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Abstract

The occurrence of Pteridium spores — the common fire-adapted plant — was observed in Poland’s Pleistocene (three
interglacials and numerous interstadials) and Holocene pollen sequences. Until the onset of the middle Holocene,
bracken was recorded relatively rarely. This marks climatic conditions with sporadic wildfires, followed by quick re-
moval of the clones (or maintenance of the clones in a suppressed state) in the subsequent, post fire successional
stages. In each interglacial we can also identify short periods (most often synchronous) of somewhat higher frequency
of Pteridium, indicating a possible increase in natural fires as an effect of stormy conditions. These short periods are
placed mainly within phases dominated by coniferous woodlands. The very high content of bracken found from a
reanalysis of the long Saalian sequence at Ossowka as three regular culminations just above three non-tree phases,
eastern Poland is the unique exception. To explain this we found the close modern analogue of the above phenomenon
in the Alaskan region, at the boundary between the tundra and the boreal zone where in a very narrow forest zone, es-
pecially with the continental signature, lightning-initiated fires are very frequent (the edge effect). Pleistocene records
of bracken during forest periods might indicate that thunderstorms and lightning strikes were responsible for its higher
content. This is not to exclude the possibility that interglacial fires were set by Palaeolithic humans. However, it is
more likely that the wildfires were utilized and to some extent controlled, especially at Ossowka, where the palacolake
existed for a long time after the interglacial; and this surely attracted the attention of game and humans. Our investiga-
tions show that rare, more abundant Pteridium in the Pleistocene sequences can be traced throughout the correspond-
ing periods even at distant sites. This might be indirect evidence of a climatic pattern that promote stormy conditions
and fires at that time. In the Holocene, different factors seem to be responsible for the long-term dynamics in Pteri-
dium clones. Both in Poland and in adjacent areas bracken peaked in the middle Holocene from 8000 to 5000 BP,
when this territory was occupied by deciduous woodlands. There is agreement that this is due to burning of forests by
the hunter-gatherer societies of the Late Mesolithic. However, in spite of increased clearings in the subsequent phases
bracken substantially decreased in abundance. This means first of all that fires rather than clearings were responsible
for the rise in Pteridium spores in the Holocene pollen sequences.
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INTRODUCTION

>q

Pteridium aquilinum is a common plant growing on ev-
ery continent except in Arctic/Antarctic regions. For many
reasons — first of all economic — it is an important plant, often
invasive and difficult to eradicate; and because of this the lit-
erature concerning every aspect of its modern existence is
voluminous. In Europe, it occurs both in open-canopied
woods as well as in open habitats (mostly in western, mari-
time regions) such as heaths, grasslands and moors (Marrs,
Watt 2006 and references).

Winter frosts are the critical factor controlling the ab-
sence of bracken in northern European treeless areas (Marrs,
Watt 2006). Hence in northern Finland in the transitional
zone of birch forest, sizable patches become smaller and scat-
tered and they have no sporulation (Oinonen 1967). In Po-
land, clones of bracken are noted commonly in forested areas

with higher light intensity, especially at the forest edges, in
open woodlands and canopy gaps where they are very vigor-
ous plants. Ephemeral, short-lived stands in open areas after
clear-cutting where Pteridium is limited by drought, are also
described (Markowski 1971). The Pteridium spores noted in
Quaternary sequences seem to be a good indicator of fire.
Oinonen (1967) pointed out that germination of spores is
possible exclusively in the presence of ash.

There are records for bracken spores in Poland from tem-
perate periods during the Quaternary. In some sequences
however Pteridium is noted more frequently or even very
abundantly — e.g. in the Holocene — whereas in the Pleisto-
cene units it is recorded sporadically or its spores form low
curves. In exceptional cases only deposits yielded more
abundant spores than in the Holocene cores from the investi-
gated area.
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Views about the cause of the Holocene maxima of
bracken are only partly coincident. It is evident that in earlier
periods humans intensively destroyed woodlands, which in-
fluenced the abundance and distribution of this light de-
manding plant. As several authors have pointed out, dis-
turbances such as burnings or clearings formed new habitats
for bracken, which resulted in a higher frequency of spores
(Dolling 1999, Pakeman et al. 2000, Mars, Watt 2006). How-
ever, which of the two factors is responsible for this, is less
clear. Furthermore, some workers see climate as an addi-
tional contribution to its Holocene abundance. In older inter-
vals, when human impact on vegetation is hard to identify in
pollen spectra, bracken has not attracted attention of re-
searchers, because spores are rather barely represented. In
this case the main causes of the bracken occurrence seem to
have been natural forest regeneration cycles and a fire regime
that has been climatically induced.

