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Annotation

Macek P. 2008. The role of clonal plants in wellands. PhD. thesis. University of South Bohemia,
Facully of Sclence, Ceské Budéjovice, Czech Republic, 173 pp.

This thesls Is focused on clonal growth frails and their response to changing envifonment In
wellands. Speclfically, plant responses fo both ablolic (e.g. waterlogging, salinity] and biotic
(surounding vegetalion) siressors were evaluated In fleld and mesocosm experiments.  Troit
responses to additions of contrasting concentrations of nutrients and thelr Implications for wetland
heterogeneity were studled.
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General infroduction

WETLAND CHARACTERIZATION AND VALUE

Swamp, marsh, floodplain, wet meadow, peat bog, fen, tidal marsh, alluvium, lakeshore,
flooded forest, prairie polhole ele, Each of these temns reprasents a special type of environment
differing from others In, e.g., physical or chemical properies, vegetalion structure or specles
composition. Howaver, they all could be encapsulaled into a single term: wellands. They share
several majer fealures distinguishing them from both aquatic and tenestial systems (Denny 1995:
van der Valk 2006). Conlrary to terestilal systems, water table Is slevated, at least temporarily,
resulling in anaerobic solls In wellands. A second fealure, distingulshing them from aqualic
systems, Is a presence of macrophyltes, large planis usually emerging from waler surface,
Wetlands cflen represent an ecolone or transitional zone between aquatic and temesirial
environment sharing fauna and flora of both systems.

Suitable conditions for plant growth rank some welland lypes belween the world most
productive ecosystems [Armsirong et al. 1994; Roggeri 1999). Besides, large amounts of pecple,
and animals, depend on wetlands as a source of tood, and wellands usually provide further soclo-
economic banefits to local communities (Slivius et al. 2000; Dixon and Wood 2003). Weilands are
considerable reservoirs of (diinking) waler and In the vlew of ongoing ciimate change and
Increasing precipitation varabllity and iregularlly, they can play a crucial role In waler
management, e.g., sedimentation processss or flood control (Dugan 2005), Welland blodiversity Is
another exiremely important value and varous wetlands are considered as biodiversity holspols
[Rejmdnkeva et al. 2004; van der Valk 2006). Welland ecosystems play a cruclal role In the
nufrient cycling. In addition, they typically have a high retention capacily of nuirients, which,
under cedaln clrcumsiances, opens possibllity 1o use some of them for water quality Improvement
(Hammer and Bastlan 198%; Dugan 2005). Cn the other hand, increased land use and agriculiural
pressure result in eutrophication and salinization of many natural wellands (Downing et al. 1999;
Jelly et al. 2008).

CLONAL PLANTS IN WETLAND ECOSYSTEMS

In majorily of above mentioned processes macrophytes play a significant, if not crucial,
role. Since macrophyles are major living constituenis of wellands, it is Imporiant to study, among
others, their responses to different factors affecting their growth in various wetland systems.
Wetland plant growih Is frequently constralned by several stressful factors such as prolonged
anoxia, elevated salinity or lower nutrient availabliity frequent under nafural condilions (Crawford
and Brdndla 1996; Noe el al. 2001). To deal wilh wetland stressars, plants employ various
physivlogical, melabolic or stuclural adaptafions (Brédndle 1991; Jackson and Colmer 2005).
Vegetallve reproduction, I.e. clonal growlh, is one of the siructural traits helping plants in wetlands
(Suzukl and Hutehings 1997, Varopstion and Jackson 1997), especlally If coupled wilh
physiological adaptalions [e.g. Lenssen et al. 2000). Seme authors regard an increase In clonal
modules as a general adeplive response 1o the stress of waterlogging (Soukupova 1924). Although
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the presented studies cover only few welland types, the mechanisms underlying plant growih are
mosi probably similar in other ones, It further fills @ gap In our knowledge of species poor systems
of clonal plants In highly precluctive habllats (Herben and Hara 1997).

