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Abstract. Pollen monitoring has been held during two consecutive years (2002–2003) on the basis of nine pollen traps 
and 16 surface samples in mosses taken in the coniferous belt from the Beglika region, Western Rhodopes 
(1550 m a.s.l.). Annual influence on the values of arboreal and non-arboreal pollen has been traced out and 
compared with the pollen production and effective dispersal distance. Data from different deposits has been 
compared. Conclusions have been drawn on the interrelations between the contemporary vegetation in the 
region and the pollen rain. The authors present data on the participation, productivity and preservation of 
the widest distributed taxa in recent pollen spectra in a mountainous relief.
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Introduction

To interpret properly the fossil pollen spectra, it is 
necessary to determine the interrelations between 
the existing vegetation and the contemporary pollen 
“rain”, considering the physico-geographical condi-
tions in the region. Pollen analysis of surface pollen 
samples and pollen traps provide the most reliable in-
formation about the relationship between the contem-
porary vegetation and pollen rain in a given region. 
These methods make it possible to determine to what 
an extent the spectra formed by the pollen rain actual-
ly reflect the species composition of the contemporary 
plant communities that have produced them, as well 
as the correlation between their various components. 
Parallel with that they provide implicit information 
about relative pollen productivity, effectiveness of dis-
tribution and pollen preservation of the different taxa. 
Records of the influence of pollen productivity on var-
ious arboreal and non-arboreal taxa, of the ability of 
their pollen for distribution, deposit and preservation, 

and determination of origin in the monitored regions 
contributes to a better reconstruction of the paleoeco-
logical conditions (vegetation and climate) in the in-
vestigated region.

While tracing out the Holocene vegetation succes-
sion and formation of the contemporary plant com-
munities in the region, it was very important to re-
trace the participation of Pinus sylvestris L. and Picea 
abies (L.) Karst. in the composition of arboreal vegeta-
tion in the process of its development. These two taxa 
differ in pollen productivity, in pollen ability for long-
distance transport and fossil preservation. All this 
called for determining to what an extent the pollen 
spectra reflect their actual participation in the plant 
communities under the concrete physico-geographi-
cal conditions of the studied area. It was necessary to 
know the relationship between contemporary vegeta-
tion and pollen rain so as to interpret the pollen spec-
tra, because relaiable historical reconstruction of the 
vegetation in a given region on the basis of palynolog-
ical investigations depended on it (Wright 1967).
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Contemporary vegetation

Contemporary vegetation in the Rhodopes belongs 
to two physiognomically differentiated, but climati-
cally linked types: forests and meadow formations of 
herbaceous vegetation, with an almost completely ex-
cluded tree element. Forests in the lower mountain 
belt are more xerophyllous (Querceta) and strongly af-
fected by human activity. In the median mountain belt 
they are more mesophyllous (Fageta). At altitudes of 
1500–1800–1900 m they are dominated by coniferous 
forests of Pinus sylvestris and Picea abies interspaced 
by meadow communities and peat bogs. According to 
Bondev (1997), white-pine forests prevail westwards 
of river Vucha, in the Dubrak and Batak regions, 
where spruce comes second. White-pine forests are 
well spread too, but strongly fragmented there. 

Description of vegetation in the locations of pol-
len traps 

The set pollen taps were divided into two groups: 
the fist group comprised the traps with numbers from 
1 to 5 set in a meadow-and-pasture coenosis with 
southwestern exposition and terrain gradient of about 
4–5°; the second group consisted of traps numbered 
from 6 to 9 and was situated in the boundary area be-
tween the pasture and a white pine forest. 

