed. Nevertheless the lack of
trees constrained the possibilities for more substantial buildings, and all remains from this
earliest phase appear to be tents, using a limited amount of wood for the construction
(Fretheim 2018). The many small sites in exposed locations on islets and peninsulas with
limited access to fresh water in themselves indicate a highly mobile settlement pattern. This is
enhanced when considering the vegetation, which would have required travels for wood for

equipment and to areas supporting terrestrial mammals.

The early Holocene birch period — new immigration and inland exploitation (10
000-8000 cal. a BP)

Starting c¢. 11 000 cal. a BP the shrub-tundra began to give away to rich birch forests in the
fjord areas and to open birch woodland in more exposed coastal areas, especially early in the
NE. In the NW coastal area macrofossils of tree-birch (Betula pubescens) have been found at
Sergya and dated to 10 400 cal. a BP (10 490—-10 230 20), from Nordkinn dated to 10 600 cal.
a BP (10 730-10 440 20) (Romundset ef al. 2011) and near Hammerfest at 10 200 cal. a BP
(Birks et al. 2012), which confirms the expansion seen in the pollen records (#11, 14, 20). In
the inland birch forest was not established until around 10 000 cal. a BP, likely an effect of
the much later deglaciation of this area. The early Holocene birch forests were rather
homogenous across the region with an undergrowth dominated by ferns and grasses
(meadow/fern type), although in the western part of the investigation area tall herbs,
especially meadowsweet (Filipendula ulmaria) were common (#7, 11, 14, 36, 37). At about
10 000 cal. a BP the birch forests were fully established across the region. July solar
insolation was approaching its highest values (peaking 10 000-9000 cal. a BP; Berger 1978;
Berger & Loutre 1991) and the warm Atlantic water dominated as far north as Svalbard 10
200 cal. a BP (Mangerud & Svendsen 2018). On the other hand, the Scandinavian Ice Sheet in

the western mountain area (final deglaciation c. 9100 cal. a BP; Cuzzone et al. 2016) as well
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as the Laurentide Ice Sheet in America (final deglaciation ¢. 6700 cal. a BP; Ullman ef al.

2016) still had a chilling effect on the climate.

Pine first became established on the Varanger-Nordkinn area around 10 000 cal. a BP and
then spread parallel to the pattern of deglaciation, i.e. from N-NE to S-SW (see Seppi 1996;
Seppd & Hammarlund 2000). An overview of the regional expansion and decline in pine and
alder as seen in the relative pollen values is provided in Fig. 3, were the early expansion in the
NNE (#23, 24) is evident (note that here only the general relative abundance of the taxa is
indicated, not the local vegetation cover). Around the Varanger fjord (#42—44) pine-birch
forest was also established very early (10 000-9000 cal. a BP). Archeological finds of pine
charcoal from Virdnejavri ~45 km inland from Alta (site 40) have been dated to c. 9600 cal. a
BP (Ua-46463, Skandfer, pers. comm. 2018), which shows that minor stands of pine was
established, and utilized, in the inland well before the general expansion of pine in these
areas. Macrofossils of pine (Pinus sylvestris) also indicate it was present in northwestern
Finland from 9500 cal. a BP onwards (Viliranta et al. 2015). Similarly, in Dividalen, inland
Troms, a pine needle dates to 9700 cal. a BP (interpolated, Jensen et al. 2002), and further
south in the Scandes pine tree line peaked 9600/9500-9000 cal. a BP (Kullman 2013;
Kullman & Oberg 2015; Paus & Haugland 2017). From the north coast of the Kola peninsula
pine is evident from c. 8900 cal. a BP (Snyder et al. 2000).

As noted above the NE region was favoured with an early expansion of birch woodland,
birch forest and pines. This region is also rich in early Holocene archaeological sites
(Blankholm 2018; Kleppe 2018), although at present it is unclear if this is a result higher
detection rate caused by the present low vegetation cover and high research activity, or

whether it is in fact evidence for higher prehistoric population density.

