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Abstract

The annual pollen influx in the altitudinal zone 1800-2050 m a.s.l. produced by plant communities in the
coniferous and subalpine vegetation belts of the northwestern Rila Mts. was analyzed for the period 1994-2008. The
results from the five pollen traps placed on south and north slopes of a ridge revealed the dominance of Pinus
diploxcylon-type (Pinus mugo, Pinus sylvestris) and relatively constant presence of Picea abies and Pinus pence pollen, with the
exception in years of abundant flowering (1997, 1999, 2003 and partly 2005). The species Fagus sylvatica which grows
at lower altitudes showed very good capabilities of pollen dispersal upslope. The trapping results indicated a cyclicity
in the flowering of beech, with maximal pollen influx values in years 1994, 1999, 2005 and 2007, most probably
dependent on the local climatic conditions. Pollen of deciduous trees such as Quercus, Carpinus betulus, Corylus, Alnus,
Betula, although in less quantities, was also recorded in the traps. The herb component constituted only a small part
of the total annual pollen influx. The results from long-term pollen trapping experiments could be applied to monitor
the future trends in forest development in relation to climate change and local disturbances.
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Ozet

Rila Dagi 1800-2050 m yukseltileri arasindaki zirve altt kusaktaki bitki toplumlarinin ve igne yaprakli
ormanlarin 1994-2008 yillar1 arasindaki polen dagilimlari incelenmistir. Sirtlarin kuzey ve giiney bakilarindan toplanan
toplam 5 adet polen kapanlarindan elde edilen bulgulara gére en hakim titlerin Pinus diploscylon-tipi (Pinus mugo, Pinus
Sylvestris) ve yogun ciceklenme yillart olan (1997, 1999, 2003 ve 2005 yillart haric) nispeten Picea abies ve Pinus peuce
polenlerinin strekli olarak varlik gésterdigi tespit edilmistir. Alt yiikseltilerde yayilis gbsteren Fagus sylvatica’nin yamag
yukart yénde yogun bir polen sacimi potansiyeli gosterdigi gézlemlenmistir. Polen kapanlariyla elde edilen bulgulara
gore, kayin polenlerinin dagilimlarinda, biyiik ihtimalle mikro iklime bagli olarak, bilhassa azami ciceklenmenin
gergeklestigi 1994, 1999, 2005 ve 2007 yillarinda dongiiselligin meydana geldigi gorilmustiir. Quercus, Carpinus betulus,
Corylus, Alnus, Betnla gibi yapraklt tiirlerin polenlerine de az miktarda da olsa rastlanmustir. Otsu tiirlerin polenlerine
yillik toplam polen miktarlart arasinda ¢ok diistik bir oranda rastlanmistir. Uzun dénemli polen izleme ¢alismalati ile
iklim degisikligi ve yerel orman zararlarindan ormanlarda dogacak degisikliklerin izlenmesi mimkiin olabilecektir.

Anahtar Kelimeler: Polen izleme, Polen kapani, Polen sacimi, Agaclar, Rila Dagi, Bulgaristan.

INTRODUCTION the
Pollen monitoring experiments

individual ~ species  and  their

ecophysiological characteristics, which in

provide information on the recent state of
plant ecosystems as the pollen rain produced
is dependent on different ecological factors.
The relationship modern vegetation/pollen
is determined by the pollen production of

turn are linked with temperature and
humidity for the corresponding period of
observation (Hicks 2001). The use of pollen
traps enables to calculate annual pollen
deposition  of individual taxa with
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confidence (pollen accumulation rates or
pollen influx) and to relate the inter-annual
variation in pollen deposition to seasonal
meteorological changes (Hicks 1996, van der
Knaap et al. 2010). The main advantage of
pollen traps over surface moss samples is
that the former provide an independent
pollen record for each taxon, unaffected by
changes in abundance of other taxa (Seppa
and Hicks 2000).

In forest ecosystems particular
focus is placed on the tree-lines as those are
regarded as one of the most climate-sensitive
ecotone zones in the landscape to changes in
environmental conditions. Pollen
monitoring investigations are of basic
relevance for a better understanding of the
long-term ecological processes driving the
spread, establishment and persistence of
individual tree populations. Apart from their
scientific  interest, the results are
indispensable for modern forest
management based on scientifically built
scenarios of future environmental change
(Birks 1996).