The impetus for this study was the unusual cyclic occur-
rence of three very regular, high culminations of bracken in
the sequence at Ossowka (Podlasie region, eastern Poland),
yielding pollen flora from the Holsteinian/Early Saalian age
(Fig. 1). This very long, monotonous core of lake marl accu-
mulated over several thousand years is the key profile for the
Middle Pleistocene in Central Europe. Its post-interglacial
period was reexamined. This high percentage of bracken is
unusual, because it is noted three times, just after tree-less
phases. This is atypical both for its modern distribution,
where Pteridium near the northern forest limit is a rare plant
and shows poor or no sporulation, and for its very fragmen-
tary fossil record in such an initial forest. This gave rise to
close scrutiny of the available pollen sequences of different
ages for mapping the occurrence of bracken. This might also
allow a broader spectrum of problems to be covered with re-
spect not only to fire regimes but also indirect factors, which
it generates —e.g. storm systems — confined to some stages of
interglacial succession. Let us — from a palynological per-
spective — look into the Pleistocene and the Holocene occur-
rence of Pteridium in the studied area.

MATERIALS AND METHODS

The starting point for the analysis was the well-known
Holsteinian/Saalian sequence at Osséwka (Krupinski 1995),
with a number of boreal interstadial events and tree less
stadials. The newly analyzed profile was taken from a dee-
per, central part of the palacolake (Nitychoruk et al. 2006)
and sampled with a higher resolution. The 22 m long core (24
m — 2 m) consists of lake marl rich in diatoms at most levels
analyzed. Only atthe top (4.5 m—2 m) the deposits pass into a
non-calcareous silt. The core was sampled for pollen analysis
at 10 cm intervals and after that, we used standard palynolo-
gical preparation methods with hydrofluoric acid, Erdtman‘s
acetolysis and Lycopodium spores (Stockmarr 1971). Be-
cause of frequency variations, counts range from 300 to 1000
pollen grains in each sample.

Pollen diagrams of Poland and to a lesser extent of adja-
cent areas were used as supplementary material to the exami-
nation. In many ways they represent a source of data, which
has a different value. We tried to pick out deep-water lacus-
trine sequences (Fig. 2), because succession in peat bogs is

often disturbed and sporomorphs are badly preserved. Also
in peat deposits, because of the proximity to the source area,
bracken is often overrepresented in the spectra (Greisman,
Gaillard 2009). This may deform the pattern of floristic
change inferred from the pollen count.

Undoubtedly, long Holocene sequences with short sam-
pling intervals — especially these from the project IGCP 158b
— are positive examples. Pleistocene records with reliable
pollen data and sufficient sampling, are rather rare. Usually
pollen diagrams are fragmentary, showing only a part of suc-
cession. In a large number of sequences bracken spores are
not noted — probably because of editorial requirements (dia-
grams have to fit on a page). We have at our disposal mainly
pollen diagrams representing the ‘true’ interglacials: the old-
est one — the Ferdynandovian (Cromerian III and IV) — two
extensive pollen diagrams, with interglacial flora and the
complex of adjacent stadials/interstadials, the Mazovian
(Holsteinian) interglacial (about 340 000 —325 000 yrs BP) —
a number of sites, sometimes with the long Saalian succes-
sion; and the Eemian — numerous diagrams.

Fortunately, a large part of the analyzed sequences is lo-
cated in a relatively small area in central and eastern Poland,
where after successive glaciations, palaco-lakelands were
formed. This allows more reliable comparisons between pol-
len successions of different ages, which were situated in the
same geographical region with relatively similar climate
conditions and habitat tolerance for bracken. This fact is im-
portant, because e.g. in the UK Pteridium favors equally of-
ten open areas after forest clearings (pastures, heaths) (Pake-
man et al. 2000), whereas in Poland it is a very rare visitor in
such places. Hence, the reasons for bracken peaks in se-
quences from such areas might have been different.