Atc. 10 000 cal. a BP the archaeological data indicate a migration across land from
present day Russian territory into northern Finland and onto the NE coast of the investigation
area (Rankama & Kankanpda 2008; Serensen et al. 2013; Damlien 2016; Giinther ef al.
2018). From the following centuries a number of sites from the inland in both northern
Finland and Norway give evidence for a more extensive use of terrestrial resources in the
birch woodland and forests (Halinen 2005; Hood 2012). At the few sites with faunal remains,
reindeer dominate (Rankama & Ukkonen 2001; Ukkonen 2004; Rankama & Kankaanpda
2008), however rock art images suggest the presence of elk from at from at least 10 000 cal. a
BP (Gjerde 2010). While we know little about the push and pull factors for this migration

event, the demographic patterns suggests that the immigrants not only introduced a new lithic
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technology, but also more extensive exploitation of terrestrial resources in the emerging
woodland and forests. The majority of known settlements were still located on the coast in
fjords and sounds, but the expanding boreal vegetation now became accessible even from the
outer costal sites. While the pioneer settlement is generally presumed to be highly mobile,
studies suggest that Middle Mesolithic populations (10 000—8500 cal. a BP) to a greater extent
returned repeatedly to selected residential sites (Bjerck 1989; Grydeland 2000). Certainly
these sites in the NE not only had good access to wood, but they also allowed short distance
task group exploitation of a wide range of marine and terrestrial resources from within a
geographically more limited area, allowing for a more varied subsistence. Notably the rock art
was dominated by large terrestrial mammals such as reindeer and elk, demonstrating that
while marine resources may have constituted the majority of the diet, the woodland and the

species in it were prominent symbolically and in the cosmology.

The pine period — interregional interaction and population increase (8000—4000
cal. a BP)

Occasional mixed birch-pine forests started to occur already around 10 000 cal. a BP, and
small stands were present across the region 9500 cal. a BP, but the major expansion of pine
occurred about 1500 years later. The 8200 cal. a BP cold event is present in some
palaeoclimatic records from the region (Korhola et al. 2000; Bigler et al. 2003; Kullman
2013), although the impact on the vegetation is not clearly evident (Seppé et al. 2007).
Around 8000 cal. a BP pine and mixed pine-birch forests became fully dominant in the inland
and the inner fjords, with exception for the western fjord region where birch-alder forests
were established at the same time. The expansion of pine from NE to SW as earlier
documented by Seppd & Hammarlund (2000; Figs 2, 3) have been interpreted as the onset of
a dryer and more continental type of climate, which is also evident in other records (Table 4).
Now the west-east differentiation became more pronounced as pine established itself as the
dominant taxa in the inland and eastern inner coastal area, while alder became more common
in the western fjord area. Along the outer coast the early Holocene birch forests/woodlands

prevailed, although the rich undergrowth of grass and ferns disappeared.

There is little indication of any negative effects of the 8200 cal. a BP cold event on the
human demographic patterns. Although the data are sparse, a gradual population increase
from c. 8300-8200 cal. a BP is indicated by a growing number of radiocarbon dates from

charcoal found in archaeological contexts (Jergensen 2018; Fig. 4). Similarly, the earlier
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Preboreal Oscillation 10 300—10 200 cal. a BP does not seem to have led to fewer human
settlement sites, suggesting that there was no decrease in the human population (Breivik
2014). It should be noted though, that sites and radiocarbon dates from the 6th millennium
BCE are relatively few in the study area. In addition, the 8200 cal. a BP cold event coincides
with a technological shift away from the emphasis on pressure technique, microblades and
high quality chert introduced around 10 000 cal. a BP towards a more expedient technology
with few diagnostic artefact types and extensive use of the readily available quartz (Damm
20006). In line with interpretations of a population collapse in the Late Pleistocene in southern
Scandinavia (Riede 2008), such a technological shift could be the result of a dramatic event
(in that case a volcanic eruption) that led to abrupt population decline and a loss of cultural

and technological knowledge.