The Pollen
Programme in Europe was launched in 1996
(Giesecke et al. 2010) and within short
period of time the first observations based

Monitoring

on results from the network of standardized
pollen traps were published (Hicks et al.
2001). The Bulgarian palynologists were
among the first who joined this programme
and untl now pollen monitoring
experiments for different periods of
observation were conducted in the Rila
(Tonkov et al. 2001, 2004, 2009), the
Western Rhodopes (Lazarova et al. 20006),
the Central Stara Planina (Atanassova 2007)
and the Strandzha (Filipova-Marinova et al.
2007) mountains, and in the lowlands of
northeast Bulgaria (Bozilova et al. 2012).
Moreover, data from the analyses of pollen
traps and surface moss samples were
included in several review papers dealing

with specific problems of pollen monitoring
on a European scale (Filipova-Marinova et
al. 2010, Pardoe et al. 2010, Pidek et al.
2010).

The Pollen

Programme has also expanded in other

Monitoring

Balkan  countries  including  research
activities in Greece (Gerasimidis et al. 2000)
and in the European part of Turkey
(Karlioglu et al. 2014, 2015).

The present paper is an attempt to
summarize and discuss the results from
long-term pollen trapping studies in the
coniferous forests of the Rila Mts. in the
altitudinal zone 1840-2050 m a.s.l. in relation
to the modern vegetation and climatic
factors (temperature and precipitation).
Such a valuable information can also serve
as a basis for interpreting fossil pollen
assemblages obtained from mountainous
areas (Hicks et al. 2001).

MATERIAL AND METHODS

The study area and field collection

The first pollen traps in the Rila
Mts. were placed in the autumn of 1993
(Tonkov et al. 2001). Until 2005 eleven
pollen traps were placed in the northwestern
part of the mountain in different locations
following the EPMP guidelines (Hicks et al.
1996). The location of the traps was selected
so that pollen deposition would reflect the
local picture of the modern vegetation and
provide  information  about  pollen
production, dispersal and deposition within
different vegetation belts and plant
communities. Unfortunately, several traps
disappeared and the subsequent efforts to
restore them were unsuccessful. The rest of
the pollen traps functioned for different
periods of time due to objective reasons.
The results from five traps with the longest
series of data observation within the period
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1994-2008 are presented and discussed
(Figure 1 and 2).
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Figure 1. Map of the Balkan peninsula showing the location of the Rila Mts. (open rectangle) and
other pollen trapping studies (closed circles) discussed in the text: 1 Central Stara Planina Mts.
(Atanassova 2007); 2 Western Rhodopes Mts. (Lazarova et al. 20006); 3 Strandzha Mts. (Filipova
et al. 2007).
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Figure 2. A morphographic map of the Rila Mts. with the location of the pollen traps (open

circles).

The modern vegetation in the Rila
Mts. (Musala peak, 2925 m) is distributed in
several altitudinal belts which are clearly
distinguished: the lowermost xerothermic
oak belt (up to 600-700 m a.s.L.); the oak and
hornbeam mesoxerophilous belt (600-1000
m a.s.l.) with Quercus dalechampii Ten. and
Carpinus betulus 1.. as the main tree species;
the beech belt (1000-1600 m a.s.l.) being
fragmented at many places and dominated
by single-dominant or mixed communities
of Fagus sylvatica 1..; the vast coniferous belt
(1600-(2000)2200 m a.s.l) dominated by
Picea abies (L..) Karst) and the Balkan endemic
Pinus pence Griseb. with an admixture of Pinus
sylvestris 1. and Abies alba Mill.; the subalpine
belt (2200-2500 m a.s.l) where thick
formations of Pinus mugo Turra and Juniperus
sibirica Burgsd. exist, and the alpine belt

above 2500 m with herbaceous vegetation
(Tonkov et al. 2001).

On a slope with south exposure
were placed two traps - BRL3 and BRIL4
(Figure 2). The trap BRL3 was placed at
1840 m a.s.l. in an opening within a mixed
coniferous forest. The proportions of the
main arboreal species around the sampling
site are Pinus pence (30%), Pinus sylvestris
(20%), Picea abies (20%), Abies alba (10%).
The other trap BRLL4 was placed at 1900 m
a.s.l. in an open area of the ecotone zone
between the coniferous forests and the
subalpine belt. The proportions of the main
tree species near to the sampling site are
Pinns mugo (25%), Pinus sylvestris (15%), Picea
abies (10%), Pinus peuce (5%), Betula pendula
Roth. (5%) and a rich layer of herbs (Table

1.
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Table 1. Geographical coordinates of the pollen traps in the Rila Mts. and description of the
surrounding vegetation.

Trap Coordin Eleva Vegetation at the study site Forest
code ates tion opening
BRL3 42°09'43.5 1840 | Small opening within a mixed 10 m
9"N m, coniferous forest composed of Pinus
239024'44.7 south | peuce (30%), P. sylvestris (20%), Picea abies
5"E, slope | (20%), Abies alba (10%), Juniperns sibirica

(5%); dwarf shrubs : Chamaecytisus
aunstriacus, Chamaespartinm sagittale,
Vaccininm myrtillus; herbs: Lugula sylvatica,
Poa nemoralis, Melampyrum sylvaticnm,

Acinos alpinus, etc.

