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Is it possible to reconstruct local presence of pine on bogs
during the Holocene based on pollen data? A study based on
surface and stratigraphical samples from three bogs in southern
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sertations in Geology at Lund University, No. 413, 34 pp. 45 hp (45 ECTS credits) .

Abstract: Horizons rich in subfossil stumps and roots of Scots pine (Pinus sylvestris) are frequently found in
stratigraphies of northern European peatlands, providing clear evidence of Holocene periods with favourable
conditions for bog-pine growth. The pines could only grow when bog-surface wetness was sufficiently low, and
the presence of their remains is therefore a good indicator of past climatic conditions, mainly precipitation. Ad-
amsson (2013) carried out a macrofossil study on Stass Mosse, a bog in central Scania, southern Sweden, and
investigated peat-stratigraphical evidence of hydrological changes on the bog in the period 6000-3300 cal BP.
The aim of the present thesis was to investigate if the presence of bog-pines at Stass Mosse, as reflected by sub-
fossil stumps and macrofossils, can also be detected by pollen analysis of the same peat samples as analysed by
Adamsson (2013). To facilitate interpretation of the stratigraphical pollen data, a complementary pollen study
was made of surface samples from Fdjemyr in north central Scania. Samples were taken along a transect from the
dense Pinus forest at the edge of the bog to the centre of the bog where pine trees were scarce and low in stature.
The data from the site were analysed to identify any relationships between vegetation cover and pollen percent-
ages and influx values. In addition, a surface sample from Store Mosse, a large bog in Sméland further north
within southern Sweden and without local presence of bog-pines, was included to further help interpretation of
the pollen record from Stass Mosse. The results from Stass Mosse show that the pollen percentages and influx
values generally increase at the same levels as the increases in macrofossils. Stass Mosse had generally low pine
pollen percentages and influx values compared to Féjemyr, and that might be caused by less favourable growing
conditions on the bog, influencing pollen productivity. Fdjemyr did not have any consistent pattern between the
number of local pines and pine pollen percentage or influx values in surface samples from the sites located at
different distances from the dense pine forest at the edge of the bog. The reason is probably differences in moss
growth at the different sites, and also there are dominantly regional pollen deposition at the sites. The results
from the three peat lands show that it is not possible to identify the local presence of bog-pines only based on
pollen data.
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Ar det mojligt att rekonstruera lokal forekomst av tall pa4 mossar
under holocen baserat pa pollendata? En studie baserad pa yt-
och stratigrafiska prover fran tre mossar i sédra Sverige

ISABELLE TIMMS ELIASSON

Timms Eliasson, 1., 2014: Ar det mojligt att rekonstruera den lokala tallpopulationen pa mossar under holocen
baserat pé pollendata? En studie baserad pa yt— och stratigrafiska prover fran tre mossar i sddra Sverige. Exa-
mensarbeten i geologi vid Lunds universitet, Nr. 413, 34 sid. 45 hp.

Sammanfattning: Horisonter med subfossila stubbar och rotter av tall (Pinus sylvestris) dr vanliga i stratigra-
fier fran torvmarker i norra Europa. Dessa ar tydliga indikationer pa att det under holocen funnits perioder med
tillrdckligt gynnsamma forhéllanden for tallar att véixa pd mossar. Tall kan endast vixa pa mossar nér ytan ar
tillrackligt torr, och darfor ar rester av tallar p&d mossar goda indikationer pa ett torrare klimat. Adamsson (2013)
utforde en studie av makrofossil pa Stass Mosse, centrala Skéne, och undersokte torvstratigrafin for att doku-
mentera forédndringar i hydrologin p&d mossen under tidsperioden 6000-3300 cal BP. Syftet med det hir examens-
arbetet &r att undersdka om forekomsten av tallar pa Stass Mosse, vilken pavisas av subfossila stubbar och
makrofossil, dven syns i pollendata frdn samma prover som analyserades av Adamsson (2013). For att underlatta
tolkningen av stratigrafiska pollendata utfordes kompletterande pollenanalyser frén ytprover fran Fajemyr, nord-
centrala Skane. Proverna togs utmed en transekt fran den téta tallskogen vid kanten av mossen till de centrala
delarna av mossen dér tallarna var fa och lagvixta. Pollendatan frén lokalerna analyserades for att identifiera
samband mellan vegetationstrickning, pollenprocentvérdet och influxvirden. Utover detta gjordes en pollenana-
lys av ett ytprov fran Store Mosse, en stor mosse i Sméland, utan ndgon lokal férekomst av tallar. Pollenana-
lysen fran Store Mosse inkluderades i undersokningen for att ytterligare underlétta tolkningen av pollendatan
fran Stass Mosse. Resultaten fran Stass Mosse visar pa att pollenprocentvérdena och influxvardena generellt
okar pa samma nivaer som det sker 6kningar av makrofossil. Stass Mosse har generellt sett l4gre pollenprocent-
véarden och tallinfluxvirden dn Fijemyr, vilket kan vara orsakat av mindre gynnsamma vaxtforhéllanden pa mos-
sen, som i sin tur paverkar pollenproduktiviteten. Féjemyr hade inget konsekvent mdnster mellan antalet lokala
tallar och pollenprocentvirdet och influxvirdet pa olika avstand fran tallskogen. Anledningen &r formodligen
skillnader i mosstillvaxt mellan de olika lokalerna, samt att pollendeponeringen frimst 4r regional. Resultaten
fran de tre torvmarkerna visar att det inte 4r mdjligt att identifiera den lokala nédrvaron av tall pad mossar enbart
baserat pé pollendata.

Nyckelord: pollen, Pinus, mosse, vegetationstackning, sodra Sverige.
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1 Introduction

One of the largest challenges in our time is the on-
going climate change, already impacting global eco-
systems. This trend towards generally warmer climate
conditions will impact all ecosystems on Earth and the
effects will become even larger in the future (IPCC
2007). One way of gaining knowledge about the pre-
sent climate change is to study climate changes in the
past. By doing this, one can try to assess whether the
present climate change has natural causes, is man-
induced, or a combination of both. This thesis can help
to gain knowledge about past climate changes by stud-
ying changes in bog vegetation.

The climate on Earth is not constant and it
changes both globally and locally. Most of these
changes have natural causes and started long before
humans entered the world. Some natural causes for
large-scale climate change are variations in solar irra-
diance, acrosol and greenhouse gas content of the at-
mosphere and the Earth’s orbit around the sun (Seppa
et al 2009). The last 2.6 million years, called the Qua-
ternary time period, is characterized by long (multi-
millennial) glacial- and interglacial periods. Within
these glacial and interglacials there are climatic chang-
es of lower amplitude. The alternation of glacial and
interglacial periods during the Quaternary is most like-
ly caused by changes in the Earth’s orbital parameters,
the so-called Milankovitch-cycles. However, orbital
changes alone would probably not create the glacial
periods in the Quaternary, but they are reinforced by
feedback mechanisms such as the ice-albedo feedback
(a colder climate results in more ice cover reflecting
the sunlight more efficiently than a land surface, and
therefore making the global climate colder) (Roberts
1998).These feedback mechanisms are complex and
are also interfering with each other.

The present interglacial period is called the
Holocene (the last c. 11700 years). The Holocene cli-
mate archives are well- preserved and can be used to
study climate changes in the past (Roberts 1998).
There are different kinds of climate archives such as
terrestrial ones like peat and lake deposits. But also
marine sediments and ice cores are good climate ar-
chives. Climate archives are studied with proxy-
methods, for example pollen, macrofossils or isotopes
anslyses.

Pollen analysis is the study of pollen of higher
plants together with spores of ferns, mosses and club-
mosses (Charman 2002) and it can be used as a long-
term (102-10° years) technique for reconstructing vege-
tation. Since plant species have different demands,

pollen and spores can tell us about the environment
and climate during the time the taxa grow at or near
the site. Pollen analysis can show the sensitivity and
response mechanisms of vegetation during climate
changes (Seppa 2007). Looking over longer time
scales one can reconstruct long-term climate changes.
However, on shorter time-scales, a high-resolution
pollen analysis allows to detect short-term vegetation
changes. Pollen analysis can also inform us about hu-
mans interfering with the landscape and the vegetation
and also about the spread of early agriculture (Seppa
2007). Pollen analysis is an old method, and one rea-
son may be that pollen is almost always highly abun-
dant, up to 10°-10° grains cm?, in sediments (Seppi
2007).

Plants can liberate billions of pollen within one
forest hectare and this pollen is transported and mixed,
usually by wind. Most pollen is deposited 10'-10°* m
from the source, providing local pollen. Some pollen
gets brought by wind up into the atmosphere and can
be transported theoretically indefinite distances (Seppa
2007). Therefore, in peat archives, it is almost impos-
sible to distinguish between local pollen originating
from trees in the near surroundings and pollen origi-
nating from long-distance transport (Seppa 2007).

Pollen data from lake sediments mainly reflect
regional vegetation since few plants grow within the
lake and pollen data from peat lands can reflect both
regional and local vegetation. The proportion of local
versus regional pollen on a bog is difficult to disentan-
gle and it is also affected by the distance from the site
to the edge of the bog. Even so, peat offers a good
climate archive since it is present in most environ-
ments and is depending on the effective precipitation
(precipitation minus evapotranspiration) (Charman
2002). If the climate gets warmer and/or drier, it can
be seen in the peat itself as changes in the peat decom-
position.

Since pollen are transported theoretically over
indefinite distances, and are well-mixed in the
“regional pollen cloud”, pollen will give a regional as
well as local vegetation signal. To get both the region-
al vegetation signal and the local signal from a site, it
is good to also study plant macrofossils. By having
pollen that give both the local and regional signal, and
macrofossils that show the local vegetation, it is possi-
ble to separate the local and regional signal (Charman
2002). Macrofossils are larger parts, for example roots
or bark, from the vegetation that has grown at the site.
Macrofossils are rarely transported far from the grow-
ing site and that is why they show the local vegetation.
By using a multi-proxy approach it is easier to make
realistic interpretations of past vegetation (Charman



2002).

In a previous MSc project, Adamsson (2013)
performed a plant macrofossil analysis of samples
from the Stass Mosse bog, in Scania, southern Swe-
den. The aim of her thesis was to test if the establish-
ment, growth and degeneration of bog-pines were con-
nected to changes in bog-surface wetness, depending
on effective precipitation. She also wanted to describe
and date the Holocene occurrence of Pinus sylvestris
on Stass Mosse and how that is related to local hydro-
logical conditions and bog environment. Adamsson
(2013) described the pine-bog horizon that can be seen
today at the surface after abandonment of peat mining
within the main part of the bog. Samples of selected
macrofossils and bulk peat were radiocarbon dated and
used to build an age model, one for each sequence.
The time interval for the analysed intervals of the se-
quences is 3600-4200 cal years BP for the Tree Se-
quence (TS) and 3400-5800 cal years BP for the Com-
plete Sequence (CS). TS was collected by Adamsson
(2013) at an exposed Pinus stump near the edge of the
excavated bog to correlate the Pinus horizon to the CS.
CS was taken a few meters away, where the uncut peat
surface was preserved. The sequence was taken to cov-
er the interval of the Pinus stump horizon and to get
the whole peat sequence to the present day.

