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Ecophysiological adaptations of coexistiBghagnunmosses

General introduction

Peat mossesSphagnumspecies, sphagna) have become probably the most
successful plant genus over the world, at leasteims of biomass, which
accumulates as peat (Clymo and Hayward 1982). Sw@hage also the only
bryophytes having direct and significant econonmatue, based mainly on the
high water absorptive capacity and antimicrobiabperties of their shoots
(Turner 1993; Painter 2003). These features am@alrparticularly inSphagnum
ecology — in the ability to accumulate biomass d@hds to form mires
(peatlands)Sphagnundominated mires have covered extensive areas gamel
the boreal zone of the Northern Hemisphere andesasvan important sink and
reservoir for global carbon (Gorham 1991), as waslthe source of peat, which
is used as an important raw material in severaidiras of industry, agriculture,
horticulture as well as in medicine.

A Sphagnum story

It is astonishing how such a minute plant, mosgjlccde so successful,
especially when it lacks specialized water-condectiascular tissues which are
assumed to play a key role in the colonization esfestrial habitats. Many
Sphagnunspecies chose an original ecological strategyhodgh most of the
other bryophytes are adapted to wet and shadednolysand dry habitats (e.g.,
forest understorey vs. rocks), sphagna have tateantage of both mentioned
strategies — life in a sunny and water-saturatedir@mment. Unique
morphology and growth habit enable sphagna to awbésiccation by
conducting and retaining extraordinary amounts afew This allows them to
maintain their photosynthesis, cell turgidity aritug the growth also under
temporarily dry environmental conditions, analodgts succulents.

Although the productivity ofSphagnummosses is not unusually high, they
accumulate peat due to the unusually slow decorposof their biomass
(Clymo 1984). Peat creates water saturated, anagidic and nutrient poor soil
conditions which are unsuitable for rooting plamsd often lead to the
formation of a treeless, open mire expanse. The gy how to outcompete
trees to ensure full light and avoid desiccatioass.
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Sphagnumis therefore referred to as an autogenic ecosysiegineer (sensu
Jones at al. 1994), i.e., an organism which useswh body and physiological
processes to modify the availability of resourae®ther species by creating a
new habitat — mire (or peatland) or, more spedific&phagnunbog. Another
engineering activity of certairsphagnumspecies can be observed on the
surfaces of open bogs, which are patterned intoogarm of elevated and
depressed microhabitats, differed by the depth afemlevel. Elevated bog
hummocks are built by dead shoots, usually of tfseagnunmspecies which
are currently growing on the top while other spgd@m wet moss carpets and
hollows. The reason why hummock species accumutaiee biomass than
hollow species does not consist $phagnumproduction, which tends to be
smaller in hummocks than hollows (Gunnarsson 20069,rather in the poor
litter quality of the hummock sphagna (Johnson Brasnman 1991, Belyea
1996). ThereforeSphagnunseems to be responsible also for creating and/or
maintaining the so-called hummock-hollow microtogaghy of bogs.

Niche diversification

Sphagnurdominated mires represent several types of habitdtitrient-poor
ombrotrophic bogs on the one side, and rich fentheropposite side. Forested
vs. open mires. Pools, wet hollows and carpetsdvg. hummocks. Such
differentiation of environmental conditions enablgdhagnunto evolve into
dozens of species — their ecological niches hatierdntiated along these
environmental gradients. Therefore sev&phagnunspecies may coexist in a
mire.

The hummock-hollow microtopography is the most abtaristic source of
niche diversification in mires. The differencesnater availability predetermine
the species’ morphological and ecophysiologicaptat&ons. Briefly, robust and
quickly growing shoots of hollow sphagna, belongmgstly to the section
Cuspidata, form relatively productive sparse cape®n the contrary,
hummocks are usually formed by densely growing shgots of species from
the section Acutifolia, which are characterized ¢ddgw growth and smaller
production (Gunnarsson 2005; Rydin et al. 2006¢ @@nse growth enables the
mosses to perform an effective water managemeeiposed hummock, i.e.,
water retention and conduction. Hummock sphagnatemefore referred to as
desiccation avoiders, lacking the true desiccattgrance, an adaptation typical
of many bryophytes. On the other hand, hollow sgga@rowing in loose carpets
and relying on a high water table, may be subjetdedesiccation more often
than sphagna in hummocks if the water table draavendduring a dry summer.
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This corresponds with the observation that sphagieaate desiccation better in
hollows than in hummocks (Wagner and Titus 198dyyéwver, this statement is
not supported by other authors (Clymo 1973; Schiggse and Rydin 1998),
probably because of differences in the pre-experiaiemoss treatment and
experimental design.

