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1 Introduction

The spread of invasive plants into natural taébiis a ubiquitous global problem with
negative economic and ecological impacts (Kerethed, 2007). The trend of the past several
decades of increased anthropogenic disturbancesdabment of traditional management,
and a dramatic increase in nutrient supply hadtesbin rapid invasion of more tolerant, fast-
growing, and morphologically plastic plants liRhalaris arundinaceawith a subsequent
change in plant composition (Kerchetr al, 2007). This all has led to a large decrease in
biodiversity, together with perturbations in ecotad functioning of many wet meadows
(Bensteackt al, 1999). Wetlands are some of the most importangyestems on Earth and for
the functions they perform they are sometimes dalle “the kidneys of the landscape”
(Mitsch and Gosselink, 1986). Therefore, due toetheess water, inflow and accumulation of
sediments from agricultural and urban lands, am@rotontaminants, they are considered to
be particularly susceptible to invasions. Knowindpiatr factors are most influential in
shifting native vegetation towards dominance byasive species should help determine
appropriate management actions (Miller and Ze@e3).

This thesis is an extension of a bachelor gh@saplova, 2009) that reported previously
conducted research in a wet grassland Mokré Lonkize Tebai Basin Biosphere Reserve,
Czech Republic. Historically, the grassland area d@minated by sedge€drex acutq and
grasses Alopecorus pratens)js (Holubickova, 1959; Prach, 1993). Due to intensive
management actions and the 2002 floods, the grakdtecame dominated Wyhalaris
arundinacea(> 80% cover in 2005). Cessation of fertilizat@md mowing, starting in 2005,
has led to the re-establishmenifacutain parts of the grassland.

The experimental area was divided into two Pavith significantly different nutrient
levels. A nutrient richer site, with close proxignto a still fertilized field, had been receiving
more nutrients through run-off. Differences in ment availability between sites resulted in an
almost twice as large net aboveground primary prbo in the richer site in 2007 and 2008.
Moreover, the sites differed in species compositietween those years. In the nutrient poorer
site, Carex acutaandP. arundinaceavere co-dominants, while cover Bf arundinaceavas
about 80% in the richer site.

Therefore, based on these outcomes we desgynezsocosm experiment to investigate the
effect of two nutrient regimes (non fertilized ftikzed) and three flooding regimes (saturated



/ spring flood / flooded) or€C. acutaand P. arundinaceaplants to determine the effect of

management type for restoring a more diverse wedoas system.

2 Objective and Hypotheses

Objective: Determine effects of hydrologic and nutrient coiodis, both separately and

interactively, in governing wet meadow structure

Hypotheses:

1) Phalarisdominates in nutrient-richer conditions.
2) Phalarisplants are restricted by constant vs. intermittigmiding regime.
3) Which species become the dominant under certaiin@maent conditions depends

upon changes in the species biomass allocatioarpats well as the ability to spread

vegetatively.

3 Literature review

3.1 Biological invasions

3.1.1 General info

Disturbances in natural habitats caused bytsshih hydrologic regime, traditional
management, and amount of nutrient supply, espedial urban and agricultural areas,
increase the vulnerability of the landscape to specad of some species that can take
advantage of a partially or completely vacant nichine new range (Lavergne and Molofsky,
2004). These invasive species pose a serious ttoresdtive plant communities and are an

important contributor to loss of biodiversity (Vitseket al, 1996) with the annual economic



impact estimated to range from millions to billioosEUS dollars (Lavergne and Molofsky,
2006).

Kercher and Zedler (2004b) describe “invasilen{s” as species or strains that rapidly
increase their spatial distribution by expandintp iexisting plant communities. Invasive
wetland plants then divide based upon their origihey are often_exoti¢e.g., Lythrum
salicaria L. [purple loosestrife]; Edwardst al, 1998), but not always. Some amative
(Typha domingensiPers. [southern cattail] in the Florida Evergladeavis, 1991), others
are hybrids (e.g., Typha x glaucasodr., which is a cross between the nafivdatifolia and
the exoticT. angustifoliaL. [narrowleaf cattail]; Smith, 1967), while soraee exotic strains
of a species that is natiye.g., Phragmites australigCav.] Trin. Ex Steud. [common reed] in
the U.S.; Saltonstall, 2002); (Zedler and KercH#04). Moreover others species can be

native strains that display invasiveness in respaies environmental change. Lynch and
Saltonstall (2002) described one populatiorPbfagmites australishat invaded a wetland
along Lake Superior and was hypothesized to beiexott genetic analysis proved it to
belong to the native strain (Zedler and Kerche®40

One example of this last type of expansive iggers Phalaris arundinaced.. or reed
canary grassRhalaris hereafter). This erect, cool season perenniakgesative to Eurasia.
For instancePhalaris is grown on several thousand hectares in Swedér-atand for the
production of pulp and paper, and for energetic {(isvandowski and Schmidt, 2006).
However, due to the existence of many genotypesy thybridization and cultivation for
many purposes, it can become very aggressive wadin conditions. It has recently spread
across North America and nowadays occurs in 4B@funited States plus Canada (Kercher
and Zedler, 2004b). Unfortunately, most of the m®sidand experiments conducted on
Phalaris arundinaceare from North America, where this grass posesriss problem to
their wetlands and natural habitats as it can sg3onative vegetation and spread over large
areas (Kercheet al, 2007; Lavergne and Molofsky, 2004; Zedler anddker, 2004; etc.).
Not many papers have been published yet aBbatarisand its spread in the Czech Republic
or Europe. Therefore, most sources for this liteeatreview are American with European
comparison, where possiblBhalaris is capable of spreading large distances via sedd a
rhizome fragments and, once established in a wétlean undergo rapid clonal spread and
form dense monotypic stands with few coexistingcsse (Kercheret al, 2004; 2007,
Kercher and Zedler, 2004b). More information altbig species is presented in chapter 3.2.

Invasive introduced plants can have deleteriousaotyp on the structure of native

communities, including both plant and animal spgciend can alter various ecosystem
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processes, such as fire regimes, nutrient cyckmgl hydrology(Lavergne and Molofsky,
2006). Spyreasgt al. (2009) found that vegetation density, height, bisspaand total cover
increased with increasirighalarisdominance. On the contrary, diversity and flocisfuality,
and therefore, biological integrity of native plasbmmunities, declined with increasing
Phalaris cover in the experimental study and across tlgetaiegion. Therefore, plant species
richness and floristic conservation values gengrallowed a negative relationship with
Phalaris cover(Spyreast al, 2009; Kaplovét al, 2011).

3.1.2 Factors responsible for increased invasions

Although it is estimated that only 1% of inttmed species actually become invasive, the
damage that an invasive species can cause on matmmunities makes it one of the most
pressing ecological problems (Lavergne and Molaf@p4).There are several factors that
are responsible for the increase in invasive ptpEcies. In general, whemthropogenic
disturbances coincide with increased site fertilitjore tolerant, fast growing, and
morphologically plastic plants likehalaris can invade very rapidly (Green and Galatowitsch,
2002; Kercheret al, 2007). Kercher and Zedler (2004b) hypothesizeat Bhalaris and
Typha latifoliashould be competitive dominants under a varietiiyafrologic conditions, at
least where nutrients are abundastin urban and agricultural landscapes. GaudkKaddy
(1995) found that the relationship between comipetiperformance of plant species grown
with Lythrum salicariaand pattern in the field are correlated with disttion along natural
gradients of fertility and standing crop.

There are several possible means by which imegsants can disperse and establish in
new areas. These include deliberate introductiorfdiage, erosion control, and ornamental
use, increase in accidental introductions due ¢ceesed global travel and trade, and increase
in habitat disturbance that can provide new opputies for invasive plant speciéksavergne
and Molofsky, 2004). The introduced species musteeicontain sufficient genetic diversity
that will allow it to adapt or alternatively possesufficient phenotypic plasticity (Baker,
1974). By altering morphological, reproductive, gfysiological responses, invasive species
can expand across altitudinal and latitudinal rangensisting of variable vegetation, soils,
temperature, and rainfall regimes (Herr-Turoff afetller, 2007).Invaders that reproduce
vegetatively (clonal species) generally have a tgreacological impact on native

communities than non-clonal specid4arer and Zedler, 2002). Morphological plasticgya



species’ ability that contributes to survive suddarvironmental changes and enable the

species to spread into favorable microhabitatsrtfaroff and Zedler, 2007).

3.1.3 Wetlands & invasion threats

Wetlands are increasingly valued for ecamysservices, such as improving water quality
through nutrient removal and filtration of sedinge@ind chemicals, controlling and storing
surface water, recharging groundwater, and progidivildlife habitat (Green and
Galatowitsch, 2002). More general information, elateristics, and evaluation of wetlands
and wet grasslands are presented in Kaplova (2@3®mates of global wetland area range
from 5.3 to 12.8 million krh About half of the global wetland area has bee, lbut still
they contribute more to annually renewable ecoasyservices than their small area implies
(Zedler and Kercher, 2005).

Wetlands seem to be especially vulnerable vasions. Even though6 % of the earth’s
land mass is wetland, 24% (8 of 33) of the worlaisst invasive plants are wetland species
(Zedler and Kercher, 2004). The great sensitivityvetlands and riparian habitats to plant
invasions is due to their function as landscapkssifherefore they receive debris, sediments,
water, nutrients, salts, heavy metals, other comams, and species propagules from
adjacent areas. Moreover, water circulation engmsgaplant dispersal. The disturbance
caused by the accumulation of material can createpy gaps where aggressive species can
invade and capitalize on newly available resourG&sdler and Kercher, 2004). Hence,
wetlands are highly dependent on the landscapexband particularly human activities and
utilization. Establishment of buffer zones arouedsstive wetlands may help to control water
quality and release from urban and agriculturabhsras well as the ban of agronomic or
domestic use of deleterious species or stidiagergne and Molofsky, 2006).

Zedler and Kercher (2004) estimated the potentiadsion threat for wetlands depending
on the water source. Therefore, wetlands fed biasewatefrom agricultural and urbanized
watersheds tend to have many invasive speciest@®aiachet al, 1999). Species richness is
low and plants are of low “quality” (Kercher anddfer, 2004a). On the other hand, wetlands
that are not fed primarily by surface water (esjope wetlands, vernal pools, and high-
altitude fens, bogs, and pools) have small wateishdepend more on rainfall or groundwater

than on surface-water runoff tend to be specids aied relatively free of invasive plants.



Their high species richness is generally attributedlow nutrient concentrations in
groundwater (Zedler and Kercher, 2004).

Eutrophication, a disturbance caused by exadssutrients particularly in wetlands
surrounded by agriculture or urban developmentd léa shifts in plant community
composition, decreases in plant species diversitylasses of rare or uncommon species in
wetlands of western Europe and North America (Hemoff and Zedler, 2005). It has been
shown that wetlands areery sensitive to plant invaders, especially gragecies
(Galatowitschet al, 1999; Zedler and Kercher, 200Kercheret al. (2004) present that once
invaded byPhalaris, wet meadows retain few species. In their exparmpeative sedge
meadows supported 60 or more species but 15 or fethven invaded b¥halaris (Kercheret
al.,, 2004). Furthermore, many wetland invaders, like tlonal grassPhalaris form
monotypes, which alter habitat structure, lowerdbiersity, change nutrient cycling and

productivity (often increasing it), and modify foagebs(Zedler and Kercher, 2004).