The possibility of mapping Pteridium at sites dispersed
in time and space depends on the high resolution of pollen di-
agrams, in which, unfortunately, spores of bracken are often
omitted and not included in the list of identified types. In the
Pleistocene record only the high total sum (about 1000 pollen
counted) permits a reconstruction of more subtle trends in
bracken occurrence. Also spores of bracken seem to be easy
identified. From a side view and when the pollen slide is too
thin, which can lead to a rupture of the exine along leasures
and some spores can be overlooked during counts. Thus, cor-
rect identification needs some proficiency.

RESULTS
The Pleistocene

The Ferdynandovian Interglacial

In this interglacial (e.g. at Zdany, Pidek 2003, Fig. 2)
bracken spores was found rarely. However, higher values of
Pteridium occurred in a few samples before each of the two
characteristically warm temperate phases for this succession
(about 3% with a maximum up to 5-7%). Their culmination
coincides with expansion of the initial pine-birch forest (with
an admixture of oak before the second optimum).

Holsteinian Interglacial and the Early Saalian

In many Holsteinian sequences a bracken is noted spo-
radically throughout the interglacial (e.g. at Nowiny Zu-
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Fig. 1. Simplified pollen diagram of the Ossoéwka core.
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1 - Zdany, 2 - Osséwka, 3 - Komarno, 4 - Kalitéw, 5 - Woskrzenice,6 - Nowiny Zukowskie,
7 - Brus, 8 - Biate Lugi, 9 - Rakow, 10 - Malice, 11 - Wielki Bér, 12 - Imbramowice,

13 - Dziewule, 14 - Nidzica, 15 - Solniki, 16 - Horoszki, 17 - Czaple, 18 - Studzieniec,

19 - Lake tukcze, 20 - Lake Bledowo, 21 - Lake Steklin, 22 - Lake Woryty, 23 - Lake Wolin,

24 - Lake Gosciaz, 25 - Lake Suszek

Fig. 2. Sites in Poland mentioned in the text.

kowskie — Hrynowiecka-Czmielewska 2010; at Brus — Pidek
2003). At some sites higher values of Pteridium (2—7 spores/
1000 or more) were found during the transitional pine zone
between yew and hornbeam-fir phase (at Rakow 1 and 2,
Malice 3 and 2 — Nita 2009; at Woskrzenice — Binka and
Nitychoruk 1995; at Kalitow, about 2% — Binka and Nity-
choruk 1996; at Osséwka and Komarno — Krupinski 1995)
and at the end of the temperate phase (at Biate Lugi 3 and 2, at
Wielki Bor 2 — Nita 2009).

Of particular interest is the occurrence of three impres-
sive culminations of bracken in the Early Saalian with the
percentages decidedly higher than in the Holocene se-
quences. They show almost the same pattern — the starting
point in the birch zone, the amplitude, the culmination and
the gradual decrease. The bracken expansion is best ex-
pressed in the long pollen sequence at Ossoéwka (Fig. 1)
where three cycles were found against two maxima in the
core, which was analyzed earlier (Krupinski 1995). The
amount attained maximum values of ca 13%. From the

nearby sites at Wilczyn, at a distance of about 5 km from
Ossowka (Binka et al. 1997) as well as at Kalitow at a dis-
tance of 10 km (Binka and Nitychoruk 1996) very high per-
centages of bracken were also reported. However, the cha-
racter of pollen spectra in the corresponding intervals sug-
gests that they might have been produced in an intermittent
fashion. Abundant bracken appears soon after short period of
tree-less vegetation dominated by grasses, sagebrushes, sed-
ges and a very characteristic peak in juniper (O-2). The last
species marks already some climatic amelioration. The fur-
ther increase in temperature causes the expansion of a gradu-
ally more closed birch forest with larch and juniper (O-3 b).
At that point spores of bracken begin to rise pronouncedly
and culminate just below the boundary with the pine zone
(O-3 ¢). Throughout this phase its curve gradually decreases.
This scheme is almost exactly repeated after the successive
cooling (O-4) with the difference being that the gradual de-
cline of bracken in the pine zone was abruptly interrupted by
a cold birch-juniper period (O-5 e). This cycle repeats again.
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In the successive Saalian zones bracken occurred sparsely
just as at other sites of corresponding age e.g. Wielki Bor 1, 2
(Nita 2009) and Brus (Pidek 2003).