Nutrient availability is another factor forming tirect gradients over mire
habitats. Although ombrotrophic bogs are assumebetded exclusively with
rainwater, there are also differences in nutriemilability along the hummock-—
hollow or forested—open mire series. While hummaaies solely ombrotrophic
microhabitats, hollows or pools receive also thdrients which were not
retained in hummocks. Moreover, inundated habaatsoften rich in N-fixing
cyanobacterial communities (Granhall and Selan®3)L Mosses in forested
habitats receive also mineral nutrients intercefigdhe forest canopy, which
may several times increase the nutrient supply eseavident from the data on
rainwater chemistry. Owing to the ombrotrophic etéer of bogsSphagnum
vegetation has evolved an efficient nutrient retentparticularly by cation
adsorption on cation-exchange sites. This allowesntiesses to control nutrients
entering the top peat layers and thus the avaifalof nutrients to co-occurring
rooted plants taking up particularly the nutrientéeased from decomposing
litter (Malmer et al. 1994).

Aims of the thesis

The general aim of my thesis was to study varigpeet of functional ecology
of Sphagnhumspecies co-occurring in mire ecosystems with respe the
hummock-hollow microtopography. The thesis congi§fseur original studies:

l. Habitat and species controls on Sphagnum production and
decomposition in a bog
Hajek T. [submitted];

II. Effect of water content components on desiccationnd recovery in
Sphagnum mosses
Hajek T. & Beckett R.P. 200&nnals of Botanyt01: 165-173;

lll.  Mineral nutrient economy in competing species afphagnum mosses
Héajek T. & Adamec LEcological ResearcbOl: 10.1007/s11284-008-0506-0

IV. Light responses of mire mosses — a key to survivafter water-level
drawdown
Hajek T., Tuittila E.-S., llomets M. & Laiho RDikos
DOI: 10.1111/j.2008.0030-1299.16528.X.
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The first study is focused osphagnumcontrol in the hummock-hollow
microtopography. | asked whether the biomass pitimuof Sphagnunspecies
and/or the decomposition of their litter, may cdnite to creating and
maintaining the microtopography. | hypothesizedt ttee hummock-forming
Sphagnumspecies possess mechanisms enhancing peat actamditaming

and maintaining their own microhabitats.

The second study is devoted to water relationsesicdatedSphagnunmmosses
from contrasting microhabitats such as hummockdpWwe, and forest. The
guestion was how water availability influences thesiccation tolerance and
subsequent recovery as well as the water relapfjaremeters of moss cells. We
tested controversial hypothesis of Wagner and Tit984) that hollow sphagna
are more desiccation tolerant because they arelaitakavoid desiccation as
efficiently as the hummock ones.

In the third study, we studied the compartmentibraof mineral nutrients

between intracellular and extracellular exchangedphctions inSphagnum

species coexisting along the hummock—hollow migrography. We tested the
hypothesis that the cation compartmentalization oimbrotrophic sphagna
follows that in other mosses from minerotrophic iteib. We also asked how
closely coexisting species pairs compete for mimaun&ients in mixed patches.
We thus tested the contrasting hypotheses thatratimaitrient economy is
controlled either by the species (Aulio 1982) or lgbitat conditions (e.g.,
Malmer 1988).

The fourth study presents the light responses obtgdynthesis and

photosynthetic pigment concentrations in mosseas &in open mire and from its
shaded, i.e., drained and forested, counterpart.té8ted the hypothesis that
mosses occupying the open mire are well adaptatietdfull solar irradiance

while the mosses from the shade have charactsristishade-adapted plants.
We expected that the adaptation or acclimatiomoifradiance is a strategy to
facilitate survival in shaded conditions following persistent water-level

drawdown.
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Sphagnum cuspidaturfgreenish, emerging shoots) normally grows in thettest,
inundated microhabitats in bogs of the Bohemiane&orin autumn 2006, the rainy
weather enabled this species to utilize its highwgh potential of this species to
overgrow S. majus the brown-coloured dominant of wet carpets. Have\s.
cuspidatum has insufficient water-holding capacity to avoi@sitcation damage.
Therefore its sudden success is only illusive -etinerging shoots get dry and stop their
growth during the first sunny days.
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Habitat and species controls orsphagnum
production and decomposition in a bog