3.2 Phalaris arundinacea L. (reed canary grass)

3.2.1 Species description

Phalaris arundinaced. (Poaceae) is a 1 to 2 m tall, long-lived perahgrass with a C3
photosynthetic pathway. This a cool season gragshtgins growth early in the season, well
in advance of warmseason (C4) grasses and othguraieie vegetation (Maurer and Zedler,
2002). Spring emergence of new shoots occurs atxpense of reserve carbohydrate stored
in the rhizomes (izkova- Koralova et al, 1992). The native range oPhalaris is
circumboreal, including Eurasia and a small parNofth America. Non-native strains had
been repeatedly introduced to the United Statestlghafter 1850 for forage, soll
stabilization, and wastewater treatmdrollowing repeated introduction®halaris became
an aggressive invader thats spread throughout North America, taking ovdunaa wet
prairies, stream-banks, and wetlands. It now ctuie8 a major threat to native wetland
vegetation and is classified as a pest in ninestatthe U.S. (Lavergne and Molofsky, 2004).

Phalarisis capable of reproducing vegetatively or sexulajhyseeds (Kerchest al, 2007).

It produces dense crowns and prominent networksigbrous underground rhizomes,
allowing for aggressive vegetative spread. By iitig@ young clonesPhalaris can cover an
area of one square meter and will consist of 1U#¥giby the end of the first growing season



(Klime3ova and’izkova, 1996). Moreover, it has a very high anrsead yield. Seeds exhibit
dormancy (Vose, 1962), some seeds remain dormantamngerminate after storage for three
years and thus can constitute an important comparfeseed banks. Germination requires
light, seeds germinate within six days of wet (Zedind Kercher, 2004&nd is best in moist
soils with highest germination rates in water-satienl soils (Lavergne and Molofsky, 2004).

Phalaris typically grows best under cool and moist condiiolt is found in a large array
of wet habitats, such as wet meadows, wetlands,|ak@lshores and floodplainBhalaris
grows along extensive altitudinal and latitudinshajents (Lavergne and Molofsky, 2004;
Prach, 1992)Due to its early season growth, rapid vegetativeah rapid stem elongation,
wide physiological tolerance, and morphologicalsplaty, Phalaris possess ability to be
highly competitive under a wide range of ecologicahditions (Lavergne and Molofsky,
2004). Many factors, such as physical disturbamtermittent water runoff, flooding, and
nutrient enrichment can enhan&halaris invasion in natural wet habitats (Green and
Galatowitsch, 2002; Maurer and Zedler, 2002; Kereral Zedler, 2004aMiller and Zedler
(2003) found that a transition from native vegetatio invasive taxa might occur in response
to changes in water depths or hydroperiod (frequexma duration of high water levels) due
to runoff from urban and agricultural lands. Conmgams of water levels in native wet prairie
adjacent to monotypic stands Bhhalarisin Wisconsin showed thd&halaris occurred where
water was deeper, inundation was prolonged, andigh water levels occurred more
frequently (Miller and Zedler, 2003).

Phalaris has been observed to colonize preferentially pisstndance moist devegetated
sites and achieve rapid and near- total dominaves pative wetland plant communities
(Green and Galatowitsch, 2002). It can outcompetdivem plant species and form
monospecific stands due to several traits it ben&m. Its plants can grow into tussocks as
well as swards, it grows over a longer season thast native plants, it can make use of
nutrient pulses, it has a broad ecological nichéjsplays morphological plasticity, and its
hollow stems allow great height growth per biomasgstment (Zedler and Kercher, 2004).
Empirical evidence clearly shows thahalaris has deleterious effects on the integrity and
function of ecosystems it is currently invading ¥eegne and Molofsky, 2006) together with

concomitant loss of plant and insect diversity.



3.2.2 Spread of Phalaris arundinacea

Much more work has been conducted on studyingpheasl ofPhalarisin North America
than in the Czech RepubliGalatowitschet al. (1999) report thaPhalaris was originally
introduced to the United States from Europe shaafter 1850 and it is believed to have
become more aggressive following repeated intradost of agronomically-important
cultivars from northern Europe for forage and strdaank erosion control since the 1930’s
(Kercheret al, 2004). Other uses of the species include wastwetatment (Vymazal,
2001), use as a bioenergy crop, ornamental plantsfor pulp, paper, and fiber production.
Low alkaloids cultivars are used as a pure or mexfiorage crop, or as persistent perennial
cover for permanent pastures (Lavergne and Molof2&94).

Nowadays, in southern Wisconsin, over 40,000fhaetlands are dominated (>80% cover)
by this species (Bernthal and Willis, 2004 aslarr-Turoff and Zedler2005). It is also found
in more than one half of lllinois’ wetlands andtiee most dominant plant in 74% of them
(Spyreaset al., 2009). MoreoverPhalaris is classified as a pest species in nine states of
North America (Galatowitscht al, 1999).

Native to the temperate zones of the NortheemidpherePhalaris is widely distributed
throughout Eurasia where it has different cytotyffég. 1, Lavergne and Molofsky, 2004).
Differences between the spreadRifalarisin North America and Czech Republic are in the
original distribution of the species. Whikhalaris occurs more around standing water in
America, it is found mostly along running watertire Czech Republic. This can probably
refer to a lower oxygen deficiency tolerance in €rgenotypes, because this trait can differ
among different genotypes. Phytosociological armloggcal surveys oPhalaris population
in alluvia along the Berounka River, Czech Repybliere done by Kopecky (1961). Current
research, guided by Neil O. Anderson, is takingc@lat the Faculty of Science, South
Bohemian University, Czech Republic. The purpode iest whether genetic variation differs
along the Czech rivers, but with no published rssyét. However, under certain conditions,
especially soil eutrophication, or abandonment ejuitar mowing,Phalaris can rapidly
spread along the whole wet meadow and change specie meadows into a monotonous
stand (Képlovét al, 2011; Prach and StraSkrabova, 1996; etc.)



IS (b)

Fig. 1:  Current geographical range Bhalaris arundinacean its invasive range
in (a) North America and in its native range i Burope (Lavergne and
Molofsky, 2004).

3.2.3 Abiotic factors influencing invasiveness

3.2.3.1 Disturbances

Areas subjected to physical disturbance (ilbgomass destruction) are usually more
vulnerable to invasiong.he role of disturbance in facilitating plant ini@ss was recognized
by Elton (1958) Disturbances that intensify with agricultural ardémban development are
thought to promote the spread of invasive plantshsasPhalaris (Kercher and Zedler,
2004a). Therefore, Larson (2005 in Kerckeal, 2007)indicatedPhalaris as a symptom of
anthropogenic disturbances, perhaps evehhaman symbionit. In wetland or riparian
habitats, large biomass destruction can be hunduced or result from erosion after massive
flooding. In its invasive rangePhalaris germinates best under post disturbance conditions
such as canopy gaps and in moist to waterloggésl $oits native rangd?halaris can persist
after intense flooding that removed other spedi@vdgrgne and Molofsky, 2004). Although
physical disturbances may enharkalaris invasion, there are no data to suggest that
Phalarisrequires a disturbance to become establighadergne and Molofsky, 2004).

As articulated byaviset al. (2000),the most invasible condition occurs when increases
the gross supply of resources coincide with deeeas the uptake of resources by the
resident plant community. Kerchet al. (2004)found lower species richness and diversity on

sites with visible indicators of hydrologic distarice and negative relationships between the
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abundance of invasive. arundinaceaand measures of site quality, as expressed im thei
model(Fig. 1).

Habitats that contaiRhalaris have generally lower native plant species diver$ithile no
negative relationship was found between native ispativersity andPhalaris it may show
that Phalaris preferentially establishes in habitats containirayvdr species diversity
(Lavergne and Molofsky, 2004).

Hydrologic y Phalaris arundinacea
Disturbances Invasion

Native species richness
Diversity
Floristic quality

Fig. 2.  Conceptual model suggesting the interrelationsbipg/drologic disturbances,
Phalaris arundinaceaand native species. “+” and “-“ signs indicatesitwe and
negative relationships, respectivéi§ercheret al, 2004).

3.2.3.2 Hydrologic regime & water level

Human activities can alter water levels and thertlgdjic regime in wetlands. As a result
of flooding, inhibited oxygen diffusion into soilsan subject root cells to anoxia. Many
wetland plants tolerate inundation through morpgigial adaptations, such as aerenchyma,
adventitious roots, and elongated shoot internaatelsy relying on energy stored in rhizomes
(Miller and Zedler, 2003).

Water regimes can affect vegetative spreadfamlinfluence invasion successRifalaris
For example, initial water conditions can affestvkgetative establishment. In a greenhouse
experiment, vegetative tillers survived and grewitdsein moist and water-saturated soils
compared to flooded conditions (Maurer and Zed62). In outdoor mesocosms, flooding
reduced the growth oPhalaris in comparison to water-saturated soil (Miller afedler,
2003). Hydrologic cycles may also impact the sprebBhalaris Vegetative establishment

and spread ofPhalaris seem to be favored only under short-term floodorgcyclic
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inundations occurring two to three days per weekv@rgne and Molofsky, 2004). On the
contrary, Kercheeet al. (2007) found no increase halaris biomass with intermittently-
flooded mesocosms receiving low levels of nutriaptuts, butPhalaris biomass increased by
~35% when low levels of nutrients coincided witlolpnged floods. Although high levels of
nutrient addition nearly tripledhalaris biomass under intermittent flooding, the absolute
increases irPhalaris biomass were five and 12 times greater when fldasked four and 14
weeks, respectively. These authors also mentiongmbssibility that, in the absence of
prolonged flooding (i.e. under the intermittentdibregime), added nutrients were taken up
by resident plants, leading to little increase utrient availability forPhalaris (and hence
comparatively little invasion) in that treatmentefi€heret al, 2007).

A similar effect of prolonged flooding was falibby Herr-Turoff and Zedler (2007) in a
wet prairie mesocosm study treated with three flogdiurations and three levels of nutrient
addition. From their resultsPhalaris invasion was extensive under constant flooding;
invasion accelerated with longer durations of fiogdand with high nutrient addition.
Phalaris’ aboveground biomass was 200-900% larger undettasdn8ooding than under
early-season or intermittent flooding. SimilarBhalaris increased its biomass >100% with
high nutrient addition than with low or no nutrieadditions (Herr-Turoff and Zedler, 2007).
The effect of increased surface water was also detrated by Kercher and Zedler (2004a) in
an outdoor mesocosm study, in whiBalaris grew in competition with 15 herbaceous
native North American species. Dominance Rifalaris was reduced under intermittent
flooding (flooded for two days every two weeks),il@tloods lasting four weeks or longer
caused several sensitive native species to deahidemore toleran®Phalaris plants to grow
and spread rapidly into the large gaps createchduhe dieoff of the natives (Kercher and
Zedler, 2004a).