BRI4 42°09'58.4 1900 | Open area in the ecotone zone between 80 m
7"N m, the coniferous and subalpine vegetation
23°24'57.2 south | belts; Pinus mugo (25%), P. sylvestris
6"E slope | (15%), Picea abies (10%), Pinus peuce (5%),

Betnla pendula (5%), Alnus viridis (3%),
Populus tremula (2%); dwarf shrubs:
Vaccininm myrtillus and V. nluginosum,

herbs: Festuca valida, Calamagrostis

arundinaceae, Geun coccinenm, Centaurea
nervosa, Cirsium appendiculatum, Rumex

alpinus, etc.

BRLS8 42°12°38” 1800 | Small opening within a mixed 10 m
N m, coniferous forest composed of Picea
23004237 north | abies (70%), Pinus peuce (20%), Betula
E slope | pendula, Salix caprea, Pinus sylvestris; dwarf

shrubs:  Vaccninm myrtillus, V. uliginosum,
Bruckenthalia spiculifolia; herbs:
Deschampsia flexnosa, Potentilla erecta,
Luznla sylvatica, Caltha palustris, Veratrum

album, etc.
BRLO6 42°12723” 1900 | Open area in the ecotone zone between 30 m
N m, the coniferous and subalpine vegetation
23924°19” north | belts; Pinus mugo (50%), stands of Pinus
E slope | peuce, Picea abies and Juniperns sibirica;
dwarf shrubs: Vaccininm myrtillus, 1.
vitis-idaea, herbs: Calamagrostis
arundinaceae, Deschampsia caespitosa,
Hypericum perforatnm, Juncus conglomeratus,
Campannla sparsa, Senecio nemorensis, etc.
BRL7 42°11°53” 2050 | Small opening within the subalpine belt 5m
N m, dominated by Pinus mugo and herbs:
23904°28” north | Festuca valida, Deschampsia caespitosa,
E slope | Anthoxantum odoratum, Silene vulgaris,

Campanula sparsa, Arenaria biflora,
Leontodon antumnale, Gentianella bulgarica,

etc.




On a slope with north exposure
were placed three traps - BRL8, BRL6 and
BRL7 (Figure 2). The trap BRL8 was placed
at 1800 m a.s.l. in a small opening within a
mixed coniferous forest composed of Picea
abies (70%) and Pinus peuce (20%), with single
trees of Betula pendula, Salix caprea L. and
Pinus  sylvestris. The next trap BRL6 was
placed at 1900 m a.s.l. in an open area just
above the tree-line where groups of Pinus
mugo (50%) with some Pinus peuce, Picea abies
and Juniperus sibirica are found. The last trap
BRL7 was placed at 2050 m a.s.. within the
subalpine belt in an opening surrounded by
stands of Pinus mugo (Table 1).

Information about the climatic
conditions in the study area for the period of
observation (1994-2008) was obtained from
the nearest Research Station Ovnarsko. The
mean annual temperature (MAT) and mean
annual precipitation (MAP) values for each
year are indicated on the relevant diagrams
(Figures 3-7).

Laboratory treatment and presentation
of results

The pollen traps were emptied
every autumn. The laboratory preparation of
the trap contents for pollen analysis
followed the standard treatment (Faegri and
Iversen 1989). Before the preparation of the
trap contents 3 Lycopodium  tablets
(13500/13911/11500 spores each) dissolved
in distilled water were added (Stockmarr
1971) followed by the removal of excess
material and water by sieving and
centrifuging. A pollen sum of around 500
arboreal grains was achieved and at least 50
Lycopodinm spores were counted per sample.
The identification of the pollen grains and
spores was performed to the lowest possible
taxonomic level wusing the reference
collection of the Department of Botany, the
pollen keys in Faegri and Iversen (1989),
Moore et al. (1991) and Beug (2004). The

annual pollen influx (P, grains cm™ yeat™)
was calculated using the sample size of 19.6
cm’ (the area of the trapping hole). The PI
of the most common trees/shrubs (AP) and
herbs (NAP) was graphically presented using
the software product TGView ver. 1.17.5
(Grimm 2011) (Figures 3-7). A summary
graphic with the PI values for Fagus and Picea
from all pollen traps was also constructed
(Figure 8).