Eemian Interglacial and the Early Vistulian

In the Eemian Interglacial, if this information is given,
spores of bracken are noted rarely, but regularly (about 1-2
spores/1000), e.g. at Imbramowice (Mamakowa 1989) and at
many other sites. In several pollen diagrams however, apart
from this pattern, a somewhat higher frequency is observed
e.g. in the Picea pollen zone at Nidzica 12—19, maximum
27/1000 spores were noted (Binka et al. 2011; Fig. 4), and at
Dziewule (Binka and Nitychoruk 2001, 2003) — about 7—14/
1000 spores. Also in other records in this zone we can see a
little higher percentage of bracken spores, which forms the
curve —a several spores were probably found in each sample
—at Solniki (Kupryjanowicz 2008), Horoszki (Granoszewski
2003), Studzieniec (Krupinski 2005) and Czaple (3—5 spo-
res/1000; Binka and Nitychoruk 2011). The abundance of
Pteridium was also reported from the Picea zone from adja-
cent areas e.g. at Hollerup (Bjorck 2000).

The Quercus pollen zone is the second interval within the
Eemian where Pteridium spores show higher values. In some
sequences an increased frequency of bracken is recognizable:
at Czaple (throughout the oak zone, at 8 spores per sample) as
well as at Solniki — at the beginning of the oak zone.

In the Early Vistulian only in the late Brorup sensu
stricto and in the late Amersfoort were a slightly higher
amount of bracken spores sometimes reported (e.g. at Czaple).

The Holocene

In the Holocene bracken commonly occurred in a variety
of forest habitats and is noted more often in the pollen se-
quences than in the Pleistocene. In Poland, the increasing fre-
quency of spores exceeding 1% has been reported since ca
8000 BP and it gradually declined at about 4500 years ago,
with the highest content between 7000-5000 BP inferred
from isopollen maps (Madeja ef al. 2004). Only non-signifi-
cant regional differences were observed. The simplified pol-
len diagrams from Blgdowo (Binka et al. 1991) (Fig. 3),
central Poland, and from many other sites e.g. Lake Suszek
(Miotk-Szpiganowicz 1992), Lake Steklin (Noryskiewicz
1982), Lake Woryty (Pawlikowski ef al. 1982) and Lake
Lukcze (Bataga 1982), where the higher curve of bracken
started as early as 8000 BP, show this pattern. At Btedowo in
the mid-Holocene, bracken reached the maximum of 1% to
3% (even to 6% in one sample). In the sequences outside Po-
land, e.g. in Finland, which were sampled with higher resolu-
tion, we can also see the same scheme (Ojala, Alenius 2005,
Heikkild, Seppa 2003).

DISCUSSION

There are a few features of bracken, which are important
for palynological investigation. In the life cycle of bracken
two features are essential — the vegetative reproduction of
Pteridium by rhizomes forming constantly expanding pat-
ches, and the expansion into new territories by spores dis-
persed by wind, where new clones are established. Admit-

tedly, the germination of spores in a laboratory under various
growth parameters is high (Marrs and Watt 2006), but Oino-
nen (1967) pointed out that under natural conditions this pro-
cess is possible almost exclusively in the presence of charred
biomass or ash allowing germination. For such relationships,
see Page (1986) and Oberdorfer (1990). This means that ger-
mination of spores in the presence of ash allows the founding
of new populations and their further vegetative expansion,
and as an effect the higher production and distribution of
spores. This close link between spores of bracken and fire is
especially important for palynological consideration.

Recent observations of bracken have shown that it, once
established, remains unchanged under the closed tree canopy
for several years (Dolling 1999). Oinonen (1967) observed
long-lived clones, which were relatively static during a 20
years investigation. This status quo can be disturbed by
changes in the light conditions, for example bracken invades
new grounds rapidly on clear-cut areas, however, fronds ex-
pand only where rhizomes are present; otherwise the expan-
sion is slow (Dolling 1999). Similarly, natural disturbances
such as fires or gaps cause an increase in fronds density. In ar-
eas with more humid climate e.g. in England, Pteridium
forms permanent patches outside the woodland habitat,
which are hard to eradicate and to control. This is regarded as
an intermediate stage towards woodland (Marrs et al. 2000).
In Poland, bracken can persist only a short period in open
spaces and is removed quickly in successional stages.