All studies presented partially focus on ditfferent factors affecting plant growth In wetlands.
This could be achleved In two dimensions: vertical via changes In plant height and horizental via
clonal spreading, plant vegetative reproduciion. The abillity fo clonally spread Is among the most
Important, erucial, for plant growth In wellands, Because of large pertion of wetiand plant fissue
consists of aerenchyma (porous tissue full of alr space), the gas space confinuum between shoots
and roots Is malnicined (Armsirong et al. 1994). Such conlinuum can be funcilonal In between
ramets as well. For example, when llooded, emergent shoots can supply air to submerged shoots,
or mother ramet can support [by air and/or nuirlents) its vegelative offspring In growth (Allen 1997).
The alr supply can be funclicnal even between dead broken and living shools, e.g. venturi-
Induced pressure flow in Phragmites australis (Armstrong et al. 1992).

Howaver, besides the above mentioned advantageas of clenal growth for Individual plants,
the main outcomes of plant clonallty In wellands siill require further studies, Herben and Hara
[1997) point out the Insufficient attention paold 1o processes of spalial extension of plants, although
they anlicipate Ihese processes to be of major imporance for communily slructure. In addition, a
spatiol pattem of clonal plant communities Is specifically affecied by growth architecture and the
way In which ramets interact and replace each other (Herben and Hara 1997). Studies of plasiicity
of clonal growth traits, physioclogical Integration between ramets, foraging behavlour and verical
ramet competition form a backione of this thesls because they represent the crlfical factors
affecting spatial structure of plants.

Asking a general quesilon, such as what Is the rola of clonal plants In wellands, leads fo
more complex or large scale ecosystem studles. However, such questions usually cannot be
direclly solved without a more detailed knowledge of separate paris of the system. Therefore, |
believe, a combination of studles of different levels resulling eventually In a multidimensional
approach Is extremely valuable for undersianding processes at the ecosystem level. Hence, In this
thesls, | focus on different mechanisms underlying plant functioning at an individual level, in
Interacilons between plants and also in interactions between planis and animals.

AIMS AND OUTLINES OF THIS THESIS

| focused on different aspects of macrophyie ecology In two contrasting welland systems;
neotropical freshwater marshes of Belize and temperate weliands (from wel meadows to fens) of
Czech Republic, In this series of studies 1he first alm was to characierize plant abllity to deal with
siressful environment of seasonally flooded marshes and especially cover the extreme water
fluctualions (Chapler 2). Llater on, | examined the combined effects of salinity and nuident
(nifrogen and/cr phosphorus) enrichment on growth of emergent macrophytes. This was studied In
a mesocosm experiment with three different dominant species of Bellzean wellands, Clodium
Jamaicense, Typha domingensis and Eleocharls celfulosa s.l. (Chapier 3). In the two former
studies, only the Influence of ablolic facters was investigaled. However, to estimats the relative
Imporance of bolh blofic and ablolic factors, | differentiale them In a large field siudy of Pofentilia
palustris growth characleristics survey (Chapler 4). When changing the perspeclive from a small
scale to a larger scale and estimating more reolistically marsh responses fo various factors, large
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field experiments are needed, Results frem such experiment are discussed in the next chapter
allowing comparisons with earller similar experiments under more cantralled condilions {Chapter 5).
Previous experiments imply that some plant growih traits are influenced by a combination of
different factors. In following chapter | asked, whelher a change in conditions and consequenily
In growth fralts can also be refiected In species coexistence. Furthermore, | compared growih
dynamics of populations with and without changes in clonal growth traits (Chapter 6). In the last
chapter, | looked for the natural causes of vegetation pattern emergence. A combination of field
exparimenis with animal behavioral studies resulted in mullidimensional study overlapping from
plant - plant inleraclion to larger ecological study including varlous frophic levels (Chapler 7).
Such conseculive change of perspeclive enabled me to fully appreciate a phenemenon of plant
clonality in wetland ecosystems (see also Herben and Hara 1997). Additional aim of this thesis was
to demonstrate a wide range of methods and approaches which can be used for studying plant
clonality in wetiand ecosystems.

