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Abstract: This paper compares pollen spectra derived from modified Tauber traps and moss samples adjacent to pollen traps from
four sites different in type of vegetation and openness of the landscape in Tuchola Forest. The length of the pollen deposition period
covered by an individual moss sample was a matter of discussion, as well as accumulated values of pollen grains in green gameto-
phytes (A) and basal part of moss (B). Compared to pollen traps, mosses tend to accumulate more Pinus grains. The investigated
moss samples (A+B) usually contain pollen from a period between one and two years. Pine, spruce, oak and beech pollen deposited

more pollen almost always in the subsample A.
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1. Introduction

One of the key tasks of contemporary palynology is to an-
swer the question how pollen spectra reflect the composi-
tion of vegetation in the surrounding of the analyzed sites.
The relationship between pollen spectra and vegetation
is not a simple correlation, but it should be taken into ac-
count the influence of many factors. For better understand-
ing complex relationship between the composition of the
palynological samples and the plant communities, modern
pollen spectra are analyzed. These include surface samples
taken from the moss layer (moss polster) and samples of
annual pollen deposition. These type of analyzes were car-
ried out in the Tuchola Forest.

Modern pollen spectra from moss polsters from Tuchola
Forest were analyzed within the set of data obtained at 44
sites (Hrynowiecka et al. 2007). The relationship between
the modern pollen rain and the structure of phytocoenoses,
in which pollen samples were collected was studied. The
set of data included 27 pollen samples together with 27 rel-

evés made with the Braun-Blanquet method from pine for-
ests, 6 samples from edges of forest complexes, 2 from
heathlands, 6 from dry meadows and 3 from wet meadows.

Pollen of Pinus sylvestris, Betula and Alnus were ob-
served in all analysed spectra. The performed analyses re-
vealed differences between the structure of a phytocoeno-
sis and a pollen sample collected from this phytocoenosis.

The following studies (Nienartowicz et al. 2011) aimed
to compare the relationship between vegetation and mod-
ern pollen rain in three types of phytocoenoses: heaths,
young pine-birch growths and mature pine tree stands. For
palynological analysis, samples were collected at 26 re-
search sites, including 12 in the Tuchola Forest and 14 in
the Torun Basin. At each site a relevé was made using the
Braun-Blanquet method. The performed ordination with the
method of principal component analysis (PCA) revealed
quite big differences between the pollen samples collected
in the same types of plant communities. In this analysis
no distinct relation was recorded between the composition
of a phytocoenosis and a pollen spectrum. The absence of
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such relationships is proved by the fact that only one spe-
cies — Calluna vulgaris — demonstrated a strong associa-
tion between the occurrence in a plant community and in
a pollen sample.

Another paper (Filbrandt-Czaja et al. 2012) presents
a comparison of annual pollen deposition in Tauber traps
with the actual vegetation at two research sites — Laska
and Widno, located in the northern part of the Zaborski
Landscape Park. The studied sites were circular in shape
with a radius of 2 km and an area of 1256 ha each. The
size of area covered by pine, birch, alder, hornbeam and
oak and the amount of pollen deposition of these trees
were positively correlated at both sites. Comparison of
the average annual pollen deposition of trees pollen from
two sites demonstrate that the PAR (Pollen Accumulation
Rate) values at the site Widno are higher for most of the
studied arboreal species than those values at the Laska
site, but these differences are statistically significant only
in the case of birch and hornbeam.

The present study concerns the comparison between
annual pollen deposition (PAR) in traps and pollen depo-
sition in moss samples collected close to the traps. Few
studies have compared the assemblages obtained from
moss samples with assemblages from other surface sam-
pling media (Boyd 1986; Cundill 1991; Tonkov et al.
2001; Résédnen et al. 2004; Cundill et al. 2006, Lisytsyna
& Hicks 2014, Pardoe et al. 2010).

Pollen traps require sampling collected over a number
of years before the full implications of the pollen-vegeta-
tion relationships are revealed (Hicks 1985) whilst moss
polsters are assumed to be reservoirs of several years of
pollen and spore accumulation but with no definite time
span (Braggio Morucchio et al. 1988). The length of time
reflected by the pollen assemblage retrieved from moss
is of particular interest. According to Cundill (1991) there
is considerable disagreement in the literature over the age
of the moss material collected for different studies.