From a palynological point of view, it is noticeable that
the shade from a dense frond canopy and thick leaf-litter
layer may be important barriers to the establishment of young
trees. Dolling (1996) noted in Sweden a high mortality of
pine in the bracken clones, both when seeding experiments
were conducted and when seedlings were planted. The mor-
tality of Picea abies in turn was very low. Marrs and Hicks
(1986), Marrs (1987a,b), Marrs et al. (2000) observed in
their studies in England that seedlings of both Betula and
Pinus sylvestris persisted under a bracken canopy, but did so
more willingly when frond densities were lower.

The Pleistocene pollen diagrams show that like today
this plant did not occur in the non-tree pollen phases, both
with the cold steppe and the tundra signatures. Its spores are
sometimes found in intervals with open vegetation but with
the presence of reworked pollen derived from interglacial
sediments. Also transport via wind from the south to open ar-
eas is not excluded, because spores are noted in modern pol-
len rain (Lacey, McCartney 1994). Within interglacial sequ-
ences spores are rather sparsely reported (about 1-2 spores/
1000 in some samples), and sometimes the continuous
curves (about 1% or more) are rarely formed. Also the high
frequency of spores is a rare phenomenon and limited only to
the Holocene and a few Pleistocene sites. Thus, in the inter-
glacial forest Pteridium is noted rather rarely. New clones
were generated due to local wildfires and quickly after these
natural clearings were shaded out in the subsequent succe-
ssional tree stages. As a result, patches of bracken consider-
ably decreased or were eliminated if the new disturbances
such as natural fires, wind throws, and gaps during the forest
regeneration cycle did not taken place. These conclusions are
partly consistent with that drawn by Mc Vean (1958, also
Marrs, Watt 2006) for the early Holocene. According to his
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opinion, despite the suitable habitat and climate for bracken,  the key process allowing the persistence of bracken as a
climax woodlands were unfavorable for the establishment of ~ subordinate component in the primeval forest.
Pteridium in any way and it was excluded by competition. Against this, the intervals of higher content of bracken

Thus, this plant can persist only when natural gaps following  spores are intriguing, especially these at Ossowka, because
disturbances are formed. Natural fires were, in our opinion,  of their cyclicity, their magnitude and their position in suc-
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cessional stages. Two factors influenced the dynamics of
bracken at Ossowka: fires which triggered the initiation of
young individuals and their vegetative invasion in the birch
zone (the increase of spores in the spectra), and diminishing
of competition from the pine forest, which gradually sup-
pressed the expansion of patches and finally eliminated them
from communities (the continuous decline of the bracken
curve). The experiments mentioned above (Marrs, Hicks
1986; Marrs 1987a, b; Marrs et al. 2000; Dolling 1996) show
that the elimination of bracken, although difficult, is
possible.

Increased fire disturbances may have contributed to
higher Pteridium abundances, though it is difficult to assess
the cause of this fire-regime shift. The analysis of the distri-
bution of lightning-ignited fires in Finland, in areas with
modern vegetation similar to that at Ossdwka in pollen zones
0-3 and O-5, showed that despite strike density that was
twice as high in the northern areas than in southern ones, nat-
ural fires were registered less often in northern Finland, be-
cause of more ‘wet fuel (Larjavaara et al. 2005). What is
more, in the forest of northern Finland, which serves as an an-
alogue of the birch zone at Ossowka, the frequency and size
of the bracken patches clearly decreased and they showed
poor sporulation (Oinonnen 1967). This is not the only dif-
ference. Oinonen (1967) observed that sporulation was
rather rare even in warmer regions of Finland. Hence, it is not
excluded that new clones could have been initiated from
spores transported by wind from more southern areas. Thus
climatic conditions in the birch zone at Ossowka would be
different to those in northern Finland. At this site, the only
forcing mechanism seems to have been extreme strikes and
the presence of larch, a genus underestimated in the pollen
rain as a potential source of fuel. Extreme strikes and intense
forest fires, limited to temporal and territorial scope were
noted, e.g. in northern Finland during the season 1924-1927
(Larjavaara et al. 2005). They caused a six times greater in-
crease in wildfires than in later periods. This time span is too
short to explain the long lasting presence of bracken at
Ossowka.