This thesis builds on the MSc thesis by Adams-
son (2013). Adamsson (2013) did the field work and
collected cores from Stass Mosse that were correlated
and described. Proxy methods applied to the peat se-
quences were bulk density, loss of ignition (LOI), hu-
mification and plant macrofossil analysis. The same
peat sequences was studied with pollen analysis in this
thesis, and these pollen data were compared with the
results of Adamsson (2013).

1.1 Aim of the study
The aim of this study is to investigate if the local oc-
currence of pine (Pinus) at Stass Mosse during the
Holocene, as evidenced by abundant pine stumps on
the mined peat surface and by macrofossil data, can
also be detected by pollen analysis. At Fdjemyr, anoth-
er Scanian bog, the aim is to see if the pollen represen-
tation differs in surface samples depending on the dis-
tance to local Pinus populations using surface samples.
The pollen analysis focuses on the two se-
quences (CS and TS) and the same stratigraphic inter-
vals as Adamsson (2013) investigated. The macrofos-
sil data, '*C- dating and other material from Adamsson
(2013) is used in this thesis. The macrofossil data
show a large increase of Pinus at 320-310 cm in the
CS. Within this interval pollen analyses were made
every 1 centimetre to see more precisely when the
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change occurred as well as to see how large the pollen
variability could be on short (decadal) timescales. The
10 cm intervals over the whole sequence show the
millennial scale trends. For Fdjemyr, surface samples
at different densities of local Pinus population, from
an open area to dense Pinus forest, were used to ex-
plore any patterns in Pinus pollen percentage and in-
flux data. To assess if the pollen signal reflects the
local taxa, a simple documentation of the vegetation
was made at the sites.

This thesis will help to improve the knowledge,
and thereby a more secure interpretation, of how the
presence of Pinus on bogs has changed during the Hol-
ocene.

The specific questions that are addressed in this
thesis are:

- Are there any clear variations in the presence of
Pinus pollen from the Stass Mosse sequence
that indicate changes in the local presence of
Pinus at the bog surface during the Holocene?

- How does the Pinus pollen percentage and influx
signal change over time in the Stass Mosse
sequence?

- Are there increases in pine pollen at the same
levels as there are increases in pine macrofos-
sils?

- Does the presence of Pinus pollen differ depend-
ing on the amount of Pinus trees in the local
vegetation when looking at surface samples
from Féjemyr?

- Does the presence of Pinus pollen differ when
collecting surface samples from sites with the
same density of Pinus, but with a different
composition of the vegetation cover?

- Can one interpret the local presence of Pinus on

bogs by analysing stratigraphical pollen data
from a peat record?

1.2 Background

1.2.1 Peatlands

Peat, the material that peatlands consist of, is built up
by plant remains that have not been completely de-
cayed. To form a peatland, the accumulation of plants
must be higher than the decay. Most of the production
(accumulation) and decay occur in the top layer of the
peat, the accumulation because of the plants fall down,
and the decay because of higher oxygen levels
(Charman 2002). Areas with high productivity (and
therefore accumulation) are not always the places with
most peatlands. The same areas usually have higher
decay rates as well (Charman 2002) and the highest
decay rates occur when the water table fluctuates. The



accumulation rate depends on, for example, the
amount of nitrogen and phosphorous, pH, temperature,
water content, oxygen supply and the plant material.
Common accumulation rates for bogs in oceanic envi-
ronments in Europe (UK) are around 1 mm/y, but the
rate differs depending on climate. Colder climate con-
ditions will change the bog-surface wetness towards
wetter conditions. This is mainly because of less effec-
tive evapotranspiration. The bog-surface wetness rec-
ords in the Baltic area are according to Seppé et al.
(2009) a good proxy for changes in humidity when
studying past climate changes. Colder climate, and
therefore a wetter bog-surface, will give a low decom-
position and warmer and drier a stronger decomposi-
tion. If the bog surface is dry, it is not unusual that a
hiatus occurs in the sequence according to Jensen et al
(2002). A hiatus or very low accumulation rate can
also cause a high pollen concentration in the record,
giving an erroneous result in the pollen signal (Jensen
et al. 2002). Peatlands are also important for the car-
bon cycle since bogs act as carbon “sinks” over longer
time periods (centuries to millennia), unless drainage
of peatlands occurs. This part of the carbon cycle is
important for controlling some of the greenhouse gas-
es, such as CO, and CH4 (Charman 2002).

1.2.2 Bog- trees

Stumps and tree trunks are quite commonly found in
peat bogs (Figure 1). Pinus is the most common spe-
cies and can often be found in bog-tree horizons
throughout the Holocene (Edvardsson 2013). These
trees have grown on the bog when bog-surface wet-
ness was low. This is known because trees need a cer-
tain distance between the roots and the water table.
Since the water table is still close to the roots the trees
usually grow close to their physical distribution limits.
If the water table is lowering, trees can start to spread
to new parts of the bog. Spreading of trees on a bog
might be related to drier conditions, or local hydrologi-
cal changes, for example a fen-bog transition (Eckstein
et al. 2011). A study done by Edvardsson et al. (2012)
from Viss Mosse in central Scania, Sweden, shows
that during a bog-tree period, the bog surface wetness
decreased, indicating a drier climate.

1.2.3 Fens and bogs

Fens and bogs are present in most parts of the world,
and most bogs have been fens in the past. Fen-bog
transitions are fairly common and can be seen in raised
bog peat stratigraphies (Hughes & Barber 2003). Fens
receive nutrients and water from the surroundings
through run off/in wash and ground water, while bogs

get all of their water and nutrients from rainfall
(Charman 2002). Because fens receive nutrients from
the surroundings, the fens are more nutrient rich
(eutrophic) and bogs generally nutrient poor
(oligotrophic). Oligotrophic bogs are good archives for
studying past climate change because the plants grow-
ing on a rain-fed bog are sensitive to changes in effec-
tive precipitation (precipitation minus evapotranspira-
tion) and are in consequence directly reflecting atmos-
pheric changes. The decay rates of Sphagnum mosses
are low, and since bogs are characterized by Sphag-
num species, bog peat usually has a lower decay rate,
and therefore a higher accumulation rate, than fen peat
(Charman 2002). Since the accumulation rate is mostly
relatively high in a bog, it is possible to obtain high
resolution records for the Holocene (Mauquoy et al.
2002). This makes bogs more sensitive archives for
climate changes than fens (Langdon et al. 2003). The
fen-bog transition mainly takes place during changes
in effective precipitation. Hughes and Barber (2003)
showed two ways for a fen-bog transition to take
place. One way is through a shift to wetter climate
conditions resulting in more effective precipitation.
These conditions will benefit Sphagnum growth and a
better preservation of the peat (low peat humification).
In consequence, peat growth will increase significant-
ly, as the decomposition is low. Another way of get-
ting a fen-bog transition is through a lowering or fluc-
tuating water table under drier and/or unstable climate
conditions. This would cause separation between the
ground water table and the bog surface providing aero-
bic conditions. The bog surface wetness will then de-
crease, creating increased decomposition. This peat is
characterized by dry-tolerant species, such as Calluna
vulgaris or dry-tolerant Sphagnum species. Later on,
when the water table stabilizes, at or near the bog sur-
face, the bog vegetation will change to a Sphagnum
dominated ombrotrophic raised bog.

Figure 1. A bog-tree at Stass Mosse (Photograph: J. Ed-
vardsson 2014).



1.2.4 Pollen analysis

Pollen analysis has mainly been carried out during the
last hundred years, but pollen analysis as a method
was already used about three centuries ago (Manten
1967). It is a very useful tool for studying past vegeta-
tion changes since pollen is found in all kinds of de-
posits and in high numbers (Charman 2002).The main
reasons for applying pollen analysis in Quaternary
sequences has been to correlate sediment sequences, to
identify chronostratigraphic periods and to increase
knowledge about past climate and vegetation (Seppa
2007). It is important to remember that pollen data
from a single core do not show a complete ecosystem
(Mauquoy et al. 2002) and that a larger basin has a
higher amount of regional pollen than a smaller basin
(Brostrom et al. 2004). Pollen is usually released from
the plant during unstable atmospheric conditions on
warm and sunny days with strong fluctuations in con-
vective uplift and turbulence (Theuerkauf et al. 2012)
and can be transported by wind, water or insects
(Charman 2002). Pollen from different species show
different morphologies and will be transported over
different distances. Pinus pollen has air-sacks, so even
if the Pinus pollen is larger than other pollen (and
therefore generally heavier), Pinus pollen can be trans-
ported over large distances. But in general, heavier
pollen is transported over a shorter distance and has a
smaller source area, for example Fagus and Picea
(Theuerkauf et al. 2012). The distance a pollen grain
can be transported is determined by the fall speed of
the grain in air, which is influenced by the shape and
size of the pollen grain (Brostrom et al. 2004).

Only a small fraction of the pollen grains will
fertilize a plant, and most of them will end up on land
and start to decay. But some of the pollen will be de-
posited in anoxic conditions and will be preserved (for
example in peatlands or lakes). During deposition, the
hard and chemically resistant exine is the only part
left, as the soft-bodied cell contents of the pollen are
destroyed (Seppé 2007). In pollen studies it is assumed
that all pollen grains are equally preserved in peat or
lake sediments, but the preservation is affected by the
thickness of the grain (Seppa 2007). Both lake and
peat records have been important in historical as well
as modern pollen analysis. Peat is present in most en-
vironments and most of the pollen in peat records is
wind-transported, giving a dominantly regional pollen
signal. A problem with peat records is that it might be
difficult to know the influence of pollen from plants
growing locally on the bog on the total assemblage

(Charman 2002).

1.2.4.1 Pollen influx values
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Pollen percentage values depend upon the abundance
of all pollen taxa included in the pollen sum and are
therefore uncertain for detecting local presence of spe-
cific taxa. The reason is because pollen percentages
depend on pollen productivity, coverage and dispersal
capabilities of the other taxa that are included in the
pollen sum (Theuerkauf et al. 2012). Using pollen in-
flux, which is the amount of pollen grains falling on a
unit area of sediment in a given time, will provide
more precise and useful data (Hicks & Hyvérinen
1999). In order to be statically relevant, pollen per-
centage and influx values should be based on a high
number of counted pollen, the more the better. The
determination of pollen influx values requires
knowledge of the peat or sedimentation accumulation
rate. The accumulation rate can differ markedly, both
in time and across a bog (Mauquoy et al. 2002). Not
knowing the accumulation rate is the main limitation
of peat sequences when analysing pollen, but with
relatively high resolution age models it is possible to
get a secure result (Hicks & Hyvérinen 1999). Even
so, peat is still better than lake sediments when analys-
ing short-term variations in pollen, if the accumulation
rate is known. The best peat deposits to use for pollen
analysis is fast growing, uniformly humified peat com-
posed of a single moss species (Hicks & Hyvérinen
1999). For the most secure result, annual resolution
should not be used since it would show inter-annual
variations in climate instead of the influx values char-
acteristic of a specific vegetation composition (Hicks
& Hyvirinen 1999). A peat study done by Hicks &
Hyvirinen (1999) in Kevo, Finland, shows that the
actual annual values for pollen influx are a bit lower
than the data recorded from pollen traps, especially
looking at the peak years, even if the influx values and
the pollen traps show the same pattern (Hicks &
Hyvirinen 1999). This is shown both for Pinus and
Betula and it may create an uncertainty using pollen
influx values, since the pollen traps have a more se-
cure pollen amount.