More specifically, In the studies presented | asked following questions:
1. How does Eleocharis celluiosa investment Into vegelallve growih change under conditions of
prolonged submergence?
2. What are the eftects of Increased salinlty and nutrlenis on clenal growih tralis of three emergent
macrophytes dominating Belizean wetlands?
3. Are there any differences in abiolic and blotic faclors In terms of their effect on clonal growih
fralts? Which of them are betier prediciors?
4, What Is the effect of elevated nutienis on marsh community structure formed mainly by clonal
planis? Is it reasonable o expect only negative effect? In olher words: could nulrient enfichment
increase local heterogenelty and diversity?
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Abstracts

Stupy |

The effect of long-term submergence on functional properties of
Eleocharis cefiufosa Torr.

Macek P., Rejmdankova E. and Houdkova K. Aquatic Bofany 84, 251-258, 2006

Eleocharls cellulosa Torr., a macrophyte dominating marshes of norihern Belize,
often experiences great water level fluctuations varying from dry cenditions to prolonged
submergence. We Investigated morphological and ecophysiological responses (shoot
length, biomass, CO, exchange, chlorophyll content and regeneration) io partial and
complete submergence followed by emergence in iwo field expariments.

Submergence greatly enhanced shoot elengation, but it clso resulted In a low
number of viable shoots, lower biomass and consequently in lower plant filness, The
decline In live shoot length started after 3 months of submergence. The shools produced
by submerged plants were thin and would break easily it the water level decreased fast.
Photosynthefic activity, as well as respiration rate, was highly reduced in shoots just
emerged from complete submergence. The abllity of E. cellulosa to retain some level of
photosynthesis after emergence Is undoubtedly a useful trait in coping with seasonal
floods.

Submerged plants produced chlcrophyll, especially Chl a, for at least a period of
three months. Shoot regeneration was significantly slower In the case of plants
submerged for a longer time, probably due to depleted energy reserves, but there were
no significant differences In the total shoot length among freatments after two menths
following the emergence.

Eleccharis cellulosa demonstrated high tolerance fo long term (more than 4
menths) complete submergence and resulling ancxlc conditions and showed rather fast
recovery afier emergence. This can be viewed as an advantageous trait in habitats of
rapid and prolonged increases of water level and also after water recedes, when
vegelation starts to colonize newly opened space.
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Environmental correlates of growth fraits of the stoloniferous plant
Potentilla palusiris

Macek P. and Leps J. Evolutionary Ecology, 22, 419-435, 2008

Growth form is one of the important life history traits ultimately influencing plant
fitness. Potentilla palustris is a stoloniferous plant growing in a range of habitats from
densely vegeiated wel meadows to acidic transitional fens, and its growth form varies
according to habitat. In a four year multi-site comparative study, we investigated which
biatic and ablotic characteristics influence most its growth traits. Vegetation composition
and physiognomy, as well as numerous abiotic environmental varlables, were recorded
at 32 study sites located on an alfitudinal gradient.

Growth traits of P. palustris were best explained by the surounding vegelalion
physiognomy and not by ablotic conditions, although the latter obviously represents the
tactors Indirectly influencing its growih. Stolon length iraits and branching were positively
correlated with vegetation density and height, and negatively with allitude. Plants
flowered more in taller vegetation, and leaf area was greater Iin wetter sites with lower
vegetation cover.

Potentilla palustris appeared to be well adapted to transitional fens, but its
vegetative growth was fastest in wet meadows and alluvial habitats on highly organic
humid soils. |t produced more branches and larger leaves in alluvial habitals with open
water, while it had enhanced generafive reproduction in wet meadows. Specles
composifion was less impertant than vegetation physiegnomy. In less favorable habitat
types, P. palusiris prefers an escape sirategy of linear growth. Internode length exhibited
pronounced plasticity, increasing particularly In tall dense vegetation of lower alfitude,
whereas internode number remained fairly constant over vatious habitats.