In the coenosis of the first group traps the domi-
nating role was played by: Nardus stricta L., Festuca 
nigrescens Lam., F. dalmatica (Hack.) K. Richt., 
Agrostis capillaris L., Anthoxanthum odoratum L., 
Bellardiochloa violacea (Bellardi) Chiov., Bromus 
riparius Rehmann, Lerchenfeldia flexuosa (L.) Schur, 
Poa pratensis L., Carex ovalis Good., Carex caryophyl-
lea Latourr., Luzula sudetica (Willd.) DC., Trifolium 
pratense L., T. repens L., Genista depressa M. Bieb., 
Chamaespartium sagittale (L.) Gibbs., Achillea mille-
folium L., Taraxacum officinale Weber, Ajuga geneven-
sis L., Alchemilla flabellata Buser, Asperula cynanchica 
L., Bistorta major S.F. Gray, Campanula patula L. sub-
sp. epigaea (Janka) Hayek, Carlina acanthifolia All., 
Cerastium arvense L., Crocus veluchensis Herb., C. fla-
vus Weston, Cruciata laevipes Opiz, Dianthus deltoids 
L., Draba lasiocarpa Rochel, Euphorbia cyparissias L., 
E. myrsinites L., Euphrasia rostkoviana Hayne, Fragaria 
vesca L., Galium verum L., Gentiana cruciata L., G. ver-
na L., Geum rhodopaeum Stoj. & Stef., Hieracium hop-
peanum Schult., H. pilosella L., Hypericum maculatum 
Crantz, Lamium maculatum L., Leontodon autumna-
lis L., L. hispidus L., Linum capitatum Kit. ex Schult., 

Ligusticum mutellina (L.) Crantz, Muscari botry-
oides (L.) Mill., Myosotis laxa Lehm. subsp. caespitosa 
(Schultz) Hyl. ex Nordh., Ornithogalum sp., Plantago 
media L., Polygala comosa Schkuhr, Potentilla crantz-
ii (Crantz) Beck ex Fritsch, P. erecta (L.) Raeusch., 
Prunella vulgaris L., Ranunculus sartorianus Boiss. & 
Heldr., Rumex acetosella L., Sanguisorba minor Scop., 
Scilla bifolia L., Stellaria graminea L., Thlaspi kovat-
sii Heuff., Thymus sp., Verbascum densiflorum Bertol., 
Veronica chamaedrys L., V. rhodopaea (Velen.) Degen 
ex Stoj. & Stef., Viola rhodopeia Becker, V. tricolor L., 
etc. Of the arboreal species there were single young 
specimens of Pinus sylvestris and Picea abies , and 
Juniperus communis L., etc. represented the shrubs.

The second group of pollen traps was placed pe-
ripherally between the meadow-and-pasture coenosis 
and a forest coenosis dominated by P. sylvestris. Owing 
to the formerly intensive economic use of the area, the 
forest community contained both typically arboreal 
and meadow species. The floristic composition was 
as follows: Pinus sylvestris, Picea abies, Juniperus com-
munis, Rosa pendulina L., Rubus idaeus L., Vaccinium 
myrtillus L., V. vitis-idaea L., Agrostis capillaris, 
Brachypodium sylvaticum (Hudson) P. Beauv., Bromus 
riparius, Festuca nigrescens, Lerchenfeldia flexuosa, 
Poa nemoralis L., Chamaespartium sagittale, Lotus cor-
niculatus L., Trifolium alpestre L., Carex ovalis, Luzula 
forsteri (Sm.) DC., Luzula luzuloides (Lam.) Dandy, 
Euphorbia amygdaloides L., Hypericum maculatum, 
Achillea millefolium, Taraxacum officinale, Ajuga gen-
evensis, A. reptans L., Alchemilla flabellata, Aremonia 
agrimonoides (L.) DC., Campanula rapunculoides L., 
Corydalis solida (L.) Schwarz, Cruciata glabra (L.) 
Ehrend, Fragaria vesca, Galium rotundifolium L., G. 
verum, Geranium robertianum L., Gentiana cruciata, 
Knautia arvensis (L.) Coult., Linum capitatum Kit. ex 
Schult., Myosotis sylvatica Ehrh. ex Hoffm., Plantago 
media, Potentilla erecta, Primula veris L., Ranunculus 
ficaria L., Stellaria graminea, Teucrium chamaedrys, 
Thlaspi kovatsii, Veronica chamaedrys, V. officinalis L., 
Viola reichenbachiana Jord. ex Boreau, Viola riviniana 
Rchb., etc.