Hicks and Hyvirinen (1999) studied how influx
values varied for Pinus and Betula depending on the
surrounding vegetation in Finland, as seen in Table 1.
The higher the influx value, the more trees are present
in the surroundings.

1.2.4.2 Pollen productivity

Pollen productivity estimates (PPEs) provide values
of how much pollen are produced by different taxa.
Direct measurements of pollen productivity are diffi-
cult to acquire and that is why PPEs are of great im-
portance. PPE for a species can be obtained in an area
by using surface samples and pollen depositional data



Table 1. Modified table from Hicks & Hyvérinen (1999). The influx values for Betula and Pinus based on pollen

trap results from Kevo, Finland.

Presence of the relevant tree Betula Pinus
species with respect to the
sampling site
Not present within 10 km <200
Not present within 1 km 200-500
Present at site but only 500-1000 500-1500
sparsely
Open forest 1000-1500 1500-2000
Dense forest >1500 >2000

from, for example, moss polsters (Theuerkauf et
al. 2012). The PPEs are combined with distance
weighted plant abundances from the vegetation
in the surrounding area (Theuerkauf et al. 2012).
Pollen productivity varies a lot amongst the most
common wind pollinating plants (Seppa 2007)
and results from pollen traps show that the pollen
productivity changes markedly on an annual
basis (Brostrom et al. 2008). Different taxa pro-
duce different amounts of pollen. Trees do for
example produce generally more pollen than
herbs. Therefore, herbs can be underestimated in
the reconstructed vegetation studying fossil pol-
len records and in consequence there will be an
underestimation of their presence in past open
landscapes. At the same time other taxa with
high pollen productivity, like trees, can be
overrepresented in fossil pollen records
(Brostrom et al. 2004). Even so, some herbs and
shrubs like Calluna vulgaris for example are
important pollen producers together with Juniper
(Juniperus), buckthorn (Plantago lanceolata)
and sorrel (Rumex acetosa). In a study by
Brostrom et al. (2004) they found that most trees
produced 6-8 times more pollen per unit area
compared to Poaceae. However, some herbs
show higher pollen productivity than some of the
trees in the same study when looking at southern
Sweden. Tree taxa with low pollen productivity
are Ulmus, Tilia, Salix and Fraxinus (Brostrom
et al. 2008). PPEs are influenced by the mean
temperature in July and the precipitation. The
mean July temperature of the previous year and
PPEs for Pinus, Picea and Betula show a posi-
tive correlation in northern Finland and moun-
tainous areas of Europe (Brostrom et al. 2008).
Barnekow et al. (2007) suggest that summer tem-
peratures in the years prior to efflorescence are
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of great importance for controlling the amount of
pollen produced. PPE can vary significantly even
within one vegetation zone, as shown by
Brostrom et al. (2008). These differences may

be due to soil or more local climate conditions or
methodological differences in the collection of
vegetation data (Brostrom et al. 2008;
Theuerkauf et al. 2012). The most important fac-
tor influencing PPEs seems to be climate and
related factors such as growth forms and repro-
duction strategies (Brostrom et al. 2008). Even if
the atmosphere normally is unstable, atmospheric
instability does not primarily influence estimates
of pollen productivity or the relevant source area
of pollen (RSAP) (Brostrom et al. 2004). As stat-
ed by Seppd (2007), RSAP “refers to the size of
the area around a given study site, which controls
the individualistic features in the pollen assem-
blages of the site in relation to the uniform re-
gional background pollen. The vegetation pat-
terns within the RSAPs are therefore reflected in
the lake-to-lake differences in pollen input in
areas of the same regional vegetation”. Usually
the RSAP is where 80 % of the pollen grains
arrive (Theuerkauf et al. 2012).

1.2.4.3 Modelling of pollen deposition

The general way of interpreting pollen data is
that a larger basin reflects a more regional pollen
signal, while a small hollow reflects the local
pollen signal (Seppé 2007). This straightforward
model is however too simple for modern ecolog-
ical analysis. One way of modelling pollen depo-
sition is by using the Prentice-Sugita model. The
principle behind the model is to quantify the pol-
len input from the vegetation surrounding




the sampling site. It can be done either by using the
entire surface of the basin or by using only the centre
of the basin (Seppid 2007). The input of pollen into the
basin will be defined by three factors; (i) the pollen
productivity of the plant species, (ii) a pollen deposi-
tion function (the proportion of airborne pollen at a
certain distance from the source) and (iii) the mean
plant abundance at a given distance from the centre of
the basin (Seppé 2007). Distance-weighting must be
applied since most of the pollen will be deposited near
the source (Theuerkauf et al. 2012). The relevant
source area of pollen (RSAP) is therefore an important
part of the Prentice-Sugita model. As many other mod-
els, the Prentice-Sugita model uses idealistic assump-
tions, for example regarding local and regional vegeta-
tion patterns in the area, pollen transportation, deposi-
tion mechanisms and basin configuration (Seppa
2007). Although the model is constructed for lakes, it
is also valid for bogs even if the result differs slightly
(Mazier et al. 2012).

1.2.4.4 Holocene vegetation in southern Sweden
and an historical overview over pollen
studies
Brown et al. (2012) concludes that during the Holo-
cene both precipitation and temperature have oscillat-
ed considerably in southern Scandinavia. Even so, the
total energy budget has been quite stable during the
last 7500 years according to Davis et al. (2003). The
distribution of a forest type is determined by migration
patterns, human activity and climatic changes. If all
vegetation were natural, southern Sweden should be
characterized by Fagus monocultures or a Picea-
dominated boreal system (Bjorse et al. 1995). Pinus
and Fagus are two of the most abundant taxa in south-
ern Sweden today according to Bjorse et al. (1995),
and the amounts and distribution patterns have varied
significantly but systematically through time. The high
amount of Pinus is mainly a result of planting during
the last centuries (Mauquoy et al. 2002). Pinus pollen
is transported far by wind, and Bjorse et al. (1995)
state that Pinus pollen will be wind-transported even
further in the open landscapes in the south-west of
Sweden.

Malpighi and Grew started to describe and ob-
serve pollen three centuries ago, and they are seen as
the co-founders of pollen grain morphology. They
worked in Italy and England and borrowed each oth-
er’s work freely (Manten 1967). Grew also established
that pollen from different species has different shapes
and sizes, but that the pollen from the same species
looks the same (Manten 1967). The first time micro-
scopes were good enough to see pollen was in 1836
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and it was done by Goppert who studied Miocene ma-
terial from Hessen, Germany (Manten 1967). Ehren-
berg found Pinus pollen from Quaternary sediment
from northern Sweden in 1837, and the year after he
found Pinus-like pollen in Cretaceous flintstone
(Manten 1967). Blytt from Norway could in 1876 dis-
tinguish some warmer, colder, wetter and drier periods
based on the present distribution of the flora in Nor-
way (Manten 1967). This methodology was later ex-
tended by the Swede Sernander who made it more
generally applicable (Manten 1967). Another im-
portant person within palynology (the study of pollen
and spores) is the Swede von Post. He held a lecture in
1918 about the forest-tree pollen found in peat depos-
its of south-Swedish, from Scania to Nédrke. He be-
lieved that the trees found rapidly invaded the area and
that the pollen- analytical index levels were conse-
quently to be considered as synchronous (Fries 1967).
von Post gave the onset for the development of pollen
analysis as we know it today. Studying fossil pollen
records also opened up the amount of studies concern-
ing modern pollen. During the mid 1900s until today,
petroleum geology has increased the application of
plant microfossil analysis (Manten 1967).

To quote von Post from his lecture in 1918; “I
consider that this category of fossils, hitherto rather
overlooked can indeed, through systematic treatment,
considerably widen our knowledge of the Late Quater-
nary deposits and their history” (Fries 1967).

2 Study sites
Fdjemyr is a bog located in the north central part of
Scania, Hassleholm municipality, southern Sweden
(56 °16°12°° N, 13° 33°11”’ E) (Figure 2), at an alti-
tude of 135 m above sea level. The County Adminis-
trative Board of Scania describes Fédjemyr as an unex-
ploited bog with large geological and biological values
that should not be excavated (Lanstyrelsen i Skane
2014). There is a forested area at the edge of the bog
that is dominated by Pinus sylvestris. On the bog Pi-
nus sylvestris and Betula pubescens grow quite wide-
spread but they are small, with more trees growing
near the edge of the bog. The vegetation is dominated
by Calluna vulgaris, Erica tetralix and Eriophorum
vaginatum in the open parts of the bog, and in the
denser forested area by Eriophorum vaginatum, Erica
tetralix and Vaccinium myrtillus. Sphagnum grows
over the whole bog. Figure 3 shows an overview pic-
ture of Fdjemyr.

Stass Mosse is located in central Scania, Horby
municipality, on the Linderddsésen Ridge (55°54° N,
13°45° E). Figure 2 shows where Stass Mosse is locat-



ed within southern Sweden. The bog is approxi-
mately 0.3 km? and has been used in the past for
peat cutting. In the 1960°s, peat cutting reached
down to a layer of larger Pinus stumps, remains
of a long-gone Pinus forest that had been pre-
served in the bog (Figure 1). The amount of peat
excavated is not known, but the excavated area
covers at least a third of the bog (Adamsson
2013). Only a small area of the original bog re-
mains undisturbed today (Liljegren & Bjorkman
2012). During the peat cutting, or before, the bog
was drained and the drainage ditches can be seen
in the southern part of the bog. Varying topogra-
phy on the bog could be due to the drainage.
Where the ground-water level has been lowered,
peat deposits get more compressed and in conse-
quence the surface has sinks. Today, the sur-
roundings are dominated by a coniferous forest
of Pinus sylvestris and Picea abies, together with
some birch (Betula pubescens). The understory
vegetation is dominated by Calluna vulgaris,
Erica tetralix, Vaccinium spp. and brown moss-
es. On the mined peat surface, the vegetation is
scarce, but some spots with Eriophorum vagina-
tum, Carex spp. and Calluna vulgaris occur.

2.1 Current climate

Orkelljunga municipality, close to Fijemyr, has a
mean annual temperature of 6.4 °C and a precipi-
tation of 960 mm/year during 1961-1990. In
Orkelljunga, the mean winter temperature in
January is -2.3 °C and the mean July temperature
is 15.4 °C. In northern Scania, where Féjemyr is
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Figure 2. Map of southern Sweden. The investigated
sites are marked with black dots. Map source:
maps.google.se (2014).
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Figure 3. Overview photo of Féjemyr, taken from the
centre (site 1) of the bog towards the denser forest
(site 5) (Photograph: 1. Timms Eliasson. 2014).

located, the number of days with temperature
over 6 °C, a threshold temperature for vegetation
growth, is around 220 days/year (Andersson &
Johansson 1997).

