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Summary. Species richness and floristic composition befareironmental disturbance and after

creation of experimental gaps in vegetation canepy studied in two peat bogs in the region of
Polesie Lubelskie (Eastern Poland). The aim ofstuely was to test the role of disturbance in

shaping of species richness and floristic compmwsith peat bog vegetation. In sites devoid of ve-
getation cover and upper soil layer emerged moeelisgs than ramets from vegetative growth.

Share of seedlings in overgrowing fields was highespen bog than in forest bog. Species rich-
ness increased after disturbance in both sitequdbestrategy played a significant role in species
emerged in regenerating vegetation and absentébgéyrs were created. Vegetative type of repro-
duction contributed to restoration of former spsoi®mposition. Natural disturbances owing to

activity of animals may influence positively speciechness in plant communities.

Key words: environmental, disturbance, floristic compositipeat bogs, sexual and vegetative re-
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INTRODUCTION

Disturbance in vegetation cover is interestingipaldrly due to its role in
the formation of canopy gaps and the role of gapssafe sites” for develop-
ment of seeds [Harper 1977]. Natural disturbancgseatlands can occur owing
to peat erosion, activity of animals, as treadind eooting up the ground. Human
activity can change habitat conditions similarlyg®at excavation, because vegeta-
tion is removed and thick layer of soil is harvestethis case [Lavoiet al. 2003].

Establishment and survival of seedlings in plamhwnities are often di-
minished by dense vegetation cover and deep layer [Overbecket al. 2003,
Borkowska 2004]. Gaps are considered to be ,re@gdioer niches” enabling
emergence of new individuals and new species, hadiisg species richness in
plant communities [Grubb 1977].
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Initial development of vegetation on peat surfasedetermined by re-
sources of seed bank and other diasporas in smhpbellet al. 2003, Lavoiest
al. 2003]. In harsh arctic and alpine environmentaigkreproduction is limited
and vegetative reproduction is widespread [Grim@120This strategy seems to
play a great role also in peatland species, singeynplants in bogs propagate
clonally and soil seed bank is considered to be pogeatlands [Jauhiainen
1998]. However, the role of sexual and vegetattvatesgy varies in species and
depends on the environmental conditions fiskt 1979, Silvertowet al 1993].

The aim of the study was to test the role of canggps in peat bogs in
shaping the species richness and floristic comiposifThe relative importance
of sexual and vegetative strategies in reproduaifgriants was analysed in con-
trasting types of bogs.

MATERIAL AND METHODS

The study was carried out in two ombrotrophic @eats — Mate Bog and
Ztobek, located near the town Wiodawa in the redpotesie Lubelskie, Eastern
Poland [Kondracki 1998]. Swampy pine forests vRihus sylvestrid. andBe-
tula pubescenghrh., raised and transitional bog vegetation daei inZtobek
[Fijatkowski and Pietras 1990]. Thé&obek bog was assessed to be relatively
dry according to water level measurements (unpddia), in opposition to the
well-hydrated Mate Bog, covered mostly by open gdead vegetation. In both
sites low layer of vegetation comprised mainly @otgrassEriophorum vagina-
tumL. andSphagnunmosses.

Transects were staked out in forest vegetatidfiabek (forest bog) and in
open bog vegetation in Male Bog (open bog). Studyspronsisted of squares,
separated 1 m away from one another, 0.5 m longOahdn in width. Eight
squares in Mate Bog and nine squaregtobek were used in the study. Species
composition was determined in experimental plotoieegaps were created.
Vegetation and 5 cm of peat deposit were removeghah site in April 2006.

The number of seedlings and vegetative sprouts ggdein canopy gaps
were monitored between May and November, 2006.\Evemth seedlings and
ramets were collected and identified. Identificatmf seedlings was performed
on the ground of keys acc. to Csapody [1968] andevi{1978]. In the case of
family Cyperaceaeseedlings were identified mainly on the grounchofsand
utricles [Kowal 1958], with support of comparatigellection. The nomencla-
ture of species follows Miredt al [2002].

Jaccard’'s coefficient was calculated and UPGMA methvas used in
cluster analysis. Emergence of seedlings and rawetsanalysed by two-way
ANOVA [Sokal and Rohlf 1995]. Data were log-transfed, if they did not fit
the assumptions of analysis of variance. Calculatiovere performed with
MVSP ver. 3.1 and Statistica ver. 8.0.
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RESULTS