Material and methods

The analysed samples were taken in the conifer-
ous belt of the Beglika region, Western Rhodopes 
(1550 m, 41°51´09˝ N and 24°05´27˝ E). Most pol-
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len traps were set on a straight line in 
the meadow, at consecutive intervals 
of 5 m into the forest (Fig. 1). Pollen 
monitoring in the Beglika region was 
held in two consecutive years (2002–
2003), on the basis of a spore and pol-
len analysis of 16 surface samples in 
the forest and nine pollen traps. Lack 
of data in some of the traps (no. 9 in 
2002 and no. 3 and 6 in 2003) was ex-
plained by various damages caused to 
the contraptions. The traps were set 
in October and replaced by new ones 
next year, in order to ensure pollen 
deposit for the entire period (a cal-
endar year). The method of Hicks & 
al. (1996) was followed in trap setting 
and vegetation description.

The standard methods applied in 
Quaternary palynology, including HCl, HF and ace-
tolysis for 3 min (Faegri & Iversen 1989), were used 
in the laboratory processing of samples. Laboratory 
processing of the pollen trap contents started with 
the addition of two Lycopodium tablets (13 500 
spores each) dissolved in distilled water, and was 
followed by the removal of excess material and wa-
ter by sieving and centrifuging (Stockmar 1973). 
Identification of the pollen grains and spores was 
performed by using the reference collection of the 
Laboratory of Palynology, Institute of Botany, BAS, 
and the keys of Faegri & Iversen (1989), Moore & 
al. (1991), Chester & Raine (2001) and Beug (2004). 
Calculation of the pollen spectra was based on the 
total pollen sum, excluding the aquatic and spore 
plants. The percentage pollen participation of arbore-
al (AP) and non-arboreal (NAP) pollen types is pre-
sented as part of the total pollen sum (ΣP), including 
ΣP = AP + NAP = 100 %. The spores of Pteridophyta 
and the pollen of Cyperaceae and aquatic plants are 
excluded from the pollen sum. The results of statis-
tical data processing obtained with the TILIA and 
TILIA-GRAPH programs (Grimm 1991) are pre-
sented in percentage (Figs 2, 3, 4) and in pollen in-
flux (PI- grains/cm2/yr) diagrams (Figs 5, 6).

A total of 89 pollen taxa were identified: 28 from 
the AP group (trees and shrubs), 53 from the NAP 
group (herbaceous), and 8 taxa of local origin (L) in-
cluding the pollen of Cyperaceae, hydrophytes and 
spores of mosses and pteridophytes.

Fig. 1. Map of the pollen monitoring area and schematic location of the pollen traps.

Results of the pollen analysis 

and discussion

The dominant taxa in the communities were 
adequately represented in the pollen traps and surface 
samples. In the surface samples, AP values varied be-
tween 85 % (no. 7) and 97 % (no. 10), and the values 
of NAP between 3 % (no. 10) and 15 % (no. 7) respec-
tively. Local elements participated up to 2 % (no. 3), 
with a maximum of 6 % (no. 8) (Fig. 2). In 2002 pollen 
traps, AP values varied from 37 % (trap no. 7) to 55 % 
(trap no. 2), with a local maximum of 77 % (trap no. 6). 
NAP respectively were 45 % (trap no. 2) and up to 63 % 
(trap no. 7), with a local maximum of 23 % (trap no. 6). 
Local elements (L) reached 2.4 % (trap no. 8) (Fig. 3). 
In 2003 pollen traps, AP varied from 54 % (trap no. 7) 
up to 88 % (trap no. 9), NAP registered respectively 
from 13 % (trap no. 9) up to 46 % (trap no. 7). Local el-
ements (L) did not exceed 2 % (trap no. 2) (Fig. 4). 