From about 8000 cal. a BP Summed Probability Distributions of radiocarbon dates
suggests a steady population increase culminating in a peak just after 6000 cal. a BP
(Jorgensen 2018; Fig. 4). There are some indications of increased use of the inland areas from
¢. 8000—6500 cal. a BP (Damm 2006; Hood in press). From about 7000 cal. a BP there is
extensive evidence of strong contacts and interaction over long distances and across inland
regions. The interregional contacts are evidenced in the spread of ceramic technology from
the southeast into the easternmost part of our study area (Skandfer 2005, 2009), in the
widespread use of slate for knives and projectile points, and in the explosion of rock art across
Fennoscandia (Gjerde 2010). It has been suggested that the more open pine forest and the

drier climate was better suited for long distance travel (Hicks & Hyvérinen 1997).

The population growth towards 6000 cal. a BP coincided with the Holocene thermal
maximum (Table 4), and the extensive and diverse vegetation supported a varied and
probably more numerous terrestrial fauna. Elks thrive in forest habitats, and typically inhabit
conifer forests, and although elk were present in the region well before the maximum
extension of pine forests c¢. 80004000 cal. a BP (Hood 2012), there was likely a marked
increase in the elk population during this period, as was certainly the case in northern Sweden
(Larsson et al. 2012). At the sites in the study area with zooarchaeological data (all on the
coast) both reindeer and elks are present, but never in large quantities, as marine resources
dominate in the records (Helskog 1983; Engelstad 1984; Renouf 1989). The rock art also
provides evidence of hunting of reindeer and elk (Helskog 2014). At present information on

the distribution and prehistoric ecology of the ungulates has not been researched (for a more
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extensive discussion of the environmental impact on reindeer and elk populations at the

Holocene thermal maximum see Hood in press).

The more extensive forests ensured plenty of wood for constructions and equipment.
However, regional differences were pronounced in this period. The birch-pine forests were
widespread in the east and at the heads of the fjords in the west, but were much sparser on the
outer coast. At the fairly densely inhabited island of Sereya, the pollen records (#10-16) show
that the vegetation was dominated by heathland and birch woodland. Since the records derive
from the vicinity of settlements, it is possible that any woodland in these particular areas was
depleted by human habitation. Still, they demonstrate very significant differences in the
environment, between east and west, and from inner fjords to outer coastal areas. In the east a
variety of both marine and terrestrial resources were available in short distances from
settlements in mid and inner fjord regions, and settlements were indeed numerous here. Theis
situation may have encouraged increased sedentism. However, also the outer regions of
eastern fjords and in particular the sounds and outer coast of the west such as Sereya (#10—
16) and northern Troms (#1-9, 31-37) appear to have been exploited intensively. This was
most likely connected to the excellent year round fishing in these areas. Across the entire
study area we find numerous house-pits, particularly from c. 6000 cal. a BP onwards. In the
Sereysund-region alone there is presently a record of more than 1400 house-pits, dating to
between 7000-2000 cal. a BP (Vollan, pers. comm. 2018). These are remains of more
substantial dwellings, which must indicate longer and repeated stays at the sites, with the

foragers exploited a variety of resources from the local residence.

The different vegetation in east and west must have had noticeable impact on the choices
made in each region with regard to obtaining and exploiting resources. Annual resource areas
in the east could potentially have been relatively small with short-distance seasonal moves.
However, in outer fjord areas and in the western parts of the region, medium range seasonal
mobility may have been more likely, from the outer coast deeper into the fjords, in order to
acquire both a range of wood and the species living in the woodlands and forests established
there. It would also have led to a potential for increased specialisation and exchange between
groups primarily exploiting outer coast and inner fjords respectively (seal, whale and walrus
products for elks and furs for instance), which may be part of the interaction documented

more directly in the archaeological record.
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The modelled population increase (Jorgensen 2018; Fig. 4) is noticeable also in the outer
coastal region in the west. In other words, the difference in vegetation does not appear to have

had a negative impact on population size.

A similar and contemporary peak at 6000 cal. a BP is recorded for southern and central
Finland, but surprisingly not for northern Finland (Tallavaara et a/. 2010). In northern
Norway and central Finland, this peak was followed by a distinct decline from c¢. 5600 cal BP
(Tallavaara ef al. 2010; Jorgensen 2018). The population growth correlates well with the
generally positive environmental development, such as presumed increase in species diversity
and quantities, reducing risk in flexible foraging groups able to exploit a range of resources.
The decline is more difficult to explain, and certainly does not appear to be directly linked to
any marked change in the vegetation, although it correlates with the start of the woodland
degeneration on the northern coast and a general decline in summer temperatures, with a
potential cold spell / abrupt cooling around 5500 cal. a BP (e.g. Magny & Haas 2004;
Sommer et al. 2009; Alsos et al. 2016). In addition, one may have to look to the marine

environmental change (Jergensen 2018).