The aim of this paper is answer the questions raised
above: 1. How many years of pollen are represented in
analyzed moss samples? 2. How many pollen grains con-
tain the basal sections of moss?

2. The study area

The research was carried out in Tuchola Forest in north-
ern Poland. This region is located between 17°24°35”
and 18°27°08” east longitude and between 53°29°55” and
54°03°58” north latitude. Area of Tuchola Forest is ca.
5,000 km? including one of the largest forest complexes in
Poland. The forestation rate of this region amounts to over
50%. More fertile habitats and forest stands rich in decidu-
ous species were preserved mostly in the eastern part of
the forest complex.
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Figure 1. Location of the study area
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The mesoregion of Tuchola Forest includes a fragment
of lowland Poland. It belongs to the macroregion of South
Pomeranian Lake District and is situated in its eastern part,
within the catchment area of the Wda River and partially
of the Brda River (Kondracki 2000). In respect of climate,
the Tuchola Forest region, is much drier and warmer as
compared with areas of West Pomeranian and East Po-
meranian Lake Districts. A young glacial, outwash type of
natural landscape is characteristic for the Tuchola Forest.
Those are extensive, sandy plains, in places with outcrops
of moraine elevations. Another characteristic feature is the
abundance and diversity of surface waters, with character-
istic ribbon and kettle lakes, as well as raised and transi-
tional peat bogs.

The Tuchola Forest is an extensive forest complex with
the absolute domination of pine forests. Scots pine (Pinus
sylvestris) constitutes about 95% of tree stands (Matusz-
kiewicz 1968). The species constituting the admixture in
tree stands is pedunculate oak (Quercus robur) and Euro-
pean beech (Fagus silvatica); the latter one occurs here
within a dispersed range.

A dominating habitat type in the Tuchola Forest
is a fresh pine forest. The tree stand is usually composed
of a single layer of Scots pine with a scanty admixture
of European white birch (Betula pendula), without under-
growth, which is characteristic of even-aged plantings, or
with undergrowth of common juniper (Juniperus commu-
nis), alder buckthorn (Frangula alnus) or European moun-
tain ash (Sorbus aucuparia). In the herb layer, developed
to a different extent, the following species dominate: bil-
berry (Vaccinium myrtillus), lingberry (Vaccinium vitis-
idaea), common heather (Calluna vulgaris). The vascu-
lar flora of the Tuchola Forest belongs to moderately rich
floras. 1068 vascular plant species occur here, both native
and domesticated ones (Ceynowa—Gietdon 1988).

3. Methods

Pollen deposition was monitored by four standardized pol-
len traps of Tauber’s (1974) general design with modifica-
tions described by Hicks & Hyvirinen (1986) and Hicks
(1996). Two traps were located in the territory of the Laska
village — in the open area (LO) and in the edge of for-
est (LE). In a similar way, two traps were placed in the
periphery of the Widno village (WO and WE). The trap
bottom was covered by a mixture of glycerine, thymol and
formaline in the recommended proportions (Hicks et al.
1996). The traps remained in the field all year round (Oc-
tober—October) with the opening just above the ground
surface. The trap contents were subjected to laboratory
treatment followed by microscopic analysis. Lycopodium
tablets were added at an early stage of laboratory treat-
ment, followed by sieving through a coarse sieve, con-

centration and Erdtman’s acetolysis by standard methods
used in pollen analysis. The addition of Lycopodium clava-
tum spores (Stockmarr 1971) during laboratory treatment
permitted the calculation of PARs, frequently referred to
as pollen influx values. The PAR is a number of pollen
grains deposited on 1 cm? of surface during 1 year (Hicks
et al. 1999).

Moss samples have been collected adjacent to pollen
traps in autumn 2011 in order to compare the pollen spectra
from the two sampling media. Surface samples were col-
lected in places overgrown with moss by means of a plas-
tic cylinder with a diameter of 5 cm (the intersection area
of 19.6 cm?). The number of samples taken at each station
was dependent on the occurrence of places overgrown by
the moss.