Species richness in vegetation canopy in Mate BuoiyZkobek increased after
disturbance. In open bog six species occurred dlisturbed vegetation, and nine
species emerged in gaps, including four which wer in species composition and
were found only in seedling poolGarex canesceng. nigra Oxycoccus palustris
and Salix sp. One specie8( pubescendglisappeared after gap formation. In forest
bog nine species emerged, and eight species wand feefore disturbance. Three
new species in floristic composition were recordedeedling pool of forest site
— Carex rostrata C. vesicaria Salix sp. Eriophorum angustifoliunHonck. and
P. sylvestrisvere absent in gaps in comparison to undisturitesl s
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Fig. 1. Cluster analysis of species compositiaxjperimental gaps. Signatures: S — seedlings, &neR,
V — vegetation before disturbance, OB — open b&g;-Forest bog

Table 1. Number of ramets and seedlings ganmegenerating vegetation in gaps after distuzban
in open and forest bog

Species Open bog Forest bog
Ramets Seedlings Ramets Seedlings

Andromeda polifolid.. - - 60 -
Betula pubescershrh. - - - 8.4
Carex canesceris - 20* - -
Carex lasiocarpahrh. 103 1 13 -
Carex nigraReichard - 0.5* 4.4 49.8
Carex rostrataStokes - - - 0.4*
Carex vesicarid.. - - - 0.9*
Eriophorum vaginatunt.. 49.5 275 3.1 6.7
Juncussp. 15.5 375 - -
Lysimachia vulgarid.. 25 3.5 - -
Oxycoccus palustriBers. - 0.5* 57.3 32.9
Peucedanum palusti&.) Moench 0.5 3.5 - -
Salixsp. - 0.5* - 0.4*
Total 171 680 126.7 99.6

* species new in floristic composition
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Due to differences in species composition, foregt &nd open bog are sep-
arated in cluster plot (Fig. 1). Vegetative andusg¢xeproduction of plants were
observed during revegetation of disturbed patcBpscies composition of plants
regenerated vegetatively by ramets was similaetgetation before disturbance,
whereas seedling pools were relatively differeatfiformer plant communities.
Seedlings ofCarex nigraandV. oxycoccugmerged mainly in forest bog, while
offsprings ofLysimachia vulgarisPeucedanum palustr@ndJuncussp. (includ-
ing J. effusud..) were observed only in open bog. Emergence fefraspecies,
e.g.E. vaginatumandSalix sp., was similar in both types of bogs (Tab. 1).

Generally, seedlings were more abundant than vidgetamets (F = 4.52,
P < 0.05). Number of total offsprings from sexuatl avegetative reproduction
was higher in open bog than in forest bog (F = 8PL% 0.01). Sexual reproduc-
tion was strongly enhanced in open bog (F = 6.05,@05), while number of
seedlings in forest bog was similar to vegetataraeats (Tab. 1, Fig. 2).
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Fig. 2. Number of offsprings originated from vegeta(ramets) and sexual (seedlings) reproduction
after disturbance in relation to type of bog

In open bogJuncussp. andE. vaginatumdominated in seedling pool,
whereadsC. lasiocarpawas the most abundant species regenerating viegdtat
(Tab. 1). In forest bogarex nigrahad the highest density of seedlings, while
the most numerous vegetative ramets W@rpalustrisandAndromeda polifolia

During the first year after disturbangée polifolia andC. lasiocarparegen-
erated almost entirely vegetatively (Tab. 1). Séxaproduction was the only
way of emergence of many other species. New indaliglofB. pubescenssal-

ix sp. and a few species of geriarexoriginated from seeds.
Regeneration dE. vaginatunwas more effective in open bog than in forest
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bog (F = 71.2, P = 0.001). Sexual reproductionhcs species was higher than
vegetative (F = 14.43, P = 0.001). Number of seedlincreased considerably
in relation to vegetative ramets in open bog (FO=82P < 0.001), while no dif-
ference in seedlings and ramets was found in feitss{F = 0.02, P > 0.05).

DISCUSSION

High number of seedlings in comparison to vegetatamets indicates that
the role of sexual reproduction in revegetatiogabs after disturbance in peat-
lands may be important. The suggestion of Jaumdib@98] that the regenera-
tion strategy of peat bog plants is vegetativeaiathan sexual refers to undis-
turbed vegetation, but not necessarily to disturbiées. Plants remaining after
gap formation restored vegetatively former spec@siposition. Nevertheless,
vegetative propagation can be more advantageonsséhaial due to physiological
integration and resource sharing among rametsiratcplants [Stuefest al. 1994].

Similarly as in peatlands, development of seedsbiandoned meadows is
enhanced in gaps [Borkowska 2004]. During two yeadter disturbance in
meadow, species regenerated in generative way mere successful, whereas
species reproduced vegetatively play importantirotbe next years. The role of
vegetative regeneration after gap formation in et is undoubtedly signifi-
cant, nevertheless canopy gaps make possible thegente of new species in
vegetation and create opportunities for recruitnfeotn seeds [Lavoieet al
2003]. In clonal plants, reproducing commonly byge®tive growth, establish-
ment from seeds contributes to population growdpeeially in favourable years
[Weppleret al. 2006].