A close analogue to the hypothesized scenario at Os-
sowka would be the distribution of lightning strikes at inte-
rior Alaska in the boundary between the boreal zone and the
tundra (Dissing, Verbyla 2003), where wildfires affect the
large forested areas (Wendler et al. 2010). Here the highest
lightning strike densities fall within a 10-25 km zone of bo-
real forest close to the open vegetation in this area. Decidedly
lower lightning frequencies are observed in the tundra or in
the transitional zone of shrub vegetation. However, also in
this case most of the strikes have taken place in the narrow
tree-less zone adjacent to the boreal forest. It is interesting
that with the progression from a maritime to a continental cli-
mate the number of strikes is markedly higher in the forested
areas and low and stable in the tundra zone. The range of
mean temperatures for Alaska interior including boreal for-
est, the area investigated by Dissing and Verbyla (2003), var-
ies from about —14°C in the coldest month to about 13°C in
the warmest one in maritime regions (e.g. at Bethel), and
from —20°C to —24°C and about 16°C respectively in the
western areas with a more continental climate (Shulski,
Wendler 2007).

On the basis of our pollen and spore evidence, especially
Larix, we thus hypothesize that climatic conditions at Os-
sowka were continental with extreme seasonal variation and
dry summers. Besides promoting the availability of dry fuels
this situation may have contributed to more lightning, induc-
ing more fires during the initial stages of the two Saalian
interstadials (pollen zones O-3 and O-5).

Some similarity to these extreme events can be seen in
the high level of charcoals reported from the Late Glacial. In
the Netherlands charcoals or even charred pine trunks, com-
monly found at the top of Allered soils (Usselo layer), are
linked with the access to the large masses of dry, dead wood
from the Allered age, which resulted from Younger Dryas
cooling (Hammen and Geel 2008) and natural fires. In Po-
land, abundant charcoals were found in the same position,
e.g. in Wolin Island. At this site, however, the activity of the
Late Paleolithic man might have contributed to such an in-
crease in the charcoal influx (Latatowa and Boréwka 2006).
In North America similar charcoal peaks in the sequences at
the onset of the Younger Dryas are associated with a hypoth-
esized comet impact and as a consequence of the extinction
of the Pleistocene megafauna (Firestone et al. 2007). Close
inspection of many sites by Marlon ef al. (2009) showed that
throughout the Late Glacial an increase in fire activity is
commonly registered in North America but large-scale fire
events rather coincided with the rapid climate change, with
the exception of the Allered/Younger Dryas boundary.

We think, that climatic pattern (maitime?) during the
abrupt climate change and/or the migration rate of Pteridium
are the reasons, that wildfire events at the scale observed at
Ossowka based on bracken are not registered in Poland dur-
ing the transition from tree-less phases to boreal forest in the
last 500,000 years. In Poland, such transitional vegetation in
this time span is noted in the pollen diagrams at least 27
times, based predominantly on the long pollen sequences.

A subsequent more abundant occurrence of Pteridium
spores is noted in the Holsteinian intra-interglacial cooling,
well defined in the sequence at Kalitow (Binka and Nity-
choruk 1996). However, a higher curve (about 2% in each
sample) appeared in the late yew pollen zone, influenced by
the maritime climate and continued throughout the whole
length of the pine zone, markings the shift towards a more
continental climate (Binka and Nitychoruk 1996). In the last
case the dry biomass of the forest floor in the summer would
not have been the potential reason for natural fires because
spores occurred continuously both in the more ‘wet’ and the
more ‘dry‘ zones. Obviously then, the extreme strikes rather
than the coniferous forest were likely to be the main force
which influenced the fire regime in this case.

In the Holsteinian the scarce appearance of bracken
spores in the Picea zone (before the yew phase) is significant,
because this means that wild fires do not show a clear prefer-
ence for such a forest. In the Eemian in turn, an increased fre-
quency of bracken in the spruce zone (e.g. at Nidzica, Fig. 4)
is especially interesting because in this interval the vegeta-
tive spread of patches of bracken seems to be more difficult.
Oinonen (1967) noted, that dense tree stands, particularly
spruce are able to weaken and shatter the bracken stands and
gradually perhaps to eradicate it completely from the site. In
this interval a decrease in summer and winter temperatures as
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well as an increase in precipitation is hypothesized (Zagwijn
1996; Kiihl, Litt 2003). Because natural fires are the product
of'a few driving forces — fuel moisture in the late spring/sum-
mer, lightning density or the type of forest (deciduous and
coniferous), therefore the last two forces seem to have been
the only features favoring fires in the Eemian Picea zone.
Also in this case it is worth stressing that despite the high
mortality of Pinus in patches of bracken (Dolling 1996), the
expansion of Pteridium was finally suppressed by the pine
forest in the sequence from Nidzica. Spruce in turn, seedlings
of which can persist under the bracken canopy and later shat-
ter the patches, shows a curve decline during bracken culmi-
nation. This depression and sudden peak in Picea versus the
gradual and quiescent rise in Pinus speaks for the view that it
was the fires, which caused the result rather the spruce forest.
The higher magnitude of lightning strikes in the Picea zone,
being an effect of weather favoring thunderstorms, seems to
have been more broadly distributed geographically, as we
can infer from Andersen‘s pollen sequence from Denmark
(Bjorck et al. 2000) with similar bracken dynamics to those at
Nidzica.