Samples collected in the field for palynological studies
were transported to a laboratory. Each sample was divided
into two subsamples: green gametophytes (A) and basal
part of moss (B) (dead matter). Next, each sample was
boiled in 10% KOH solution. After boiling-out, samples
were filtered out and rinsed with distilled water, and then
two tablets of Lycopodium were added into. Next, the ace-
tolysis of Erdtman was carried out on the studied samples
in accordance with the recommendations of Berglund and
Ralska-Jasiewiczowa (1986). Acetolysis is followed by
staining the pollen grains with fuchsin, mounting in glyc-
erine and microscopic analysis.

The pollen concentration of each taxon in surface sam-
ples was divided by the surface area and expressed as grains
cm. These values could then be directly compared to suc-
cessive annual deposition rates from the associated trap.

The analysis was based on pollen trap and moss sample
results from the same year (2011).

4. Results

The sum of the deposition of pollen of herbaceous plants
(NAP) in moss samples was the highest at the position Wid-
no — Open, reaching a maximum value of 4785 grains /cm?
in a sample WO-2, the smallest deposition of NAP were
noted in the site Widno Edge (WE-5, 1476 grains /cm ?2).
Average deposition of NAP in open space both in Laska
(LO) and in Widno (WO), reached similar values. Inversely
proportional are values of the deposition of trees (AP). The
highest deposition of pollen grains of trees occurs at the
positions Widno Edge (WE-1, 19317 grains / cm?), the low-
est values in the Laska Open (LO-1, 4138 grains / cm 2). In
all samples the highest values of the deposition reached the
pollen of pine and birch. Analyzing the pollen deposition in
the two layers (Table 1) can be concluded that in the case of
pine, spruce, oak and beech more pollen is almost always
occur in the upper layer- subsample A. In the case of other
taxa such relation is less expressive.



30

Anna Filbrandt-Czaja

Table 1. Average deposition and standard deviation of selected pollen of trees and the sum of the NAP in layers A and B of surface

samples
Site

and moss Pinus Betula Alnus Quercus Picea Corylus Carpinus Fagus X NAP
layer
WE-A | 3693+1115 | 14854984 | 608+612 179+135 1076418 659+497 | 337+244 243448 1025+278
WE-B | 3856+1415 |4521+£3223 | 6894587 118+148 353+183 805+578 | 411+224 160+94 1367+406
WO-A |3930+£1174 | 288+92 205+76 266+118 4694205 62+15 4124 234+61 2148+287
WO-B |3210£1655| 320+490 | 217+123 150+128 118+115 49+71 6+12 200+299 1547+682
LE-A | 26731778 | 17562075 | 396+270 207+83 326+202 320+£365 | 133+130 164+99 1277+1232
LE-B | 2013£1065 | 301+200 139+72 132+17 146+51 45428 14+9 187+119 839+645
LO-A | 2164+720 | 1123+895 | 260+193 167+56 221+150 195+176 73+85 231495 979+421
LO-B 16194494 | 859+1055 | 160+101 77+58 133476 146+190 51+68 135+46 9054299

4.1. The site Laska Open

The Tauber trap collecting the annual pollen deposition
is located within mesophilic meadow with some admixture
of xerothermic species, in the territory of the Laska village,
which is surrounded by pine forest. Three samples from
moss were collected near the pollen trap. All analysed trees
achieved higher values of pollen deposition in subsample
A consisting of living gametophytes (Fig. 2). Pinus sylves-

tris pollen grains dominates in both subsamples (A and B),
next in order is pollen of Picea.

Comparison between the pollen deposition of trees in
the moss sample (A+B) and PAR in the pollen trap shows
that the pollen accumulated in the moss was equivalent
to less than 1 year’s pollen deposition in the trap (Fig. 3).

1800

1600 -

1400 -

1200 -

1000 -

ELO-A

800 -

" LO-B

600 -

400 -~

200

= BN

Pinus Betula  Alnus Quercus

Picea Corylus Carpinus Fagus

Figure 2. Average values of pollen deposition of selected trees in moss-polsters from Laska Open site in subsample A and B
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Figure 3. Difference between the pollen deposition of selected pollen taxa in the moss sample M (grains cm?) and PAR in

The pollen trap is placed in the forest edge. In the north-
ern part of the Laska village where traps were installed,
fresh pine forest occurred with some admixture of decidu-
ous trees — silver birch, small-leaved lime, beech and oak.
Three samples from moss were collected near the pollen

the pollen trap T (grains cm™ year') for the year of sample collection for sampling pairs from Laska Open site.