Linderdd village, 4.5 km NE of Stass
Mosse, has a mean annual temperature of 6.9 °C
and a mean annual precipitation of 795 mm/year
for the period between 1961-1991 (SMHI 2014).

2.2 Bedrock

As seen in the bedrock map from the Geological
Survey of Sweden (SGU) (Figure 4), both the
Tornqvist deformation zone and another perpen-
dicular deformation zone are running close to
Fédjemyr. The perpendicular deformation zone,
called the protogin zone, has created a rift system
and is approximately 1700 million years old, but
has been active later on (Andersson & Johansson
1997). The Tornqvist deformation zone creates
WNW-ESE oriented- diabase rift systems across
Féjemyr from perm-carbon and the bedrock con-
sists of granitoid to syenitoid migmatitic gneiss
that was created 1.7 billion years ago (Wikman
& Sivhed 1993).

The Linderédsésen Ridge, where Stass
Mosse is located, is a bedrock horst formed by
movements of the Tornqvist deformation zone,
which is running NW-SE across Scania (Figure
5)(Wikman & Sivhed 1993). The deformation
began in early Silurian (440-420 million years
ago) when the continents Avalonia and Baltica
collided (Ringberg 1986). The horsts in Scania
were created later, about 200-300 million years
ago (Andersson & Johansson 1997). The bedrock



in Stass Mosse consists of Precambrian gneiss
(Ringberg 1986).

2.3 Quaternary deposits

The formation of most of the bogs in the Fdjemyr area
is related to the closeness to the Sméland highlands.
Westerly winds and higher elevations result in higher
precipitation in the area, creating water-logging
(Andersson & Johansson 1997). Féjemyr is a 3 km
long peatland surrounded by till deposits in the west,
as seen in the map from SGU (Figure 6). Further to the
west and to the east and south glaciofluvial sediments
are present and an esker that was deposited during the
last glacial period.

Stass Mosse is situated on a large (almost 20
km?) glaciofluvial deposit running in NE-SW direc-
tion, as seen in Figure 7. South of the bog is an esker
running NE-SW with a height of 3-10 m, and that cor-
relates with the ice direction from NE, as can be seen
from striae in the area (Ringberg 1986). The peat has
formed on top of the glaciofluvial deposits and sands
in the lower parts of the terrain that surrounds the es-
ker. The glaciofluvial deposits on which the bog is
situated, is characterized by broken-up and forked es-
kers with material ranging from boulders to silt.

When the ice retreated, around 14000-15000
cal years BP, dead ice was still lying in the area and
sedimentation started between the dead-ice bodies.
The landscape was quite flat, and the sedimentation

probably took place in shallow water (between the
dead-ice bodies). One of these dead-ice bodies was
probably situated where Stass Mosse is located today.
The sedimentation began around the ice, leaving a
depression at the site when the ice melted away

Varsjon

Stensmy

Slattsjo

i n Algustorp
—

Harastorp

Karsholm

Skafa 1 : 100K

—
Figure 4. Bedrock map of the Fijemyr area. The grey part
is granitoid to syenitoid with diabas (purple) and amphibo-
lite (green) (SGU 2014a).
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(Ringberg 1986). This depression was later water-
logged.

3 Material and Methods
3.1 Field work
3.1.1 Féjemyr
The field work took place on the 26™ of February 2014
at Fdjemyr. The objective was to collect surface sam-
ples for pollen analysis at different distances from the
dense Pinus forest at the edge of the bog to the central
part of the bog where pines are scarce and low in stat-
ue. Five sample sites were selected along a transect so
that a range of pine densities was covered. Ten sam-
ples were taken, two at each site, one “open” and one
“closed” sample. The Sphagnum at the closed sites
was partly covered by dwarf shrubs, herbs and sedges
and at the open sites, Sphagnum was exposed to the
pollen rain. The closed sites were denoted “a” and the
open sites “b”. The location of the sites can be seen in
Figure 8.

The sites were located in the centre of the bog
(away from larger trees) (site 1), near a small group of
Pinus and Betula (site 2), inside a small group of Pinus
(site 3), at the edge of the Pinus forest (site 4) and in-
side the Pinus forest (site 5). Surface samples for pol-
len analysis were systematically taken in Sphagnum
patches. At each site, a grid with 25 squares (5%5
squares with a surface of 100 cm?) was placed on the
vegetation so the sample spot was located in the centre
of the grid. An estimation of the percentage cover of
each species inside the grid was made. Figures 9a and
9b show the grid placed over a closed (1a) and an open
(1Db) site, respectively.
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Figure 5. Bedrock map of the Stass Mosse area showing
granitic orthogneiss (pink) (SGU 2014a).



Figure 6. Map of Quaternary deposits in the Fdjemyr
area, with glaciofluvial deposits (green), till deposits
(blue) and peat deposits (brown) (SGU 2014b).

At each site, the Pinus and Betula trees within
10 and 50 meters radius were counted or estimat-
ed, and the height of the highest tree within 10
meter radius was noted. GPS points were taken
at each site and the sites were photographed with
the grid on top of the sample. The surface sam-
ples were taken by gently pressing down a plas-
tic box in the Sphagnum moss and cut around
and underneath so that the box was filled with
moss. In this way the surface of the moss layer
ended up in the bottom of the box. The boxes
were carefully closed with a lid and transported
to the Department of Geology, Lund University,
where they were stored in a freezer overnight.
The samples were deep-frozen because the vol-
ume of fibrous peat is difficult to determine. By
freezing the sample, it is possible to get a more
correct estimate of the volume by cutting out the
volume needed (Faegri et al. 1989).
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Figure 8. Map of Fdjemyr with the sampled sites mar-
ked out as coordinates, from site 1 in the centre of the
bog towards site 5 at the edge of the bog. Map source:
Google Earth 2014.
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Figure 7. Map of Quaternary deposits in the Stass
Mosse area. Glaciofluvial sediments (green) and till
deposits (blue) (SGU) 2014.

3.1.2 Stass Mosse

The field work at Stass Mosse took place in Sep-
tember 2012, and was done by Adamsson (2013).
The cores were taken by using a Russian sampler
(1 meter length, 7.5 cm diameter). The coring
sites are described above (in section 2). The cores
were taken to Lund University and stored in the
cold room and later correlated by Adamsson
(2013).

On the 12" of March 2014 a visit was
made to Stass Mosse to look at the coring sites of
Adamsson (2013), the bog vegetation and the
pine stumps that can be seen at the excavated bog
surface. This was done to gain background
knowledge about the site to facilitate interpreta-
tion of the pollen data.

3.2 Laboratory work

3.2.1 Fajemyr and Store Mosse

After the surface Sphagnum samples had been in
the freezer overnight, they were taken out and the
sides of the frozen moss were cut off to limit
contamination. Consequently cubes with a vol-
ume of 4 cm?® were cut from the top of each sam-
ple for pollen analysis. It was assumed that the
top of the moss was covering the same time peri-
od at all the sites at Fdjemyr. About half of the
sample was saved and stored in the freezer, in
case something went wrong with the preparation.
Ten cubes with a volume of 4 cm*® were put in
test-tubes and stored in the cool room over-night.
The frozen samples were weighed and the (wet)
bulk density calculated. This provides a rough
estimate of the Sphagnum growth rate and the
peat decomposition rate, as well as the compres-
sion during sampling.



Figure 9a. The grid used for estimating the vegetation cove-
rage in percentage at site 1a (Photograph Timms Eliasson
2014).

Store Mosse is an almost 100 km? large bog
situated about 15 km NW of Varnamo in Smaland,
Sweden. The Store Mosse sample was added to assess
what Pinus pollen percentage and influx values may
be recorded in an extreme case where the distance to
local pine populations is very large. Since the Store
Mosse core (collected in 2008) was taken in the centre
of a large bog without any trees in the near surround-
ings, the tree pollen signal should be regional. A sam-
ple of the topmost 4 cm was taken from the core and
the volume was determined by water displacement.
Based on an age-model by Rundgren (personal com-
munication 2014) the top 4 cm were deposited during
9 years, resulting in an accumulation rate of 0.44 cm/
year. The surface peat was more decomposed in Store
Mosse than at the Féjemyr sites.

3.2.2 Stass Mosse

The cores from Stass Mosse were subsampled in 1 cm
slices by Adamsson (2013), and put in plastic bags in
the cool room at Lund University. The samples were
cut in approximately 1 cm* and put in small glass jars
and kept in the cool room until further processing. In
the pollen lab, the volume of the samples was meas-
ured by water displacement in a test tube with 2 ml
water.

3.3 Pollen laboratory

In the pollen laboratory Lycopodium spore tablets were
added to the samples to estimate pollen influx values
(Stockmarr 1971). Four tablets (one tablet containing
approximately 20848 spores) were added to the sam-
ples from Fédjemyr and Store Mosse, and six tablets
were used for the Stass Mosse samples. The tablets
were dissolved in HCI to be dispersed within the sam-
ple. The added Lycopodium spores can easily be dis-
tinguished from the pollen. The main advantage of
using exotic spores is that they are put into the sample
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rage in percentage at site 1b (Photograph Timms Eliasson
2014).

before any preparation process. Therefore, if some
material is lost during for example filtering, it is as-
sumed that the same amount of Lycopodium spores as
other palynomorphs will be lost (Faegri et al. 1989).
The amount of the Lycopodium spores added to a sam-
ple should be about the same amount as the pollen
(Berglund & Ralska-Jasiewiczowa 1986) or not less
than 20 % of the expected total fossil pollen (Faegri et
al. 1989).

The samples were prepared in the pollen labor-
atory. After dissolving the Lycopodium tablets, the
samples were filtered to remove coarse plant material.
Most of the Stass Mosse samples had to be filtered
twice because of coarse plant remains in the samples.
The samples were boiled or warmed with different
acids and bases (for example HCIl and NaOH) to re-
move as much as possible of the plant remains, mainly
as described by Birks & Birks (1980). The HF treat-
ment was not necessary since the peat did not contain
courser mineral grains (Faegri et al. 1989). The sam-
ples were mounted with glycerol, as described by
Faegri et al. (1989) and Lowe & Walker (1997), and
sealed with Permount.

Before counting the fossil pollen slides of Stass
Mosse, the reference collection at the Department of
Geology, Lund University, was used to get acquainted
with the morphology of the most common pollen taxa.
A microscope with 40xmagnification was used for the
pollen counting. For each sample from each site
(Fajemyr, Stass Mosse and Store Mosse), the goal was
to count 500 pollen. The number of pollen counted
should be high enough to maintain constant percent-
ages in the pollen sum, usually around 300-500 pollen
grains, depending on the problem being investigated
(Birks & Birks 1980).

The pollen counts were put into Excel and per-
centages and influxes were calculated. The results
were later put into the diagram program Tilia (Grimm



2007).