The coniferous/deciduous pollen correlation also 
reflected realistically the present vegetation. The pol-
len of Pinus and Picea dominated in all pollen spectra, 
in samples from mosses up to 92.4 % (no. 14) (Fig. 2) 
and 72.7 % (trap no. 6, 2002, Fig. 3) and 81.4 % (trap 
no. 9, 2003, Fig. 4) in samples from traps. The decid-
uous pollen respectively up to 4.4 % (no. 14, Fig. 2) 
in samples from mosses and 4.1 % (trap no. 6, 2002, 
Fig. 3) and 5.9 % (trap no. 9, 2003, Fig. 4).

The Pinus diploxylon-type was presented with the 
highest percentage values in all surface samples. In all 
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surface samples in mosses and in almost all 
samples from traps, pollen of the Pinus diploxy-
lon-type (P. sylvestris) dominated up to 30 % 
(no. 16) – 63 % (no. 2), and registered a local 
maximum up to 84.6 % (no. 10) in the samples 
from mosses (Fig. 2) and between 72 % (PI-
18390 grains/cm2/yr, pollen trap no. 6, 2002, 
Fig. 3) and 75 % (PI-19400 grains/cm2/yr, 
pollen trap no. 9, 2003, Fig. 4) in the samples 
from traps. The results showed 2003 as more 
favourable for this pollen productivity. The 
Pinus diploxylon-type was overrepresented in 
all pollen spectra, a fact established for the co-
niferous belt of the Rhodopes by Panovska 
(1993) and Filipovitch & Lazarova (1999). 
This is explained by the high pollen produc-
tivity of the species and its easy distribution 
related to the morphological specificities of 
the pollen (Andersen 1970, 1974; Faegri & 
Iversen 1989).

In the surface moss samples Picea registered 
values between 6.5 % (no. 10) – 43 % (no. 6), 
with a local maximum of 52 % (no. 16) (Fig. 2). 
In 2002 pollen traps Picea recorded 2.3 % (PI-
2755 grains/cm2/yr, pollen trap no. 2, Fig. 3) 
and in 2003 pollen traps up to 11.6 % (PI- 
7292 grains/cm2/yr, pollen trap no. 9, Fig. 4). 
Data from the pollen spectra of the surface 
samples showed a much lower percentage of 
Picea than its real participation in the contem-
porary vegetation. That in why, in the recon-
struction of fossil communities it was not the 
numerical values of Spruce in the pollen spec-
tra that should be taken into consideration, but 
rather its correlation in comparison with the 
other tree species. When the percentage con-
tent of spruce pollen rated second in the tree 
pollen, it was widely disributed in the investi-
gated area. The same was determined in the 
surface samples from the Koupena Biosphere 
Reserve in the Rhodopes (Panovska 1993), 
Western Rhodopes (Filipovitch & Lazarova 
1999), as well as from other mountain regions 
(Panovska 1993; Stefanova 1996; Filipovitch 
& Lazarova 1997). That is why, in the recon-
struction of fossil communities their corre-
lation in comparison with the other arbore-
al species should be taken into consideration. 
When spruce pollen rates second in percent-
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age content among the arboreal species, this 
means that it is widely distributed in the studied 
area. Participation over 5 % indicates proximity 
of a spruce forest. In pure spruce communities 
this participation reaches 20 %, and 1 % pres-
ence indicates wide distribution several hundred 
meters off the palce of the investigated sample. 
Apparently Picea pollen has poor long-distance 
distribution.

In the coniferous forests of the Rhodopes, 
Abies occurs as a not very frequent admixture. 
In the pollen spectra of most investigated sam-
ples fir participated with less than 1.2 % (no. 11, 
Fig. 2) and in pollen traps with up to 1.4 % (PI-
1134 grains/cm2/yr, pollen trap no. 2, 2002, Fig. 5). 
Similarly to spruce, fir pollen was more poorly 
represented in the pollen spectra from traps and 
surface moss samples. Pollen productivity, the 
ability for long-distance transport and durability 
under fossilisation were inferior to those of pine. 
The presence of single pollen grains testified to its 
participation as an admixture in the forest vege-
tation.