The Eemian oak pollen zone is another interval with a lit-
tle higher frequency of bracken spores. High summer tem-
peratures and the oak forest accompanied by Pinus are surely
supporting factors in fire development. In the same vegeta-
tion scenario in the oldest interglacial (Ferdynandovian), a
similar proportion of bracken spores is noted before the first
temperate climatic optimum (Pidek 2003) with the forest re-
sembling Eemian oak-pine vegetation. In the same position
within interglacial succession and similar vegetation of pine-
oak-larch forest (Krupinski et al. 1987) found a very high
curve, approximately 10% of bracken. The age of this tem-
perate interval is however problematic.

Judging from the broader geographical range of some
bracken phases in the Pleistocene, a natural ignition due to
lightning rather than human activity seems to be responsible
for fires. The case of post interglacial fire events at Ossowka
could be exceptional. The large, deep lakes at this time are
rarely noted. They must have been places where numerous
animals came from the vicinity looking for food and water.

This, combined with fires, must have attracted Palaco-
lithic man. It is worth mentioning that at the classical site at
Hoxne there is definite evidence that people were present
close to the interglacial lake (West and Mc Burney 1954).

There is no doubt, that in light of the Pleistocene records,
the mid-Holocene maxima of bracken were due to human ac-
tivity (burning). This conclusion is based on several grounds:

1 — the maximum spread of bracken, having taken place
when the climate became wetter in the so called Atlantic pe-
riod, an interval of rather fireproof conditions,

2 — the dominance of the deciduous forest at this time
which are also fireproof,

3 — the higher frequency of Pteridium, which is rare in
the Pleistocene interglacial sequences in the studied area, ex-
cept from some sites analyzed in this work,

4 — the shape of the curves of Pteridium, which shows
sudden peaks in the Holocene (Madeja ef al. 2004) against
relatively smooth curves in the Pleistocene, e.g. at Osséwka
or at Nidzica.

In Poland, the middle Holocene peaks of bracken are

commonly related to the Late Mesolithic and the Early Neo-
lithic economy, in which fire was a useful tool for deforesta-
tion (Latatowa 1992; Ralska-Jasiewiczowa and van Geel
1998; Madeja et al. 2004). From the post Neolithic onwards
the continuous increase in herbs, which suggests the pres-
ence of open-canopied woodlands or open spaces as a result
of forest clearing and clearance for cultivation, generally did
not produce an increase in bracken spores. This implies the
use of clearing methods other than fire. Where burning was
involved the final effect had to result in a greater area occu-
pied by bracken as compared to when only manual clearings
were practiced because, apart from re-vegetation from un-
derground rhizomes, new clones were established from ger-
minating spores. This means that even an increasingly open
forest since the Neolithic (a continuous increase in light de-
manding pollen types — Binka et al. 1991), which should
have encourage vegetative expansion of this fern, did not re-
strain the bracken decline when the suitable habitats, rich in
ash, decreased. Another possible reason for the decrease in
bracken spores might have been cattle grazing in the forest,
which in Poland has been common practice as a supplemen-
tary activity to farmland grazing even after the Second World
War. Thus, trampling impacts and bracken fronds eaten by
cattle could have been a means of controlling this plant in the
past (Marrs, Watt 2000).