However, Miller and Zedler (2003) had differeesults when they compared the growth of
two species Rhalaris arundinaceaand Spartina pectinataalone and together under four
hydroperiods (varying inundation frequency and targ each at two water depths (surface
saturation and flooding to 15 cm). Flooding redubetbwground biomass and increased total
shoot length and shoot: root biomass of each spdeialaris produced the most biomass,
shoots, and total shoot length when wetter andr drdaditions alternated weekly, while
Spartinagrew best with prolonged (four weeks) inundati®his suggests that periodically
low water levels or times of drawdown are importemtPhalaris (Miller and Zedler, 2003).
Lavergne and Molofsky (2006) demonstrated thghtwater levels, exceeding 40 cm, and

long term flooding such as 10 weeks, significaméglucedPhalaris growth but did not Kkill
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individual plants, which can usually resprout amdjetatively reproduce even after a severe
flood (Lavergne and Molofsky, 2006).

Results from mesocosm studies also depend ibesuposition, nutrient level, and may
differ from natural conditions. In Wisconsin wettlr for example, survival and growth of
transplanted rhizomes were higher in wet prairigslimited by prolonged flooding (Maurer
and Zedler, 2002). Miller and Zedler (2003) alsggasted that changes in water level are not
the direct cause dthalaris dominance of wetlands or the loss of native gegadkeSpartina
in wetlands receiving stormwater runoff. Howevetprsiwater runoff from urban and
agricultural land carries nutrients and sedimefgnce, changes in water quality appear to be
more influential than altered hydrologic regimeseixplaining dominance olPhalaris in
wetlands receiving stormwater runoff (Miller andder, 2003).

3.2.3.3 Nutrients

Nutrient enrichment may be the human impadh wie greatest influence on the success of
plant invasions. Wetlands are particularly sensitbecause they can be subject to repeated
agricultural water runoff from surrounding cultivat areas (Galatowitscét al, 1999). In
response to eutrophication, emergent wetland plamd to produce more biomass, higher
shoot: root ratios, more tillers, and taller sho@aurer and Zedler, 2002). Under natural
conditions, nutrient runoff to wetlands is likelp tincrease competitive dominance of
Phalaris This may explain the observed correlation betwaggressive spread Bhalaris in
wetlands in close proximity to cultivated areadvbhnesota (Galatowitscht al, 2000) and
also Phalaris dominance in a study site closer to a still fexitl field in a wet grassland
(Mokré Louky) near Tebai, Czech Republic (Kaplova, 2009).

Elevated nitrogen (N) levels accelerate exmansf Phalaris Kercher and Zedler (2004a)
found that nutrient enrichment caused a greateativel increase irP. arundinaceathan in
native wet prairie species¢lence,Phalaris is commonly presumed to have high nutrient
uptake that contributes to higher N retention imetland.Phalaris growth responded more to
changes in nitrate-N compared to changes in ammmehuso fertilizer that increases nitrate-
rich runoff and subsurface drainage are major dautsrs toPhalaris invasions (lannonet
al.,, 2008). The extraordinary capacity &halaris to use NG@N inputs for growth is
illustrated in its doubling of shoot biomass inpesse to a N@N dose level between 12 and
48 g nf (Green and Galatowitsch, 2002). On the other hamtheir study Herr-Turoff and
Zedler (2005) did not find support for the presuimptof Phalaris retaining more N than
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native plant assemblages. These authors tested araiee under selected environmental
conditions (low hydrologic disturbance, namelyemmtittent flooding).

In contrast to the common assumption tRatlaris is a superior competitor to sedge
meadow species under both N-rich and N-poor candtiWetzel & van der Valk, 1998;
Green & Galatowitsch, 2002Fhalaris may, like other nitrophilic species, lack traits t
confer a competitive advantage under N-poor cooakti{Perry et al, 2004). Therefore,
desired plant species may outcompehkalaris if N is limited. A greenhouse study showed
that Carex hystericinaoutcompetedPhalaris if soil N was immobilized by incorporating a
high carbon C: N amendment (pine sawdust, Petraf.,2004). According to their results, in
soil without carbon added, competition wRthalaris reducedCarexbiomass by 91%, while
competition with Carex did not influencePhalaris as is commonly observed in sedge
meadows.Phalaris biomass was five times greater th@arex biomass in mixed stands.
Conversely, in soil depleted of available N viabmar enrichment, competition witGarex
reducedPhalaris biomass by 82%, while competition wiBhalaris reducedCarexbiomass
by only 32%, indicating thaCarexis the superior competitor for KLarex biomass was six
times greater thaRhalaris biomass in mixed stands in the carbon-enriched(Beitryet al,
2004). Greater N absorption capacityGdrexroots probably accounts for the grea@arex
N uptake efficiency under N-poor conditions. Lowsddils might be achieved via carbon
enrichment, vegetation harvests and reduced Nsn(Rdrryet al, 2004).

Reduction of both N and light is likely the sea why the target community decreased
Phalaris invasion (lannoneet al, 2008). Results emphasize the importance of fast
establishing a perennial community in order to eehilong-term reduction of resources and
Phalaris invasion. Phalaris could outcompete target species in low-light bot fow-N
environments. Understanding if there is a tradedffhigher N retention whePhalaris
displaces native species becomes critical wherdohecio control its invasions or justify its

use in treatment wetlands (Herr-Turoff and Zed2€Q5).
3.2.4 Biotic factors

3.2.4.1 Competitive ability

Early growth and rapid vegetative spread nfakalaris very aggressive in wet prairies and
marshes of North America (Lavergne and Molofsky 080 Phalaris exhibits winter-
hardiness due to the storage of nonstructural tgdyates in its rootsCizkova- Korgalova

et al, 1992). This feature enables it to overwinterhe thizome stage and produce tillers
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early in the following year. Therefor@halaris begins to sprout earlier than many sedge
meadow plants. Additionally, reserve carbohydrafésv Phalaris to be productive into the
fall and through the prolonged seasonal growthrethye suppressing native plant species
(Zedler and Kercher, 2004). In natural conditioti®e species can exhibit high rates of
aboveground biomass production, because of higm slongation and leaf production
(Lavergne and Molofsky, 2004). Production of drprbiass varies between 5 to 11 t *ha
and rarely can be 12-13 t . héRychterovéa, 2007).

Phalaris is also a good competitor for belowground resaatwecause of its prolific root
system and its ability to increase allocation totsowhen grown in low moisture or dry
conditions. In addition, the root system has a mgtrient uptake capacity (Dubois, 1994),
relatively high water use efficiency, and elastl evalls, which help in maintaining turgor
despite a loss of water (Lavergne and Molofsky, 2200

Although North American populations Bhalaris seem to be competitively superior to
many native plant species, no studies have explicampared the competitive ability of
European native and American invasive genotype®lddlaris (Lavergne and Molofsky,
2004). However, it has been observed that, duts wifferent competitive effects on different
native species (Green and Galatowitsch, 20BRplaris alters the dominance relationships
within natural communities and reduces speciesrsitye (Lavergne and Molofsky, 2004;
Képlovaet al, 2011).

3.2.4.2 Morphological plasticity

Morphological plasticity occurs when an orgamior genotype produces different
phenotypes under varied environmental conditionsaligring biomass allocations and
morphological traits in shoot and root systems (Heroff and Zedler, 2007). This trait can
facilitate the spread of invasive macrophytes ack@siable environments (Baker, 1974). By
shifting biomass allocations from root to shoottegss and producing a more extensive
canopy relative to shoot biomass, plants can iser¢laeir ability to capture resources across
increasing nutrient and light gradients (Herr-Toiaxfd Zedler, 2007).

Morphological plasticity could accelerate inas in disturbed areas with ample light,
nutrients, and variable water depths, conditiopscgily found in wetlands downstream from
developed landscapes. There is some evidencd’tiaaris modifies its biomass allocation
patterns, producing higher shoot: root ratios wittreasing nutrients (Maurer and Zedler,
2002) and flooding (Miller and Zedler, 2003; Kerclend Zedler, 2004b). On a nutrient
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gradient,Phalaris could adjust its root: shoot ratio more than cowndng native species in
sedge meadows (Green and Galatowitsch, 2001).

Herr-Turoff and Zedler (2007) explored canopgspcity of Phalaris under three flooding
durations and three levels of nutrient additiBhalarisgrew as a sward with intermittent and
early-season flooding but shifted to tussocks undenstant flooding. While forming
tussocks, Phalaris tolerated longer durations of flooding and morenthdoubled its
aboveground biomass (Herr-Turoff and Zedler, 208i#hilar morphological forms were also
observed by Conchou and Pautou (198Wo found Phalaris growing as *“isolated
individuals” in dry areas and as “clumps” in wet areas. Maurer and Zedler (2002) found
that theirPhalaris clones allocated approximately 30% more resouroeot than shoot
growth in low nutrient conditions, but nearly 75%om resources to rhizome and tiller
growth than roots in high nutrient treatments. Thegcluded thatutrient addition can cause
a three to 15% decrease in the root: shoot ratibadlow a 50% increase in clonal spread
(Maurer and Zedler, 2002).

This plastic response givehalaris a competitive advantage under limiting resourées.
summarized in Lavergne and Molofsky (2004), plateed to increase their biomass
allocation to belowground structures when watempBupr nutrients is decreased. For lower
soil nutrient levelsPhalaris had a higher root: shoot ratio than native spe@i®en and
Galatowitsch, 2001). Conversely, when water levdlanding frequency increaseBhalaris
showed a decrease in root biomass allocation andcaease in shoot biomass (Miller and
Zedler, 2003). This shift may help in decreasingniass and oxygen demand of the root
system in conditions of greater availability of eatind diffusion of nutrient®halaris can
take advantage of increased nutrient inputs thrdngreased biomass production, (Wetzel
and van der Valk, 1998), decreased allocation tasr¢Green and Galatowitsch, 2001), and

higher rates of clonal spread and tiller productidaurer and Zedler, 2002).

3.2.5 Implications for Practice

Due to complex interactions among disturbamoofrs, simple reductions in fertilizer use,
flooding, or sedimentation alone will not likelyfSoe to protect wetlands from this tolerant,
fast-growing, and morphologically plastic invad&e(cheret al, 2007).Phalaris appears to
grow best where water levels are highly variabtel where nutrients and sediments flow into

the site. Thus, management actions to decreasevdiuene of stormwater runoff might
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simultaneously reduce nutrient and sediment loadimgyeby lessening chances that remnant
native wetlands would become dominated?malaris (Miller and Zedler, 2003).