The pollen of deciduous tree species was poor-
ly represented in the pollen spectra. Betula was 
represented best in the pollen spectra of all sam-
ples, with up to 2.8 % (no. 4, Fig. 2), or a maximum 
of 1782 grains/cm2/yr-PI (pollen trap no. 2, 2002, 
Fig. 5). Its distribution in the contemporary veg-
etation was adequately reflected in the spectra of 
surface samples, as well and as in the pollen traps. 
Corylus occurred as undergrowth in the thinned 
forests. Its participation in the pollen spectra was 
up to 3.5 % (no. 4) in the samples (Fig. 2), and up 
to 1134 grains/cm2/yr-PI (pollen trap no. 2, 2002, 
Fig. 5) and 1115 grains/cm2/yr-PI, (pollen trap 
no. 1, 2003, Fig. 6) in the traps. That correspond-
ed to its real participation in the vegetation com-
position. According to Andersen (1970), this spe-
cies showed higher pollen productivity, when 
growing outside the forest canopy.

The pollen of Alnus was registered in small 
quantities in all samples, up to 1.5 % (no. 4, 
Fig. 2), which corresponded to its contempo-
rary distribution. The values registered in 2003 
traps were higher and reached up to 2 % or 
305 grains/cm2/yr-PI, (pollen trap no. 4, 2003, 
Fig. 6) and an absolute maximum of 4.7 %, or 
984 grains/cm2/yr-PI, (pollen trap no. 1, 2003, 
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Fig. 6). Apparently 2003 was more favourable for 
the flowering of Alnus glutinosa.

In some moss samples (Fig. 2) and in all pol-
len traps single pollen grains of Salix (Figs 3, 4) 
were registered during both years. A maximum 
value of 650 grains/cm2/yr-PI (pollen trap no. 2, 
2002, Fig. 5) was reached in places with speci-
mens in close proximity to the sampling place. 
It is well known that the pollen of Salix is very 
poorly represented in the pollen spectra, owing 
to damage after depositing (Bradshaw 1978).

Small amounts of pollen of other deciduous 
species that were not in close proximity to the 
sampling place were registered in all pollen sam-
ples and traps. Apparently that pollen resulted 
from a long-distance transport from the low-
er mountain slopes. This was pollen of: Fagus, 
in the moss samples up to 2.9 % (no. 7, Fig. 2) 
and a maximum of 1.7 %, or 217 grains/cm2/yr-
PI (pollen trap no. 7, 2003, Fig. 6) in the traps; 
Quercus, with about 2 % in the samples (no. 4) 
and in the traps up to 3 %, or 605 grains/cm2/yr-
PI (pollen trap no. 1, 2003); Carpinus oriental-
is/Ostrya with up to 2.6 % in the samples (no. 4) 
and up to 2.9 %, or 387 grains/cm2/yr-PI (pol-
len trap no. 5, 2003) in the traps; Carpinus bet-
ulus with up to 1.1 % in the samples (no. 4) and 
in the traps up to 2 %, or 485 grains/cm2/yr-PI 
(pollen trap no. 2, 2002). These data corroborat-
ed comparatively good pollen productivity and 
transport abilities of these taxa (Bottema 1974; 
Tauber 1977). Ulmus, Fraxinus excelsior and 
Tilia were represented sporadically or with val-
ues under 1 %.

A comparison of the correlation of pollen 
of deciduous taxa occurring in the conifer-
ous belt (Betula, Alnus, Corylus) with the pol-
len of deciduous species from lower altitudes 
(below the coniferous forests: Fagus, Quercus, 
Tilia) has shown that the correlation of decidu-
ous admixture from coniferous forests and that 
of the pollen originating from the deciduopua 
forests was realistically reflected in the pollen 
spectra of the surface samples and pollen traps 
(Figs 2, 3, 4).

Cornus, Viburnum, Euonymus, Sambucus, 
Vaccinium, Vitis, Humulus/Cannabis, etc. were 
registered with single pollen grains in some 
moss samples and in some traps. In the pollen 
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diagrams, their presence is recorded generally 
as “Other trees and shrubs” (Figs 3, 4). 

