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PfedloZena diserta¢ni pace sestava ze tii publikovanych praci, jedné prace podané do tisku a
stru¢ného tvodu. Préce je napsana v angli¢ting a je po formalni strance velice pékné
provedena.
PiedloZené publikace byly publikovany v Annals of Botany, Ecological Research a Oikos.
Podil autora na pfedloZenych pracich je jasné definovan a doloZen prohla$enim spoluautort.
PiedloZené prace na sebe tématicky t€sné€ navazuji: 1) primarni produkce a dekompozice
riznych druhti raSeliniku, 2) vysychani a obnova metabolickych funkeci raseliniku. Strategie
druhti na bultech a ve $lencich. Tolerance a avoidance (obchazeni) 3) Mineralni vyZiva a
kompetice mezi raSeliniky 4) Svételné zavislosti fotosyntézy mechi radelin — kliCové procesy
pii prezivani poklesu hladiny vody.
Autor vyuzil naro¢né metodiky pro fyziologické a ekofyziologické studie. Data jsou
zpracovana statisticky a vysledky jsou ptehledné prezentovany. Vysledky ekofyziologickych
méfeni a experimenti jsou diskutovany jak na irovni jedné rostliny, tak na Grovni porostt a
ekosystému. Diskuse a zdvéry jsou vedeny snahou vysvétlit funkce ekosystému na zakladé
zjisténych ekofyziologickych charakteristik.
Vsechny piedloZené prace prosly peclivou recenzi. Zamé&fim se na interpretaci vysledki
n¢kterych méfeni.

a) dekompozice raseliniku probihd pomaleji na bultech, coz ptispiva k udrzeni struktury

ra$elini$té. Na bultech je biomasa hustsi, dusik je zde pevnéji vazan.

Klimatickd zména je provazena prodlouZenim obdobi beze srazek a prudkymi
srazkami. Lze odhadnout, jak se projevi sniZeni frekvence malych srazek a
prodlouzeni obdobi beze srazek na produkci a dekompozici? Bude opad na bultech
lépe rozlozitelny po odvodnéni (nastup jinych druh)? Jak se projevi klimatickd zména
na akrotelmu? Na tzemi CR jsou etna radelini§té v povodi vodarenskych nadr.
Napfiiklad v nadrzi Flaje, se zvySuje koncentrace huminovych kyselin, coZ vyrazné

zhor3uje kvalitu vody. Cista ro&ni produkce ragelinikii byla v rozsahu cca 200 —



b)

d)

raSelini§t’. Praci doporucuji bez vyhrad k obhajob¢.

2.12.2008 RNDr. Jan Pokorny, CSe.

360g.m™.rok-'. Lze alespoii velmi zhruba odhadnout, jaka by byla rychlost
dekompozice po odvodnéni?

Autor pfirovnava raseliniky k sukulentim — pletiva nejsou tolerantni k vysusent,
udrZuji si vodu. Za jak dlouho po rehydrataci se obnovi fotosyntéza, kdyZ raselinik
ztratil vodu na droven mirného vyschnuté (-20MP)?

V kyselém prostiedi raselinisté je amonny dusik ze srazkové vody ve formé& NH; ",
neunikd jako NH3; a mtize byt pfijat raSelinikem. Jak se v té€chto podminkach
preméniuji oxidované formy dusiku ze srazkovych vod? Pfi vapnéni lest se nékdy
dostal vapenec i do raselinist. Lze si negativni efekt nadbytku vapniku vysvétlovat
obsazenim vazebnych mist s negativnim nabojem na povrchu listki?

S. magellanicum vykazoval fotosyntetické charakteristiky poskozeni svételnym
stressem (svételna inhibice) : pomé&rné vysoky svételny kompenzacni bod, pomalé

syceni fotosyntézy svétlem (plocha smérnice). Fluorescen¢ni méteni prokazala

poskozeni fotosystému II. Projevovala se néjaka rychlejsi aklimatizace tohoto druhu

pii méfeni fotosyntézy nebo byla fotosyntetickad odezva spiSe opakovatelna?