The late Holocene birch and heathland period — changes in settlement dynamics
and population decline (4000-2000 cal. a BP)

The climate started to deteriorate after 6000 cal. a BP, likely an effect of declining summer
insolation and associated weakening of the northbound Atlantic currents (e.g. Andersen et al.
2004; Seppa et al. 2009). In the NE coastal region a development towards a more cold
adaptive vegetation is evident already from 7000 cal. a BP, but a more general change in this
direction was first initiated around 6000 cal. a BP. Pine and alder slowly gave way to birch,
with exception of the western part were pine was established late. Tall-herb vegetation
undergrowth changed into meadow-type that in turn developed into heath-type undergrowth.
Birch forest was reduced to more open birch woodland, which along the northern outer coast
changed into heathland. Still, many of the vegetation types established around 8000 cal. a BP
prevailed until ¢. 3500 cal. a BP when numerous records indicate a change towards modern
conditions, even though the development continued until at least 2000 cal. a BP. The general
development towards a vegetation more adapted to a colder and wetter type of climate is seen
as a slow increase of mire species such as crowberry (Empetrum nigrum), cloudberry (Rubus
chamaemorus), half grasses (Cyperaceae) and bog mosses (Sphagnum), here exemplified in

Fig. 5. The tree-line started to creep southward and the most significant change for human
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settlement would be along the northernmost coast as the birch woodland gave way to open

heathland. Still, birch woodland prevailed in more sheltered areas, especially in the west.

Local human impact is evident in many records as increased values of grasses and many
herbs, especially sorrels (Rumex sp.), although in prehistoric times seldom to a degree that
directly altered the main vegetation type. Examples of clear anthropogenic changes of the
landscape are the grassy vegetation types occurring at Breivik (#13) and Skjervika 1 (#19). In
the south-western coastal area large-scale human impact is more evident, and an
anthropogenic opening of the landscape occurred from c¢. 1000 cal. a BP, when birch at
several locations gave away to open grass-, meadow-, or heath vegetation (#6, 13-15, 32, 36,
45). A further and more general increase in land-use occurred during the past few centuries,
with grassland expanding at the expense of birch from c¢. 200 cal. a BP (#1, 10, 17, 19, 39)
Most likely this late increase in human impact started with the 18th century post Little Ice
Age establishment of fishing villages and culminated with the major population increase of

the 19th century.

In the study region the population appears to have grown again, with a peak around 4000
cal. a BP before yet another marked decline from c. 3500 cal. a BP (Jorgensen 2018; Fig. 4),
present also for northern Finland (Tallavaara et al. 2010). The peak coincided with a phase of
sedentism for some, but not all local groups, i.c. at least some members of a residential group
lived year round at one site. This is indicated by zooarchaeological evidence (Hodgetts 2010),
and by the many very large house-pits with extensive middens from the period 4400-3500
cal. a BP. However, the peak also appears to coincide with a marked increase in hunting pits
for reindeer in the interior (Hood in press), demonstrating seasonal exploitation of the
terrestrial fauna, and possibly indicating a declining elk population in favour of an expanding

reindeer population caused by the retreating pine forests.