Influx values were calculated using the
equation:

Fossil pollen concentration (grains/cm?)
*sediment accumulation rate (cm/year)= Fossil
pollen influx (grains/cm’-y) (Berglund & Ralska
-Jasiewiczowa 1986).

The pollen concentrations were calculated
using the equation:

(Lycopodium added/Lycopodium counted)
* (Fossil pollen grains counted/Volume cm?) =
Fossil pollen concentration (grains/cm?).

4 Results

4.1 Fajemyr and Store Mosse

The results from Fajemyr come from five sites
with two surface samples from each site, with
one closed (a-samples) and one open (b-
samples). With closed samples (a-samples) is
meant that the Sphagnum was partly covered by
herbs, dwarf shrubs and sedges, for example
Calluna vulgaris and Europium vaginatum. At
the open sites (b-samples) Sphagnum moss was
exposed and not covered. The number of Pinus
and Betula trees in the immediate surroundings
of the sampled sites is shown in Table 2. Figure
10 with Calluna vulgaris shows a correspond-
ence between vegetation cover and pollen data
(percentage and influx values); more of the taxa
in the vegetation gives higher percentage and
influx values in the diagrams. Figure 11 with
Ericaceae undiff. does not show a correspond-
ence between vegetation cover and pollen data.
The same data is shown for all pollen taxa as
scatter plots in Appendix 1. The number of Pi-
nus and Betula trees were counted or estimated,
together with an estimate of the height of the
highest tree within 10 m radius (Table 2). The

taxa found at the sites that were included in E7i-
caceae undiff. were Erica tetralix, Vaccinium
oxycoccus, Andromeda polifolia, Empetrum
nigrum and Vaccinium myrtillus (Table 3). Cal-
luna vulgaris has a high R?-value in the diagrams
shown in Appendix 1. For Ericaceae undiff., veg-
etation coverage sometimes corresponds to the
pollen amount, but without any consistent pattern
and it has a fairly low R2-value. Pinus and Betula
have low R2?-values comparing influx, pollen
percentage, highest tree and the amount of trees
within 10 and 50 m radius. The highest tree was
always Pinus, and therefore the highest tree is not
taken into account with Betula. Pollen percent-
ages are about the same (50-60 % for Pinus and
10-15 % for Betula) when the amounts of trees
are zero, regardless if 10 or 50 meter radius is
taken into account (Appendix 1). In general, the
highest influx values were found in the relatively
treeless sites (sites 1 and 2).

Site 1a

Site 1 is located in the centre of the bog as far
away from surrounding trees as possible (Figure
8). The dominant vegetation covers at site 1a are
Sphagnum and Calluna vulgaris (Table 3). The
site has high influx values and high vegetation
cover percentages of Calluna vulgaris as seen in
Figure 10. No trees above 2 m were present with-
in a 10 m radius, but 10 Pinus and 1 Betula were
present within a 50 m radius. Site 1a had the
highest pollen percentages and influx values of
Carpinus in Fajemyr, and the other taxa were
close to the mean influx value, both with percent-
age and influx value (Figure 12). The bulk densi-
ty was 0.75 g/cm? (Figure 16).
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Figure 10. Vegetation cover (%), pollen percentage
and pollen influx values for Calluna vulgaris at the
Féjemyr sites.

Figure 11. Vegetation cover (%), pollen percentage
and pollen influx values for Ericaceae undiff. at the
Féjemyr sites.




Table 2. Number of Pinus and Betula trees within 10 and 50 m radius, and the height of the highest tree within 10 m
radius for the Féjemyr sites.

Sample/Site Pine 10 m Pine 50 m Betula 10 m Betula 50 m Max tree
radius above | radius above | radius above | radius above | height (pine)
2 m 2m 2m 2m 10 m radius
1 0 (3 below 1 10 0 1 I m
m high)

2 9 52 0 4 3 m

3 10 42 1 5 3m

4 28 108 2 8 6 m

5 60 1500 6 150 12 m

Table 3. Estimated vegetation coverage at the different sites at Fiajemyr.

Site Sphag- Eriopho- | Cal- Erica Vaccini- | Andro- Ryncho | Empe- Vacci- Erica-
num rum luna tetra- um meda - trum nium ceae
spp % vagina- vul- lix% oxy- polifo- spora nigrum | myrtil- undiff

tum % garis coccus lia% alba% | % lus % %
% %

1a 35 30 20 15 Present | 0 0 0 0 15

1b 80 20 0 0 0 0 0 0 0 0

2a 50 15 30 5 Present | Present | O 0 0 5

2b 80 0 5 0 Present 15 0 0 20

3a 35 25 5 0 Present | 5 0 30 0 35

3b 40 35 10 5 Present | 5 0 5 0 15

4a 60 15 15 10 0 Present | O 0 0 10

4b 40 0 10 5 0 Present | 45 0 0 5

S5a 45 30 0 10 5 0 0 0 10 25

5b 75 20 0 0 0 0 0 0 5 5

Site 1b Site 2a

The underlying vegetation at site 1b consisted of
Sphagnum and Eriophorum vaginatum (Table 3).
Site 1b is the only site where Calluna vulgaris
vegetation cover does not correspond to the in-
flux values for Calluna vulgaris. Calluna vulgar-
is was not present in the grid, but the pollen in-
flux value is high. In general, the pollen percent-
ages in site 1b are high compared to the rest of
the Fédjemyr sites, but for example Betula pollen
percentage is lower than for the other sites. Pinus
pollen percentage is higher than for most of the
Féjemyr sites. Site 1b shows the highest influx
values for all taxa, except for Carpinus, and the
Picea influx value which is close to the value in
site 2a. Site 1b shows the highest Pinus influx
value in Féjemyr (Figure 12). The bulk density
was 0.82 g/cm?, slightly higher compared to site
la (Figure 16).
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Site 2 was located beside a small group of trees
that consisted mainly of Pinus in the centre of the
bog (Figure 8.) Calluna vulgaris had 30 % of the
vegetation coverage and high influx values and
pollen percentages (Figure 10). No correlation
was found between the vegetation cover percent-
age of Ericaceae undiff and the influx values in
site 2a (Figure 11). Site 2 had a higher amount of
trees than site 1 with 9 Pinus within the 10 m
radius and 52 Pinus and 2 Betula within the 50 m
radius (Table 2). The pollen percentage of Pinus
is close to the mean value of all the sites in Féje-
myr (Figure 12). The pollen percentage of Betula
was lower compared to site 1b. In general, site 2a
did not have as high influx values as site 1 even
taking into account that the sites were similar as
they were both located in the centre of the bog.
Site 2a still has high influx values compared to
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Figure 12. Pollen percentage and influx diagram for the surface- sample sites at Fdjemyr (1-5) and Store Mosse (SM).
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Figure 16. The bulk density for the different sites at
Féjemyr.

the rest of Fajemyr. Calluna vulgaris had the
highest influx values at site 2a compared to the
rest of the Féjemyr sites. The bulk density was
0.56 g/cm?, a quite much lower compared to site
1b (Figure 16).

Site 2b

Calluna vulgaris has low percentage cover and a
lower influx value than site 2a (Figure 10).
Sphagnum has its highest percentage at site 2b
and the site has lower Pinus pollen percentage
than site 2a (Figure 12). Betula pollen percentage
increases compared to site 2a. The influx values
are generally lower in site 2b than in site 1 and
2a. Pinus influx is low, even compared to site 2a.
Site 2b had the highest bulk density of Féjemyr,
0.88 g/cm? (Figure 16).

Site 3a

Site 3 was located within a small group of trees
in a quite open area (Figure 8). Calluna vulgaris
corresponds with influx value and vegetation
coverage but Ericaceae undiff does not, see Fig-
ure 10 and 11. The site has close to the same
amount of Pinus and Betula as site 2, as well as
the same height of the highest tree. The Pinus
pollen percentage in site 3a increases compared
to site 2, and Betula pollen percentage decreases
compared to site 2 (Figure 12). Sites 2 and 3
have generally similar influx values comparing
Pinus and Betula. The bulk density for site 3a
was the second lowest of all sites at Fijemyr,
0.38 g/cm? (Figure 16).

Site 3b

Calluna vulgaris influx value and vegetation
coverage correspond (Figure 10). The Pinus pol-
len percentage decreases in site 3b compared to
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site 3a and Betula pollen percentage increases
compared to site 3a (Figure 12). The Pinus in-
flux value is about the same for 3a and 3b. The
influxes increases generally in 3b compared to
3a. Site 3b had a higher bulk density compared to
site 3a with 0.6 g/cm? (Figure 16).

Site 4a

Site 4 was taken near the edge of the bog (Figure
8) and Calluna vulgaris corresponds between
influx value and vegetation percentage (Figure
10). There are higher Pinus and Betula trees
compared to sites 1-3. The highest tree was about
twice as high as in site 2 and 3 (6 m). The
amount of Pinus and Betula increases (28 Pinus
and 2 Betula within 10 m radius and 108 Pinus
and 8 Betula within 50 m radius) (Table 2). The
pollen percentage for Pinus is close to the same
as in site 3b, and the pollen percentage for Betula
is high compared to the rest of the sites at Féje-
myr (Figure 12). Site 4a has influx values compa-
rable to the open sites (site 1-3) with a Pinus in-
flux value close to sites 1a, 2a and 3ab, and gen-
erally higher influx values than site 4b. The bulk
density at site 4a was one of the highest of Fije-
myr with 0.8 g/cm?® (Figure 16).

Site 4b

Because of very few pollen found in the sample,
the counted pollen sum for site 4b was only 230
instead of 500. Calluna vulgaris percentage and
vegetation cover correspond (Figure 10). As seen
in Figure 12, the pollen percentages are higher in
site 4b compared to site 4a looking at Pinus pol-
len, but Betula pollen percentage decreases com-
pared to site 4a. Site 4b has the lowest influx
values together with site 5a of all sites in Féje-
myr. Site 4a had a lower bulk density compared
to site 4a, but not remarkably low compared to
the rest of the sites at Fdjemyr (0.53 g/cm?)
(Figure 16).

Site 5a

Site 5 was taken inside the Pinus forest at the
edge of the bog (Figure 8). Calluna vulgaris was
not present in vegetation coverage at site Sa, and
cannot be seen in influx values. Vaccinium oxy-
coccus and Vaccinium myrtillus covered 15 % of
the vegetation at the site, but Ericaceae undiff.
cannot be seen in the influx value (Figure 12). As



seen in Table 2, the numbers of Pinus and Betula trees
inside the forest were much higher than for the rest of
Féjemyr (60 Pinus and 6 Betula within 10 m radius
and 1500 Pinus and 150 Betula within 50 m radius).
The highest tree was 12 m high (twice the height as in
site 4). The pollen percentage of Pinus is high in 5a
comparing to the rest of the sites in Fdjemyr, but not as
high as in site 1 (centre of the bog) (Figure 12). Betula
pollen percentage is slightly higher than for site 4b,
but not as high as in site 5b.The site had the lowest
counted pollen sum of all the Féajemyr sites (180 pol-
len), and generally the lowest influx values of the sites
in Fajemyr. The bulk density at site 5a was the lowest
of all sites in Fédjemyr with 0.23 g/cm? (Figure 16).