Piedlozena doktorska disertacni prace ma vysokou troven. Prace prosly pfisnym recenznim

fizenim. Jako celek predlozena prace pfispiva k poznani ekofyziologie raselinikd a ekologie
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Oponentsky posudek

na disertacni praci Mgr. Tomase Hajka

Ecophysiological adaptations of coexisting Sphagnum mosses
Oponent: Prof. RNDr. Jan Gloser, pfirodovédecka fakulta Masarykovy univerzity v Brné.

Raselinisté s dominujicimi porosty rlznych druhG mechl rodu Sphagnum (raselinik)
predstavuy z mnoha hledisek mimoradné za_]lmave plosné i produkéné vyznamne typy
ekosystemu a proto je jim opravnéné vénovana v celosvétovém méritku znacéna
pozornost. Pro hlubsi pochopeni mechanismu podmmuchh UspésSnost raselinikd pfi
kolonizaci trvale Ci periodlcky zamokrenych mist ma nepochybné kli¢ovy vyznam studium
jejich fyziologickych procesli. Mechy obecné (a rasellmky zvlast!) predstavuji ovéem
velmi obtiZny objekt pro exaktni fyziologickd méfeni, predevsim pro velmi slozité
prostorové uspofadani svych drobnych organd, ztéZujici presné definovani vnéjsich
podminek v jejich nejblizsim okoli. Ekofyziologické prace s raseliniky také komplikuje
témer trvala pritomnost externé lokalizované vody a silné zpétnovazebni vztahy jejich
stélek s okolnim prostfedim. S védomim téchto skutecnosti jsem posuzoval disertaéni
praci Mgr. Tomase Hajka.

Predlozenou disertaci tvofi soubor étyF samostatnych rukopisd, které byly jiz z&asti
publikované ¢i predlozené k publikaci, doplnény spoleénym Gvodem a zavéry. Cely spis je
vyveden v anglickém jazyce a z formalniho hlediska ma pfimo vzornou Uroven.
Prezentovany soubor je zcela logicky uveden rukopisem shrnujicim vysledky prevazné
terénnich praci zamerenych na kvantifikaci rychlostl produkce biomasy a rychlosti
dekompozi¢nich proces( nékolika druhd raselinikl obsazujicich rozdilné niky
v heterogennim prostiedi raselinist. Navazujici prace pak detailn&ji rozebiraji nékteré
aspekty jejich vodniho provozu, mineralni vyZivy a vyuzivani zafeni ve fotosyntéze.
Nejprve uvedu nékteré pfipominky k diléim rukopisiim, a v zavéru pak jejich souhrnné
hodnoceni.

Prvni ze souboru praci ma nazev Habitat and species controls on Sphagnum
production and decomposition in a bog. Jsou v ni uvedeny Udaje o rychlosti tvorby
biomasy apikalnich ¢asti Sesti druhu radelinikd v prib&hu dvou vegetacnich obdobi,

a soucasné i idaje o rychlosti rozkladu nezivych &asti raselinikl a vzork( standardniho
substratu (Cisté celulosy). Vysledky pFispély k potvrzeni hypotézy, e k ndpadné vétsimu
hromadéni biomasy a nekromasy u druhd vytvarejicich vyvysené bulty prispiva jak
rychlejsi produkce, tak i pomaly rozklad ve srovnani s druhy rostoucimi v mokiejsich
depresich (Slenky). Prezentované Udaje o rychlostech uvedenych procest, ziskané
pracnymi odbé&rovymi metodami na pfirodnich lokalitdch jsou nepochybné cennym
vychodiskem pro dalsi hlubsi analyzu nalezenych mezidruhovych rozdild. Nicméné je
velka Skoda, Ze tato analyza bude velmi ztizena pfedevsim nedostateéné& monitorovanymi
faktory prostredi na jednotlivych stanovistich. Skute¢né nebyl méFen ani celoro¢ni pribéh
teploty v aktivnich vrstvach mechovych porostu? Teplota ma prece zcela zasadni vliv na
rychlost rlstovych i dekompozmmch procesil! Z toho pak vyplyvaji i potiZze s vysvétlenim
neoby&ejné velkych rozdild v rychlosti produkce a rozkladu biomasy na stejnych
stanovistich ve dvou po sobé nasledujicich letech.