The potential decline in human population 3500 cal. a BP was roughly contemporary with
a more rapid change in vegetation. By now the retreat of pine and birch resulted in a
vegetation comparable to the present day, although many palaeoclimatic records indicate that
the effective precipitation increased already 4500—4000 cal. a BP (Hyvérinen & Alhonen
1994; Eronen et al. 1999; Korhola et al. 2005; Vorren et al. 2012; Balascio & Anderson
2016). It appears that the extensive sedentism practiced was now abandoned in favour of a
more mobile settlement pattern again, as demonstrated in the now often less substantial
dwellings, and settlements at what is clearly seasonal sites for salmon fishing, fresh water

fishing and inland hunting (Olsen 1994; Blankholm 2011). It is, however, hard to see why this
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rapid but not abrupt change should have had such a dramatic impact on population size and
mobility. Previous research has instead argued for social and cultural reasons (Olsen 1994;
Schanche 1994). It is of course possible that vegetation changes caused alterations in specific
local habitats (e.g. for elk) and in reindeer migration routes, which then required a return to
seasonal relocation. For northern Sweden it has been argued that overexploitation of elk
eventually lead to increased focus on reindeer, and hence instigated a more mobile lifestyle,
mirroring the shift from hunting of the stationary elk to the migratory reindeer (Forsberg
1989; Larsson ef al. 2012). Extensive hunting of elk in combination with a retreat of the pine
forest might have caused a population collapse, at least locally. While neither elk nor reindeer
are prominent in the archaeological faunal remains further north, the majority of identifiable
bones may have been left at hunting stations, and not brought back to the main settlements,

thus leaving fewer traces.

During the first millennia BCE agriculture started to influence the area, at least in the
southwest (Vorren 1983, 2005a; Sjogren 2009; Sjogren & Arntzen 2013), which might have
had an direct impact on the demography (Jergensen 2018; Fig. 4) if not the general
vegetation. The cultural repertoire that we recognised as directly linked to the historical Saami
population in the region developed in the centuries around the start of the Common Era
(Hansen & Olsen 2004). Starting in the medieval period there was also an increased influence
from the surrounding states (Norway-Denmark, Sweden-Finland and Russia) and Christianity.
The increase in details and complexity of the cultural development the past 2000-3000 years

brings it beyond the scope and temporal resolution of the present investigation.

Conclusions

The use of general vegetation classes based on existing palaeobotanical records allowed us to
compose a synthesis that simultaneously demonstrates the regional, sub-regional and local
variation in the main vegetation development. Despite significant local variability there is a
general development from early Holocene tundra, to maritime birch forest, to pine forest and
finally to the late Holocene birch-ericales woodlands and heathlands. On the sub-regional
scale the NE part experienced the first establishment and expansion of pine and alder, but also
suffered the earliest degeneration of woodland into open heathland, which likely affected the

population distribution in the area. During the early tundra period as well as along the outer
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coast in the late Holocene there would have been a shortage of wood, which is also evident in
the archaeological material. The abundance, trek patterns and type of game, i.e. elk vs.
reindeer, would largely depend on the presence of pine or birch forest. Overall, a more
extensive forest cover with pine in the inland and fjord areas and birch readily available at the
coast would have allowed a more sedentary way of life, with shorter seasonal relocation
distances. Sparse forest cover would demand more extensive mobility patterns as local wood
resources were depleted faster and the distance between inland game hunting grounds and the
rich marine resources at the coast increased. In the present investigation, we focused on the
impact on prehistoric society by vegetation in an ecotone sensitive area. For a more complete
picture the direct effect of climate change, variation in marine resources, cultural and
technological aspect also need to be considered. In this sense the present investigation is a
contribution to both a more comprehensive assessment of Stone Age demographics and for

the identification of causes and effects.
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Figure captions

Fig. 1. Site locations; see Table 1 for site information. Important place names mentioned in
the text are shown. The red dashed line marks the ice margin of the “Tromseg-Lyngen” and
“Main” deglaciation sub-stages (sensu Sollid ez al. 1973; Olsen 1996), i.e. the late Younger
Dryas ice margin stand-still or re-advance. After 11 700 cal. a BP rapid deglaciation

commenced, especially in the eastern parts.

Fig. 2. Holocene vegetation-type changes in northern Fennoscandia. Sites (Fig. 1) are sorted
after three west-east transects following the outer coast, the fjord areas and the inland (some
relocation has been made in order to enable shorter sequences to be placed after each

another).

Fig. 3. Periods with maximum relative (%) pollen values for alder (4/nus incana) and pine
(Pinus sylvestris) indicating maximum occurrence in the regional vegetation. (+) indicates

that high pine values prevail after 3000 cal. a BP. Numbers refer to sites shown in Fig. 1.