In some areas of Western Europe the above scenario
might have been different. Not only this, the scale of the dis-
turbance by hunter-gatherers of the Late Mesolithic in this
area to the climax woodlands was, in contrast to Poland, low
as it is evidenced by Pteridium (Huntley, Birks 1983). In
England where bracken, forming dense, long lasting patches,
occurs abundantly in many open communities such as grass-
lands or heaths (Marrs, Watt 2006), the high amount of
spores in palynological records from the Neolithic (Huntley
and Birks 1983) can be both a result of forest clearing (burn-
ing) and/or invasion into newly cleared ground after defores-
tation. In such open areas the production of spores in non-
shaded conditions is high (Dring 1965) and the dispersal
range of bracken spores is wider than in woodlands. For these
reasons there can be an abundance of airborne spores deposi-
ted finally into the lakes.

Itis clear, that the distance from the late glacial refugia in
southern Europe (Huntley, Birks 1983), the type of burning
activity, the terrain morphology or a different pattern of set-
tlement phases are the real reasons, the time span of bracken
maxima in sequences from Europe must be more differenti-
ated. For example, in the southern Alps a higher content of
Pteridium is found around 6000 BP; however it peaks at a
later time (Tinner ef al. 1999;2000). At a nearby site Lago di
Annone (Wick, Mohl 2006) spores were more abundant
since 7000 cal BP and in the southern Pre-alps (Lago di
Fimon) bracken culminates like in Poland (Valsecchi et al.
2008).

In the Holocene, bracken spores were sometimes accom-
panied by charcoals. In Germany, according to Kalisa et al.
(2003) just after the Atlantic period, pronounced peaks of
charcoal were noted despite the establishment of fireproof
deciduous forest at that time. The observation of Tinner et al.
(1999, 2000) as well as other reports (Bos, Urz 2003) prove
that the presence of Pteridium and charcoal may show a posi-
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tive correlation, a phenomenon observed by Odgaard (1992)
in the case of Calluna, where a higher abundance of pollen
largely depends on fire, but where the heathland is formed
only. Because the transport and deposition of charcoal parti-
cles is a more complex process (Condera et al. 2009) such a
coincidence of charcoal and bracken spores has not always
been documented. In southern Sweden, the fire regime in the
Holocene which was identified using a charcoal method
(Greisman and Gaillard 2009; Olsson et al. 2010), is partly
coincident with the one in Poland based on bracken. How-
ever, in Sweden Pteridium is almost absent in phases of high
fire activity with the exception of one sample with an unusual
frequency of spores, suggesting the location of plants just
near a peat bog.

It is interesting that some workers reconstructing the Ho-
locene fire regime see climate as a primary force. According
to Olsson et al. (2010) peaks of charcoal recorded on sites in
southern Sweden were controlled by the climate (warmer and
drier phases) of the early/middle Holocene rather than by hu-
man induction. Others, e.g. Huntley and Birks (1983) as well
as Tinner et al. (1999, 2000), consider the combined effects
of human activity and climate as the triggering factors for
Holocene fires, based on bracken occurrences.

In Poland records for bracken from the Pleistocene and
Holocene clearly show that during the latter forest fires may
be strongly considered due to burning by humans. In more
western areas other forestry practices and the expansion of
bracken into open grounds would be partly responsible for
bracken culmination (Pakeman 2000; Huntley, Birks 1983),
which is, in our opinion an effect of different climatic-flo-
ristic conditions.

FINAL CONCLUSION

Analysis of the Quaternary occurrence of Pteridium
spores in lacustrine sequences seems to point to a different
scenario to explain the expansion and decline of this plant in
the forested areas of the Pleistocene and the Holocene. Gen-
erally, the sporadic appearance of bracken spores throughout
the interglacial — interstadial sequences under the temperate
and boreal climates as well as in the Early Holocene is typical
for most sites in Poland. In the Pleistocene the periods of a
higher (or high) proportion of Pteridium spores in the inter-
glacial/interstadial phases — sometimes with a broader geo-
graphical range — are rather limited to intervals with a higher
content of conifers. Fires were initiated by natural ignition
due to lightning strikes during thunderstorms under a spe-
cific climate, probably with a continental signature, with sea-
sonal variations and dry summers. If this triggering mecha-n
ism, which generates new patches, was to disappear, the
bracken stage, being a transitional successional stage would
finally be eliminated from vegetation. In the mid-Holocene
in turn, the culmination of bracken shows that it peaked in
conjunction with woodland clearance by burning and not in
conjunction with favorable climatic conditions. Therefore,
human activity was the main force behind the higher occu-
rrence of Pteridium at that time.
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