RESULTS

South slope — pollen traps BRL-3 and
BRL-4

Trap BRL-3 has functioned for the
entire period of observation (1994-2008).
The total PI varies between 7500 and 27700
grains cm” year'. The highest values are
established for years 1995, 1999, 2001 and
2004. For the rest of the vegetation seasons
the total P is c. 10000-12000. The dominant
pollen type is Pinus diploxylon with values
ranging from 2300 (1994) to 13780 (1997).
The highest value for Pinus pence (3200) is
recorded for year 1995 followed by a
decrease till year 2000. Picea influx values are
usually below 1000 although at an interval of
2-3 years they increase nearly twice (1994,
1999, 2004, 2007). Only one distinct
maximum is recorded for Abies pollen in
year 2004 (1750 grains cm™ yeat™). There are
three clear maxima for Fagus, 4000 (1994),
3780 (1999) and 2200 (2001), respectively,
coinciding with those for Picea, with an
intervening 2-3 years of low pollen. A similar
trend is observed for the deciduous tree taxa
like Corylus, Carpinus betulus, Alnus, and partly
Quercus. 'The herb pollen taxa (NAP) are
rather diverse with low influx values.
Relative high PI wvalues are recorded for
Poaceae for years 1995 (above 2000 grains
cm”® year') and 1999, compared to an
average annual value of c. 500. In some years
the presence of _Achillea-type, Rumex,

6
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Cichoriaceae and Apiaceae pollen should be
noted (Figure 3).
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Figure 3. Pollen influx (grains cm™ year') recorded in pollen trap BRL3 (1994-2008).

The dataset from trap BRL-4
comprises 8 years, usually every second year,
as the trap was restored several times. The
highest total PI was recorded in 1997 (32230
grains cm” year™) when for most of the taxa
it was a big pollen year, except for Fagus. The
greatest share is contributed by Pinus
diploxcylon-type  (15000), followed by Picea
(2250) and Alnus (1750). Starting from year
2000 a decline for the PI of Pinus pence (1600-
500) is observed and for Jumiperns pollen

from year 2003. Most deciduous tree taxa
(Quercus, Alnus, Betula) are well-represented
in year 2005. Likewise trap BRI-3, Fagus
dominates in year 1994 with 5700 grains cm’
?year™. The variety of NAP types reflects the
more open vegetation of the site with
subalpine communities dominated by
Poaceae (2500, year 1997), with occasional
high Rumex,
Cichoriaceae and Secrophularia-type pollen in

years 1997 and 1998 (Figure 4).

values  for Apiaceae,
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Figure 4. Pollen influx (grains cm™ year"') recorded in pollen trap BRL4 (1994-2007).

North slope — pollen traps BRL-8, BRL-
6 and BRL-7

Trap BRL-8 has monitored the
changes in the PI for seven successive years
(2000-2000). The highest total PI is recorded
for years 2003 (23420 grains cm™ year ') and
2005 (21000), and the lowest for year 2001
(5170). The contributors with the highest
values in year 2003 are Pinus diploxylon-type
(16700) and Picea (4660), while Pinus peuce

reaches a maximum of 1420 in year 2005. It
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is worth to mention that the maximal value
of Fagus (750) is established in year 2001.
Deciduous tree taxa such as Betula, Alnus,
Corylus are present with higher PI values in
two vegetation seasons (2004, 2006) when
the input from the coniferous trees is lower.
The share of NAP taxa is rather low, in some
years the presence of Apiaceae (2005),
Brassicaceae (20006), Ranunculus-type (2000)
pollen, and spores of Polypodiaceae (2005)
is a bit higher (Figure 5).
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Figure 5. Pollen influx (grains cm™ year") recorded in pollen trap BRL8 (2000-2006).

In trap BRL-6 the average total PI
is ¢. 10000 grains cm™ year . An exception is
year 2003 when it reaches 21700 grains cm™
year' contributed mainly by Pinus diploxylon-

type (12470), Picea (4930) and Quercus (670).
Since year 1999 a tendency is visible for a
gradual decline of Pinus pence values from
1700 to 260 (year 2008). The participation of
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Fagus in the pollen trap is quite variable,
ranging from minimal values (35 and 85 for
years 2006 and 2000, respectively) to a
maximum of 1770 (year 2008). Deciduous
tree pollen is also present (Carpinus betulus,
Corylus, Quercus) which is evidently a result of
efficient upslope air transport, while the
participation of Befula (660-1330) reflects the
presence of groups of birch in the ecotone
zone between the coniferous forests and the

N
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subalpine plant communities. Of particular
interest is the appearance of Epilobinm-type
pollen and its increase since year 2002 from
880 grains cm™ year” to 3280 (year 2008).
The explanation is that in the early autumn
of year 2000 a big forest fire burst out for
several days in the vicinity to the trap. In the
next years the species Epilobinm angustifolinm
started to spread on the burnt out area as a
pioneer element (Figure 06).
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Figure 6. Pollen influx (grains cm™ year') recorded in pollen trap BRL6 (1998-2008).