Site 5b

Site 5b has some Vaccinium myrtillus (5 %) in vegeta-
tion coverage and an increase in Ericaceae undiff. in-
flux compared to site Sa with Ericaceae undiff vegeta-
tion coverage of 15 % (Figure 12). Pinus pollen per-
centage was generally high and Befula pollen percent-
age was also higher than at site 5a (Figure 12). The
tree influx values at site 5b are comparable to sites 2
and 3, even if the amount of trees differs between the
sites. Except for the tree influx values, site 5b has low
influx values compared to the other sites. The bulk
density was 0.4 g/cm?® (Figure 16) for site 5b.

Store Mosse

The Store Mosse sample was taken from the centre of
the large bog. The peat was more decomposed than in
Féjemyr and had generally higher influx values
(Figure 12). The Pinus pollen percentage was lower
than some sites in Fédjemyr, but Betula had a higher
pollen percentage value in Store Mosse than in Féje-
myr. The Picea influx value is much higher in Store
Mosse compared to Fdjemyr. Herbs and grasses, Cal-
luna and Ericaceae undiff influx values are also higher
compared to Fdjemyr. Pinus had a high influx value in
Store Mosse, but not as high as site 1b, and Betula had
a higher influx value in Store Mosse compared to Féje-
myr. The sample had clearly a higher decomposition
than Féjemyr, that could be seen just by looking at the
sample.

The total influx value for Fdjemyr and Store
Mosse show that the highest total influxes are at site
1b and Store Mosse, as seen in Figure 12. The lowest
total influxes are at site 4b and 5a.
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4.2 Stass Mosse

4.2.1 High resolution interval of the Complete
Sequence (CS)

All taxa fluctuate through time and changes occur

even on short time scales (Figure 13). Pinus influx

values are fairly stable throughout the sequence until

the peak at 311 cm. Thereafter the Pinus influx value

decreases at 310 cm.

317-318 cm
As can be seen in Figure 13, Pinus and Corylus pollen

percentages decrease at 317 cm compared to 318 cm.
Quercus has a large pollen percentage increase at 318
cm (the highest percentage for Quercus in the high-
resolution sequence), and decreases at 317 cm. Alnus,
Calluna vulgaris and Ericaceae undiff. increase in
pollen percentage from 318-317 cm. All taxa except
Pinus and Quercus increase in influx value at 317 cm.
Pinus shows a small decrease at 317 cm, but increase
in influx value at 316 cm. The influx values are similar
at 317-318 cm for Pinus. At 317 cm Betula, Alnus,
Calluna vulgaris and Ericaceae undiff. show major
increases in influx values.

At 318 cm Quercus is the only taxon showing
increased influx value and it has also its maximum
pollen percentage value (Figure 13). The shrubs have
at 318 cm their minimum influx values within the
whole sequence. Betula, Alnus, Ulmus, Tilia and Frax-
inus all have the lowest or close to the lowest influx
values in the high-resolution sequence at 318 cm.

314 cm

Pollen percentages are generally higher at 314 cm
compared to 315 cm, except for Alnus that has one of
the lowest pollen percentage values in the high resolu-
tion sequence (Figure 13). All taxa get lower influx
values and Quercus has its minimum influx value. All
taxa start to increase in influx values at 313 cm, right
after the decrease at 314 cm.

310-311 cm

The pollen percentage values do not show the dramatic
increase as seen in the influx values at this level
(Figure 13). Betula, Alnus and Corylus have a slight
increase in pollen percentage compared to below. Pi-
nus and Ericaceae undiff. decease, and Quercus and
Calluna vulgaris have about the same pollen percent-
age values as below. Betula, Alnus, Ulmus, Tilia and
Mpyrica have their highest influx values at 310 cm. At
311 cm Pinus, Quercus and Fraxinus have their high-
est influx values and Ericaceae undiff. increases dra-
matically compared to before. Pinus, Quercus and
Fraxinus started to increase in influx values before the
ones that had maximum influx values at 310 cm. The



increase did not always start one cm below but
Pinus started to increase in influx value 1 cm
below the start of the increasing influx for the
taxa with influx maximum value at 310 cm. The
increase in influx values can be seen in all taxa at
310-311 cm and these samples show the highest
or second highest influx values in the whole high
-resolution sequence. Corylus and Calluna vul-
garis have almost the same influx value at 310-
311 cm.

The total influx values for the high reso-
lution sequence are highest at 316 cm and 311-
310 cm. The lowest total influx values are at 318
and 314 cm (Figure 13).

4.2.2 Complete sequence (CS) with high-
resolution interval

The highest influx values in the CS are found at
230, 260, 310/311, 330 and 380 cm (Figure 14).
The lowest influx values for all taxa are at 340-
360/370 cm. Pinus has its highest influx value at
311 cm, and a peak in influx value at 230 cm.
The pollen percentage at 380 cm is lower for
Pinus, Alnus and Corylus compared to 370 cm.
Ericaceae undiff. increases dramatically and
Betula and Calluna vulgaris increase as well. At
340 cm, Alnus decreases dramatically in pollen
percentage, and Quercus decreases as well. Pi-
nus has about the same percentage as below, and
Corylus, Calluna vulgaris and Ericaceae undiff.
increase. Pinus and Betula have about the same
pollen percentage as before at 330 cm. Alnus,
Corylus and Quercus increases and Calluna vul-
garis and Ericaceae undiff. decrease. The peak at
310/311 cm (in the high-resolution interval) be-
gins already at 330 cm. All taxa start to increase
at 330 cm. The high-resolution interval peak at
310/311 cm shows increased pollen percentage
values for Pinus, Alnus, Betula, Quercus and
Calluna vulgaris. Corylus and Ericaceae undiff-.
decrease in pollen percentage. At 260 cm, Pinus
decreases together with Corylus and Calluna
vulgaris in pollen percentage. Alnus, Quercus
and Ericaceae undiff increases. At the top of the
core, at 230 cm, Pinus, Alnus and Corylus in-
crease in pollen percentages. Calluna vulgaris
and Ericaceae undiff. decrease in pollen percent-
age value.

Pollen of herbs and grasses are present
within the entire CS, in small amounts, but they
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increase further up the sequence (Figure 14).
Calluna vulgaris and Ericaceae undiff. influx
values fluctuate and are lower in the lower parts
of the CS. Further up, after the peak at 310/311
cm, the influx values are quite stable until an
increase in influx values at 260 cm. After the
peak at 260 cm the influx values gradually de-
crease for Calluna vulgaris and Ericaceae undiff.

For some taxa, for example Betula, Alnus
and Corylus, the influx values drop after the peak
at 310/311 cm (Figure 14). The influx values
increase slowly through time until a peak at 260
cm occurs. The same phenomenon occurs before
the peak in influx values at 310/311 cm, except
for Alnus that had a gradual decrease in influx
values until the peak at 310/311 cm. Quercus
shows the same peaks, but has a more gradual
decrease after the peak at 260 cm, but a more
dramatically decrease after the peak at 310/311
cm. In the lower part of the sequence the tree
pollen influx values are decreasing more and
more over time, until the peak at 310/311 cm
occurs. After the peak at 310/311 cm influx val-
ues starts to increase more and more and then
ends in a peak.

The total influx values for the CS with the
high-resolution interval decrease from the bottom
upwards to approximately the level of the high-
resolution peak (Figure 14). Thereafter the total
influx values generally increase. The decreases
occur at the same time as there is lower accumu-
lation rate, and higher total influxes occur when
the accumulation rate is higher (see age scale in
Figure 14).

4.2.3 Tree sequence (TS)

Pollen percentages in TS do not show dramatic
changes over time (Figure 15). Pinus has a slight
increase in pollen percentage at 20 cm, together
with Corylus. At 20 cm, Alnus has a small de-
crease in pollen percentage. At 10 cm, Quercus
has lower pollen percentage, and at 0 cm Pinus
has a small decrease compared to 10 cm, and
Quercus has higher pollen percentage compared
to 10 cm. Fraxinus and Ericaceae undiff. show a
general increase in pollen percentage values from
the bottom of the core to the top.

Betula, Alnus, Fraxinus, Myrica, Calluna
vulgaris and Ericaceae undiff show general in-
creases in influx values from 30-0 cm (Figure



15). At the same time, Pinus, Ulmus, Tilia, Quercus
and Corylus have fluctuating influx values. All taxa
(Myrica close to the same influx value as 20 cm) have
an increase in influx values from 30-20 cm. Tilia and
Ulmus are the only taxa that do not increase in influx
values from 10-0 cm. The highest influx values are at
0 cm, except Ulmus (but Ulmus has low influx values),
Tilia (about the same influx value as 10 cm) and Cory-
lus (about the same influx value as 30 cm). Pinus show
peaks in influx value at 0 and 20 cm.

The total influx increases from the bottom to
the top in TS (Figure 15). The age model shows that
the (long-term) accumulation rate has been about the
same during the whole sequence, but a small increase
in accumulation rate occurs over time.

5 Discussion

5.1 Fajemyr

Vegetation percentage coverage and pollen data were
compared for Calluna vulgaris and Ericaceae undiff.
as seen in Figure 10 and 11. The high R2-value for
Calluna vulgaris (Appendix 1), shows that Calluna
vulgaris corresponded well between percentage cover-
age and percentage of pollen and influx value and has
a consistent direction of relationship (more vegetation
and more pollen). This indicates that the Calluna vul-
garis pollen is predominantly local. Ericaceae undiff.
did not show a high R2-value and no consistent direc-
tion of relationship (Appendix 1). The main reason for
this is most likely that Ericaceae undiff. includes many
different species with different pollen productivity,
and the result is therefore that sometimes the influx
value or pollen percentage corresponds to the vegeta-
tion percentage coverage, and sometimes it does not.

Pinus and Betula do not correspond between
influx values or pollen percentage and vegetation cov-
er (Appendix 1). This would indicate that the Pinus
and Betula pollen are predominantly from a regional
pollen source. The highest tree at the Féjemyr sites did
not either correspond between influx value or pollen
percentage (Appendix 1). This does also strengthen the
idea that at least the Pinus pollen (highest tree was
always a Pinus) was regional pollen. When looking at
the sites with a tree cover at zero percent, Pinus and
Betula had a pollen percentage of 60 % for Pinus and
10-15 % for Betula (Appendix 1). This indicates that a
large proportion of the pollen is regional and that the
background pollen values are around 60 % for Pinus
and 10-15 % for Betula.