Tomas Hajek (submitted)

Abstract

| evaluated the production and decomposition chiaritics of six dominarbphagnum
species in their natural microhabitats distributdahg the gradient of water table in an
open ombrotrophic bog. The growth in length was Imfaster in pools and hollows than
in hummocks, but the resulting annual productiors waughly similar between the
microhabitats due to a greater shoot density andsemuently higher biomass in
hummocks. Although hummocks provided a much highaential for decomposition
than hollows and pools, th®phagnumlitter decomposed more slowly in hummocks
because of a much poorer litter quality of the hwoknsphagna. Thus the hummock
Sphagnumspecies possess both principal mechanisms patiicip in maintaining
hummocks above hollows — a sufficient productioe @nd limited decomposition rate.
These mechanisms emphasize the rolé&Spifiagnummosses as autogenic ecosystem
engineers controlling also the microhabitat diviezation in patterned mires.



Vliv stanovisté a druhu na produkci a rozklad
raselinikd@ na vrchovisti

Tomas Héjek (podano k opublikovani)

Shrnuti

Mefil jsem produkni a dekompozni charakteristiky Sesti dominantnich diuh
raSeliniki v jejich pirozenych mikrostanovistich, rozlozenych podél gratl hladiny
podzemni vody na bezlesém ombrotrofnim vrchoviiikovy prirastek raselinik bych
mnohem ¥tSi v jezirkach a Slencich nez v bultech, ale \drsfer@ni produkce byla
u vSech mikrobiotop podobna, protoze bultové druhyéiyn vétSi hustotu lodyzek,
atudiz i ¢tSi biomasu. Akoli bulty utvd&ely mnohem vhod$Si prostedi pro
dekompozici nez jezirka a Slenky, raSeliniky seuldzh rozkladaly pomaleji diky
mnohem mensi kvadit opadu. Bultové druhy jsou tak vybavenyéota zakladnimi
mechanismy, které se podileji na udrzenitbolid Slenky — maji dosta&m@ou rychlost
produkce a omezenou rychlost dekompozice. Tyto emsmy zdraziuji roli
raSeliniki coby autogennich ekosystémovych inzényfedifikatori), které ridi

i rozrazinovani mikrostanoviSna strukturovanych raselinistich.
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Simultaneous determination of water potential ahidrophyll fluorescence parameters
in moss samples. Moss shoots were placed in thesample Decagon SC-10A
thermocouple psychrometer (TP), linked to a WeddB-33T microvoltmeter (uV).
Chlorophyll fluorescence was measured using Haoka&1S2 modulated fluorimeter
(F). The fibre-optic probe (FOP) was inserted figlnto the loading aperture of the
thermocouple psychrometer using a specially matwfad adapter. This enabled us to
measure chlorophyll fluorescence in completely datbixed samples immediately after
the water potential measurement.

10
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Effect of water content components on desiccation
and recovery inSphagnum mosses

Hajek T. & Beckett R. P Annals of Botanyt01: 165-173, 2008)

Abstract

« Background and Aims We measured the basic parameters of water netatio
Sphagnummosses. We then tested the relationship of themanmeters to the
photosynthetic response to desiccation, and theggof these mosses.

* Methods The water relations parameters of fEphagnunspecies (mosses typical of
wet habitats) andAtrichum androgynum(a typical, more mesophytic, moss) were
calculated from pressure—volume isotherms. Phothstic properties during and after
moderate desiccation were monitored by chlorophydirescence.

» Key Results When desiccated, the hummock forming spe@&esfuscumand S.
magellanicumlost more water before turgor started droppingntlwher sphagna
inhabiting less exposed habitats (73 % comparedb@® on average). Osmotic
potentials at full turgor were similar in all spesiwith an average value of —1.1 MPa.
Hummock sphagna had clearly more rigid cell wallant species of wet habitats
(¢ = 3.55 compared to 1.93 MPa). As a result, thelorcphyllous cells lost turgor at
higher relative water contents (RWC) than speciewet habitats (0.61 compared to
0.46) and at less negative osmotic potentials 8-2d@mpared to —3.00 MPa). During
drying, ®@pg) started declining earlier in hummock species @tdRof 0.65 compared to
0.44), andF,/F,, behaved similarly. Compared to other species, hochknsphagna
desiccated to —20 MPa or —-40 MPa recovered morepletety after rehydration.
A. androgynunresponded to desiccation similarly to hummock sphaguggesting that
their desiccation tolerance may have a similar johygical basis.