4.2. The site Laska Edge

trap. In samples from this station average pollen accumu-
lation of analyzed trees have found higher in subsample
A, with the exception of Corylus, which achieved slight-
ly higher values of deposition in subsample B (Fig. 4).
Strong domination of Pinus pollen is noted in both sub-
samples.
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Figure 4. Average values of pollen deposition of selected trees in moss-polsters from Laska Edge site in subsample A and B
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A comparison of the pollen accumulation rate in pollen
traps on Laska Edge station with the pollen concentration
in the moss per unit surface indicates large differences for
individual pollen taxa (Fig. 5). Pinus, Picea and Corylus
deposit a slightly more pollen grains in the moss per unit
surface compare with PAR values from trap, while Betula,
Alnus and Fagus have a higher values of pollen accumula-

4.3. The site Widno Open

The Tauber trap is located within a wet meadow near
Lake Milachowo at the periphery of the Widno village.
Four samples from moss were collected in the near dis-
tance from the pollen trap. The average values of pollen
deposition are higher in green gametophytes- subsample

tion in trap. A (Fig. 6) than in subsample B (basal parts of mosses).
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Figure 5. Differences between the pollen deposition in the moss sample M (grains cm?) and PAR in the pollen trap T

(grains cm™ year-1) for the year of sample collection for sampling pairs from Laska Edge site
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Figure 6. Average values of pollen deposition of selected trees in moss-polsters from Widno Open site in subsample A and B
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Figure 7. Difference between the pollen deposition in the moss sample M (grains cm?) and PAR from the pollen trap T
(grains cm-2 year-1) for the year of sample collection for sampling pairs from Widno Open site
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Figure 8. Average values of pollen deposition of selected trees in moss-polsters from Widno Edge site in subsample A and B

A comparison of PAR from Tauber trap with deposi- in moss samples, whereas Betula, Alnus and Corylus
tion in moss samples from Widno Open site shows differ-  achieve higher PAR values in traps (Fig. 7). Carpinus
entiation depending on analyzed taxon. Pinus, Quercus, pollen achieved low and almost the same values in both
Picea and Fagus are characterized by higher deposition  sampling media.



34

Anna Filbrandt-Czaja

8000

7000

6000

5000

BWE-T

4000

TWE-M

3000

2000

1000

Pinus Betula Alnus Quercus

Picea Corylus  Carpinus  Fagus

Figure 9. Difference between the pollen deposition in the moss sample M (grains cm-2) and PAR in the pollen trap T
(grains cm-2 year-1) for the year of sample collection for sampling pairs from Widno Edge site
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Figure 10. Differences between the Pinus pollen deposition in the moss (grains cm?) (M-A-subsample A, M- subsample A and
B) (grains cm?) and PAR in the pollen trap T (grains cm? year'), LO- Laska Open, LE- Laska Edge, WO- Widno

Open, WE- Widno Edge.

4.4. The site Widno Edge

The pollen trap was placed in the north-eastern end of
Widno, in the vicinity of the hornbeam-oak forest with
some admixture of Scots pine, eastern white pine and sil-
ver birch.

Considering the average value of the deposition of the
five samples should be stated that most analyzed trees ac-

cumulate more their pollen grains in basal part of moss-
subsample B than in subsample A (Fig. 8).