It Is evident that bolh plastic low cost growth traits (internode elongation), and
constant high cost traits (internode number) contribute to the P. palusiris escape strategy
under tall dense vegetation. Phenotypic plasticity enhances the potential of P. palusiris
to grow in @ wide range of habitats and so increases plant fitness on regional scale,
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Stupy il

Response of emergent macrophytes to experimental nutrient and
salinity additions

Macek P. and Rejmdnkovd E. Functional Ecology 21, 478-488, 2007

Nutrient acditions often result in species dominance/compositional changes in
welland ecosystems, but the impact of nutiients may be constrained by different salinity
levels. Wellands of northern Belize, distibuted aleng a salinity gradient, are strongly
phosphorus limited and dominated largely by three species of emergent macrophytes:
Eleocharis cellulosa, Cladium jamalcense, and Typha domingensis.

We conducted a mesocosm experiment to assess changes in growlh
characterisiics (biomass allocation, plant height, RGR, hizeme length) and nulrient uptake
of these three species in response to simultaneous changes in nutrient levels (N, F) and
salinity,

The growih characteristics of Typha and Eleocharls responded positively to N and
especially P addition, whereas the growth response of Cladium was largely insignificant.
RGR of Typha increased under P additions, while RGR of Eleocharfs increased with N and
decreased with salinity additions. Nutiient addition Increased rhizome number of both
Typha and Eleocharis. However, plasticity in rhizome length was cbserved only In Typha,
which increased rhizome length at medium and high P.

Salinity decreased plani height, shoot and root biomass of Cladium and
Eleocharis, while in Typha it only reduced the helght. Rhizome number and rhizome
length were decreased only in Eleocharis,

Boih medium and high P additions Increased tissue P content in all three species,
but Eieocharis accumulated significantly more P than Cladium and Typha. N addifions
increased fissue N content in Cladium and Eleocharis, but not in Typha,

Cladium exhibited strong morphological constraint and behaved as a stress
tolerator that was well adapted to low nutrients. Typha, characterized by ifs plastic
opportunistic guerrilla growih strategy, fast and efficlent space occupancy and rather
wasteful nutlent management, behaved as a typical competitor.  Efeocharls rapidly
responded 1o nutients, but displayed limited rhizome plasticity and its growth was
impacted at higher salinity,

According to recorded traits, we hypoihesize that P Input inte wetlands will result in
expansion of Typha leading to competitive exclusion of both co-occurring species. The
only conditions allowing coexistence of all three species are those limiting verlical and
horizental growth of Typha, l.e., low P and higher salinity. To ensure stability of Belizean
wellands, the maintenance of cligotrophic status s therefore crucial,
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Wetland ecosystem changes after three years of phosphorus addition

Rejmadnkovd E., Macek P. and Epps K. Wetlands 2008 (in press)

We used oligotrophic, P-limited herbacecus wellands of northern Belize to assess
how changes in nufrient availability impact species coemposition and ecosysiem
processes. The P, N, and NP enrichment plots were established in replicated marshes of
fhree salinity levels to document potential salinity constraints.

Addition of P or combination of N and P resulted in rapid switch from a microphyte
{cyanobacterial mats, CBM) to macrophyte {Eleocharls spp., Typha domingensls)
domination, while N addition did not have any impact, The switch was caused by
significant changes in Eieocharis stem density and helght, and consequenily, the
aboveground blomass, which increased from an average 120 g m?in control and N plats
to > 500 g m?in P and NP plots. Decreased light under the dense cancpy of Eleocharls
in P and NP plots caused significant reduction in CBM growth.

Biomass of Eleocharis in P and NP plots decreased with Increasing salinity, but
salinity did not affect bicmass production in control and N plots, Tissue P of Eleocharis
tfrom P and NP plots increased 4- to 5-fold compared to P confent in plants from control
and N plots. Tissue P remained high due to infernal nufrient recycling even after P addition
ceased, Typho transplanted into plots grew expenenfially in P and NP plois, while in
control and N plots it grew slowly or did not survive,

There were significant ditferences in NH,-N both in soil extracts and in the inferstitial
water with soil and water NH.N being significantly lower In P-addition plofs. The
elimination of N,-fixing CBM is a potential reason for a decrease in available sediment N
as documented by a negative correlation between CBM cover and interstifial NH,-N.