Current methods of controlling invasive vegetatfocus on eradication of existing
populations, and are often effective only in thersterm. Manipulating resource availability
to give native species a competitive advantage mweasive species could reduce ecosystem
vulnerability to invasion and might more effectiyelontrol invasive vegetation (Perey al,
2004).Mechanical methods alone are not a sufficient cbistrategy forPhalaris because it
can vigorously regrow from rhizome fragments arel $eed bankHence,Phalaris control
must be integrated into a whole ecosystem manadestierttegy(Lavergne and Molofsky,
2006). Maurer and Zedler (2002), in agreement watimoneet al. (2008), emphasize the
importance ofplanting or encouraging the growth of native spedhat emerge early in the
growing season and rapidly develop dense canofesondly, the flow of nutrient-rich
waters into wetlands must be reduced and/or elimth@ao reduce the spread Bhalaris
monotypes and other clonal invaders. Thirdly, tregommend quick action to eradicate new
clones before they spread. Frequent monitoring iamdediate removal of new clones is

essential to prevent spread.
3.3 Carex acuta (syn. Carex gracilis)

3.3.1 Species description

Carex acutais a rhizomatous, perennial plant characterizedabghortened stem with
meristems that produce long leaves. It usuallyiregtdneights between 1,2 and 1,5 m
(Soukupova, 1994) and can be found in almost alEwfope except for the mountainous
regions with altitudes higher than 1000 meters als®a level (Soukupova, 1986). The tillers
are polycyclic. In the first season they developegetative shoots with a rosette of leaves; in
the next season a reproductive culm is formed (Gooka, 1994). The highest value ©f
acutatotal aboveground biomass estimated by Kuncov@fp®as 352 g . ifin an unmown
wet area of Mokré Louky in thef@bai Basin Biosphere Reserve, Czech Republic.

The correlation between some quantitative daspe€ ground water regimes and the
occurrence of some plant communities in wet meadawséetherlands was tested in a study
by Grootjans and Ten Klooster (1980). T®aricetum graciliscommunity was characterized
by water levels at or above the surface over fodive months. These plant species occurred

where ground water levels were high with earlygpifloods and higher groundwater levels

-16 -



were more frequent than lower ones. As found inLth&nice river floodplainCarex acuta
tolerates high water levels and associated oxygsprivhtion quite effectively (Klimes,
1996). Also, theCaricetum graciliscolonizes predominantly meso- to eutrophic habitat
(Hroudova, 1988).

In an outdoor experiment, Soukupova (1994 ete#tte influence of waterlogging @arex
acuta Three different waterlogging regimes were essaleld in relation to the soil surface:
(a) terrestrial, with a water level between 0.2@tb2 m below the soil surface, (b) limosal,
with a water level between 0.05 m below and abbeesbil surface, and (c) littoral, with a
water level between 0.15 to 0.20 m above the swfhse. Maximum biomass production in
terrestrial treatments aarex reached 1.66 kg . Mafter three seasons. The most stressed
plants in the littoral/ limosal treatments producked6 kg . rif. Thus total biomass of the
sedges in the littoral treatment was reduced byaboe eighth. The roots showed the
greatest reduction of all component parts with eases in biomass of 27% (Soukupova,
1994).

4 Methods

4.1 Mesocosm experiment

A mesocosm experiment was established in 20@®adnstitute of Botany, fEbai, Czech
Republic, to determine the combined effects of ieotradditions and water level on the
growth and spread @arex acutaandPhalaris arundinaceaThe experiment consisted of 12
basins (187 cm long x 106 cm wide x 15 or 40 cnpddepending on particular water level)
with six pots in each (72 pots altogether) and witlo nutrient and three water level

treatments (see below). A similar experiment patteais used in Kerchet al. (2007).

4.1.1 Plants setting

During the first year of the mesocosm experimen arundinaceaand C. acutaplants
(aboveground with attached belowground structuvese collected at Mokré Louky (Wet
Meadows) near febai, Czech Republic in April 2009. 500 plants of eagecies were
planted separately in 0,4 L plastic cups with sand placed into tubs (Fig. 3), to which were
added 12 g NPK fertilizer per tub.
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Fig. 3:  Separately planted plants in 0,4 | plastic cups.

Unfortunately, many. arundinaceglants died during the acclimation period. Therefo
only 288 plants of each species were planted i@tpats with sand (15 L) respectively (four
plants ofP. arundinaceand four plants o€. acutaper pot) in July 2009. The small number
of P. arundinaceglants limited us to only having pots containirajtbspecies and prevented
us to have pots containing only plants of one gsedPlants were separated by their height
and then planted into the pots using one high,mwedium and one small sized plant per each
species. Six pots were placed into each tub (Fig\dtrient and water level treatments were

then assigned randomly to each tub (Fig. 5).

Fig. 4: Part of the basins with pots.
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Fig. 5: Distribution and treatment type of particular basin

4.1.2 Nutrient enrichment

For this experiment, we used two levels ofieatrenrichment: High (= 300 kg NPK * fia
*yr) and Low (= 65 kg NPK * H5* yr!), where the latter acts as the control. LovofdPkN
15:15:15 (Lovochemie) fertilizer was used in thiperiment. Nutrients were added every
four weeks - twice in 2009 (on July 24 and Augus) and five times in 2010 (on April 27,
June 4, July 6, August 2, and September 15) insg db 50 ml nutrient solution which was

spread equally on the surface of each pot.

4.1.3 Water level regimes

We subjected individual tubs to one of thre®dling regimes (constant flood, spring flood,

and saturated), superimposed on the natural rhirgfigime. As a consequence of the poor
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condition of P. arundinaceaplants after transplanting, the flood regime beganMay 7,
2010. Constant flood treatments were flooded during whole growing season until
September 26. Spring flood treatments were floofdedfour weeks during the growing
season, from May 7 — June 4. When flooded, mescea@smtained standing water 10-12 cm
above the sand surface. This water level is belenctitical water depth of 40 cm estimated
by Lavergne and Molofsky (2006). The standing watehe flooded mesocosms was drained
every four weeks below the sand surface, in orddettilize the pots and remove algae if

needed, and then reflooded immediately.

4.1.4 Mesocosm maintenance

Due to an attack of aphids the plants wereyggrdwice with a commercial preparation
(Agrion Delta) on June 4 and July 13, 2010. Durihg winter, water from the tubs was
drained and the plants were covered with dead $eamd mesh encumbered with stones as a

protection against frost (Fig.6).

Fig. 6:  Winter protection.

4.2 Data collection

Numbers of shoots per species per pot weretedwand the height of the longest green leaf
of the original four plants of each species was suesd during both growing seasons.
Furthermore, photos were taken of each pot to tiwespread of each species during both

seasons. At the end of the second growing seadboftthe pots (three pots from each tub)
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were randomly chosen and harvested. Above- andvigetmind biomass of both species were
collected at the end of August 2010 as well as sanaples for further analyses. Numbers of
live and dead daughter plants of the original fplants were counted per each species.
Biomass (aboveground with attached belowgroundcstres) was sorted into species,
washed carefully in a special tub with fresh watard then the aboveground mass was
separated from the belowground part with a knifg.(F¥). All plant aboveground biomass
fractions (live, dead, litter) and belowground basa (roots and rhizomes together) were put
into separately labeled paper bags (Fig. 8) aretld@ll samples were placed into forced air
ovens (Memmert) and dried at 68 - 70° C for 48 kolihe dry matter was then removed and
weighed. Dry matter content was expressed as goemsquare meter.

Plant biomass fractions - both abovegroundlzidwground - were ground with a mill to
a 0.5 mm (#40) mesh size and then analyzed far@égad N by members of the Department
of Ecosystem Biology, JCU. Total C and N (TC, TNgrey analyzed using an elemental CN
analyzer (ThermaQuest CN Analyzer, Italy). Standitagk [g/nf] was calculated as % N, C
multiplied by the dry weight of the biomass. ThelCratio was then calculated from these

data.

Fig. 7: Carex acutébiomass fractions Fig. 8: Marked paper bags.

4.3 GIS

GIS methods were used to record and evaluate cham@eea of the original four plants of
each species in each pot. Photos of all tubs vakentat the end of both growing seasons
(September 24, 2009 and August 20, 2010). Howeles,to the large number and height of

plants, especially in the high fertilized treatnserghotos from 2010 were not sufficient for

-21 -



deciding where exactly a particular plant was rdof€herefore, positions and numbers of
plants were drawn manually in a 1:1 ratio in Sefiten2010 (Fig. 9).

Photos and pictures were digitalized using A&GO (Esri)in a coordinate system with
orthographic projection “The World from space”.drder to estimate plant area, the function
“Create Thiessen Polygons” was used. This toadds/the area covered by the point input
features into Thiessen or proximal zones. Thesezogpresent full areas where any location
within the zone is closer to its associated inpaihpthan to any other input point. The arisen
feature class was clipped to the real size of titeapd the area “sand”, where no plants grew,
was omitted. Using the function “Updatefhich computed a geometric intersection of the
Input Features (feature class with Thiessen polygdipped to the real size of the pot) and
Update Features (area with no plants, only sand)na feature class was created with
particular areas of each plant species and sand.

Fig. 9: Photo from 2009 and manually drawn picture frddi@of the same pot “6e”

(high flooded treatment).

4.4 Data evaluation

Factorial analyses of variance (ANOVAS) werediso analyze all of the data. In this,
water level regime (“water level”), nutrient addii level (“fertilization”), tub effect (“tub”),
and species were the independent variables and ab®n{total, aboveground, and
belowground), above to belowground ratio, stem liteigumbers of shoots, nutrient contents
in plants, and C: N ratio were the dependent viesabCochran, Hartley, Bartlett tests of
homogeneity of variances were performed first amddere needed, data were natural log
transformed. Paired t-tests were used to comparet stumber, stem height, biomass (total,
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aboveground, and belowground), above to belowgraatid, nutrient contents in plants, and
C: N ratio in particular treatments between the species Carex Phalarig. Alpha = 0, 05
was used for all statistical tests. All analyseseveonducted using Statistica 9 (StatSoft,
2010).

Overall rate of shoot production (Mat al, 1997) was calculated by dividing the number
of shoots found at the end of the second growiag@e 2010 by the initial number of shoots
from the first growing season 2009.

Mean shoot size was calculated as the dry wégjlof the live aboveground biomass for

each species in each pot divided by the numbeviofjl plants in that particular pot.

5 Results

5.1 Shoot number and height

Both water level and fertilization treatmergrsficantly affected shoot number (Table 1).
Average shoot number per pot in the low fertilizeshtments ranged from 8 to 11 shoots in
Carexand from 21 to 29 shoots FPhalaris, while in the high nutrients levels it ranged from
15 to 23 shoots i€arexand from 59 to 69 shoots Phalaris Shoot number decreased with
increased flooding duration for both species irhlettilizer treatments (Fig. 10). However,
shoot number was higher in the high fertilized tireant, particularly foPhalaris in contrast
to the low treatment. The species significantlyedd#d in their number of shoots (p< 0,001)
with Carex having at least half the number of shoots comp#&wdehalaris in both nutrient
enrichments. This resulted in a significant feztition * species interaction, most likely due to
fertilizing in both growing seasons in contrastawly one season of the flooding regime.
Overall rate of shoot production in both fertilizedatments confirmed the decrease of shoots
numbers with longer period of flooding in both specand fewer shoots @arex(Table 2).
Phalaris had almost twice as high shoot production in Hegtilized + saturated treatment in

contrast taCarex.
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number of shoots

treatment

O Carex
B Phalaris

Fig. 10:

in all treatments).