If the pollen signal is predominantly regional
for Pinus and Betula, the pollen percentage should be
similar in the a and b sites since regional pollen is well
-mixed in the atmosphere and fall down evenly on the
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ground. Since this is not the case, something else is
affecting the results. The most likely explanation is
that the moss growth differs between the sites. The
exact number of years in a moss polster is not known
(Brostrom et al. 2004). Barnekow et al. (2007) studied
peat surface samples in Kiruna, northern Sweden, us-
ing Sphagnum mosses, and concluded that the moss
could be up to 5 years old in the top and that the age of
the moss is site-specific, making it more difficult to
distinguish the moss age at different sites. According
to Brostrom et al. (2008) moss polsters typically trap 1
-2 years of pollen. Using the green parts of the moss
polsters should represent 1-2 year of deposition, as
shown in a study in northern Finland (Brostrom et al.
2004). The general idea is that the age of moss polsters
used for surface samples varies between 1 and 10
years depending on the species of the Sphagnum moss
and what part of the moss that is used for the analyses
(Brostrom et al. 2004). Therefore, if there are some
sites at Fdjemyr where the moss grows more slowly,
more pollen will be deposited in the top-most cm, and
in consequence give higher influx values. In this study,
the accumulation rate was assumed to be 1 cm/year for
all of Féjemyr sites and this is probably not a realistic
assumption. The low bulk density in site Sa corre-
sponds with low influx values, but the bulk density is
not remarkably higher in site 1b, with high influx val-
ues, compared to the rest of the sites at Fdjemyr. The
accumulation rate could be of importance at some
sites, but may not be the only explanation. The differ-
ences in bulk density also reflect the compression dur-
ing sampling, and that differs between different sam-
pling sites. The low number of pollen present in the
samples taken inside the Pinus forest (site 5) at Féje-
myr could be due to differences in moss growth. Moss
growth differs depending on the Sphagnum species
and the climate at the site. If the accumulation rate was
higher than 1 cm/y, the amount of pollen would be less
than for sites where accumulation rate is lower.

The generally low Pinus pollen percentages and
influx values for site 5, which is situated within a
dense pine forest, are at first hand unexpected but may
be explained by specific pollen production and disper-
sal conditions. Most of the tree pollen at Fidjemyr is
regional, as suggested by the data for Pinus and Betula
(Appendix 1). The regional pollen falling into the for-
est could be trapped in the canopy preventing the pol-
len to fall down to the ground. Some of these could
later fall down to the ground during rainfall, or alterna-
tively, they could be taken by the wind once more and
be transported away from the site. The tall trees inside
the forest most likely produce a lot of pollen, but this
pollen is probably mainly produced in the upper part



of the canopy and is therefore dispersed away
from the forest by wind and become a part of the
“regional pollen cloud”. How far away the pollen
is transported depends on the wind velocity and
fall speed. The fall speed differs between taxa,
Pinus pollen falls with 0.031 m/s and Betula falls
with 0.024 m/s (Theuerkauf et al. 2012). A low
fall speed enables pollen grains to be transported
further than pollen grains with higher fall speed
which fall closer to the source. Pinus pollen have
air-sacks making them more suitable to fly fur-
ther with the wind, even if they are larger (and
therefore heavier) than other pollen. The most
common tree pollen found at Féjemyr show dif-
ferent fall speeds of which the slowest one is
Alnus (0.021 m/s) and the fastest one is Fagus
(0.056 m/s) (Theuerkauf et al. 2012).

Another possible explanation for low pol-
len deposition inside the forest at Fédjemyr is that,
when one accepts that most of the pollen from
the taller pine trees dispersed away from the site
by wind, the smaller trees inside the forest would
be the ones providing pollen inside the forest.
These smaller trees are growing in the shadow of
the tall trees which might result in lower pollen
productivity. The smaller trees inside the forest
are about the same height as the Pinus and Betu-
la trees out on the bog, but the trees growing on
the more central (and wetter bog area) are likely
to grow much slower or produce few pollen be-
cause of unsuitable growing conditions there.
The Pinus and Betula growing within the forest
have probably better growing conditions com-
pared to the trees out on the open bog. Pinus and
Betula inside the forest could therefore be
younger than the trees out on the bog even if
they are about the same height. Theuerkauf et al.
(2012) suggest that Pinus starts to flower at an
age of 30 years and Betula starts to flower after
20 years. It could therefore be that a large part of
the small trees growing inside the forest are too
young to flower. Moreover, according to
Brostrom et al. (2008), it is well established that
many species flower less inside a dense forest
than in an open area.

According to Hicks and Hyvérinen
(1999), at least for arboreal taxa, the pollen in-
flux value is usually higher inside a small forest
hollow than in the centre of an extensive mire.
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The reason for this has to do with the distance
from the source point of deposition, where pollen
from an individual tree is deposited close to the
source. This is not consistent with data for Fije-
myr or Store Mosse, which shows that pollen
deposition can differ markedly between sites.
According to Table 1 from Hicks and Hyvérinen
(1999), all sites at Fdjemyr should be inside
“dense forest”, both for Pinus and Betula. Our
results strengthen the idea that conditions for
pollen dispersal are very site specific, and that
Féjemyr has not the same growing conditions as
the site in Finland (where Hicks & Hyvérinen
carried out their study). It is also possible that
samples from a small forest hollow are not com-
parable with data from a bog. A forest hollow
probably forms a small opening in the forest,
allowing pollen from nearby trees to disperse and
be deposited there.

The highest influx values were found out
on the bog (site 1 and 2, see Figure 8). In an open
area, more well-mixed and wind-transported pol-
len is being deposited, and this regional wind-
dispersed pollen might be more important in the
pollen record than local pollen. Site 1b had the
highest influx values of all Fdjemyr surface sam-
ples, and a probable suggestion might be that the
moss sample had a lower accumulation rate.
Therefore the pollen at site 1b had been deposit-
ed over a longer time span. Site 1b was the only
site where Calluna vulgaris vegetation percent-
age coverage and influx value did not corre-
spond. The influx values were anomalously high
compared to the other sites relative to the vegeta-
tion percentage coverage, strengthening the hy-
pothesis that the moss sample at site 1b collected
pollen over a longer time span than the other
sites. Store Mosse had a more decomposed sur-
face peat than Fdjemyr and generally higher in-
flux values (Figure 12). Since the core was taken
from the centre of a large bog with no trees pre-
sent locally, almost all of the tree pollen is re-
gional. Picea has a higher influx value than in
Féjemyr and that may be explained by more
Picea in the surrounding forest. Svensson (1988)
also found a large contribution of Picea in the
upper part of the core from Store Mosse with a
pollen percentage of about 10 %. Store Mosse
had a more reliable accumulation rate (0.44 cm/



y) than Féjemyr (all sites assumed to be 1 cm/y). Since
the accumulation rate was less accurate and most like-
ly variable at Féjemyr, it is not straightforward to use
Store Mosse as a reference site to Fajemyr. The Pinus
influx value is higher in Store Mosse than in Féjemyr,
except for site 1b (probably because of the accumula-
tion). Store Mosse shows that it is possible to get a
very high Pinus pollen influx value from the regional
pollen deposition only, since no Pinus grow in the
centre of the bog. There are probably more Pinus trees
in the surrounding area of Store Mosse than in Féje-
myr and that explains the higher influx values for Pi-
nus in Store Mosse. Fdjemyr has a more open land-
scape in the surroundings.

Cyperaceae is a relatively common taxon found
on bogs. Therefore Cyperaceae pollen should be quite
common in the pollen records from the sites. Almost
no Cyperaceae were found in surface samples or pol-
len sequences of Fdjemyr, Stass Mosse or Store
Mosse, as seen in Figures 12-15. At Fijemyr, one sam-
ple at a Cyperaceae plant was taken and analysed.
Even then, the Cyperaceae pollen found were few and
damaged, like the rest of the Cyperaceae pollen found
from Stass Mosse and Féjemyr. The most probable
explanation is that the pollen production of Cyperace-
ae is low, for example for Eriophorum vaginatum.
According to Brostrom et al. (2008), Cyperaceae has a
quite low pollen productivity of 1.0 (the same as Po-
aceae). Gaillard (1984) did a pollen analysis on a large
lake (Krageholmssjon) in southern Scania, and there
the Cyperaceae pollen percentage was about 5 % in
the top part of the sequence. The pollen percentage of
Cyperaceae in the Store Mosse study by Svensson
(1988) is around 5% in the top most part. This shows
that Cyperaceae pollen does not need to be abundant
in a peat sequence, even when Cyperaceae are known
to grow at the site.

5.2 Stass Mosse

The Pinus pollen percentages show about the same
pattern in Stass Mosse as in the pollen diagram from
Krageholmssjon, southern Sweden (Gaillard 1984),
even if the Pinus pollen percentages are slightly higher
in the study by Gaillard (1984). Alnus is slightly high-
er in pollen percentages in Stass Mosse, and so is Cor-
ylus. The differences must be because of differences in
the local environment. Krageholmssjon is a large lake
receiving mainly regional pollen. Also the geology at
Krageholmssjon is different, affecting the forest cover.
Pinus pollen can be wind-transported quite far, espe-
cially in the open landscapes in the southwest of Sca-
nia according to Bjorse (1995). The regional Pinus
pollen is therefore well-mixed and can originate far
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away.

Corylus is typically not present on or near a
bog. Even so, Corylus was almost constantly the most
abundant taxon in the pollen record from Stass Mosse,
sometimes up to 50 % of the pollen (Figures 13-15).
Corylus is favoured by warm, light and dry conditions
compared to most other tree species (Tinner & Lotter
2001). Theuerkauf et al. (2012) found a lot of Corylus
pollen in their pollen analysis from Switzerland and
southern Germany, but few Corylus trees in the area
according to air photo analysis used to estimate the
number of Corylus trees. Even if Corylus was less than
1 % of the coverage of the total forest area, the pollen
percentage could be up to 12 %. This might be because
Corylus is not an economic valuable tree, excluding it
from the forest inventory. This is not the case here,
but it shows that there can be a lot of Corylus pollen in
a pollen record, even if the number of trees in vegeta-
tion is low. PPE in southern Sweden for Corylus is
according to Brostrom et al. (2008) 1.4, which is quite
low, for example compared to Pinus with a PPE of 5.7
in southern Sweden. Gaillard (1984) has done a pollen
analysis at Krageholmssjon, southern Scania, and the
percentage of Corylus pollen is about 20-30 % during
the same time period as the one covered by this study
at Stass Mosse (5800-3400 cal BP). Berglund et al.
(2006) claim that during the period of 5800-3400 cal
yr BP Corylus was a common tree species in Scania.
Corylus was favoured by the openness of the forest
with lighter conditions caused by human activities as
humans started to cut the forest down to obtain
grounds for agriculture (Berglund et al. 2006).

The highly variable pattern in pollen influx
values in the high-resolution part of CS (Figure 13)
indicates that pollen productivity does change even on
short time scales. The macrofossil analysis done by
Adamsson (2013) suggests that Pinus trees were pre-
sent locally on the bog during the whole high-
resolution interval (Figure 17), and probably before
and after as well. These local pines could have contrib-
uted to increased Pinus pollen influx. Barnekow et al.
(2007) suggest that a high-resolution pollen sequence
will not reflect the vegetation composition, but rather
temperature-related pollen productivity. Therefore, the
fluctuations seen in the high-resolution interval are
unlikely to reflect increases or decreases in vegetation
composition, but changes in pollen productivity due to
changes in climate. In addition, the pollen data may
also be related to changes in peat decomposition (and
therefore one cm in the peat sequence would not cover
the same time period throughout the sequence), if all
taxa vary together in influx values between samples.