SwpyV

Dynamics of Typha domingensis spread in oligotrophic tropical
wetlands following nutrient enrichment

Macek P., Rejmdnkovd E. and Leps J. (Submitted)

Accelerated land use in tropical countries has increased nutient input info
wetland ecosystems. Higher nutrients ofien lead 1o changes of vegetation structure and,
eventually, shiffs in species dominance.

We studied a dynamics of species shift in a manipulative nutrient enrichment
experiment (N, P, NP} in oligotrophic wetlands of nerthern Belize distributed along a satinity
gradient. We monilored a spread and biomass accumulation of an infroduced single
individual of Typha domingensis within a four years period. We focused on speed of the
spreading and the relative importance of neighbouring ramets in this process.

Large differences were found between control (C) and N addition plots versus P
ond NP addition plots. The ramets planted in C and N plots died or barely survived, while
ramets in P and N&P plots grew vigorously and almost completely outcompeted original
vegetation represented by Eleocharis spp. Average numbers of ramels at the end of the
experiment were 2 and 576 per 100 m? for C and N versus P and NP plots. The filling
dynamics of P-enriched plots of differing salinity changed in time. The spreading was
delayed in low salinity plots compared to high and medium salinity plots, although it
finally reached comparable rates and vaiues. We atiribute this delay 1o eriginally denser
vegetation and less suitable soll conditions in low salinity plats than to a direct salinity
effect. Eventually, the number of ramets stabilized and often even decreased due to self-
thinning and insect damage.

Spatiotemporal model extrapclating observed vegetative spread suggested that in
P-eniiched condificns, a clone originafing from a single individual is able to cover 1-ha
plot complefely within @ years. We conclude that P-enrfichment highly increase the
possibllity of fast take over of Belizean wetlands by Typha domingensis.
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Biological activities as patchiness driving forces in wetlands of northern
Belize

MacekP., Rejmankovd E. and Fuchs R. (Submitted)

Patchiness in wetlands is a common and well documented phenomenon.
Oligofrophic wellands of northern Belize display noliceable vegetation heterogeneity at
both large and small scales. [n this paper, we document the small scale patches in
herbaceous wetlands, describe differences between patches and surrounding welland
habitats and explain patch formation and sustenance.

We conducted a survey of patches and confirmed thelr occurrence by spatial
analysis. Patches were distinguished from a surrounding wetland by denser and ialler
vegelation, higher amount of empty snail shells and elevated soll phosphorus (P). Planis in
paiches had higher tlssue nitrogen (N) and P content and there was also higher total N
and P per m? incorporated in plant biomass. In terms of stable lsotopes, plants in patches
were enriched in '*N; patch soils were depleted in '°C.

Chiservations of focal individuals of Aramus guarauna, limpkin, a wading bird
feeding almost exclusively on snails, revealed the origin of the snall shell piles frequently
found in patches, An adult limpkin captured on average 18 snails daily, of these 80%
were handled In patches and birds often repeatedly used the same paich.

Experimental patch creation by adding chicken manure or P to 1 m? plots resulted
in higher and denser vegetation with values increasing in order: control, P, manure plois.
The effect was significant at both experimental locations 6 months after the treatment and
at one locatien even 40 menths after the freatment.

We present a simple mechanlstic explanaiion for nutrient redistribution in wetlands
and their eventual accumulation in patches. Both nutrient and isotopic differences result
from animal input into patches, e.g. bird dieppings or prey remnants. Foraging activity of
Aramus guaraunag is most likely respensible for paich formation. A positive feedback
(repeated use of a suitable patch) is apparently the mechanism sustaining patches in
these marsh environments.
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General Discussion

INDIVIDUAL BENEFITS OF CLONALITY AND FACTORS RULING CLONAL GROWTH TRAITS

Across main vegetation fypes, the wetlands include Ihe largest portion of plants capable of
clonal growth (Kllmes et al. 1997). This can have several causes, bul ihe lype of subsirale Is
undoubtedly among plausible explanations: wetland solls are efien ralher soft and thus not
constralning rhizome growth as much as other solls. Furlher, another seleclion pressure frequently
exerted in harsh wetland environment is represented by frequent changes of watler level. This
phenomenon mainly limits plant success In generalive reproduction. Flooded seediings of
emergent plants usually do not survive under prolonged anoxic conditions, which decrease their
relevance. Hence, clonality is of majer Imporiance for plant survival in wellands, although it is not
overwhelming: for a long term survival there, generalive reproduction is ofien needed (van der
Valk 2006).