Mean numbers of shoots Gf acutaandP. arundinacean the fall 2010 (p< 0,001

df F p

water level 2 11,28 0,001
fertilization 1 316,48 0,001
tub 1 0,00 0,958
species 1 474,58 0,001
water level*tub 2 1,27 0,283
fertilization*tub 1 0,09 0,767
water level * fertilization 2 0,38 0,685
water level * species 2 1,59 0,208
fertilization * species 1 4,42 0,038
water level*fertilization*tub 2 3,17 0,056
water level * fertilization * species 2 1,87 0,158
Error 122

Table 1: Results of factorial ANOVA for number of shootstlveen treatments.

Significance for = 0, 05 is in bold.

a) Carex | Phalaris

Saturated 1,10 1,85
Spring Flood 1,09 1,54
Flooded 1,06 1,45

b) Carex Phalaris
Saturated 1,72 2,31
Spring Flood 1,60 1,73
Flooded 1,14 1,65

Table 2: Overall rate of shoot production in low (a) anghh(b) fertilized treatment.
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Numbers of daughter plants were significantfgcied by both water level and fertilization
with there being significant differences betweer ttvo species (p< 0,001 for all). Both
species had a larger number of daughters at theehigutrient level (Table 3). For both
species, total shoot number decreased while thebeurof dead shoots increased with
increasing flood duration in the low nutrient treant. Overall,Phalaris produced more
daughter plants tha@arex Both species had the highest number of shooteruhgh +
saturated conditions witRhalaris having more than three times the number of shthas

Carex

Fertilization| Water level Carex Phalaris

Live Dead Total Live Dead Total

Saturated 6,9 2,7 9,6 24,7 6,1 30,8

Low Spring Flood 5,9 2,7 8,6 21,3 3,1 24,3
Flooded 4,2 3,0 7,2 16,6 7,3 23,8

Saturated 19,3 55 24,8 61,8 14,7 76,5

High Spring Flood 17,9 3,6 215 | 55,1 13,2 68,3
Flooded 11,7 4,6 16,3 56,8 13,6 70,4

Table 3: Mean numbers of daughter plants per species aathteat.

Stem height significantly differed between 8pecies as well as among the water regime
and rate of fertilization (Table 4). Under low natrt conditions plant height increased in both
species with increased flood duration (Fig. 11)e Tteight ofCarex plants was similar to
Phalarisin the low fertilized treatment&€arexstems had similar heights in all water regimes
in the high fertilized treatments. On the contrdhalaris plants achieved the highest stem
height under high fertilized + saturated conditiolgt then decreased with greater flooding
duration. Average stem height in the low nutrieswtells ranged from 34,9 cm to 50,7 cm in
Carexand from 36,1 cm to 46,1 cm PPhalaris while in the high fertilization treatment it
ranged from 56,7 cm to 59,1 cm@arexand from 51,5 cm to 59,7 cm Rhalaris. The two
species significantly differed between each otheten low + flooded and high + spring flood

conditions (p< 0,001 and p = 0,012, respectively).
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Fig. 11: Meanstem height o€. acutaandP. arundinaced* = p< 0, 05; ** = p< 0,001).

df F p

water level 2 19,2 0,001
fertilization 1 512,6 0,001
tub 1 24,0 0,001
species 1 7.5 0,007
water level*tub 2 10,6 0,001
fertilization*tub 1 22,9 0,001
water level * fertilization 2 14,9 0,001
water level * species 2 2,1 0,128
fertilization * species 1 0,9 0,336
water level*fertilization*tub 2 1,6 0,213
water level * fertilization * species 2 6,5 0,002
Error 122

Table 4: Results of factorial ANOVA for stem height betwdezatments.

5.2 Biomass

5.2.1 Aboveground biomass

Aboveground biomass ranged from 72,8%m104,6 g/rin Carexand from 84,3 g/fto
107,4 g/ in Phalarisin the low nutrient levels, while in the high féiged treatment it
ranged from 299,1 g/mto 360,5 g/m in Carex and from 391,2 g/fto 554,4 g/m in
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Phalaris Phalaris had significantly higher aboveground biomass tGamex, especially in
the nutrient richer treatment (Fig. 12), but omlthe saturated and spring flood conditions (p
= 0,011 and p = 0,028, respectivelghalaris had less aboveground biomass t@amexonly

in the low fertilized + flooded treatment, but tlference was not significanCarex
increased its biomass in both flooded treatmerftecteng a possible better adaptation to
flooded conditions. Aboveground biomass was sigaiftly influenced by fertilization and
both species significantly differed in their abor@gd biomass (Table 5). Water regime did
not significantly affect biomass. The weaker influae of water level can be due to only one
growing season with that treatment in contraststo $easons for the fertilization treatment.
However, the water level * species interaction wagmificant due to the great increase in
Carexbiomass under flooded conditions (Fig. 13).

O Carex
B Phalaris

treatment

Fig. 12: Aboveground biomass @. acutaandP. arundinacean particular treatments
(* = p<0, 05).
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df F p

water level 2 1,8 0,181
fertilization 1 692,0 0,001
tub 1 6,4 0,015
species 1 12,4 0,001
water level*tub 2 4.8 0,012
fertilization*tub 1 21,4 0,001
water level * fertilization 2 0,6 0,579
water level * species 2 6,1 0,004
fertilization * species 1 2,7 0,108
water level*fertilization*tub 2 1,5 0,230
water level * fertilization * species 2 1,0 0,359
Error 50

Table 5: Results of Factorial ANOVA for aboveground bi@sadetween treatments.

Current effect: F(2, 50)= 6,065, p= 0,004
2,45 .

2,40
2,35}
2,30

2,25}

log biomass [g/m?]

2,15}

2,10

Saturated Spring Flood Flooded

=& Carex

water level —E Phalaris

Fig. 13:  Significant water level * species effect on tihewaeground biomass.

The average shoot size for each species was dalduty dividing the live aboveground
DW in each pot by the number of live shoots. Thasameter was significantly (p<0,001)
affected by both water level and fertilization treants, as well as there being a significant
difference between the specid¢zhalaris had greateshoot numbers in all treatments (see
above), but with smaller mean shoot size (Tabld-6).example, there were increased shoot
numbers forPhalaris in the high nutrient and flooded treatment, buwsth shoots were very
thin with almost four times lower mean shoot siaempared taCarex On the contraryCarex
increased shoot size with longer flooding period.
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o Mean shoot size [g]
Fertilization Water level -
Carex Phalaris
Saturated 0,48 0,23
Low Spring Flood 0,50 0,31
Flooded 0,94 0,24
Saturated 0,86 0,52
High Spring Flood 0,88 0,45
Flooded 1,67 0,43

Table 6: Mean shoot size of each species in each treatment.

5.2.2 Belowground biomass

Belowground biomass ranged from 362,5 gin607,8 g/min Carexand from 181 g/
to 480,6 g/min Phalarisin the low fertilized treatments, while in the hightrient levels it
ranged from 1366,1 gfto 1671,7 g/in Carexand from 819,4 g/fto 1913,3 g/min
Phalaris Both water level and fertilization significantéfected belowground biomass (Table
7). Both species also differed significantly inith@oduction of belowground biomas3Sarex
allocated more biomass to belowground structurespeoed toPhalarisin all low fertilized
treatments and the high fertilized + flooded treatin(Fig. 14). AlsdCarexhad significantly
higher belowground biomass in both flooded treatsép< 0,001; p= 0,022 respectively).
This resulted in there being significant water leVespecies and fertilization * species

interactions (Figs. 15 and 16).
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Fig. 14. Belowground biomass &. acutaandP. arundinacean particular treatments
(* = p< 0,05; ** = p< 0,001).

df F p

water level 2 26,2 0,001
fertilization 1 355,9 0,001
tub 1 0,4 0,554
species 1 16,1 0,001
water level*tub 2 1,2 0,304
fertilization*tub 1 13,8 0,001
water level * fertilization 2 0,9 0,417
water level * species 2 5,8 0,005
fertilization * species 1 7,3 0,001
water level*fertilization*tub 2 0,4 0,667
water level * fertilization * species 2 0,5 0,603
Error 49

Table 7: Factorial ANOVA results for the belowground biorsas
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Current effect: F(2, 49)= 5,809, p= 0,005

32
31
30
291
281

2,7F

log biomass [g/m?]

261

251

24 . . .
Saturated Spring Flood Flooded
pring = carex

water level =& Phalaris

Fig. 15:  Significant water level * species effect on befpaund biomass.

Current effect: F(1, 49)= 7,251, p=0,001

33
3.2
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28F
2,7
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2,3

log biomass [g/m?]

LoOwW HIGH
== carex
fertilization =& Phalaris

Fig. 16: Significant fertilization * species effect.

5.2.3 Total biomass

As with belowground biomass, both of the walevel and fertilization treatments
significantly affected total biomass for both sgsc(Table 8). There were also significant
differences between specidBhalaris had lower total biomass thaBarex in the lower
fertilized treatments, but with the same decreasiegd with a longer flooding period (Fig.
17). On the other han@®halaris plants were larger in the higher fertilized treatts under
saturated and spring flood conditions. Only in higttilized + flooded regime di®halaris
plants have lower biomass th@arex It appears thaCarexplants may be less stressed the
flooded condition tharPhalaris resulting in higher total biomass, especially e tlow
fertilized conditions. There were significant watevel * species and fertilization * species
interactions (Figs. 18 and 19), but the three wagraction among these factors was not

significant. Still, Phalaris showed a negative response to prolonged floodiren under
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nutrient richer conditions. Total biomass rangeurfrd67,1 g/rto 687,1 g/min Carexand
from 265,3 g/mMto 583,1 g/min Phalarisin the low nutrient levels, while in the high nefnt
levels it ranged from 1726,6 gfno 1984,8 g/hin Carexand from 1239,5 g/fmto 2467,7
g/m’ in Phalaris.

3500

3000
2500 -

2000 -
1500 O Carex

W Phalaris
1000 - **

500 - i [i D

biomass [g/m2]

o

treatment

Fig. 17: Total biomass of. acutaandP. arundinacean particular treatments
(** = p< 0,001).

df F p

water level 2 19,6 0,001
fertilization 1 460,8 0,001
tub 1 0,0 0,903
species 1 7.9 0,007
water level*tub 2 2,0 0,143
fertilization*tub 1 18,5 0,001
water level * fertilization 2 0,6 0,542
water level * species 2 53 0,008
fertilization * species 1 8,2 0,006
water level*fertilization*tub 2 0,1 0,940
water level * fertilization * species 2 0,3 0,712
Error 49

Table 8: Results of Factorial ANOVA for the total biomass.
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Current effect: F(2, 49)= 5,327 p= 0,008
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log biomass [g/m?]
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Saturated Spring Flood Flooded
pring = Carex

water level =& Phalaris

Fig. 18: Significant influence of water level * specieglwtecrease d?halarisbiomass

in flooded treatment.

Current effect: F(1, 49)= 8,176 p= 0,006
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Fig. 19: Significant fertilization * species effect.