Zaméreni druhého dil¢iho rukopisu zaclenéného do disertace je ziejmé z jeho nazvu:
Effect of water content components on dessication and recovery in Sphagnum mosses.
Zakladni charakteristiky vodniho rezimu raselinikd byly méfeny v laboratornich
podminkdach na vzorcich odebiranych z jihoceskych lokalit. Zastoupeni jednotlivych druhl
ve studovaném souboru je bohuzel ponékud jiné, nez tomu bylo v pfedchazejici praci, a
soubor je navic doplnén o jihoafricky mech Atrichum androgynum. Davody pro vélenéni
tohoto druhu nejsou z textu dostatecné zrejmé. Nicméné se jednalo se o vesmés velmi
dobfe promyslené i technicky velmi dobfe provedené experimenty, a dosazené vysledky
povazuji z obecného hlediska za mimofadné cenné a v mnoha smérech originalni.



Pro spravnou ekologickou mterpretao (tedy nikoli jen spekulativni) vyznamnosti
zjisténych mezidruhovych rozdild v celé fadé mérenych parametrd vodniho provozu by
vSak bylo velmi zadouci 2|skat jesté dopanJ|C| informace o kolisani parametrd vodniho
rezimu asimilaénich organt raselinikl na pfirodnich stanovistich. Zejména by byly
potfebné alespon né&jaké kvantitativni udaje o vyskytu, frekvenci a délce casovych period
(v dennim i v sezdénnim méfitku) s vyskytem kritického vodniho deficitu apikalnich ¢asti
mechovych rostlinek v odlidnych typech porostl. Nebo snad jiz byly na jihoceskych
lokalitdch provadény né&jaké (byt jen orientacni) méreni v tomto sméru?

Nazev tretiho pFispévku — Mineral nutrient economy in competing species of
Sphagnum mosses — je formulovan ponékud obecné&ji, nez je jeho skutecny obsah. Ten
zahrnUJe jen jisty dilci aspekt hospodaFeni s mineralnimi zivinami - jejich obsahy
v riznych kompartmentech a vyménnou kapacitu pro kationty (CEC) v apoplastu
mechovych listkll. Opét se jedna o laboratorni analyzy provadéné na vzorcich raselinikd
z jihogeskych lokalit. Zpracovani zvoleného tématu je velmi kvalitni a pfinosné, nebot
mezidruhové rozdily v CEC mohou hrat znac¢nou roli v rychlosti pfijmu Zivin a jejich
naslednému vyu2|t| v rustovych procesech. Mozny mechanismus benefi¢niho ucinku CEC
je v rukopise popsan. Vyznamnost nalezenych mezidruhovych rozdilG v CAC pro
kompeti¢ni vztahy a sukcesni procesy na prirodnich stanovistich je vSak pfesto mozno
dosud hodnotit jen velmi opatrné vzhledem k velmi komplexnimu charakteru celé
problematiky mineralni vyZivy raselinikd.