The pollen accumulated in the moss was equivalent to
more than | year’s pollen deposition in the trap on Wid-
no Edge site with the exception of Carpinus and Fagus

(Fig. 9).
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Figure 11. Differences between the Betula pollen deposition in the moss (M-A-subsample A, M- subsample A and B) (grains cm?)
and PAR in the pollen trap T (grains cm™ year'), LO- Laska Open, LE- Laska Edge, WO- Widno Open, WE- Widno Edge
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Figure 12. Differences between the Alnus pollen deposition in the moss (M-A-subsample A, M- subsample A and B) (grains cm?)
and PAR in the pollen trap (grains cm? year'), LO- Laska Open, LE- Laska Edge, WO- Widno Open, WE- Widno Edge

4.5. Representation of selected taxa
in moss compared to traps

The two approaches that were used to estimate the dura-
tion of pollen deposition in a moss sample assume that
the moss sample has the same trapping efficiency as the
pollen trap. The first approach was comparison of total
samples (subsample A and B) with pollen accumulation
rate (PAR) from trap. The second method based on jux-
taposition of pollen accumulation in green gametophytes
(Subsample A) with pollen deposition in trap.

Pinus is widely distributed in the region and, because
of the abundance of the trees, there are vast quantities
of pine pollen in the air. Pinus pollen deposition in the

green parts of moss (subsample A) is lower than observed
in traps (Fig. 10). The reverse situation is observed if one
considers green gametophytes (A) and basal part of moss
(B) with the exception of Laska Open (LO) site.

Values of pollen deposition of birch are higher in traps
when only green parts of mosses (subsample A) are tak-
ing in to account (Fig. 11). Comparing deposition in both
subsamples (A and B) the reverse results were noted with
the exception of Widno Edge station.

Tauber traps from Laska (Laska Open — LO and Laska
Edge — LE) contained more pollen grains of Alnus than
traps in Widno irrespective of alder abundance in the lo-
cal vegetation (Fig. 12). Values of pollen deposition of 4/-
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nus in moss are lower than in traps with one exception of
Widno Edge station when two subsamples (A and B) are
taking into account.

6. Discussion

The presented results of the study on the annual pollen
deposition include only values for arboreal pollen deposi-
tion. In the case of the analysed sites located in the largely
afforested area where pine is the most important compo-
nent of forest plant communities, high contribution of Pi-
nus pollen results from the dominance of this component
both in the local and regional pollen rain (Prentice et al.
1987; Jackson & Kearsley 1998). In both sets of results
the pollen rain is dominated by Pinus, Betula and Alnus.
The results demonstrate that the pollen deposition in
pollen traps can differ considerably from that in a moss ad-
jacent to the trap. The obtained results showed that, Pinus
pollen accumulated in the moss usually were equivalent
to more than 1 year’s pollen deposition in the trap, while
for Betula and Alnus the same moss sample contained less
than a year of pollen deposition. Rédsdnen et al. (2004)
where, using green mosses sampled down to the mineral
soil, suggested that the individual moss sample from the
island Hailuoto (Finland) represent between one and two
years of pollen loading. However, bisaccate pollen grains
tend to be over-represented in moss samples compared to
pollen traps. The dominance of pine pollen in the moss
polsters as compared to the pollen traps has been men-
tioned for different localities and different vegetation ty-
pes (Vermoere et al. 2000; Résédnen et al. 2004; Lazarova
et al. 2006) and seems to be a common phenomenon. For
example, Bradshaw (1981) and Braggio Morucchio et al.
(1988) believe that green moss shoots contain pollen from
the last few years whilst Cundill (1985) has considered
that such samples may contain only a few months moss
growth and therefore a limited period of pollen entrap-
ment. The current study provides evidence which appears
to support the latter point of view, especially if we only
consider green parts of the moss (subsample A). The moss
samples consisted of green gametophytes (A) and basal
part of moss (B) sometimes contain pollen from a period
a little longer than one year. Pine, spruce, oak and beech
deposited more pollen almost always in the subsample A.
There are many potential problems associated with the
growth-form and density of the moss. Boyd (1986) sug-
gests that the pollen content of some mosses may reflect
the composition of pollen rain more accurately than that
of other mosses. The differences in deposition of pollen on
gametophytes may to some extent were caused by the fact
that the samples were taken from different moss species
whose gametophytes had different morphological charac-
teristics. Unfortunately, it was not possible to take sam-

ples from identical gametophytes, because there were few
mosses near the Tauber traps. The length of the time period
covered by the moss depends on the moss type. Where
there is a choice of moss taxa, we should perhaps collect
one genus for the sake of consistency (Pardoe et al. 2010).
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