5.2.4 Above to belowground ratio

Carexallocated more biomass belowground compard@ht@laris in all treatments except
for the high fertilized + spring flood, where batpecies behaved the same way (Fig. 20). The
A: B ratio ranged from 0,13 to 0,29 ®@arexand from 0,21 to 0,47 iRhalaris in the low
nutrient conditions, while it ranged from 0,19 t@® in Carex and from 0,24 to 0,51 in
Phalaris in the high nutrient treatment€arex significantly allocated more biomass to
belowground under all low fertilized treatments (004, p< 0,001, and p= 0,014,
respectively) and in the high fertilized + floodé@atment (p= 0,040). Water level and
fertilization significantly affected the biomasdoaghtion patterns, as well as their interaction

(Table 9; Figs. 21, 22). Both species showed irsingabiomass allocation to aboveground
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structures with flooding duration in the low feidéd treatment, but this relationship was not

as clear under high fertilization.

0,8

0,6 -
0,5 -
0,4 -
0,3 1 *
0,2 -

A:B ratio

0,0

treatment HIGH

‘ [ Carex acuta H Phalaris arundinacea ‘

Fig. 20: Above to belowground ratio in particular treatmefits p< 0, 05; ** = p< 0,001).

df F p

water level 2 28,6 0,001
fertilization 1 7,8 0,007
tub 1 9,8 0,003
species 1 50,8 0,001
water level*tub 2 0,5 0,635
fertilization*tub 1 0,4 0,518
water level * fertilization 2 4,7 0,013
water level * species 2 1,0 0,386
fertilization * species 1 7,1 0,010
water level*fertilization*tub 2 1,8 0,181
water level * fertilization * species 2 1,9 0,158
Error 49

Table 9: Results of Factorial ANOVA for above to belowgnoluratio.
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Current effect: F(2, 49)= 2,557, p= 0,386
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pring == Carex

water level =& Phalaris

Fig. 21: Water level * species effect for the abovegrourelowground biomass ratio.

Current effect: F(1, 49)= 0,379, p= 0,010
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Fig. 22: Fertilization * species effect for the abovegrdubelowground biomass ratio.

5.3 Nutrient contents in plants

5.3.1 Nitrogen

As expected, there was increased N% in abouegrgplant structures with greater
fertilization (Fig. 23). There was also a signifitalifference between species (Table 10).
Percentage of TN per gram of abovegrounaterial was greater iGarexin all treatments
except the low fertilized + spring flood treatmewnthere both species had almost similar
amounts. TN in the aboveground biomass ranged 0gt5% to 0,84% irCarex and from
0,67% to 0,80% iPhalarisin the low fertilized treatments, while in the higutrients levels
it ranged from 1,04% to 1,11% @arexand from 0,86% to 0,91% ihalaris

On the contraryCarexhad lower content of TN in the belowgrouméterial tharPhalaris.
There were significant differences between the wpecies (Table 11). Under flooded

conditions,Phalaris plants had significantly more nitrogen in belowgnd structures than
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Carex(Fig. 24). Both treatment factors (water levettifiegation) significantly affected the %
of total nitrogen in belowground biomass as well thsir interaction. There were also
significant water and fertilization by species mtdions. Thus, the influence of water level
and fertilization on how TN was allocated to beloawgnd structures differed between the
species. TN in the belowground biomass ranged 0¢82% to 0,35% irCarex and from
0,47% to 0,56% ifPhalarisin the low fertilized treatments, while in the hightrient levels it
ranged from 0,32% to 0,39% @arexand from 0,37% to 0,60% mPhalaris

1,6
1,4
1,2
° (1)2 | O Carex
< 016 ) W Phalaris
0,4
0,2
0,0 T T T T T
& & & & & ¢
\)\ Q Oo \}\ Q 00
> O < > & <
% & ) S
R R
LOW HIGH
treatment
Fig. 23: Percentage of total nitrogenabovegroundbiomass.
df F p
water level 2 1,0 0,385
fertilization 1 34,0 0,001
tub 1 7.4 0,009
species 1 9,3 0,004
water level*tub 2 0,0 0,987
fertilization*tub 1 1,7 0,198
water level * fertilization 2 0,8 0,435
water level * species 2 0,0 0,983
fertilization * species 1 3,4 0,070
water level*fertilization*tub 2 11 0,346
water level * fertilization * species 2 0,7 0,521
Error 50

Table 10: Results of Factorial ANOVA for percentage of tatsrogen inaboveground

biomass.
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Fig. 24:

Percentage of total nitrogenhbelowground biomass (* = p< 0, 05;

** = p< 0,001).
df F p

water level 2 23,8 0,001
fertilization 1 4,1 0,048
tub 1 0,0 0,915
species 1 153,8 0,001
water level*tub 2 2,9 0,064
fertilization*tub 1 4,0 0,051
water level * fertilization 2 10,8 0,001
water level * species 2 10,5 0,001
fertilization * species 1 7,7 0,010
water level*fertilization*tub 2 59 0,051
water level * fertilization * species 2 0,5 0,638
Error 49

Table 11: Results of Factorial ANOVA for percentage of tatérogen inbelowground

Nitrogen standing stock [gfinin abovegroundbiomass was significantly affected by
fertilization (Table 12). Both species had almdst same contents in all treatments, except
for the high fertilized + saturated treatment iniethPhalaris had greater nitrogen content in
the aboveground biomass compare@&vex(Fig. 25), but this difference was not significant
Carexhad significantly higher nitrogen content undew iertilized + flooded conditions (p=
0,010). Nitrogen standing stock in the abovegrostndctures ranged from 0,57 ¢/to 0,78
g/m’in Carexand from 0,56 g/fito 0,86 g/m in Phalarisin the low nutrient levels, while in

biomass.
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the high nutrient levels it ranged from 3,33 §tm 3,76 g/min Carexand from 3,38 g/fto
4,94 g/nfin Phalaris

Both water level and fertilization treatmenigngficantly affected TN standing stock in
belowgroundstructures (Table 13Yhalaris had higher amounts of nitrogen contents in
belowground biomass in all treatments except fa flooded ones, but these were not
significantly different (Fig. 26). Nitrogen standistock in the belowground structures ranged
from 1,18 g/Mto 2,12 g/Min Carexand from 1,01 g/Ato 2,25 g/mMin Phalarisin the low
fertilized treatments, while in the high nutrieavéls it ranged from 4,70 gfrto 5,36 g/M in
Carexand from 4,89 g/fto 7,14 g/min Phalaris

4 O Carex
3 B Phalaris

N [g/m2]

LOW HIGH
treatment

Fig. 25: Nitrogen contents [g/fhin abovegroundbiomass (* = p< 0, 05).

df F p

water level 2 1,5 0,240
fertilization 1 550,3 0,001
tub 1 0,9 0,361
species 1 1,6 0,212
water level*tub 2 3,3 0,044
fertilization*tub 1 15,6 0,001
water level * fertilization 2 0,9 0,402
water level * species 2 3,0 0,060
fertilization * species 1 0,4 0,531
water level*fertilization*tub 2 1,4 0,259
water level * fertilization * species 2 1.4 0,245
Error 50

Table 12: Factorial ANOVA results for nitrogen contentsabovegroundbiomass.
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Fig. 26:  Nitrogen contents [g/fhin belowground biomass.
df F p
water level 2 6,8 0,002
fertilization 1 236,6 0,001
tub 1 1,0 0,316
species 1 1,3 0,256
water level*tub 2 2,0 0,140
fertilization*tub 1 15,2 0,001
water level * fertilization 2 1,7 0,202
water level * species 2 1,6 0,219
fertilization * species 1 1,9 0,174
water level*fertilization*tub 2 0,8 0,442
water level * fertilization * species 2 0,5 0,605
Error 49

Table 13: Factorial ANOVA results for nitrogen contentshielowground biomass.

5.1.1 Carbon

Percentage of total carbon_in abovegrobiothass was significantly higher @arexin all
treatments except for the high fertilized + sprflapd treatment (Fig. 27). TC % decreased
with longer flooding period in both species, excagain for the high + spring flood. TC % in
the aboveground biomass was significantly affettedvater level, fertilization, and species
(Table 14). There were no significant interactiof€. in the aboveground structures ranged
from 44% to 48% inCarex and from 42,9% to 43,2% iRhalaris in the low fertilized
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treatments, while in the high nutrient levels ihgad from 44,6% to 45,8% tDarexand from
43,6% to 44,3% ifPhalaris

No significant effects were found for % TC ieldwgroundbiomass (Table 15)Carex
seemed to have similar % TC in all treatments iloeground material, but the results were
quite variable (Fig. 28). This was also the case Rbalaris except that there was a
nonsignificant increase in % TC with flooding dupat under high fertilization levels. TC in
the belowground structures ranged from 41,2% t6%1in Carexand from 41,3% to 42,3%
in Phalarisin the low nutrients levels, while in the hightigized treatments it ranged from
41% to 42,3% irCarexand from 39,5% to 42,5% iphalaris

49
48 -
47
46 | ** *k * *
*% O Carex
B Phalaris

C%
AABRADA
SN ARG

7 —

’5@)6 \OOb bQ’ \'QJG \006 666

S \{ & SN &
» O & » O &

N & &
R R
LOW treatment HIGH
Fig. 27: Percentage of total carbonabovegroundbiomass (* = p< 0, 05; ** = p< 0,001).
df F p

water level 2 3,9 0,026
fertilization 1 20,3 0,001
tub 1 25 0,122
species 1 56,1 0,001
water level*tub 2 0,0 0,955
fertilization*tub 1 3,3 0,077
water level * fertilization 2 15 0,237
water level * species 2 1,1 0,325
fertilization * species 1 0,9 0,337
water level*fertilization*tub 2 1,3 0,289
water level * fertilization * species 2 2,0 0,150
Error 50

Table 14: Factorial ANOVA results for percentage of totathmn inabovegroundbiomass.
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Fig. 28: Percentage of total carbonbelowground biomass.
df F p

water level 2 1,3 0,280
fertilization 1 1,0 0,334
tub 1 0,4 0,532
species 1 0,1 0,712
water level*tub 2 0,4 0,676
fertilization*tub 1 1,9 0,169
water level * fertilization 2 15 0,226
water level * species 2 0,4 0,654
fertilization * species 1 1,6 0,210
water level*fertilization*tub 2 1,0 0,393
water level * fertilization * species 2 0,2 0,789
Error 49

Table 15: Factorial ANOVA results for percentage of totaflmon inbelowground biomass

with no significant effects.