Examples ot clonality enhancing plant survival under strassful conditions as described In the
first chapter have been reported quile frequently, | will not repord them here (but see e.g. Suzuki
and Hutchings 1997). Our results agree with part of ihese findings: plants with at least some of the
shoats emerging above water level can support greater amount of ramets than completaly
submerged plants (Chapler 2). Under natural condillons, this leads to parial survival within whole
population subjected fo exlreme long-lerm flooding evenis. Planis keeping the contact with the
almosphere suppert the nelghbouring connected ramets and enhance thelr survival. Furthermore,
after the water recedes and planis start 1o reoccupy the newly opened space, surviving young
Individuals have an advantage, even though the original supporting shoot usually dies due to ils
tendency to break down without the water support atter emergence (see also Suzukl and Hutchings
1997). Simllar parial survival has been previously observed In the field with Eleocharis cellulosa
afier an extreme flood caused by fropical storm Chantal in 2001 (Macek and Rejmdnkova, pers.
obs,),

Not only abiolic factors (2.g. waler level or nutrient poor palches) can represent stressful
conditlons affecting clonal growth tralls. Biolic faciors represenied by vegelalion physiognomy
(e.g. vegetation helght or blomass) exert an Influence on clonal fralls as well, Often, biolic faciors
have even better predictive value than ablofic factors ullimalely causing them (Chapler 4).
However, the mechanism by which clonal plants respond fo unsuitable habitat Is similar regardless
whather habitat unsultability Is represented by blotlc of ablotic factor: an escape shategy (Macek
and Leps 2003). Aparl from generative reproduction, an escape In clonal planis Is eftectuated by
an Increase of distance between iwo ramets. Imporianily, @ change In two clonal growih traits
wilh confrasting costs can result In similarly Increased distance: these fralts are Inlemode lengih
and infernode number. If an escape strategy Is about lo be useful, it should be ralher inexpensive
for plant. Since the Increase of Intemode number results in addilional costs of leaf and/or root
production, the only meaningful strategy would be !o increase the length of infemodes. Similarly |
conclude, the efficlent escape stralegy In competiively poorer specles Polentilla palusiris s
keeping stable high cost tralts and plaslic low cost tails of clonal grawth (Chapter 4).

Apan of other factors, both systems studied differ In nuirient limitatlon: in limestone based
Belizean marshes planis are strongly P-limited while In more acldic temperate fens and bogs plants
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are rather N limited. However, plant respanse to enrichment by limiting nukient, L.e., the increased
branching, Is common fo species from both systems: (Chaplers 3 and 4). This Is consisient with
foraging theary In clenal plants which expects cencentration of resource acquling structures In
more favorable places [de Kreon and Hutchings 1995; Salemaa and Sievanen 2002). Although
Increase of branching In taller vegetalion might seem 1o be In confradiclion with an escape
strategy from less sultable places (plants also increased infemode lengih as response to lower light
availabllity there), It is not muiually exclusive, since taller vegelation offen also represenis elevaled
nutrients. A positive effect of nutiients may further be reflected In betler space capiure. However,
this result Is valid only for specles with high phenotyplec plasiicity of clonal growth trails. Three
maciophyte specles of Belizean marshes can serve as a good example of variabllity In phenotypic
plasiicity among clonal plants. The most rigld species, Cladium jamalcense, shows no change In
thizome length and branching In response to nulrient and salinty changes. An inlermediately
plaslic Eleacharls celluiosa alters branching accordingly fo condillons, but It does not change lis
thizome length, The last species, Typha domingensis, shows the most plastic response in baoth
thizome length and branching (Chapter 3). Such differences in architectural constraint and
plasilclly uliimately drive emergency of different pattems in wellands based on portion occupled
by different specles: a mixture of tussocks and monodominant stands (Herben and Hara 1997, see
below).