Pollen trap BRL-7 placed in the
subalpine zone in year 1998 functioned for
nine vegetation seasons, except for year
2007. As expected, the highest pollen input
originates from Pinus diploxylon-type (1830-
4140 grains cm™ year") comprising chiefly
pollen of Pinus mugo, accompanied by Pinus
pence (800-1550) and Picea (680, year 1999)
pollen. The PI of Fagus displays maximal
values in years 1999 (640) and 2001 (970) like
in the rest of the traps. Among the NAP taxa

Poaceae occupies a dominant position with
average values c. 1000-1500 grains cm™ yeat”
! reaching a maximum of 3040 in year 2002.
The presence of Epilobium-type pollen is
lower as getting away from the centre of the
forest fire. The participation of other herb
taxa (Artemisia, Achillea-type, Brassicaceae,
Chenopodiaceae) remains relatively constant
throughout the period of monitoring (1999-
2008) (Figure 7).

00 1500



Eurasian Journal of Forest Science 2016 (4)1:1-16

Trap BRLT@(RiIa Mts., 2050 m a.s.l.)

<€ &

2006
2005 [N
2004

2003 [

2002

2001

2000

1999 [N

5000 10000 2000 4000 2000 500 400 400

1000

i85 i

A

|88

Pt

N Plaaldd
2000 4000 200 200 400 200 200

1000 500 300 500

Figure 7. Pollen influx (grains cm™ year") recorded in pollen trap BRL7 (1999-2008).

DISCUSSION AND CONCLUSIONS

The longest continuous picture of
pollen production and deposition in the
study area for the entire 15 years’ period of
observation is obtained from trap BRL-3.
The most abundant pollen taxon is Pinus
diploxylon-type, although the proportion of
Pinus sylvestris in the surrounding vegetation
is only 20% (other species which produce
this pollen type are Pinus mugo present at
higher altitudes, and Pinus nigra small planted
stands at a much lower altitude). Apart from
several years with high PI values (1997, 1999
and 2004), the general trend since year 1999
is towards diminishing the presence of this
pollen type. The minimal input of Pinus
diploxcylon-type pollen has occurred during
the seasons 1994 and 2000 when the lowest
amount of MAP 793 mm and 718 mm,
respectively, and MAT of 5.7°C were
recorded. Despite that Pinus peuce is more
abundant in the forest around trap BRL-3 its
PI values are several times lower compared
to those of Pinus diploxylon-type. The same
year 2000 appeared also unfavorable for the
pollen production of all coniferous and
deciduous tree species.

The data from pollen trap BRL.-4
which functioned in the ecotone zone
between the coniferous and subalpine
vegetation belts show rather uniform annual
values of the total PI c. 10000 except for year
1997 The
participation of nearly all tree taxa in the trap

as  already mentioned.
is in conformity with their proportions in the
surrounding vegetation. Compared to trap
BRL-3 the relatively dry year 2000 has not
affected the production and deposition of
Pinnus  pence  pollen  originating  from
populations growing around the timber-line.
This result confirms the high ecological
plasticity of this Balkan endemic tree species
(Velchev and Russakova 1986) which
requires lower temperatures and high air
humidity as optimal conditions for its
growth.

Of interest is also the annual
participation of Puea and Fagus pollen in
traps BRL-3 and BRL-4 (Figures 3, 4 and 8).
The PI values of the first species are in
accordance with its participation in the
vegetation surrounding the traps, 20% and
10%, respectively. When compared to Pinus
peuce, the influx values of Picea are a bit lower,
but both

tendency in pollen deposition throughout

species demonstrate  similar

10
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the entire period of observation (trap BRL-
3). Evidently, nearly every three-four years

(1994, 1997, 2001, 2004 and 2007) the pollen
input of Picea doubles and these maxima are
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correlated positively with relatively high
MAP values of at least 1000 mm (Raev
2000).
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Figure 8. Pollen influx (grains cm™ year") for Fagus and Picea recorded in all pollen traps (1994-

2008).

The species Fagus sylvatica grows at
lower altitudes in the Rila Mts. and the
distance to the nearest individuals from trap
BRL-3 is c. 400 m. Beech demonstrates very
good pollen dispersal upslope, better than
has previously been considered (Tonkov et
al. 2001, Pidek et al. 2010). There are two
clear maxima (1994, 1999) separated by four
years of much lower PI and another
maximum in year 2001 when the MAP value
was ¢. 1000 mm. The years 2005 and 2007
can also be considered to some extent
favorable for the flowering of beech (Figures
3 and 4). The report from the Rila State
Forestry Farms  presented abundant
production of beech seeds for year 2007
(Tonkov et al. 2009). The pollen and seed
production of Fagus sylvatica in temperate
regions varies from year to year with a
cyclicity of several years (Brostrom 2002).
The trapping results from the Rila Mts.
probably reflect such cyclicity in abundant
flowering known for beech, combined with
efficient

pollen dispersal upslope by

ascending winds, so that the share of this
lower altitude pollen near and above the
tree-line can be considerable.