Fig. 4. Relative fluctuation in prehistoric population for northernmost Norway indicated by
Summed Probability Distribution (SPD) as determined by Jergensen (2018). The SPD result
is based on 873 binned radiocarbon dates (1205 individual determinations) from Finnmark
and Northern Troms simulated against exponential population growth. Grey field marks the
simulated 2 sigma statistical envelope of the exponential growth function. Positive deviation
marked in red, negative deviation marked in blue. Reproduced with permission from

Jorgensen (2018).

Fig. 5. Pollen proportions between selected taxa from Skjervika 2 (#21) to illustrate the late
Holocene paludification and heathland development. The general trend the past 5500 years at
Skjervika 2 is decreasing pollen values of tree-birch (Betula pubescence-type) and the forest-
related herbs cow-wheat (Melampyrum) and meadowsweet (Filipendula ulmaria), while
pollen values from dwarf-birch (Betula nana-type), crowberry/billberry (Ericales-type),

cloudberry (Rubus chamaemorus) and grasses (Poaceae) increase.
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Table 2. Main vegetation classes and vegetation sub-classes.

Vegetation classes

Description

Alder-birch forest

Birch forest

Birch woodland

Heathland

Dry heathland

Grass—heathland

Pine forest

Pine-birch forest

Shrub tundra

Steppe tundra

Tundra

Mixed forest with alder (4/nus incana) and birch (Betula pubescens) as dominant trees. It
is characterised by high pollen values for alder (4/nus) and birch (Betula pubescens-type).

Birch forest (Betula pubescens) with (assumed) generally tall trees (>10 m). It is
characterised by very high pollen values for birch (Betula pubescens-type).

Open birch forest (Betula pubescens, ..var. czerepanovii, ..var. appressa), with (assumed)
generally small trees (<10 m). It is characterised by high pollen values for birch (Betula
pubescens-type).

Open vegetation dominated by dwarf-shrubs, primarily crowberry (Empetrum nigrum) but
bilberry (Vaccinium myrtillus), bog bilberry (Vaccinium uliginosum) and dwarf-birch
(Betula nana) are also common, as well as grass (Poaceae). It is characterised by high
pollen values for crowberry (Empetrum-type, Ericales-type) and low to moderate values
for billberry/ bog billberry (Vaccinium-type, Ericales-type), grasses (Poaceae) and dwarf
birch (Betula nana-type).

Similar taxa as in heathland but more sparse vegetation. Crowberry (Empetrum nigrum)
are common but billberry (Vaccinium myrtillus) occur more infrequently. Grasses
(Poaceae) and dwarf birch (Betula nana-type) have a higher proportion in the pollen
records.

As heathland but with a larger component of grass (Poaceae, ~ >20% pollen) and
commonly richer in herbs.

Pine (Pinus sylvestris) forest. It is characterised by very high pollen values for pine
(Pinus).

Mixed forest/woodland with pine (Pinus sylvestris) and birch (Betula pubescens) as
dominant trees. It is characterised by high pollen values for pine (Pinus) and birch (Betula
pubescens-type).

As heathland but with much more sparse vegetation and including willow (Salix sp.) and
sorrels (Rumex/Oxyria). Willow (Salix) and sorrels (Rumex-type, Oxyria-type) are more
common in the pollen assemblage. PAR, if available, is low.

Very sparse herb- and graminoid vegetation characterised by pollen from mugworth
(Artemisa), sorrels (Rumex/Oxyria) and goosefoots (Chenopodiaceae). PAR, if available,
is low.

Sparse open vegetation. Grasses and sorrels (Rumex/Oxyria) are common among vascular
plants. Willow (Salix sp.) and dwarf birch (Betula nana) are present. It is characterised by
high relative pollen values for grasses (Poaceae) and sorrels (Rumex-type, Oxyria-type)
and low values for willow (Salix) and and dwarf birch (Betula nana-type). PAR, if
available, is low.

Vegetation sub-classes

—heath type

—meadow/ferns type

—tall-herb type

— mire type

Forest/woodland with field layer dominated by heaths, most commonly crowberry
(Empetrum nigrum) and billberry (Vaccinium myrtillus).