Poaceae showed significantly higher val-
ues in the surface samples, up to 5.7 % (no. 7, 
Fig. 2), and in the traps up to 51 % (Fig. 3), or 
16235 grains/cm2/yr, (trap no. 1, 2002, Fig. 5) 
and up to 17.5 % (Fig. 4), or 2705 grains/cm2/yr, 
(trap no. 4, 2003, Fig. 6), owing to the fact that 
most traps were in the open areas or at the forest 
boundary, where the diversity and presence of 
herbaceous taxa were higher. The Poaceae pol-
len was represented by the highest percentage 
values of the identified herbaceous types in all 
surface samples. 

The most frequently occurring types of 
herbaceous pollen were: Achillea/Aster, up 
to 1 % in the surface samples (no. 9, Fig. 2) 
and with a local maximum of 8.1 %, or 
1430 grains/cm2/yr (trap no. 7, 2002, Fig. 5), 
and with 4.8 % or 630 grains/cm2/yr, (trap no. 7, 
2003, Fig. 6) in the traps; Taraxacum, up to 1 % 
in the surface samples and up to 2 % (Fig. 3), or 
330 grains/cm2/yr (trap no. 7, 2002, Fig. 5), and 
3.7 % or 480 grains/cm2/yr (trap no. 7, 2003, 
Fig. 6) in the traps; Brassicaceae, under 1 % in the 
surface samples and 4.4 %, or 1128 grains/cm2/yr 
(trap no. 4, 2002), and 3.2 % or 430 grains/cm2/yr 
(trap no. 5, 2003); Ranunculaceae up to 2.1 % 
in the surface samples (no. 3, Fig. 2) and up to 
2.7 %, or 582 grains/cm2/yr (trap no. 5, 2002, 
Fig. 5), and up to 3.5 % or 633 grains/cm2/yr 
(trap no. 2, 2003, Fig. 6); Apiaceae up to 1.2 % 
in the surface samples (no. 16) and up to 1 % or 
295 grains/cm2/yr, (trap no. 1, 2002, Fig. 5), and 
1 % or 147 grains/cm2/yr, (trap no. 4, 2003, Fig. 6); 
Caryophyllaceae, up to 1 % in the surface samples 
(no. 7) and up to 1 % or 150 grains/cm2/yr (trap 
no. 6, 2002, Fig. 5), and 1.6 % or 215 grains/cm2/yr 
(trap no. 5, 2003, Fig. 6); Rosaceae up to 1 % in 
the surface samples and up to 1.6 % (Fig. 2) or 
354 grains/cm2/yr (trap no. 4, 2002, Fig. 5), and 
up to 3.3 % or 425 grains/cm2/yr (trap no. 7, 
2003, Fig. 6), etc. They often represented the 
herbage in the coniferous belt of the Rhodopes.

In terms of reflection of the anthropo-
genic impact in the pollen spectra and in the 
traps, it was interesting to note the occurrence 
of some pollen types: Chenopodiaceae, up to 
1 % in the surface samples and up to 1 %, or 
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100 grains/cm2/yr (trap no. 3, 2002, Fig. 5), and 1 % or 
114 grains/cm2/yr (trap no. 9, 2003, Fig. 6); Artemisia, 
maximum up to 1 % or 144 grains/cm2/yr (trap no. 4, 
2002, Fig. 5); Urtica, below 1 % and a maximum of 1.1 % 
or 288 grains/cm2/yr (trap no. 4, 2002, Fig. 5); Rumex, 
up to 1.1 % or 125 grains/cm2/yr (trap no. 3, 2002, Fig. 5) 
and 1.4 % or 175 grains/cm2/yr (trap no. 7, 2003, Fig. 6); 
Plantago lanceolata, up to 1 % in the surface samples and 
up to 1.3 % or 165 grains/cm2/yr (trap no. 8, 2002, Fig. 5), 
and 2.4 % or 308 grains/cm2/yr (trap no. 7, 2003, Fig. 6) 
in the traps, etc. They were recorded in all surface sam-
ples and pollen traps, with single grains or participation 
up to 2.4 %, depending on theior location, and are actu-
ally regarded as indicators of the anthropogenic presence 
(Behre 1981).