The traps BRL8 and BRLO6 placed
on a north slope have monitored the pollen
production and deposition for the period
1998-2008
coniferous belt dominated by Picea abies. The

in the upper part of the

most abundant pollen taxon in these traps is
again Pinus diploxylon-type despite that the
presence of Pinus sylvestris in the recent
vegetation around trap BRLS is below 10%
(Table 1). At the tree-line the main source of
this pollen type becomes Pinus mugo (50% in
the vegetation around trap BRLG6) with
average annual PI not exceeding 5000 grains
cm”year” (Figures. 5 and 6). It is well known
that dwarf-pine and Scotts pine are over-
producers of pollen which is effectively
distributed to long distances from the source
area (Faegri and Iversen 1989). In the
subalpine zone (trap BRL7) the pollen input
of Pinus mugo remains nearly constant
throughout the period of observation. In
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year 2003 pollen of both Pinus diploxcylon-type
and Picea showed maximal values. The other
conifers Pinus peuwce and _Abies alba are
adequately present in the pollen traps on the
north slope in respect to their distribution in
the vegetation cover. Likewise the situation
on the south slope the dry year 2000
appeared unfavorable for the pollen
production of all coniferous and deciduous
tree species.

The content of Fagus pollen in the
three traps on the north slope increases in
year 2001 and in trap BRL-7 in year 2008
(Figure 8). It is worth to point out that in the
first year after the fire (2001) the higher
quantity of deciduous tree pollen deposited
trom Fagus, Carpinus, Corylus and Quercus
could be explained by an easier pollen
transport from altitudes below 1200 m
where these trees grow. The damages in the
coniferous forests from the fire have
diminished their filter effect. The first signs
of plant regeneration on the burnt out
terrains were monitored in year 2002. The
quantity of Poaceae pollen (trap BRLO)
sharply rises together with pollen of Bezula.
The appearance of pollen of Epilobinm
angustifolinm indicates colonization of open
areas after forest fires (Figure 0).

The results from this long-term
pollen monitoring experiments in forest
communities in the Rila Mts. could be
compared with similar studies which were
conducted within the same time interval.

The annual PI produced by
representative  coniferous = communities
dominated by Picea abies (1450—1750 m a.s.1.)
on the territory of the Borovets State Forest
Farm (northwestern Rila Mts.) was
monitored for a three-year period of
observation (2006-2008) (Tonkov et al
2009). The results from the three traps
showed that pollen of Pinus diploxylon-type
(Pinus mugo, Pinus sylvestris) was the most
abundant, together with a relatively constant

presence of Picea, Abies and Pinus peuce
pollen. Pollen of Fagus was well represented
in the traps, particularly in two successive
years (2007 and 2008) as a result of abundant
flowering, effective dispersal upslope and
high deposition. In year 2007 that probably
happened as a compensating response to the
drier year 2006. This result coincides with
the information from trap BRL3 (year 2007)
and trap BRL7 (year 2008) (Figure 8). The
most favorable year for the pollen
production of the coniferous trees (Pinus
sylvestris, Pinus mugo, Picea abies and Abies alba)
on the territory of the State Forest Farm was
2007 as a result of the combined positive
effect of higher mean annual precipitation
and temperature. However, the total PI
started to decrease since year 2006 and this
trend was particularly obvious in year 2008
when pollen overproducers like Pinus mugo
and  Pinus  sylvestris showed rather low
deposition values. The trapping results
confirmed the conclusions of Raev (2000)
that in the northwestern Rila Mts. optimal
conditions exist for the growth of Picea abies.
These forests do not suffer from drier inter-
annual periods and the hydrothermic
conditions appear favorable for their stable
bioproductivity.

The pollen trapping results from
the Rila Mts. could be partly compared with
data from the Central Stara Planina Mts.
(Atanassova 2007) (Figure 1, site 1). In
Shipchenska Mt.  five pollen traps
functioned for four consecutive years (2002-
2005) along an altitudinal transect (639-1310
m a.s.l.) where most abundant are forests of
Fagus sylvatica or mixed with Picea abies,
forests of Pinus sylvestris, and deciduous oak
woods in the foothills. The most favorable
year for the growth of the coniferous (Pinus
Sylvestris, Picea abies) and deciduous (Fagus
Sylvatica, Carpinus betulus, Betula, Corylus) trees
was  2003.  Pinus  diploxylon-type — was
overrepresented in all pollen traps which can
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be explained by the absence of clearly
delineated vegetation belts. The highest PI
values for Fagus were recorded also in year
2003 reaching c. 3000 grains cm™ year’
unlike the situation in the Rila Mts. for the
same year. This result presumes that the
cyclicity in the flowering of beech, where
observed, depends mainly on the local
climatic conditions.