Posledni prispévek ze souboru ¢tyf dilcich praci se v mnoha smérech odlisuje od
ostatnich. Tato odliSnost nespociva jen v odborném zaméreni (reakce ruznych druht
raselinikd na mnozZstvi dopadajiciho zafeni), ale zejména v tom, Ze méfeni byla
provadéna na rostlinach ze skandindvskych lokalit a fazeni studovan{/ch druhd do
ekologickych skupin bylo prova’déno podle jiného schématu nez v ostatnich rukopisech.
Je sice pravda, Ze vlozZeni této prace do pfedlozeného souboru zvyraznuje znacnou Sifi
zabéru Mgr. Hajka pfi ekofyziologickém studiu radelinik{, ale na druhé strané mala
kompatibilita s ostatnimi praceml i velmi omezena platnost ziskanych vysledkl mne
vedou k presvédleni, ze jeji zarazeni do souboru nebylo nutné. Proto také ani nechci
detailnéji rozvadét nedostatky tohoto rukopisu, které jsou jednak formalniho razu (napf.
ne zcela spravné pouzivani terminl light - PPFD - irradiation - irradiance), ale i
metodického a interpretacniho. Patfi sem napf. zjevné nevhodny postup pfi méfeni
svételnych krivek, ktery s velkou pravdépodobnosti zatizil odvozené hodnoty
maximalniho kvantového vytézku nelnosné velkou chybou Také nejsou brany v Uvahu
mozné (a jen obtizné ellmlnovatelne) chyby pfi méfeni radiacnich zavislosti zplsobené
vertikalni heterogenitou absorpce zareni v méfenych vzorcich, mozny vliv externé
lokalizované vody na presnost méfeni vymény CO,, atd. Nikde jsem nenaSel udaje o
mezidruhovych rozdilech v rychlosti respirace, které jsou pro posuzovani schopnosti
tolerovat nedostatek zareni obvykle mimoradné dilezité. Vibec cely koncepéni pfistup
k hodnoceni potencidlni Gspésnosti jednotlivych skupin druhl na stanovistich s rozdilnym
radia¢nim rezimem trpi znaénym zjednodusenim a nutné vede k nepfilis presvédcivym
zavérdm. Pro hodnoceni Grovné celé disertace vSak nejsou uvedené vady podstatné.

Zavérecné hodnocem Soubor vedeckych ¢lankd vénovanych srovnavacimu studiu
fyziologickych procesd koexistujicich druh( raselinikd s cilem prispét ke kauzalniho
vysvétleni jejich rozdilné uspésnosti v rGznych typech prostredl predlozeny Mgr. Hajkem
jako disertacni prace doklada nejen jeho velmi dobré osvojeni techniky moderni védecke
prace, ale soucasne pfindsi i velké mnozstvi novych ekofyziologickych poznatk{, o jejichZ
vyznamnosti nemQZe byt pochyb. I kdyz vSechny tyto ziskané poznatky stale jeste
nedostacuji pro vytvoreni jednotici mechanismové syntézy umoZznujici predikovat
populaéni dynamiku v porostech radelinik{, pfedstavuji asi maximum toho, co Ize
v prabéhu doktorandského studia stihnout. Sou¢asné predstavuji i velmi cenny zaklad
pro dalsi dopliujici studie, ve kterych by bylo velmi Zadouci pokracovat. Proto celkové
hodnotim predloZenou disertacni praci Mgr. Hajka vysoce kladné a viele ji doporucuji
k obhajobé. A

V Brné dne 18. 11. 2008. L 5.0
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Report by R.M.M. Crawford on the thesis
Ecophysiological adaptations of coexisting Sphagnum mosses

Submitted by Tomas Héjek for the degree of Doctor of Philosophy

Choice of topic

This choice of topic for this thesis, Ecophysiological adaptations of coexisting
mosses, is well chosen and addresses both practical problems and basic scientific
questions in relation to the ecology of wetlands. The Sphagnum mosses are of
worldwide distribution and in many regions of the World form dominant features of
the environment changing entire landscapes in a manner that favours their biological
success to the detriment of many other species of plants and animals. The spread of
Sphagnum can also create severe consequences for human settlement in removing
large areas of land from cultivation. Current climatic trends may also have significant
effects on the viability of Sphagnum dominated plant communities. While drought
may adversely affect the viability of Sphagnum populations in areas with decreasing
rainfall there are nevertheless oceanic regions where precipitation is increasing and
this will have positive effects on Sphagnum populations. Increasing paludification due
to the spread of Sphagnum species will be disadvantageous to both agriculture and

forestry. The choice of topic for this thesis is therefore very timely.