Carbon standing stock [gfinin abovegrounchiomass significantly differed between the
nutrient treatments and the two species (Table ®yeover, there was a significant water
level * species interaction, as shown by the sliglctease of carbon in the aboveground
biomass ofCarexwith a longer flooding period (Fig 29). On the tamy, C content in the
aboveground biomass &halaris seemingly decreased with longer flooding, but Hupecies
still had higher C content tha@arex being significantly higher in the high fertilized

saturated treatment (p= 0,011). Carbon standingksio the aboveground biomass ranged
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from 32,3 g/m to 46,1 g/mM in Carexand from 36,2 g/fto 46,2g/mM in Phalaris in the low
nutrient levels. In the high nutrient levels, ighged from 137 g/fnto 160,7 g/rfi in Carex
and from 171,9 g/fito 245,3 g/riin Phalaris

Belowground C content in the low fertilizatieatments ranged from 148,2 Am 251,7
g/m’in Carexand from 76 g/mto 203,1 g/rin Phalaris In the high fertilization treatments
ranged from 578 g/frto 688,1 g/min Carexand from 347,8 g/fito 756,1 g/riin Phalaris
Carbon contents in_belowgroutibmass were significantly affected by the fexrition and
water level treatments and also between speciddg1&). C content i€arexbelowground
was greater thaRhalaris under nutrient poorer conditions, with decreasthgontent with
increased flood duration. However, only in the lowtrient + flooded treatment did
belowground C content differ significantly betwettre species (p<0,001). Belowground C
content also decreased with greater flood duraitiothe high nutrient conditions, but the
change was greater fd?halaris than Carex (Fig. 30), probably resulting in there being
significant fertilizer * species and water levekpecies interactions. Still, only for the high
nutrient + flooded treatment, was there a significdifference between the species (p=
0,019).

200 - O Carex
150 - B Phalaris

LOW HIGH
treatment

Fig. 29: Carbon contents [gfhin abovegroundbiomass (* = p< 0, 05).
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df F p

water level 2 1,6 0,206
fertilization 1 707,7 0,001
tub 1 57 0,021
species 1 9,2 0,004
water level*tub 2 49 0,012
fertilization*tub 1 22,3 0,001
water level * fertilization 2 0,5 0,611
water level * species 2 6,0 0,005
fertilization * species 1 29 0,093
water level*fertilization*tub 2 15 0,243
water level * fertilization * species 2 1,2 0,301
Error 50

Table 16: Factorial ANOVA results for carbon contentsaimovegroundbiomass.
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Fig. 30: Carbon contents [gfhin belowground biomass (* = p< 0, 05; ** = p< 0,001).

df F p

water level 2 19,8 0,001
fertilization 1 285,8 0,001
tub 1 0,2 0,673
species 1 13,7 0,001
water level*tub 2 0,8 0,453
fertilization*tub 1 9,6 0,003
water level * fertilization 2 1,1 0,340
water level * species 2 4,3 0,020
fertilization * species 1 4,8 0,033
water level*fertilization*tub 2 0,2 0,844
water level * fertilization * species 2 0,4 0,698
Error 49

Table 17: Factorial ANOVA results for carbon contentsiglowground biomass.
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5.3.3C: Nratio

AbovegroundC: N ratio was higher iPhalaris in all treatments in contrast ©arex
except for the low fertilized + spring flood (Figl). However, none of the between species
differences were significant. Nutrient level sigeaintly affected aboveground CN, with both
species having higher C: N ratios under the lowient conditions than the high nutrient
treatments (Table 18). No other factors signifiganinfluenced aboveground CN.
Aboveground CN in the low nutrient levels rangeahir54 to 60 irCarexand from 55 to 65
in Phalaris while in the high nutrient enrichment it rangedni 43 to 45 inCarexand from
50 to 53 inPhalaris

On the other hand, C: N ratio_of belowgrodnmoimass was very similar @arexamong all
treatments (CN ranged from 123 to 130), exceptHferhigh nutrient + flooded treatment (CN
=111). The C: N ratio in belowground structure$bélarisranged from 76 to 93 in the low
nutrient conditions and from 73 to 107 in the highrient treatments, decreasing in both with
greater flood duration (Fig. 32). These differenasilted in there being significant effects of
water level and species on belowground CN (Tab)e @8rexhad significantly higher C: N
ratio thanPhalarisin all treatments.

Z O Carex
@) B Phalaris

LOW HIGH
treatment

Fig. 31: C: N ratio ofabovegroundbiomass.
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df F p

water level 2 0,6 0,536
fertilization 1 23,8 0,001
tub 1 7,5 0,009
species 1 3,5 0,067
water level*tub 2 0,0 0,971
fertilization*tub 1 0,6 0,454
water level * fertilization 2 1,6 0,216
water level * species 2 0,2 0,849
fertilization * species 1 15 0,230
water level*fertilization*tub 2 1,4 0,253
water level * fertilization * species 2 0,5 0,631
Error 50

Table 18: Factorial ANOVA results for C: N ratio @bovegroundbiomass.

Fig.
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32: C: Nratio ofbelowgroundbiomass (* = p< 0, 05; ** = p< 0,001).

df F p

water level 2 11,9 0,001
fertilization 1 1,8 0,180
tub 1 0,0 0,934
species 1 141,8 0,001
water level*tub 2 3,0 0,057
fertilization*tub 1 5,4 0,025
water level * fertilization 2 55 0,007
water level * species 2 3,2 0,048
fertilization * species 1 3,9 0,053
water level*fertilization*tub 2 4,3 0,019
water level * fertilization * species 2 0,1 0,908
Error 49

Table 19: Factorial ANOVA results for C: N ratio of belovgmdbiomass.
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5.4 GIS

Changes in cover differed significantly betwdlea two species (Table 20), but water level
and fertilization treatment did not have any sigaift effects, which may be due to the high
variability of the data.

df F p

water level 2 2,5 0,093
fertilization 1 1,2 0,288
tub 1 1,2 0,282
species 1 13,3 0,001
water level*tub 2 1,6 0,207
fertilization*tub 1 0,9 0,337
water level * fertilization 2 0,6 0,544
water level * species 2 1,1 0,333
fertilization * species 1 0,1 0,803
water level*fertilization*tub 2 3,5 0,038
water level * fertilization * species 2 15 0,237
Error 50

Table 20: Factorial ANOVA results for differences in plamateas.

Pictures from the GIS (Appendix 1) give an @mate insight into the fate of plants in
each tub after one growing season with both eff@gider regime and nutrient enrichment).
The pictures are representatives of each treatwlgsgen by the closest proximity to the
average results per particular treatment. Underféatilized + saturatedonditions,Phalaris

increased its area by about 79%camd had 18 more shoots, of which 4 were dead.h@n t
other handCarexincreased in area by about 48%cinut it had only dead shoots, no living

ones. In the low fertilized + spring floddeatmentPhalaris increased its area by 103 Tm

with 15 new living shoots, whil€arexincreased in area by about 43%with again only

dead shoots. Low fertilized + floodambnditions caused the most considerable decrease i

Phalaris area by about 30 chand a loss of 1 shoot, whiarexgained 24 crin area with
no changes in shoot numbers. The high fertilizeshturatedreatment was the one with the

highest plant numbers with both species (espediiigiaris) increasing their are&@halaris
by about 238 cfand 35 new shoots, of which 10 were dead,@aexby about 94 cfhand
9 new shoots, of which 6 were already dead. Onctimdrary, Carex thrived greatly under

high fertilized + spring floodtonditions, where especially its area increase@3s/cnf with

13 new shoots (of which 6 were already dead), wiilalaris gained only 86 cmwith also

13 new shoots, but 7 of them were dead. High ieetl + floodedconditions were also
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negative forPhalaris but due to the higher nutrient level, were notdesimental as was the
low fertilized + flooded treatmenhalaris gained only 3 cfin area, but had 28 new shoots,
which were quite thin and small with 6 of them lgedead Carex on the contrary, increased

its area by about 75 &and gained only 8 new shoots, 2 of which were dead.

6 Discussion

The effects of two nutrient and three floodiegimes were investigated @nh acutaandP.
arundinaceaplants. Both species are perennials and therefome growing seasons of
different nutrient enrichment and one season ofew#tvel treatment can only give a
preliminary insight into the influence of particukaeatments on these plants. As suggested by
Green and Galatowitsch (2002), long- term reseéeal greater than three years) is critical
for understanding plant community dynamics, anddbiomes of interspecific competition
may in fact be substantially different over varyiimge frames. Even though our results seem
to outline at least some trends of the possibleti@ma of these species, they must be
interpreted with care.

Both species had decreasing shoot numbers avitbnger period of flooding in both
nutrient treatmentsPhalaris had at least twice the number of shoots under bertilized
conditions, but with a steeper decrease of theativieate of shoot production with prolonged
flooding in the low fertilized treatments as congshtto Carex This may show a slightly
better adaptation dfarexto low nutrients conditions, but it needs a longem experiment
to prove it. Reduction of tillering was found a ttmain response &halaristo submersion
(KlimeSova, 1994; Salo, 1989; Conchou and Fust@88) Also, flooding reduced the growth
of Phalaris in comparison to water-saturated soil in a mesocegperiment (Miller and
Zedler, 2003). As presented in Mal al. (1997), the rate of shoot production may differ
among years of an experiment demonstrating templenadlopment in competitive behavior.
In their experiment, for instance, overall shoatduction inTypha angustifoliavas greater
than that ofLythrum salicariain the first year. However, from the second yeaward, the
situation was reversed affiyphahad a much lower rate of shoot production thgthrum
Therefore, our results may change with a longeegrpent time; it is too early to forecast the
long-term outcome of competition between these ispegnder the particular experimental

conditions.
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Both species showed a similar trend in plamghteunder low nutrient conditions: plants
were taller with longer flooding periods, which a& obvious plant reaction to flooding
(Miller and Zedler, 2003). Shoot internode elongatis a response to flooding that has been
observed in many species (Armstrogigal, 1994). On the contrarg;arex had almost the
same plant height under high nutrient conditionshwio reaction to flooding, whereas
Phalaris plants were the tallest in the saturated treatpmritwere significantly smaller than
Carexin both flooding regimes. This may indicate a asscompetitive disadvantage of
Phalaris to longer periods of oxygen deficiency comparedCarex Greaterallocation to
stems and thus greater height result in increasetpetitive ability for light (Tilman, 1988;
Givnish, 1982). However, only the four original pis of each species were measured, which
resulted in a high variance with little explanatoryuseful effect. Measuring all of the plants
would provide more useful information with reduceiation due to greater sample size.