A series of pollen traps were placed
in the western Rhodopes Mts. (south
Bulgaria) at 1550 m a.s.l in the coniferous
belt (Figure 1, site 2) to study in details how
the participation of Pinus sylvestris and Picea
abies in the surrounding vegetation is
reflected in the annual PI for two successive
years 2002 and 2003 (Lazarova et al. 2000).
The results demonstrated that pollen of
Pinus diploxylon-type was dominant in the
pollen traps while pollen of Piea was
underrepresented.  Another  important
conclusion from this study was that year
2003 appeared more favorable for pollen
production.

In four places of the Strandzha
Mts. In southeast Bulgaria (Figure 1, site 3)
with different vegetation types pollen traps
were placed to monitor the annual pollen
influx of the main tree species (Quercus, Fagus
orientalis and Carpinus betulus) in the course of
three years (2002-2004) (Filipova-Marinova
et al. 2007). The results revealed that year
2003 appeared favorable for the flowering
and deposition of oak and beech pollen, the
PI values of Fagus orientalis reached a
maximum of c. 3500 cm™ year™. As already
mentioned above, year 2003 was not
favorable for the pollen production of Fagus
Sylvatica in the Rila Mts. but there was a good
conformity with the PI values of beech
reported from the Central Stara Planina Mts.
for the same year.

On a European scale the annual PI
values of Fagus (high or low) monitored
along a N-S transect from Poland to

southeast Bulgaria in the course of the time
interval 1998-2008 occurred most frequently
in parallel within each region and often in
two  neighbouring regions.  Regional
occurrence of beech-dominated forests was
reflected by influx value of c. 1400 grains cm’
* year" and local abundance very close to
pollen traps by c. 2400 grains cm™ year .
High deposition of beech pollen was
recorded in 2006 in nearly all regions with
the exception of Bulgaria and this was also a
mast year (Pidek et al. 2010).

The long-term pollen monitoring
study (1994-2008) in the Rila Mts. throws
light on the driving mechanisms behind
pollen production, dispersal patterns and
deposition in a mountainous area. The
trapping experiment highlighted the annual
differences in the pollen production of the
main tree species growing on north and
south slopes at elevations between 1800 and
2050 m asl. The following main
conclusions can be outlined:

1. The results from all pollen traps
indicate a gradual decline for the total PI
values since year 2004 to c. 10000 grains cm’
? year’l.

2. The most favorable years for the
pollen production and effective dispersal of
pollen grains of the coniferous trees (Pinus
Sylvestris, Pinus mugo, Picea abies and Pinus peuce)
were 1997, 1999, 2003, and partly 2005, as a
result of the combined positive effect of the
annual precipitation and temperature values.

3. In the case of Picea abies, the tree
which dominates in the recent vegetation of
the coniferous belt, the comparatively
constant pollen influx of c. 1000 grains cm™
year” (with the exception in the years with
maximal records) confirms that in the
northwestern Rila Mts. optimal ecological
conditions exist for the growth of spruce
forests.

4. The species Fagus sylvatica, which
is found at lower altitudes in the Rila Mts.,
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demonstrates very good capabilities of
pollen dispersal upslope and the trapping
results reveal a cyclicity in its flowering. The
most favorable years with maximal PI values
recorded were 1994, 1999, 2005 and 2007.
The comparison with similar studies from
other parts of the country suggests that the
cyclicity in the flowering of beech depends
mainly on the local climatic conditions.

5. The pollen trapping results could
be successfully applied to help monitor the
future trends in forest development in
relation to climate changes and local
anthropogenic disturbances.
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Expanded Abstract