Apart from the above current practical considerations the research reported in
this thesis is central to several present-day evolutionary questions that have profound
ecological significance and remain unsolved even although it is now nearly 200 years
since the birth of Darwin (12 February, 1809). The thesis could have been entitled,
why are there so many species of Sphagnum? That such a diminutive plant can exert
such a powerful effect on the environment is a cause for wonder. It is also astonishing
that any one bog should contain so many species of this genus living in close
proximity to one another, especially when outwardly they appear so similar in form
and function. This last aspect of the ecology of Sphagnum is the particular emphasis
of this thesis. As with all ecological situations there are numerous possible
explanations for the questions under examination and this is duly reflected in this

thoughtful, detailed, and painstaking enquiry into different aspects of the



ecophysiology of these remarkable plants. The thesis is divided into four main
sections, namely, growth and decay, desiccation, mineral nutrition, and light
responses, all of which play a significant role in the physiology and ecology of

Sphagnum.

Growth and decay

This opening chapter of the thesis is devoted to the growth and decomposition of
Sphagnum in relation to variations in microhabitat that are found in a raised mountain
bog in the Bohemian Forest at an altitude of 1115 m a.s.l. Numerous interpretations
have been presented in the past to try and explain this phenomenon. Early studies
considered the distinction between hollows and hummocks to be transitory as it was
thought that the hummocks eventually decayed and reverted to hollows and that the
hollows gradually emerged to form new hummocks. This interpretation is now
generally rejected in favour of a permanent distinction between hummocks and
hollows that can be traced back through the peat record for centuries. This present
thesis is based on this latter interpretation and seeks to determine the processes that
cause the Sphagnum vegetation to adapt to one or other of these microhabitats, i.e. the
hummock or hollow. The investigation centres entirely on the ecophysiology of the
Sphagnum species. This is an understandable position as obviously the micro-
environmental differences between hummocks and hollows provide distinct habitats
that will call for specific adaptations. However, it is also possible that the micro-
topography of the bog surface may be modified by flowering plants. It has been
suggested (Malmer et al., 1994) that the growth form and architecture of the vascular
plants determine the occurrence and distribution of the structural units on a mire,
namely the hummocks, lawns and hollows. Dwarf shrubs, and other vascular plants
with orthotropic growth-patterns, characterise hummocks, where they form a firm
matrix which reinforces and supports the spongy biomass of Sphagnum. In a similar
way, clonal herbs stabilise the lawns, because of the predominantly plagiotropic, or
only weakly orthotropic, growth pattern of the rhizomes and coarse roots in the upper,
oxic layers. Extended periods of drought often may have deleterious effects on
wetland mosses, while at the same time having a less severe impact on the vascular
plants because of their more efficient water conducting system. Field observations
also suggest that in particular Calluna vulgaris is an important species particularly in

north-western Europe in relation to the development of hummocks and where this



species is not present, either because it is too wet or too cold for this semi-oceanic
species, then a lawn type of bog surface prevails. Given the finding that tussock
Sphagnum species decay slowly, what are the factors that retard their decomposition
in hummocks as opposed to hollows? All the Sphagnum species showed a similar rate
of decomposition over the first 5 months. Does this not suggest that the conditions in
the habitat determine the decomposition of the hummocks rather than the species? Is
it possible that the hummocks may owe their preservation to the lignin-protected
tissues of dead vascular woody species? The candidate will be asked to comment on
these aspects of hummock and hollow differentiation in relation to his own

researches.

