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SUMMARY

In this study we aimed ta)(clarify biotic and abiotic factors succeedinghe rapid
restoration of mire vegetation and peat accumuiatip distinguish factors promoting
Sphagnunestablishment and expansion on a 22-year old almaadoog peat-field in Kdrsa
bog (SW Estonia). Fire security water pool was eated close to the area that kept (not
intended but occasionally) stable water level Wi#h20 cm deep inundation on the
abandoned peat field.

Eriophorum vaginatunandWarnstorfia fluitanswvere first colonisers on the area.
These “nursery” species turned conditions suitédri&phagnuntolonisation. During last
some 10 year#/arnstorfiawas out competed Hyphagnunthat covers 70% of the area at
presentSphagnunincrement is high (5-8 cm y). Total amount of new organic matter in up
to 55 cm thick layer is 40-85 t HaMost of the new organic matter was accumulated in
Eriophorumtussocks. Average annual accumulation of totahmigmass during 22 years
since abandonment was calculated as 2-3.5 tdfavhichSphagnunformed ca 2 t Hin
recent years.

We concluded that the stable near-surface watée,tslow thorough—flow and
establishment of “nursery” species fphagnuntook to be among the most important factors
promoting rapid re-vegetation aggphagnunestablishment and expansion on an abandoned

bog peat-field.
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Introduction

Peat extraction has been and is continuously otigeainain uses of mires and reason for loss
of natural mires. Many peat cutting fields in Eséoabandoned about 15-20 years ago.
Sphagnunand other mire plantg-colonisation are rather rare on these areasallyghey
are poorly vegetated, water table lies in deeppaad decomposition continues.

Successful self-restoration of mire ecosystemsbamaoned milled peat fields is
extremely rare. But, if it happens then we canagedluable information about restoration
processes and their promoting environmental camtbti Appropriate water regime, soll
moisture and composition and thickness of residaat and trophic conditions are essential
for self-regeneration of plant cover on cutovert|zeals.

Sphagnunis keystone genus in mire habitat restoration (ieémt 2000) as well as an
obligatory component of ombrotrophic mire ecosyst€sphagnunmosses play the main
role in formation of water regime and ecologicahditionsin raised bogs resuming peat
accumulation and carbon storage.

Successful self-colonisation 8phagnunis usually possible only in the shelter of
“nursery plants”. One of the common nursery plg@cses iEriophorum vaginatunthat
forms tussocks with spreading leaves. It can bdeeties for other species and influence the
plant colonization patterns (Tuittiit al. 2000). From the other hand, dominating vascular
plants occupying space and producing litter angticompetitors t&phagnumsSelf-
regeneration of vegetation on inundated vacuumaated peat fields is less recorded.

For this study, we selected Kdrsa bog as an exctaetkeample of self-restored
vacuum-excavated peatland with continuSpfiagnuncover. We sampled vegetation and
environmental variables with the aim to understaiotic and abiotic factors that may lead to
successful and rapid restoration of mire vegetattratigraphy of peat and new organic
material were studied for reconstruction of thevegetation process.



Methods

Study area
Kdrsa Bog is situated on Parnu lowland in SW-Estomotal bog area is 3180 ha and depth
of peat deposit reach up to 4 m. Western partebthy has been used for mechanised peat
extraction during 40 year. Study site (24° 41’; 289 is located close to the active peat
extraction field; the peat excavation was compl@etdP83 on the site. Some 20-40 cm thick
layer of slightly decomposed sedge-sphagnum peairned. Water level in the pond is
regulated and therefore the water level on the @dwaed field (9.2 ha) has mostly been on the
same level for long period (10-20 cm deep, but tkssg drought periods).

85% of the area is densely re-vegetated, 10% isrechvby shallow water bodies, and
muddy surface or bare peat can be still found orob%e area. The dominant species are
Eriophorum vaginatuntussocks wittfSphagnunor Warnstorfiamoss carpet between them

(Fig. 1).

Table 1. Environmental variables.

Parameter Mean Std. Dev.
Water table depth, cm 8.2 9.0

pH of bog water 4.2 0.2
Electrical conductivity of bog water, uS ¢m 50.7 14.8
Thickness of residual peat, cm 32.8 21.1
Thickness of new-grown organic layer, cm 34.2 10.0
Coverage oEriophorum vaginatunto 44.6 16.1




Photo 1. Successfully re-vegetated milled pead frgth Eriophorum vaginatum
tussocks and constaBphagnuntarpet between them in Kdrsa bog.

Field sampling
Vegetation was analysed in 2006 and 2007 on 1 xplots with 20 m interval along three
parallel transects crossing the area. Species csitigrg cover (%) of vascular and moss
species was estimated. Height, number and shaverfjoaf Eriophorum vaginatunussocks
was estimated on 2x2 m plots.

Main environmental parameters (water table degthapd electric conductivity of
bog water) were measured. Bog water samples wieee taith piezometers.
Organic deposit and mineral subsoil cores werentakith peat corer (Byelorussian type).
Botanical composition and decomposition rate ofdues peat and new organic matter were
described from cores in field. SamplesSphagnunibiomass and increment were taken and
samples of new grown organic matter were colleasdg cylindrical steel sampler. Also,
one sample tussock Bfiophorum vaginaturwas excavated for biomass estimation.
Laboratory analyses
Sphagnunand new grown biomass samples were dried at 68d@vaighted. Sample tussock
of Eriophorum vaginatumvas carefully washed with tap water to remove pedicles, dried

at 65°C and weighted. Biomass accumulation in wiffelayers and species were calculated.