Larger element of herbs. In forest/woodland ferns are common (monolete fern spores,
Gymnocarpium-type spores). In grass-heathland most dwarf-shrubs (Ericales, Betula
nana) are replaces by herbs, i.e. grass-meadow.

Similar to the meadow/ferns sub-class but with a larger elements of tall herbs, especially
meadowsweet (Filipendula ulmaria).

Heatland with a larger element of typical mire plants, especially half-grasses (Cyperaceae)
and/or cloudberry (Rubus chamaemorus). Peat moss (Sphagnum) and mire herbs as
meadow-rue (Thalictrum) may also be more frequent.
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Table 3. Schematic vegetation development in northernmost Fennoscandia. The outer coast and inner fjord area
have been divided into south-western and northern sub-sets (see Fig. 2). +HI = human impact affecting the type
of vegetation with reduced tree-cover and increased abundance of herbs and grasses; (late) = after ~1700 CE.

Age QOuter coast Fjord area Inland

(cal. a BP) SW N SW N

1000 -0 +HI +HI (late) +HI +HI

5000 — 1000 Birch wgodlaqd /

3000 — 2000 Heathland Birch Mixed birch-pine
— Birch woodland cathian woodland forest

4000 — 3000

5000 — 4000 Birch dland )

6000 — 5000 irch woodlan Birch fore.st, me.adow/.fern Pine forest / Mixed

/ Heathland type / Mixed birch-pine . .

7000 — 6000 Birch forest, forest birch-pine forest

8000 — 7000 meadow/fern Birch woodland,

9000 — 8000 type meadow/fern ) Birch forest,

10 000 — 9000 type Birch forest, meadow/fern type

. meadow/fern type

11 000 — 10 000 Shrub tundra / Birch woodland Shrub tundra

12 000 — 11 000 Shrub tundra Shrub tundra Glaciated

13 000 — 12 000 Steppe tundra Steppe tundra / Glaciated Glaciated

14 000 — 13 000 Tundra Tundra / Glaciated Glaciated
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Table 4. Schematic summery of Late Glacial and Holocene climate conditions in northernmost Fennoscandia.

Lateglacial Early Holocene Middle Holocene Late Holocene
Age (cal. BP) 14000— 11700- 10000- 8000— 6000— 4000—

11700 10000 8000 6000 4000 present
Climate conditions
Summer insolation' High Very high  Veryhigh  High Moderate Low
Norwegian Current’ Weak Increasing  Strong Strong Decreasing  Weak
Climate trend/type’ Variable Warming Variable Stable Cooling Variable
Effective precipitation’ Dry Moderate Wet Dry Dry Wet
July temperature’ Cold Cool Warm Very warm  Warm Moderate
A July temp. (°C)° -5+3 142 +1x1 +1.540.5  +1+0.5 £0.5
Characteristic Tundra Shrub- Birch-fern ~ Pine-birch  Pine-birch  Birch-crowberry
vegetation (glaciated) tundra forest forest forest woodland

'Summer insulation as relative diurnal summer insolation >500 W m at 70°N (Huybers 2006).

“Norwegian current indicate the Norwegian Atlantic Current surface water heat transport (Sea Surface Temperature; Andersen et al. 2004;
Chistyakova et al. 2010.

*Climate trend/type describe the general climatic variation or trend within the period, same references as the other climatic parameter.
*Effective precipitation is precipitation minus evapotranspiration (Hyvirinen & Alhonen 1994; Eronen et al. 1999; Hammarlund et al. 2002;
Korhola et al. 2005; Birks et al. 2012, 2014; Vorren et al. 2012; Balascio & Anderson 2016.)

*July temperature and A July temperature describe the relative and absolute change in July temperature. The £ is an estimate of the range in
temperature expected to find within the period and between the most consistent half of the investigations (Seppd 1996; Kullman 1999;
Barnekow 2000; Bigler ef al. 2002, 2003; Hammarlund et al. 2002; Seppé et al. 2002a,b, 2009; Jensen & Vorren 2008; Huntley ez al. 2013;
Birks et al. 2012, 2014; Kullman & Oberg 2015).