IToAeHOBUAT MOHUTOPUHI IIPEAOCTABA HH(MOPMALHA 32 CHLCTOAHHUETO HA PACTUTCAHHTE EKOCHCTEMH KOHTO
LPOAYLIPAT IIOACHOB ABXKA. Bpb3KaTa ChbBPEMEHHA PACTUTEAHOCT/IIOACH 3aBUCH OT peanta ¢akropu, Haii-
BaKHUTE OT KOUTO Ca IIOACHOBATA ITPOAYKIIHSA, PA3CEHBAHETO, OTAATAHETO U 3aIIa3BAHETO HA ITOACHOBHTE 3BbPHA M
CIIopH, CHCTABBT HA 3200HKAAAIIATA PACTHTEAHOCT, KAKTO M aHTPOIIOTEHHOTO BB3AeiicTBrme. OT cBOA CrpaHa
ITOACHOBATA ITPOAYKIIHA Ha OTAEGAHHTE PACTUTCAHH BHAOBE CE€ OIPEACAA OT EKOAOTO-(PH3HMOAOTHYECKHTE KM
OCOOEHOCTH, KOMTO 3aBHCAT M OT OCHOBHH KAIMATHYHH ITOKA3ATEAH KATO TEMIICPATYPA M BAACKH 3a CHOTBETHIA
BErETAIIMOHEH Ce30H. TO3HM METOAHYEH IIOAXOA € M3IIOA3BAH IIPH HACTOAIIETO IIPOYYBAHE IIPOBEACHO B
Cepeposammaana Puaa 3a mepuoaa 1994-2008 r. Iler xammaHa-yAOBHTEAH Ha IIOAEH OfIXa ITOCTABEHU IO FOXKEH I
ceBepeH CKAOH B AmarrasoHa 1800-2050 M H.B. B HTAOAMCTHUS U CyOaAImiickus pactureAHH moscu. Kamunre 6saxa
€/KETOAHO 32PEKAAHM H CHOHPAaHH 32 OOpabOTKa IIPE3 €CeHTA B Kpas Ha ChOTBETHHA BereranmoHeH cesoH. C
H3II0A3BAHETO HA CIOPOBO-ITOACHOBHA AHAAM3 € M3YHCACH F'OAHIIHEA IIOACHOB HH(MPAYKC (OpOH ITOACHOBHU 3BbPHA
cM2 ToA™!) HA OCHOBHH ABPBECHH U TPEBUCTH BUAOBE, KOUTO € IIPEACTABEH IIOA (DOPMATA HA IIOACHOBU AHATPAMEL.

HpOBCAeHOTO HN3CACABAHE B TCUCHHUE HA 15 BEr€TAIIMOHHN CE30HA PA3KpHBA €KETOAHUTE PA3ANYUA B IIOACHOBATA
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IIPOAYKIIMA HA OCHOBHHU TrOpCku UrAoAuctau (Pinus sylvestris, Pinus mugo, Picea abies, Pinus peuce, Abies alba) n
muupokoanuctau (Fagus sylvatica, Quercus sp., Corylus sp., Betula pendula) Bupose. Pesyararure oT IIOACHOBUTE KAITAHH
IIOKAa3BaT TEHACHIIHA KBM IIOCTEIIEHHO HaMaAfBaHe Ha oOmmusA moAeHOB unH@AYKC caea 2004 r. Haii-
OAArOIPUATHUTE TOAMHH 34 IIOACHOBATA IIPOAYKIIHA HA HTAOAMCTHHTE BHAOBE C IIOCACABAIIOTO H ePEKTHBHO
pasceiiBane u otaarae ca 1997, 1999, 2003 u oraacta 2005 B pe3yATaT Ha CHYETAHUETO HA ONTUMAAHO KOAHYECTBO
BAACKH W TEMIIEPaTypHH CTOHHOCTH. OTHOCHO OOHMKHOBEHHA CMBPY, KOHTO Ce fABABA OCHOBEH AOMHHAHT B
HNTAOAHCTHHTE TOPH, CPABHUTEAHO ITOCTOSHHITE CTOMHOCTH HA €KETOAHHA MY IOACHOB MH(AYKC ITOTBBPKAABAT
3AKAFOYCHIATA HA ACCOBBAUTE, Y€ B IIPOYIBAHNA PAHOH HA IIAAHNHATA CKOAOTMYIHHTE YCAOBHA Ca OINTHMAAHH 34
HeropoTo passuTre. [ToAeHbT Ha OOMKHOBEHMA OYK CE PAsIIPOCTPAHABA MHOTO AODPE KbM IIO-TOAEMH HAAMOPCKH
BHCOYHHI U YCTAHOBEHNTE MAKCHMAAHHU CTOMHOCTH HA IIOACHOBUS HH(PAYKC OTPA3ABAT OIIPEACACHA IINKAHIHOCT
B Irb(pTEMKA HA TO3H IITHPOKOAUCTEH ABPBECEH BHUA IIpe3 HAKOAKO roansH (1994, 1999, 2005 u 2007). I[Toayduenure
PE3YATATH MOTAT YCIEIIHO Ad C€ IPHAAraT IIPH MOHUTOPHHI HA TEHACHIIMHTE B PasBUTHETO Ha TOPCKHTE

€KOCHCTEMHU BBB BPpb3Ka C UBMCHCHHUATA HA KAIMATAa X AaHTPOIIOTECHHOTO BBSACﬁC’mHC B ITAAHUHCKHTEC pafIOHI/I.
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