« Conclusion Assuming a fixed rate of desiccation, the higlvater holding capacities

of hummock sphagna will allow them to continue rbetsm for longer than other

species. While this could be viewed as a form adstdcation avoidance”, hummock
species also recover faster than other speciesgluehydration, suggesting that they
have higher inherent tolerance. This may help thenpersist in drought-exposed

hummocks. By contrast, species growing in wet laabitack such strong avoidance and
tolerance mechanisms. However, their turgor maamnea mechanisms, for example
more elastic cell walls, enable them to continudaimalizing longer as their water

contents fall to the turgor loss point.

11



Vliv vodniho rezimu raseliniki
na jejich vysychani a naslednou regeneraci

Hajek T. & Beckett R. P Annals of Botanyt01: 165-173, 2008)

Spoluautorsky podil T. Hajka na publikaci: 85 %

Shrnuti

+ Uvod a cile Méfili jsme zakladni parametry vodniho rezimu rad&finiPoté jsme
sledovali vztah&chto paramefr k fotosyntetické reakci na vysychani a k ekoléogghto
mechi.

* Metody Ze zmgiené zavislosti vodniho potenciadlu na obsahu vodthejsypditali
parametry vodniho reZzimuép druhi raSeliniki (charakteristickych medhvihkych
stanovi§) a Atrichum androgynum (typického mezofytniho mechu). Metodou
fluorescence chlorofylu jsme sledovali fotosyntietiwlastnosti fi vysychani.

« Hlavni vysledky Nez buiky zataly bshem vysychani ztracet turgor, bultové druhy
raseliniki S. fuscuna S. magellanicunztratily vice vody, nez raSeliniky obyvajici n¢én
exponovana stanovit{primérné 73 % v porovnani s 56 %). Osmotické potencialy byl
pfi plném turgoru u vSech dratpodobné (pimérné —1.1 MPa). Bultové raSeliniky dly
vyrazré pevrgjSi burééné stny nez druhy vihkych stanovi§(e = 3.55 v porovnani
s 1.93 MPa). Proto jejich zivé Bky ztratily turgor pgi vy$Sim relativnim obsahu vody
(RWC) a mén zaporném osmotickém potencialu (-2.28 v porovsés8.00 MPa) nez
u druhx vlhkych mikrostanovi (0.61 v porovnani s 0.46). Paraméiss, zatal klesat
béhem vysychéaniidve u bultovych drub (pfi RWC 0.65 v porovnani s 0.445;,/F,, se
choval podob#& V porovnani s ostatnimi druhy, bultové raselinilysusené ip —20
MPa nebo —40 MPa, ozivaly po owéni lépe. DruhA. androgynumreagoval na
vysuSeni podolinjako bultové raSeliniky, coz naznhge, Ze jejich tolerance k vysychani
muze mit podobnou fyziologickou podstatu.

e Zawry Za pedpokladu stejné rychlosti vysychangtdi vodni reteéni kapacita
umoziuje bultovym raSelinikm udrzet metabolizmus po delSi dobu nez ostatrtiydru
To miZzeme povazovat za &gob, kterym Ize vyschnutif@dchéazet. Bultové druhy vSak
dokézi po ovlbeni regenerovat rychleji, coz napovida na jejicpSietoleranci

k vysuSeni. Oba tyto mechanismy jim tak mohou parpéezit v bultech vystavenych
vysychani. Naopak druhy obyvajici vlhka standvigbstradaji tak &inné prostedky
piedchazeni a tolerance k vysychani. AvSak jejichhmeismy pro uchovani turgoru,
jako jsou pruz#si buré¢né stny, jim umozuji udrzet metabolizmus déle, nez obsah
vody poklesne k bodu ztraty turgoru.

12
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Sphagnum magellanicufred capitula) contained only 40 % of intraceltutitrogen (N)
when it occurred together with. angustifoliunfgreen capitula). This may result from a
lower intracellular uptake rate of NHand NQ™ in S. magellanicuralso by about
40 %), indicating unequal competition for N, a limg nutrient in N-unpolluted bogs.