Evolution of Sphagnum species

Although this is a thesis concerned with ecophysiological adaptations some
consideration needs to be given as to how any adaptations that may be present have
evolved. There is evidence for hybridization in at least one of the species mentioned
in this study i.e. Sphagnum capillifolium (Cronberg and Natcheva, 2002; Natcheva
and Cronberg, 2007a, b). Genetic diversity studies in eight populations of Sphagnum
capillifolium from different Bulgarian mountains have shown high levels of allelic
diversity comparable to earlier estimates for northern European populations. Strong
differentiation among populations and a low number of widespread genotypes
indicate a high degree of isolation and restricted gene flow between populations,
which is consistent with generally small and scattered populations (Natcheva and
Cronberg, 2003). The large proportion of distinguishable genotypes suggests high
levels of out-crossing either currently or in the past. This is a topic on which the
candidate might like to comment in relation to his choices of location for this present

study.

Water Relations
This section of the thesis presents new data as a result of a considerable technological
achievement, namely the first use of thermocouple psychrometry to estimate

accurately the amount of water associated with the moss thallus. The candidate has



cautiously used the word “stored” in parentheses. This is presumably because the
water is not contained in the cytoplasm or vascular tissue, as might be the case in
higher plants. The results obtained demonstrate a distinct differentiation between
hummock and hollow Sphagnum species with the former holding a greater amount of

water and also being able to recover more rapidly from periods of desiccation.

There is no explanation in the thesis as to precisely what technical problems
had to be overcome on order to make this technique of thermocouple psychrometry
function so that it could be applied to plant material such as Sphagnum.
Thermocouple psychrometry depends on measuring the rate of evaporation of small
drops of water from a thermocouple and it would be of considerable interest to know
in more detail how the technique was able to differentiate between the different water
pools within the moss thallus. This pioneering work has been published in an
international journal and therefore it can be assumed that the validity of the technique
has already passed critical examination. However, in view of the novelty of the
method it would be helpful to have some more detail of how this technical advance

was achieved.

Mineral Nutrition

This section of the thesis contains another novel advance in that the candidate has
been able to separate extracellular and intracellular exchangeable cation fractions in
Sphagnum. 1t is clearly demonstrated that Sphagnum vegetation has a high capacity
for retaining cationic nutrients from rainwater. lon retention is also facilitated by the
high acidity of the bog water due to high levels proton production by the moss. It is
also notable that the hummock species were found to have the highest content of
exchangeable cations. However, cations are transferred from hummocks to hollows in
rainwater. There might therefore be a case for considering the evolution of co-existing
Sphagnum mosses as having a mutualistic basis. The hummocks are effective at
trapping nutrients as they are precipitated in rainwater and the species in the hollow
with their capacity to preserve the level of the perched water table ensure the integrity
of the Sphagnum community as a whole. The candidate might like to comment on the
possibility of a mutualistic relationship between the Sphagnum species from the
hummocks with those of the hollow in terms of their water and mineral nutrition

relationships.



Competition

The underlying philosophy in this thesis is that the different species of Sphagnum are
in competition with each other. Darwin’s name is popularly associated with selection
due to competition. However he also emphasized the evolutionary significance of
mutualism, a reciprocal positive interaction between two organisms that has posed an
ecological and evolutionary quandary since Darwin's time. More recently additional
theories and concepts have been proposed such as Improved Community Stability
Optimization Theory, as originally proposed by Maynard Smith and disputed by others
(Sarkar, 2005) and other similar concepts including group selection and meta-
populations (Hanski, 1999). It could be possible therefore to recognise the existence of
mutualistic relationships in Sphagnum bogs between the hummock and hollow
species by considering the two communities as inter-dependent. What is important for
both groups is the maintenance of the Sphagnum-dominated bog environment. The
differences in Sphagnum species distribution recorded in this thesis on mineral
nutrition and water relations might be considered as reinforcing the mutualistic view,
even although adaptation inevitably leads to micro-habitat specialisation and the
coexistence of divergent adaptations which cannot exist in the same individual plant.
Nevertheless, within the bog community, the existence of the hummock and hollow
species ensures the continuity of success of Sphagnum domination on the bog in both
wet and dry periods to the exclusion of non- Sphagnum species. The candidate might
like to comment on these suggestions and discuss the possible usefulness of the

concepts of group selection, meta-populations and optimisation theory.