INTERACTIONS BETWEEN CLONAL PLANTS

An equally Interesting consequence of plant clonality can be noticed In processes of
compelilion between species. In nuhlent Imited envirenments, a possiblity of compsitive
exclusion of inferior species Is reduced. On the other hand, when nuilent enrdehmean! occurs, fast
chonges In species abundance can result In dominance of compelilively superior species and
oulcompeling of ofher species in plant community (de Kroon and Bobbink 1997). Allered
conditions may lead to a change In invasiveness of native specles: they can take an advantage
of changes in envionmental conditions and may spread cut of thelr normal range through the
means of varous dispersal mechanisms, Under this scenario, clenal growih Is an efficlent and
Important dispersal mechanism In wetland sysiems. The rhizomatous expansion can speed up the
process of space filing resulting ultimately In a dense and uniform cover, as was reporied for the
case of both Eleocharis spp. and Typha domingensls In Belizean marshes (Chapters 4, 5 and 6).
While invasive behaviour is less likely In Eleccharls spp. due to Its limited horlzontal spreading, the
behaviour of the second specles, Typha domingensls, under allered nutrlent regime should be
consldered as Invasive. The results of simulations in Chapler & clearly demenstrate Invasive naiure
of Typha domingensis spreading. This Is in concordance with “fluctuating resource availability”
hypothesis stating that a community Is more suscepiible to invasion when nutrient surplus occur
(Davis el al. 2000).

Compared fo other habilals, wellands host relafively large amount of clonally spreading
Invaders {Pyiek 1997). A boltleneck in iheir success at this habitat lies in esiablishment, which is
often difficull. After all, once eslablished, clenal plants seem lo be more persistent and
compelitive, which leads to an eftective occupation of the avallable space. Limitation due to low
survival after initial establishment was also observed In our implant experiment: where ihe original
vegeiallon was foo dense, ramets of Typha somelimes dled (Chapter 6).
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Such a contrasting output from plant performance In various nutrient enriched plols Is an
excellen! example of two different sirategies In horizental growth compelifion: dominance and
founder conirol (Herben and Hara 19%7). When original denslty of Eleocharis shoots was lower,
Typha growth was not limited and consecutively by overlopping of sharler Eleocharis, Typha
succeeded fo caplure space in both verlical and horizenlal dimensions. Hence, 1his community
looked o be dominance confrolled. Allernatively, when original slands of Eleccharis, due o Iis
exireme density, prevenled further establishment of compelitively slronger Invader - Typha, the
community was founder confrolled (mainly In low salinity locafions; Chopter 4 and 6).
Neveriheless, in part of founder controlled plots, Typha was able to survive and eventually succeed
In splte of dense orginal vegeiation, although this success was delayed by several years. Whal
were lhe reasons of this swilch between founder and dominance control? Possible starters were
natural disturbances frequent to these wetlands: fire and/or elevaled walter level. In bolh cases,
aboveground blomass was remaved, at least partially. The newly open space enabled a full
exprassion of Typha compeiilive superiorty over Eleocharls spp. Last bul noi leasl, a ihird
operaling mechanism leading o ullimate expression of dominance conifrol was a clonal growih
fralt: a functional connection beiween ramets enabling a support of small daughter Typha ramels
compeling direclly with Eleocharls (speclfically nutient transport; Macek and Rejmdnkova, data
not shown). In foct, there was an indispensable necessity of clonal growth In all these processes of
species switch (Chapter &).