RESULTS AND DISCUSSION

Vegetation succession

Analyses of plant remains in the sample cores wfge@wn material indicated chief ways of
plant re-colonization. As a pioneer plant spedigarnstorfia fluitansoccurred in 33% and
Eriophorum vaginatunm 30% of cases (Fig. 1; Photo 2). Spdsephorum vaginatum
tussocks developed. Floating raftsvdérnstorfia fluitansspread in inundated depressions
between tussocks. It is probable tRabphorum vaginatuntussocks decreased waving of
water and stabilize environment Mfarnstorfia The tussocks supposedly acted also as
anchors for floatingVarnstorfia Succession started wi8phagnunin 20% of cases, it
happened on still unvegetated plots. The procestdlligoing on asSphagnuntarpet is
“creeping” over bare peat (Photo 2). The processmdar to the overgrowing of mud-
bottoms in natural bogs (Karofeld & Pajula 200&phagnunwas established dWarnstorfia

carpet or/and in shelter &riophorum vaginatunheaves in most cases.
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Figure 1. Main successional pathways in re-vegetaif Korsa abandoned peat field.

In some caseSphagnun{sect.Cuspidatd was established in shallow water in earlier
stage of re-vegetation. On dryer margins of thdystirea and microelevations (relative height
ca 15-20 cm) succession started with establishwfdPolytrichum strictunpatches (14%).
Eriophorumtussocks have grown on the area from the eathges of succession increase in

diameter and in height.
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Figure 1. Deposit stratigraphy. Sphagnunintroduced afteEriophorum vaginatum

B: afterWarnstorfia fluitans

Sphagnunestablishment on bare peat of abandoned milletfigdds is scarce
process even in wet conditioarnstorfiamat, together with shelter &riophorum
vaginatumleaves acted supposedly as extremely suitablacifér germination of
Sphagnunspores. We did not find unfortunately any literatabout “nursery” effect of
Warnstorfia It is disputable that the denSgophorumcover facilitatesSphagnum
establishment (Tuittila et. al. 2000) or not (Lavet al. 2005)Warnstorfialayer beneath
Sphagnunis relatively thin, commonly less than 10 cmniicates that successional
pathways towardSphagnurdominated community are relatively short. Rapigansion and
height increment oBphagnunmiesulted with out-competition &¥arnstorfiafrom most
localities. 13Sphagnunspecies with quite different trophic and moisttegquirements are
found on the study site. Species richness refthigeyrsity of microniches that promote the
introduction of many species with different ecotlidemands. This can be explained by
patchy character of re-vegetation by different gggeenvironment and by jointed
microtopography. Presence of mesotrophic speciesther poor conditions (indicated by

water electric conductivity) reflects probable thgb- flow.



Photo 2.Sphagnunexpansion from nursery &riophorum vaginatunto the bare peat

surface.

Accumulation of new organic mass
Thickness of the new-grown organic layer variedMeein 0 and 55 (mean 34) cm that
indicates the patchy character of regeneratioringimoss formed upper 3-10 cm of this
layer. Total dry mass accumulated as new organteemmade up to 85 (mean 52.3) gtim
As the active re-vegetation started about 20 yagos the annual accumulation rate of the
new biomass was approximately 2-3.5 tlfaean 2.7 t hj).

Sphagnunbiomass forms a minor portion of total accumulatiut already exceeds
the biomass of other species in last dec&@bagnuniinear increment is rather high (2 to 6
cm yr) and stable but biomass production is relativetalé This can be explained by loose
and relatively sparse growth form in wet conditigmean water table depth 8 cm below the

capitulas).



Table 2. Parameters of biomass accumulation.

Mean Std.Dev.
Thickness of new-grown organic layer, cm 34.2 10.0
Total amount of accumulated dry matter, gdm 52.3 21.7
Annual accumulation rate of the new biomass, ¢ gt | 2.7 0.4
Linear increment o8phagnummm y* 27.2 4.1
Biomass increment @phagnumg dm?yr™ 1.64 0.40....

Depth versus weight curves (Fig. 2) demonstratedhiapression of weakly
decomposed organic matter starts from the depaibafit 15-25 cm. This characteristic is
typical also in pristine bogs and reflects starle€ay, breakdown of Sphagnum stems and

compression of organic matter. Result of this pseds formation of peat.
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Figure 2. Depth versus weight curves from 7 difféssamplings.

Acrotelm formation

The process lasting during some 25 years can lagded as acrotelm formation. We can
pronounce two important issues:



a) Lowering of trophic level through the uptake @edumulation of nutrients in the forming
peat as well by isolation of plants from minerahrsubsoil. Major role in nutrient uptake
playedEriophorum vaginatuma species able rapidly utilize of nutrients amgbhic level.

b) Stabilizing of water regime — accumulated anchjpressed organic material, especially
Sphagnumcaptures water and lowers hydraulic conductistgbilising water level and
moisture conditions. These factors change conditioare favourable t8phagnunspecies
and less tolerable for other bryophytes and vasqldents leading the succession towards
ombrotrophic $phagnurdominated) bog ecosystem.

Rochefortet al. (2003) estimated that a significant number of abtaristic bog
species can be established in restored sites dBHByears, stable high water-table in about a
decade, and a functional ecosystem that accumydatgsn perhaps 30 years. Kdrsa peat
field abandoned 24 years ago and without any irgémestoration activities is a functional

and peat-accumulating ecosystem at present.

CONCLUSIONS

For fast and successful mire re-establishment gsaserapidphagnuntolonization is
important. Pre-requisites for this arg:gtable near surface water table thorough whole
vegetation period;i() nursery by pioneer plants likgiophorum vaginatunandWarnstorfia

fluitans.
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