14
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Mineral nutrient economy in competing species
of Sphagnum mosses

Hajek T. & Adamec L.Ecological Research
DOI: 10.1007/s11284-008-0506-0)

Abstract

Bog vegetation, which is dominated 8phagnunmosses, depends exclusively on aerial
deposition of mineral nutrients. We studied how timain mineral nutrients are
distributed between intracellular and extracelldachangeable fractions and along the
vertical physiological gradient of shoot age in eBphagnumspecies occupying
contrasting bog microhabitats. While tHgphagnumexchangeable cation content
decreased generally in the order’Ca K*, Na', Mg?* > AI** > NH,", intracellular
element content decreased in the order N > K >Nig, P, Ca, Al. Calcium occurred
mainly in the exchangeable form while Mg, Na andtipalarly K, Al and N occurred
inside cells. Hummock species with a higher catiexchange capacity (CEC)
accumulated more exchangeable*’Cavhile the hollow species with a lower CEC
accumulated more exchangeable” Nzarticularly in dead shoot segments. Intracellula
N and P, but not metallic elements, were consistdatver in dead shoot segments,
indicating the possibility of N and P reutilizatiftnom senescing segments. The greatest
variation in tissue nutrient content and distribativas between species from contrasting
microhabitats. The greatest variation within miabitats was between the dissimilar
speciesS. angustifoliumandS. magellanicumThe latter speciesad the intracellular N
content about 40% lower than other species, inotudiven this species when grown
alone. This indicates unequal competition for Njaohcan lead to outcompeting 8f
magellanicumfrom mixed patches. We assume that efficient caéirchange enables
Sphagnunvegetation to retain immediately the cationic ieumtts from rainwater. This
may represent an important mechanism of tempor&neion of mineral nutrient
availability to subsequent slow intracellular neitri uptake.

15



Hospodareni konkurujicich si raseliniki
s mineralnimi zivinami

Hajek T. & Adamec L.Ecological Research
DOI: 10.1007/s11284-008-0506-0)

Spoluautorsky podil T. Hajka na publikaci: 70 %

Shrnuti

Vrchovistni vegetace, hajnzastoupena raSeliniky, je co déjmu mineralnich Zivin
zavisla pouze na atmosférickém spadu. Studovalejsjak jsou mineralni ziviny
rozmistny mezi vigbuni¢nou (ionto¥ vyménitelnou) a vnitrobu&inou slozku a podél
vertikalniho fyziologického gradientu gt&télky u sedmi druhraSeliniki, které obyvaji
odlisSnd vrchoviStni mikrostanovist Zatimco obsah vysmitelnych kationt klesal
obecr v paadi C&" > K*, Na', Mg®* > AI** > NH,", vnitroburgeny obsah prvis klesal
v paradi N > K > Na, Mg, P, Ca, Al. Vapnik se vyskytoyiédevsim ve vyrnitelné
form¢, zatimco Mg, Na a zejména K, Al a N u¥nlurgk. Bultové druhy s &si
kationtovou vyninnou kapacitou (CEC) hromadily vice vimitelného C&', zatimco
lenkové druhy s mensi CEC hromadily vice€ ,N@jména v odutelychcastech stélky.
Vnitroburgény obsah N a P, ale nikoli kovovych pivkyl obec& mensi v oduifelych
¢astech stélky, coz napovida na moznost reutilizZdca P z odumirajicich stélek.
Nejwétsi  variabilita v obsahu a rozlozeni zivin byla imedruhy odliSnych
mikrostanovi§. NejwtsSi variabilita uvnit mikrostanovi§ byla mezi nepodobnymi
druhy S. angustifoliuma S. magellanicumbDruh S. magellanicunede nél asi o 40%
mensi vnitrobuéiny obsah N nez ostatni druhygeint tohoto druhu rostouciho
samostath To je giznakem nerovnowsmné konkurence o N, kteratie vést az ke
konkurergnimu vyloweni S. magellanicunze smiSenych pordst Predpokladame, ze
Winna kationtova vyrna umo#uje porostu raSeliniku okamZitzadrzet Ziviny ve
form¢ kationti obsazené ve srazkové wodTo mize byt vyznamny zsob, jak
prodlouzit dobu, po kterou jsou minerdlni Zivinystlgpné pro pomaly vnitrobgéény
piijem.
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Colourful Sphagnunmsamples collected from a pristine mire, i.e., aeropnd sunny
habitat, and from its drained, i.e., forested ahddsed counterpart. The dark colours
(crimson, yellow-brown or green-brown) belong tchagna from the open mireS(
magellanicumsS. papillosumsS. fallaxor S. flexuosum while the green-red capitula of
S. magellanicunmand S. russowiiwere collected in the shade. It is surprising tBat
angustifoliumwas bright green in both habitats having alsohighest photosynthetic
capacity while the dark, sun-grown sphagna showetbtoms of light-induced stress.
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Ecophysiological adaptations of coexistiBghagnunmosses