Light resposnes

The candidate considered it surprising that the Sphagnum plants in the open bog
habitats in full sunlight had lower photosynthetic capacity than those plants grown in
the shade. When compared with flowering plants this finding is not altogether
surprising. In areas with low nutrient availability and high levels of illumination the
assimilation and further metabolism of fixed carbon compounds is commonly nutrient
limited. Excess sugar production can impair the working of the photosynthetic
electron chain and cause photo-oxidative damage. This can be avoided by quenching
with carotenoids if they are closely associated with the site of production of singlet
oxygen. Anthocyanin production, which is common in many bog plants, and also in

arctic vegetation, has long been considered as an overflow mechanism for excess



carbohydrate production in nutrient-limited habitats by reducing the exposure to
active radical damage (McDonald, 2008). There are also reports of high levels of
futile cycles where excess carbohydrate can be burnt off without generating ATP as in
the alternative oxidase pathway. This is particularly the case when the flux through
the mitochondrial chain is restricted through a lack of ADP availability as can happen
when limited mineral nutrient supplies hinder further metabolism and assimilation of
accumulating sugars as reported in arctic plants exposed to long light periods It is
therefore possible that the pigmentations of S. magelannicum is due to the adoption of
this particular survival strategy when growing in full sunlight. In the hummock
species this behaviour must therefore be looked upon as a positive adaptation and not
as a sign of being a poor competitor. The candidate might like to comment on these

suggestions.

Conclusions

The Candidate has presented a penetrating and original thesis that adds a considerable
volume of new information to the study of the ecophysiology of wetlands in general
and Sphagnum bogs in particular. The comparative studies in growth, decay, water
and light relations give an insight into the many ways that these moss species are
adapted not only to their habitat, but collectively create a resilient plant community.
The investigation has shown, that the diverse nature of the micro-topography, the
hummocks, hollows and lawns create a vegetation complex that has built into its
structure a capacity for homeostasis which in a time of threatened climatic change
will be essential for survival. Ecologically, it is an astonishing feat that such a small
plant with a physically unprotected exterior is be able to dominate such large areas of

the Earth.

Questions raised in the report

Question 1. How were the bogs chosen for this study? What is the variation in
species composition in relation to flowering plants between mountain and lowland
raised bogs in Central Europe? What woody species are present in the bogs studied in
the thesis and do they differ between the Finnish and Czech sites and between high

and low altitudes?




Do the various bogs differ in the extent of their differentiation between hummocks

and hollows?

Question 2 Is the formation of hummocks entirely dependent on the bryophyte flora
of the bog or is it not possible that the woody vascular plants may play a central role

in the development and preservation of the hummocks?

Question 3 How does the Finnish site differ from the Czech sites?

Question 4
Are their population differences between the Sphagnum species studied in the Czech
Republic in relation to altitude and are their also population differences between the

plants in the Czech Republic and those examined in Finland?

Question 5

What techniques were employed to allow the use of thermocouple psychrometry in
this study that has not been used before? What is a pressure-volume isotherm and how
reliable is the method in distinguishing between different water components of the

plant tissue? Does not blotting a piece of Sphagnum remove freely available water?

Question 6

Would it be possible to reinterpret the findings in this thesis in terms of a mutualistic
survival strategy that allows the Sphagnum species to survive both dry and wet
periods? Is there any value to be gained from Community Stability Optimization Theory

in the understanding of long-term Sphagnum bog vitality?
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