Species recorded in gaps belong in the majoritgdiseuchzerio-Caricetea
nigrae and Oxycocco-Sphagnetedasses [Matuszkiewicz 2001]. Plants typical
of these communities are colonizers in transiti@ral final stages in overgrow-
ing of peat pits in Polesie region [Sugier 2006]this study, the emergence of
species derived from transitional bod3clieuchzerio-Caricetea nigraeelied
mainly on sexual reproduction, and species chaiatiteof raised bogs from
Oxycocco-Sphagnetadass regenerated also vegetatively. This is pfgh@ecause
in raised bogs disturbance causes alterations afoselief, and in consequence
higher soil hydration. In small scale it is moredarable for species typical of trans-
itional bogs. Thus, canopy gaps in peatlands cacobeidered as regeneration
niches for these species [Grubb 1977]. Specienesh was higher in experi-
mental sites than in undisturbed vegetation, inddeetly on the type of bog.

Scarce recruitment of cotton-grass in forest bogglation to vegetative re-
production could be explained by low effectivenebseed production, in spite
of relatively high abundance of tussocks observefibiest. Generally, vegetat-
ive and sexual reproduction of typical peat bogcssewas high in well-hy-
drated peatland. This result confirms that rewgttsprerequisite in restoration
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of peat bog vegetation. Many wetlands in the regibPolesie Lubelskie were
drained due to economic activity, and hydrologicahditions are still en-
dangered [Wilgaet al. 1991]. Conservation and restoration of peat begeta-
tion is possible only in appropriate hydrologicahditions. Otherwise, seedlings
of woody plantBetula pubescensxpansive species overgrowing previously
non-forested peat bogs [Tomasstral. 2004, Ejankowski and Kunz 2006], in-
creased in this study in forest bog.

Disturbance in vegetation layer activates soil desatks and enables devel-
opment of seeds also from airborne dispersal [GA®b7, Grime 2001]. It is
unknown whether species in the current study oatgict from soil seed bank or
immediately from seed rain. Seed bank in peat soiflepth of more than 20 cm
were found, as reported by Jauhiainen [1998]. Hewneseeds of two important
species colonizing gaps in this study yaginatumV. oxycoccusin two boreal
mires were distributed in soil only to 5 cm deptmnmediate seed deposition
may be the most important, because cotton-graseeik dispersed via wind
through its hairy nuts, and. oxycoccu$as the ability to immigrate via animals
and water [Campbelkkt al 2003]. Moreover, seedlings &. vaginatumwere
found often on infructescences, and remnants dsfmere found near seedlings
of O. palustris

CONCLUSION

Natural disturbances in vegetation canopy in peashkcan affect species
richness and floristic composition in plant comnti@si. Sexual reproduction
creates opportunity for species absent before gapation and emerged in re-
generating vegetation. Vegetative growth contribute restoration of previous
species composition. Development of forest aftsicdation can change the ef-
fectiveness of sexual reproduction in typical fezg plants.
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BOGACTWO GATUNKOWE | SKLAD FLORYSTYCZNY RGOLINNOSCI TORFOWISK
PO WYSTAPIENIU ZABURZEN SRODOWISKOWYCH

Streszczenie Bogactwo gatunkowe i skiad florystyczny badane hytzed wysipieniem zabu-
rzen srodowiskowych oraz po wykonaniu eksperymentalnydhvw pokrywie r@linnej na dwéch
torfowiskach na Polesiu Lubelskim. Celem pracy lngdana roli zaburzew ksztattowaniu bogac-
twa gatunkowego i sktadu florystycznegdlionosci torfowiskowej. Na powierzchniach ekspery-
mentalnych pozbawionych pokrywystimnej i wierzchniej warstwy gleby pojawitogsiigcej sie-
wek niz ramet pochodzenia wegetatywnego. Udziat siewekamastaicych powierzchniach byt
wigkszy w zbiorowisku nieksnym niz w zbiorowisku lénym. Po zaburzeniu nagit wzrost licz-
by gatunkéw na obu stanowiskach. Reprodukcja geyvenat odgrywata znages role w przypad-
ku gatunkéw wczaniej niecbecnych, a pojawigiych s¢ w odtwarzajcej sk roslinnosci. Wegeta-
tywny typ regeneracji przyczyniateshatomiast do przywracania dawnego sktadu florystggo.
Naturalne zaburzenia dlinnosci torfowisk, wywotywane m.in. przez zwieta, mog ksztattowa
bogactwo gatunkowe zbiorowiskstimnych.

Stowa kluczowe bogactwo gatunkowe, reprodukcja generatywna ienaggwna, sktad florystycz-
ny, torfowiska, zaburzentixodowiskowe