The highest pollen influx peak of most taxa



within the high-resolution interval is seen at 310-
311 cm (Figure 13). This could reflect more
strongly decomposed peat, or a lower accumula-
tion rate for peat resulting in more pollen per
depth increment at this level. However, since all
taxa show an increase in influx values, the rea-
son for the increase is most likely that the peat
decomposition has changed. Changes in peat
decomposition would affect all taxa. Pollen
productivity does not necessarily vary in the
same way for all taxa in response to climate. It
could also be a combination of higher pollen
productivity and lower accumulation rate. The
climate conditions could have become warmer,
resulting in an increase in pollen productivity
and at the same time promoting decomposition
of peat as an effect of drier bog-surface condi-
tions. The local taxa (Calluna vulgaris and Eri-
caceae undiff.) increase as well, so the increase
in influx values partly depends upon higher peat
decomposition. Interestingly, an increase of Pi-
nus macrofossils occurs at the same level (Figure
17). This may reflect selective preservation of
these tissues and further support relatively strong
peat decomposition as the determining factor for
the generally high pollen influx values at 310-
311 cm.

All taxa except Pinus increase in influx
values at 317 cm (Figure 13). Therefore in-
creased decomposition is probably not a valid
explanation here. On the other hand, if the cli-
mate got warmer and drier, it obviously favoured
all tree species in the surroundings except Pinus.
However, Pinus was also present on the bog dur-
ing this time according to the macrofossil data
(Adamsson 2013; Figure 17), and the pollen con-
tribution of local Pinus pollen was therefore
probably greater than at Fdjemyr (at present).
This hypothesis is supported by the fact that the
percentage and influx values of Pinus were much
higher in Fdjemyr than in Stass Mosse. Much of
the Pinus pollen at Fadjemyr was regional pollen
and came from the surroundings, as suggested by
the low R2-values for Pinus in Appendix 1. If
Stass Mosse had the same amount of regional
pollen as Fdjemyr, there should not be a major
difference between Fijemyr and Stass Mosse in
Pinus pollen influx values and percentages. The
reason is that most of the tree pollen at Fédjemyr
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was regional and well-mixed in the atmosphere.
Pollen influx values at Stass Mosse are therefore
likely to have a larger contribution of local (on
the bog) Pinus pollen. One thing that contradicts
this hypothesis about the Pinus pollen increase at
317 cm is that local taxa (Calluna vulgaris and
Ericaceae undiff.) increase in influx values dra-
matically at 317 cm. This would indicate an ef-
fect of the bog surface getting drier. The most
probable explanation is that Pinus growing on the
bog had its roots further down in the bog than
surface vegetation. Therefore, a few drier years
would not affect the Pinus growing on the bog,
while it would affect shrubs or herbs such as Cal-
luna vulgaris and Ericaceae undiff. as the bog
surface experienced a drier environment. The
strong increases in influx values for Betula and
Alnus at 317 cm are probably because of changes
in pollen productivity that can change a lot from
one year to another.

The changes in the sequences in influx
values could be due to temporary favoured or
disfavoured changes in bog-surface wetness,
caused by climate, making the bog surface drier
or wetter. The bog-surface wetness does not
change on an annual basis, but on a decal-
millennial scale (Charman 2002). Because of
changes in climate the decomposition rate and
accumulation rate will change as well, making it
harder to know how many years of pollen deposi-
tion there are in one cm of peat. The gradual
changes in influx values present in the sequence
are probable due to changes in pollen productivi-
ty or peat accumulation rate rather than due to the
presence or absence of local trees. The trees are
still locally present on the bog when the influx
value decreases, but worse conditions in the envi-
ronment (wetter or colder) makes the pollen pro-
duction to go down or the decomposition rate to
change.

The macrofossils show that Pinus were
most likely present on Stass Mosse more or less
the whole time represented by the CS (Adamsson
2013; Figure 17). However, based on the pollen
influx data of Hicks & Hyvérinen (1999), Table
1, Pinus was present but only sparsely or not
present at Stass Mosse. The same applies to Betu-
la. The reason for this discrepancy is probably
that the different sites cannot be directly com-



pared and Hicks & Hyvérinen did not collect samples
from a bog. The increase in pollen influx values at
330 cm (Figure 14) probably represents the onset of
the peak seen in the high resolution sequence, culmi-
nating at 310-311 cm (Figure 14). Since all the influx
values increase compared to before it is likely that the
decomposition increased.

The TS (0-30 cm) had Pinus macrofossils
through the whole sequence (Figure 18). Roots grow
down into the peat and therefore the peat surrounding
the root is older than the root itself. The fact that a
Pinus tree started to grow at this level indicates that it
was dry enough (warm enough) for Pinus to grow on
the bog. The increase in influx values at the surface (0
cm) (Figure 15) could be due to higher peat decompo-
sition after the peat cutting that ended during the
1960’s. Stronger decomposition would make the pol-
len influxes increase. Most taxa increase in influx val-
ues over the whole sequence, but some taxa have a
decrease in influx values at 10 cm. It is mainly pollen
from trees not growing on the bog that decreases, sug-
gesting a pollen productivity signal related to regional

climate change. The local pollen have an increase in
influx values over time, indicating a progressively
drier bog surface and therefore higher pollen produc-
tivity for the local taxa or slower accumulation due to
drier conditions. This supports that Pinus started to
grow on the bog as a response to a gradual decrease in
bog-surface wetness. When comparing the data in Ta-
ble 1 to our pollen data, the influx values in Table 1
indicate that Pinus was not present within the close
surroundings. That is disproved by the tree stumps so
the pollen influx data of Hicks & Hyvérinen (1999) are
clearly not directly applicable to the TS record. The
Hicks & Hyvérinen (1999) influx data are not directly
applicable for Betula either; according to Table 1 Bet-
ula should have been present within 1 km radius, but
not in the close surroundings of the bog.

By combining macrofossil and pollen analyse,
it is possible to distinguish between regional and local
vegetation changes, as well as provide higher taxo-
nomic precision than is possible with pollen data
alone. Combining the two methods also makes it pos-
sible to detect taxa that were not found in one of the
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analyse (Charman 2002). Adamsson (2013) got
peaks in Pinus macrofossils at 290, 300, 310,
340 and 350 cm, with the largest peaks at 310
and 340 cm with Pinus periderm and Pinus My-
corrhizal roots (Figure 17). The peak at 310 cm
in the pollen diagram is the largest peak in the
high-resolution sequence, and the increase can
be seen both in macrofossils and pollen. That
strengthens that better growing conditions oc-
cured at this time. At 340 cm, a high number of
pine macrofossils were found by Adamsson
(2013) but in the Pinus pollen record no increase
in influx values is found. However, a small peak
in influx values occurs at 330 cm. One possibil-
ity is that Pinus trees were present before the
peak at 330 cm, and can therefore be found in
the macrofossil record. But either it was too
young trees to flower (Theuerkauf et al. 2012)
until the peak at 330 cm, or the pollen productiv-
ity was lower at 340 cm because of less favoura-
ble climatic conditions. It could also be that the

roots are from a tree growing higher up or later,
as discussed for the TS. Finding macrofossils
before increases in the pollen record is a quite
common phenomenon (Seppd 2007). Individuals
of a species are then likely to have occurred at
the site at the time of the recorded macrofossils
during conditions limiting its population growth
and pollen productivity, until external changes
(for example climate) occurred (Seppa 2007).

In TS Adamsson (2013) found the largest
number of Pinus Mycchorizal roots at 20 cm, and
Pinus periderm was most common at 30-20 cm
in the macrofossil record. In the pollen record the
highest influx value for Pinus was at 0 cm, and
almost as high at 20 cm, with lower influx values
at 10 and 30 cm. The lowest pollen influx value
at 30 cm occurs at the same time as the largest
peak in Pinus periderm, but for the rest of the
records macrofossil and pollen data correspond
fairly well. The reason for the observed differ-
ences is possibly that the macrofossils consist
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mainly of root materials that are likely to become in-
corporated at some depth below the peat surface where
the trees grow and the pollen are deposited.

5.3 Fajemyr, Stass Mosse and Store

Mosse combined
The total influx values seen in all three sites indicate
changes in both accumulation rate and/or climate fac-
tors. For the CS with high resolution and TS (Figure
14-15) the increases in total influx values occur at the
same time as the accumulation rate is high, as reflected
by the age scales in the diagrams, and the opposite for
low total influx values. The total influx values are also
dependent on other things, for example pollen produc-
tivity.

The pollen data from Fajemyr, Stass Mosse and
Store Mosse all help to illustrate the changes in vege-
tation and changes in climate that affect pollen produc-
tivity that have occurred during the last 5800 years BP
until present day. Comparing the pollen influx data
from Stass Mosse and Fédjemyr is difficult since the
accumulation rate of the Sphagnum moss samples
from Fdjemyr is uncertain and the accumulation rates
in Stass Mosse are based on an age-model with only a
few radiocarbon dates. The uncertain accumulation
rates will have effects on the pollen influx values,
since the influx is calculated from the accumulation
rate. Moreover, the low pollen influx values as found
for the samples taken within the dense Pinus forest
(site 5) at Fajemyr may not be caused by the same pro-
cesses as low influx values in parts of the Stass Mosse
record. Even so, a large part of the changes in influx
values are probably due to changes in pollen produc-
tivity caused by changing climate conditions. Colder
or wetter climate may decrease the pollen productivity
both at Fdjemyr and Stass Mosse. It is still difficult to
know if the decline was caused by changes in climate
or if it had other causes. For example the lower influx
value of site 5 at Fdjemyr could be due to the pollen
produced by higher trees and being wind-transported
away from the site or that some of the regional pollen
were trapped by the canopy. It is also shown that Stass
Mosse had a higher amount of locally produced pollen
(Pinus) than Fajemyr, and the trees at the bogs do not
grow high due to unfavourable growing conditions.
The Store Mosse sample has a more certain accumula-
tion rate but comes from a different region. The peat-
land is also very large compared to Stass Mosse and
Fajemyr and has a low amount of local tree pollen.
The main contribution of the Store Mosse data in this
thesis is to show that regional pollen deposition can be
very dominant.
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6 Conclusions

No consistent pattern could be observed between the
number of local Pinus trees and Pinus pollen percent-
age or influx values in surface samples from sites lo-
cated at different distances from the dense pine forest
present at the edge of Fajemyr. This is mainly because
the tree pollen is dominantly regional and well-mixed
in the atmosphere before falling to the ground. Differ-
ent composition of the vegetation cover at the sites in
Féjemyr did not influence the Pinus pollen percentage
or influx value. The differences in influx values be-
tween the a and b sites are probably due to differences
in moss growth. The results show that it is not possible
to interpret the local presence of Pinus on a bog only
based on pollen data. At Stass Mosse, the Pinus trees
were probably present on the bog within the CS or in
the close surroundings, based both on the macrofossil
data and pollen analysis. The pollen percentages and
influx values change over time, and the changes are
probably caused by changes in peat accumulation or
pollen productivity (related to climate conditions).
There are usually peaks in pollen percentage and in-
flux values at the same levels as peaks in the
macrofossils.
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