Cerealia-type pollen was recorded in amounts 
up to 1 % in the surface samples and up to 2 %, or 
265 grains/cm2/yr (trap no. 4, 2002, Fig. 5), and up to 
1.2 % or 144 grains/cm2/yr, (trap no. 1, 2003, Fig. 6) in the 
traps. It should be allowed for some wild-growing species 
producing pollen of the Cerealia type, such as Triticum 
boeoticum Boiss., Secale montanum L., Agropyrum and 
Hordeum (Faegri & Iversen 1989). Thus, the Cerealia-
type pollen could have originated not only from the cul-
tured but from the wild-growing flora, too, considering 
the fact the agrioculture is practically non-existant in the 
investigated regions in the Rhodopes.

All other types of herbaceous pollen occured with sin-
gle grains or with very low percentage values in the dif-
ferent samples and traps, depending on the composition 
of the grass cover in the proximity of the sampling place. 
The most frequently encountered pollen types were: 
Potentilla, Geum, Filipendula, Achillea/Aster, Taraxacum, 
Brassicaceae, Ranunculaceae, Lamiaceae, etc. In the conif-
erous belt of the Rhodopes, they are the most frequent 
representatives of the herbage. 

In the coniferous belt of the Rhodopes the pollen of all 
herbage representatives actually reflects the local compo-
sition of the grassy cover in the locations of surface sam-
ples and pollen traps. The local character of the herbaceous 
pollen is demonstrated by the presence of Linum, which 
varies from complete absence in the surface samples to 
up to 1.6 %, or 492 grains/cm2/yr (trap no. 1, 2002, Fig. 5), 
and a local maximum of 5.5 %, or 991 grains/cm2/yr (trap 
no. 2, 2003, Fig. 6) in places where samples of Linum were 
registered in close proximity to the set traps. In all other 
traps the Linum pollen was registered with single grains, 
or up to 1 %.
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Conclusions

The results of the pollen analysis of the moss surface 
samples series in the coniferous belt of the Rhodopes, 
as well as of the pollen traps in the Beglika region, ad-
equately reflect the main arboreal and non-arboreal 
taxa in respect to their pollen productivity and abili-
ties for pollem distribution, deposit and preservation.

In interpretation of the fossil pollen diagrams and 
reconstruction of vegetation by fossil pollen spectra it 
should be allowed for the overrepresented pollen of the 
Pinus diploxylon-type and the comparatively poor repre-
sentation of Picea. In the reconstruction of Quaternary 
vegetation, correlation of the different arboreal compo-
nents in the pollen spectra is of prime importance. When 
the fossil pollen spectra are comparable with their con-
temporary analogues, then the latter could be success-
fully used in the reconstruction of the plant communi-
ties in the respective time periods (Bottema 1974). 

The present investigation traces out the annual im-
pact on the values of the arboreal and non-arboreal 
pollen and compares the pollen productivity and ef-
fective pollen distribution. Data from the different de-
posits have been compared. The dominating taxa in 
the communities are adequately reflected in the sur-
face samples and pollen traps. In all surface samples 
in mosses and in most of the traps the Pinus diploxy-
lon-type (P. sylvestris) pollen prevails, with a partic-
ipation maximum up to 85 % in the moss samples 
and between 50–70 % in the traps. In the surface pol-
len samples, Picea is registered with values up to 43 % 
and a local maximum of 53 %, as well as a maximum 
up to 12 % in the traps. Poaceae showed much higher 
values in the traps, owing to the fact that most of the 
traps were set in open spaces, or at the forest bounda-
ry, where herbage diversity and participation is higher. 
In the moss samples, the pollen deposits are registerd 
for more than one year and this inevitably reflects on 
the reported results in the form of greater species di-
versity or higher values for some of the taxa. 