Light responses of mire mosses — a key to
survival after water-level drawdown?

Hajek T., Tuittila E.-S., llomets M. & Laiho ROfkos
DOI: 10.1111/;.2008.0030-1299.16528.x)

Abstract

Mosses are important ecosystem engineers in mitesr existence may be threatened
directly or indirectly by anthropogenic drying, whi further leads to shading and
changed competition conditions via increased adigr@ant cover. Yet, some species are
able to acclimate to the changing habitat, whilmegive way to new colonizers. In the
shaded conditions, acclimation or adaptation to ligit levels is likely to be a winning
strategy to survive. We studied the light resporggshotosynthesis and photosynthetic
pigment concentrations in mosses from an open ami its shaded, i.e. drained and
forested counterpart. Against our expectations Spleagnunspecies found only in the
open habitat had lower photosynthetic capacity magimum quantum yield than those
found to grow in the shade. Chlorophyll fluoresencesults suggested that
photoinhibitory damage to photosystem Il is resgdasfor the low photosynthetic
performance of the sphagna of the open habitatciwhiere inefficient to utilize any
light level. In the shaded habit&phagnummosses showed adaptation to lower light
conditions only by possessing a higher chloroplyghtent. Pleurozium schreberi
reached photosynthetic light saturation at halfitrediance level compared to sphagna.
The lack of efficient photoprotection or repair rhanism after photodamage may
constrain the success of these species in thelegdgtat. Thus, the dominant sphagna in
the open pristine conditions seem to be stressataiewhile the dominants of the shaded
drained mire appear to be species capable of maixightheir growth and production to
compete in the unstressful conditions in termsgiftland desiccation.
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Odpovéd’ raseliniStnich mechi na ozaenost —
— Kkli¢ k preziti po snizeni hladiny vody?

Hajek T., Tuittila E.-S., llomets M. & Laiho ROfkos
DOI: 10.1111/j.2008.0030-1299.16528.x)

Spoluautorsky podil T. Hajka na publikaci: 60 %

Shrnuti

Mechy hraji na raselinistich vyznamnou roli ekoéystvych inzenyr. Clovék mize
jejich pritomnost pimo nebo nefimo ohrozit vysouSenim, které pak vede k zastinu
a nafstu pokryvnosti konkurujicichidvin. Nekteré druhy se pak gnicimu se progedi
dokézi pgizptsobit, zatimco jiné ustoupi novym kolonizdtor V zastinu rize byt
aklimace a adaptace na nizkou ierést vitznou strategii pro #eziti. U mech

z oteweného raSelini§ta jeho zastimého, tedy odvodmého a zalesmého progjsku
jsme studovali odpa@d’ fotosyntézy na ozénost a obsahy fotosyntetickych pignient
Oproti naSemu &ekavan nily raSeliniky, které obyvaly pouze otewmé stanovigt
mensi fotosyntetickou kapacitu a maximalni kvantey§¢zek fotosyntézy nez druhy
rostouci ve stinu. Vysledky fluorescence chlorofyhazn&uji, ze za malou
fotosyntetickou vykonnost raSeliriik z oteweného stanovis§t je zodpo¥dné
fotoinhibiéni poskozeni fotosystému II; mechy tak nedokazé&ipng vyuzit oz&enost
jakékoli intenzity. Jedinou adaptaci k nizké iferésti, kterou rly raSeliniky

v zastigném stanovisti, byl vy3$Si obsah chlorofylu. V parénmi s raSeliniky dosahovala
fotosyntézaPleurozium schrebeswtelného nasycenitppoloviéni hodnot oz&enosti.
Chykgjici Geinnd ochrana proti nadimé oz&enosti nebo opravny mechanismus po
poSkozeni rize omezovat Usgh chto drulii v oteweném stanovisti. RaSeliniky
prevladajici na otéeném nenaruSeném raSelinisti se tak jevi jako droleyujici stres,
zatimco druhy typické pro zastimé odvodiiné raSelini§t dokazi maximalizovat sy
rast a produkci, aby konkuréng obstély v prosedi, které neni stresujici co do intenzity
oz&enosti a vysychani.
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Conclusions