CLONALITY AND ECOSYSTEM PROCESSES

Altered nutrlent conditions resulfing In macrophyte species swilch can furhermore lead fo
changes of the whole system (e.g. Grieco et al. 2007). Spread of invasive specles can also modily
chemical and physical properies of habitat and also decrease blodiverslly (de Kroon and Bobbink
1997; Chiang et al. 2000; Svengsouk and Mitsch 2001; Boers et al. 2007). Furthermors, rather
hemogeneous soll ferdllity increase In Belizean marshes (due to nulent runoff from agrlcultural
fields) would lead lo a decrease of spallal heterogeneity, which Is originally present there thanks to
coexisience of several morphologically different specles. Keeping welland ofigotrophic status
should be therefore among primary objeclives (Chapters 5 and 6). 11 is a well known tact, that
welland restoratlon Is much more costly than thelr protection,

On the other hand, not all nutrlent enrichment deoes necessarily result In loss of specles
diversity or environmental heterogenelty. Actually, the nuhilent enrichment originaling from animal
aclivilies Investigated in the Chapter 7 has a completely opposile effecl. Here, the processes
Involved In the response of plants are the same, l.e. increased branching in nulrient rich patches.
However, animal caused nuirdent Input Is very local and alse much lower than In our previous
experments. This s far ihe most impodant dilference, because animal caused nufrient enrichment
result In vegelation differentlallon, l.e. paltern emergence, due to varialion of vegeialion density
and height. Over time, this pattern reflects in soll elevaiion, I has been reporied several times,
that any local increase in topography can Increase welland blodiversity (Vivian-Smith 1997, Skiar
and van der Valk 2002; Wetzel 2002). An Increase in heterogeneity due to differentlal growih of
emergent macrophytes In response to small scale nuiient enichment will evenlually have an
Imporant effect on welland blodiversity. Alhcugh a direct link between small and large scale
heterogeneity is not suppored by any strong evidence yet, It is likely that a small scale patchiness




THE ROLE OF CLONAL FLANTS IN WETLANDS

caused by animal activity is antecedent of large scale free Islands. Plaslicity In clonal growth traits
Is iherefore at the very beginning of heterogeneily in wellands.

While nutrent enrichment Is the ullimate cause of above mentloned changes, iis effect Is
mediated threugh the plasticity of clonal growih kaits. [In agreement with the Inlermediale
disturbance hypothesis (Huston 1979), | conclude that nutrients can Increase heterogeneity at
lower doses, whie bolh exiremes, l.e. no nulidents or high nutients often result in lower
heterogeneity, Neveriheless, both processes of envircnmental heterogenelly change similardy
result from the changes of plastic clenal growih lrails: branching and spacer length,

So far, | focused on the effect of mere plastic species on vegelation paltern. However, |
believe ihe species with constant clonal growth trails are of similar imporance. In case of Cladium
Jamalcense, a production of relafively short thizomes with rather constant length frequently resulls
In large lussocks formation, Such lussocks represent a sultable habitat for numerous bird specles
as a good place for nesling. Larger animais seek for tussocks of Cladium as well, e.g. Crocodylus
moreletll use them for prey handling and as pletforms for resling above water, Hence, alse planis
with constant traits may result In vegetation paltern emargence.

SUMMARY AND CONCLUSIONS

Species with plastic clonal growth trails are able to belter accommedate io changing
wetland conditions In terms of boih resource acqulring stralegy andfor escape skategy. Clonally
growing plants are more efficient in new space occupalion afler blomass removing events, such
as fires, grazing or high water lavels, Varable phenotype enables them {o occupy a wider range
of habltats and eveniually to succeed In competition with co-occuring specles when growth
condifions are changed. In some cases, a plasticlly of clonal growth frails mediate loss of
heterogenelty, whlle in others it can be the Imporant propery responsible for grealer
heteregenelly In wellkands: It largely depends on exiernal factors driving these iraits, e.g. nufrient
availabllity. On the cther hand, rigid clonal growth may also result In pattem eventually increasing
welland heterogenelty and habltat diversity. Clonal plants are extremely important in wetiand
functloning, although only coexlstence of both plastic and rigld specles (in ferms of clonal growth
tralts), which is favored paricularly under oligotrophic condifions, can be beneficial for welland
diversity.
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