At this stage, observations cover a short time peri-
od and it is difficult to make any definite assumptions 
about the cyclic flowering of single taxa. Information 
has been obtained on the relationship of contemporary 
vegetation and pollen rain. Some concrete conclusions 
have been drawn about the investigated region, the ear-
lier data have been corroborated and new data and con-
siderations are presented on the participation of the 
various taxa, which are of prime importance in the in-

terpretation of the fossil pollen spectra on which the re-
liable historical reconstruction of vegetation depends.

References

Andersen, S. 1970. Relative pollen productivity and representation 
of North Europaean trees and correction of tree pollen spec-
tra. – Danmarks Geol. Undersøl. Raekke, 2: 96-99.

Andersen, S. 1974. Wind conditions and pollen deposition in a 
mixed deciduous forest. II. Seasonal and annual pollen deposi-
tion. 1967-1972. – Grana, 14: 64-77.

Behre, K. E. 1981. The interpretation of anthropogenic indicators 
in pollen diagrams. – Pollen & Spores, 23: 225-255.

Beug, H-J. 2004. Leitfaden der Pollenbestimmung für Mitteleuropa 
und angrenzende Gebiete. Verlag Dr. Friedrich Pfeil, München.

Bondev, I. 1997. Geobotanic regionalization. – In: Yordanova, M. & 
Doncheva, D. (eds), Geography of Bulgaria. Physical Geography: 
Vegetation. Pp. 283-305. Acad. Press, Sofia.

Bottema, S. 1974. Late Quaternary Vegetation History of North western 
Greece. PhD Thesis. University of Groningen, Groningen.

Bradshaw, R. H. W. 1978. Modern Pollen Representation Factors 
and Recent Woodland History in S-E. England. PhD Thesis. 
University of Cambridge, Cambridge. 

Chester, P.I. & Raine, J.I. 2001. Pollen and spores keys for 
Quaternary deposits in the northern Pindos Mountains, 
Greece. – Grana, 40: 299-387. 

Faegri, K. & Iversen, J. 1989. Textbook of Pollen Analysis. 4th ed. 
Wiley, Chichester.. 

Filipovitch, L. & Lazarova, M. 1997. Surface pollen samples from 
the high-altitude slopes of Stara Planina (the Balkan Range). – 
Phytol. Balcan., 3(2-3): 41-52.

Filipovitch, L. & Lazarova, M. 1999. Surface pollen samples from 
the coniferous belt of the Rhodopi Mountains. – Phytol. Balcan., 
5(1): 15-27.

Grimm, E. 1991. Tilia and Tilia-Graph. Version 1. 12. Illinois State 
Museum. Research Collection Center, Springfeld.

Hicks, S., Ammann, B., Latalova, M., Pardoe, H. & Tinsley, H. 
1996. European Pollen Monitoring Programme. Project descrip-
tion and guidelines. Oulu Univ. Press, Oulu. 

Moore, P.D., Webb, J.A. & Collinson, M.E. 1991. Pollen Analysis. 
2nd ed. Blackwell Scientific Publ., Oxford.

Panovska, H. 1993. Palaeoecological investigations in some moun-
tains of Southwest Bulgaria. – PhD Thesis. Biol. Fak., Sofia Univ., 
Sofia (in Bulgarian, unpubl.).

Stefanova, I. 1996. Relationship between recent pollen deposition 
and vegetation in Northern Pirin Mountains. – Phytol. Balcan., 
2(2): 63-67.

Stockmar, J. 1973. Determination of spore concentration with an 
electronic particle counter. – Danmarks Geol. Undersøl., Raekke, 
15: 87-89.

Tauber, H. 1977. Investigation of aerial pollen transport in a forested 
area. – Dansk Bot. Ark., 32 (1): 1-121.

Wright, H. 1967. The use of surface samples in the Quaternary 
pollen analysis. – Rev. Palaeobot. Palynol., 2: 321-330.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