General summary

Three of the four presented studies are devoteldet@daptations ddphagnum
species coexisting along the vertical hummock—moljoadient, which results in
a rich species diversity in ombrotrophic bogs. $mecforming elevated
microhabitats, generally hummock sphagna, have vedolmorphological,
production, chemical, physiological and nutritioadlptations enabling them to
build and maintain their own microhabitats.

In contrast to the water-saturated hollows andfudbk well-aerated hummocks
represent a suitable environment for the activitynacrobial decomposers
(Study 1). Therefore theSphagnunspecies building and inhabiting hummocks
have mechanisms that enable them to maintain ®rifiqppeat accumulation.
They form dense cushions with high biomass regylim a similar net
production as that in hollows and pools. The chamiomposition makes the
litter of hummock-forming sphagna more resistandécomposition than that of
the species occupying hollows and poditu@y I). Although the shoots of
hummock species are better desiccation avoidersindpava greater
water-retention capacity, they possess also a rbatteerent tolerance of
desiccation $tudy Il). This adaptation may help them to survive unetquec
periods of drought in exposed hummocks. Since theemal nutrition is
restricted exclusively to aerial deposition in huoaiks, hummock sphagna have
developed an efficient mechanism of nutrient rétentbased on an about
doubled content of cation-exchanging sites on tleeil wall surfaces in
comparison with species of wet microhabit&@sudly 111'). So, their intracellular
nutrient contents do not differ substantially frothose in other mosses
inhabiting mineral soils. Moreover, the high contesf these carboxylic
exchangers may explain the poor litter quality ummock sphagné&sgudy I).

On the larger scale of the entire mire, the ecesyséngineering activity of
Sphagnumnspecies often leads to the exclusion of tree coMee resulting full
sun irradiance induces stress and damage to thegyinthetic apparatus in most
of the Sphagnunspecies of the open, pristine habitat. But it @ 80 in the
shaded forested mire parts, which were drainedarptaist $tudy IV). Thus, the
Sphagnundominants of open habitats seem to tolerate tbessxve irradiance
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stress, while sphagna of shaded mire habitats appdae better competitors
capable of utilizing their photosynthetic capactty maximize growth and
production.

The tolerance and avoidance of environmental ssesgepresent
ecophysiological adaptations as the essential coesee of the
Sphagnurmediated ecosystem changes. The studies preseetedshow how
the Sphagnunspecies dominating open mires, particularly in mooks, cope
with and benefit from the severe conditions in t®rof water and nutrient
deficiency but under excessive irradiance.

Perspectives

All the studies presented raise further questionguture research. What are the
chemical compounds responsible for the low littealify in hummock species
and sphagna at all? There is an indication thalotditter quality can be linked
with the high cation exchange capacity, importamt éfficient retention of
air-born nutrients. But what is the role of catxchange in the nutrient uptake
into the protoplast? This seemingly elementary @sedchas never been exactly
established. Its understanding may elucidate aheop toxicity of excessive
mineral nutrients in species from ombrotrophic ahgotrophic habitats or, e.g.,
the calcium tolerance of certalBphagnumspecies in fens, one of the most
rapidly disappearing habitats in Europe.

The results of the previous studies on desiccatiterance irSphagnunspecies
are hardly interpretable because of the unknowmetegrogeneous history of the
samples studied, particularly in terms of a possitvtbught hardening of some of
the species compared. We compared mosses adagtedrtanent full hydration
but what is the potential for drought acclimationspecies from contrasting
habitats? Since it is rather impossible to pregiseintrol or even measure the
water status of the intact moss, a laboratory éxpart employing, e.g.,
polyethylene glycol solution may represent a waelhtlled approach exactly
controlling the intensity of water stress.

The light-induced damage to the photosynthetic egipa may result from the
impact of many other stress factors such as theentit temperature or GO
limitations in open mires. A detailed experimersiidy is needed to clarify this
phenomenon with possible consequences for oncoomiirexpected both local
and global environmental changes.
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