Aboveground biomass was significantly affected omjynutrient enrichment, not water
regime. As mentioned before, this lack of a wawtrel effect may be the result of this
treatment only being applied for one growing sea&§iill, some factors were influenced by
water level. For instanc&€arexresponded to prolonged flooding by increasindpitsnass in
both nutrient levelsCarex aboveground biomass was 72,8 gimthe spring flood regime,
79,3 g/nf in the saturated and 104,6 g/in the flooded conditions of the low nutrient
treatments and from 299,1 ¢fin the spring flood, 313,1 g/nin the saturated, to 360,5 ¢ffm
in the flooded regime of the high nutrient levdltis is in agreement with Kuncova (2007),
who reported the highest value of live biomas€ oéicutaat 244,1 g/min 2006, but a higher
value of 550,8 g/fin 2008 (Kuncova, 2009), in an unmown and wet sftélokré Louky
(Trebax Basin Biosphere Reserve, Czech Republic). Maxirsaasonal biomass @f. acuta
was 414 g/rhin 2006, when there were three floods (in AptilyJ and August). Water level
was almost 2 meters above the soil in the sprimd) fast summer floods, which caused
delayed plant growth in spring and early death ezfves and tillers at the beginning of
summer. On the contrary, the limiting factor foommiass production in 2007 was the lack of
rainfall, which resulted in a similar maximum biossaof 423 g/ The best conditions
occurred in 2008, when there were fluctuating wkeeels during the growing season without
any long dry period or long-term flooding, whiclsuéted in the highest seasonal biomass of
618 g/nf (Kuncova, 2009). Other studies from Mokré Loukicatated aboveground biomass
of Carex acutaat 390,4 g/rh(Lukavska, 1988) and 277,7 dirtFilipova, 2006), which are

similar to our high fertilized treatments.
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Phalaris aboveground biomass was 84,3 g/im the flooded regime, 102,5 ¢frin the
saturated and 107,4 ofiim the spring flood conditions of the low nutridavels and 391,2
g/m?in the spring flood, 420,1 g/in the flooded, to 554,4 gfin the saturated conditions of
the high fertilized treatments. A positive effedtveater and nutrient supply in spring was
noted by K¥t et al. (1996) on a community dominated B¥yalaris with net aboveground
production of 1259 g.ihof dry mass in 1985, which was a year with twdrgpfloods. On
the contrary, in the following year (1986) with swer floods that mechanically damaged the
Phalaris stands, the production was only 645 §.mhalaris aboveground biomass estimated
on Mokré Louky (Febai Basin Biosphere Reserve, Czech Republic) by K&@p(@009) was
268 g/nf in the low nutrient site and 616,7 d/in the high nutrient site in August 2007. This
year was drier compared to 2008, in which the agpawend biomass in August was higher:
438 g/nt in the low site and 947,6 gfnin the high site. The lower biomass recorded in ou
mesocosm experiment may indicate that even the feigiized conditions of our mesocosm
experiment were not as eutrophicated as the highent site in Mokré Louky, especially
when water supply was not limiting. This was alse tase when comparing other studies of
mown stands oPhalaris on Mokré Louky, which measured higher abovegrobramass
production, from 941 g/fto 1478 g/r (Kvét, 1983) and 1078,1 g/miLukavska, 1988), and
1407,6 g/m on an unmown stand in Mokré Louky (Rychterova, Z00he aboveground
biomass ofPhalaris of 465,9 g/m in August 2006 (Rychterova, 2007) is similar tor ou
results; slightly higher than in the flooded comis and lower than in the saturated
conditions of the high fertilized treatments.

There were significant water level and ferétipn effects on belowground biomass, which
was higher inCarex compared tdPhalaris in all low nutrient treatments and significantly
higher in both flooded treatments. Overall, belovugd biomass decreased in both species
with flooding duration. Similarly, total biomass svdigher inCarex in all low fertilized
treatments and both flooded water regimes, whewanathe flooding caused a steeper
decrease irPhalaris compared toCarex The higher total biomass @arex compared to
Phalaris under lower nutrient conditions is in agreemerthviRerryet al. (2004), who found
thatPhalariswas at a competitive disadvantage under N-pooditions. In their experiment
using Carex hystericinathis species outcompetdthalaris and had higher total biomass
when soil N was immobilized by incorporating a hicgrbon amendment (saw dust) in their
experiment, thereby increasing the C: N ratio. €h&sthors noted that under these nutrient-
poorer conditionsC. hystercinawas more efficient in taking up N thdhalaris On the

contrary, the steep decreasePtialarisbiomass in the flooded water regimes in both natrie
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levels is in conflict with Kercheet al. (2007), who found thaPhalaris biomass increased
35% when low levels of nutrients coincided with Ipraged floods compared to intermittent
flooding. These authors showed that the absolutee@se (12 times greater) Fhalaris
biomass was in treatments with high nutrient in@urtd floods lasting 14 weeks compared to
intermittent flooding. Our results also do not agmith those of Herr-Turoff and Zedler
(2007), who found thaPhalaris aboveground biomass was 200-900% larger underasuanst
flooding than under early-season or intermittenbdling in a wet prairie mesocosm study.
However, our results agree with these two studieteims of nutrient addition effects. For
instancePhalaris biomass increased >100% with high vs. low nutraadition (Herr-Turoff
and Zedler, 2007) while aboveground biomass wa®rtlan five times greater in the high
than the low saturated treatments in our experimantontrast to our results, Kercher and
Zedler (2004a) noted a reduced dominanc@lwdlaris under intermittent flooding (flooded
two days every two weeks), while floods lastingrfaueeks or longer allowelhalaris plants

to grow and spread rapidlin their study,Phalaris grew in competition with 15 herbaceous
native North American species and, because sewdrahem declined with prolonged
flooding, it enabledPhalaristo spread into the large gaps created during igfdHowever,

in our experimentPhalaris grew only withCarex acutaa species which tolerates high water
levels and the associated oxygen deprivation @ffetively (Klimes, 1996).

Miller and Zedler (2003) found that floodingdteced belowground biomass and increased
total shoot length and shoot: root biomas®leélaris which is in agreement with our results.
In their experimentPhalaris grew in competition witlSpartina pectinataand produced the
most biomass, the highest number of shoots, ara $bbot length when wetter and drier
conditions alternated weekly, whifgpartinagrew best with prolonged (4-week) inundation.
Moreover, Lavergne and Molofsky (2006) demonstrdted hgh water levels exceeding 40
cm, and long term flooding up to 10 weeks, sigaifitty reducedPhalarisgrowth.

Carex allocated significantly more biomass to belowgrowstdictures tharPhalaris in
both flooded treatments and under low nutrient @omrs. Higher allocation to roots was
found as a trait that would lead to a species sopeompetitive ability on nutrient poor soils
as it increases nutrient uptake ability (Tilman88p Moreover, both species increased
allocation to aboveground structures with highetewdevels and flooding duration; many
plants decrease their biomass allocation to belowgt structures when water supply or
nutrients is increased (Lavergne and Molofsky, 20@4similar biomass allocation pattern

for Phalaris producing higher above: belowground ratios witltcréased flooding and
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nutrients, was observed in other studies (Milledt Zedler, 2003; Kercher and Zedler, 2004b;
Maurer and Zedler, 2002; Tilman and Cowan, 1989).

It is likely that nutrient enrichment is the rdmant effect influencing plant biomass,
allocation patterns, and reproduction ability (Milland Zedler, 2003; Kercher and Zedler,
2004a; Lavergne and Molofsky, 2004). High nutriéexels especially helg?halaris to
survive unfavorable conditions such as oxygen dafey when subjected to prolonged
flooding. Phalaris was more opportunistic under high-nutrient condsioand increased
nutrients in water appeared to be more influentiah altered hydrologic regimes (Miller and
Zedler, 2003). However, KlimeSova agtizkova (1996) found greater tolerance @direx
acua to flooding compared tBhalaris In their experiment, increased soil organic niatte
content resulted in increased respiratory oxygemastel of the interstitial watePhalaris
responded to this by decreasing root porosity dathéss production. On the contrary, root
porosity in Carex acutadid not change in a similar experiment when organatter was
added alone. BuCarex decreased its root porosity when additions of miganatter were
combined with a high nitrogen supply. Therefordtdreadaptation to low oxygen conditions
could explain the higher total biomass Garex compared toPhalaris in the flooded
treatments of our mesocosm experiment.

Both studied species grow best in wet meadoitvs high nutrient levels, but can survive in
low nutrient conditions (Hroudovét al, 1988) The use of sand as the growing medium, in
combination with short-term nutrient addition, mbksely was the cause of the small nitrogen
contents in the plant structures. The nutrienthénfertilizer were the only ones they received
and could useCarexdid have a higher percentage of total nitrogealioveground material
than Phalaris. Herr-Turoff and Zedler (2005) also found higheroamts of nitrogen in the
aboveground tissues of native species stands witRbalaris compared to the ones with
Phalarisin a wet prairie, which did not support the preption of Phalarisretaining more N
than native plant assemblages. Otherwi®gglaris had significantly higher content of total
nitrogen in belowground biomass th&@uarex Nitrogen standing stocks in above- and
belowground plant structures were significantlyipeasly affected by fertilizationPhalaris
had higher nitrogen standing stock in the abovegtohiomass tharCarex in all water
regimes in both nutrient levels, except for the |dwoded treatment. A similar trend was
found in the belowground plant material wiRhalaris having higher nitrogen stranding stock
especially in high fertilized treatments, except both flooded water regimes. Low nutrient
and especially low oxygen conditions seem to fa@arex being a better competitor for

nitrogen due to higher root porosity and adaptgbith oxygen deficiency (KlimeSova and

-51 -



Cizkova, 1996)Comparison of the total nitrogen content from AugasPhalaris plants of
the mesocosm and a field study (Kaplova, 2009) sldotihat, at the time of maximum
biomass, the plants from the mesocosm had loweuats@f N% and N standing stock. N%
in Phalaris ranged between 2,4 — 3,3% and 4,1 — 4,5 % inothheand high sites of Mokré
Louky respectively in 2007, while in the mesocosmanged from 0,7-0,8 % and around
0,9% in the low and high fertilized treatments pesgively. The N standing stock was lower
in the mesocosm experiment as well, ranging froént®,0,9 g/mM in the low and from 3,4 to
4,9 g/nf in the high fertilized treatments, while it wadZ-g/nf in the low and 24-35 g/fin
the high fertilized sites in Mokré Louky. The ewndedifference between the field and
mesocosm studies is in the age of the plants. Tdresgpon Mokré Louky are much older and
have received nutrients for a longer time compaoetie experimental plants. They may also
have received different amounts of nutrients throug off from the still fertilized field (pig
sewage). The amount of nutrients in the sand okeaperiment was too low to be detected on
the CN analyzer indicating that the duration of éx@eriment was too short for a build up of
soil nutrients.

Carbon concentrations were between 43-45% didn hutrient levels, which is a standard
range of carbon concentration in plant tissfr®chazkaet al, 1998). Even sdCarexhad a
significantly higher percentage of total carbortha aboveground biomass thahalaris with
a slightly decreasing trend with higher water levahd prolonged flooding in both species.
Carex had almost the same amounts of carbon percentagelowground biomass in all
treatments, whilé®halaris had the lowest concentration in the high saturatetihigh spring
flood treatments. The high variation in the resafia be caused by the fact that samples were
made from a mixture of belowground structures bghbots of the species from a particular
pot and not just one shoddn the other hand, carbon standing stock was highhalaris
than in Carex for the aboveground biomass, whiBarex had higher carbon content than
Phalaris for belowground biomass in all low fertilized trewnts and the high, flooded one.
This may indicate a better adaptationGQ#Hrexto low oxygen conditions as well as being a
superior competitor for nutrients due to betteroapgon capacity under nutrient poorer
conditions (Perryet al, 2004). Kuncova (2009) calculated the total carboaboveground
biomass ofCarex acutao be 186 g/rin 2006, 190 g/fin 2007, and 278 g/fin 2008 in an
unmown and wet site of Mokré Loukyi@bai Basin Biosphere Reserve, Czech Republic).
The increasing amounts of carbon among the yeardws to there being higher biomass due
to better conditions as already discussed abovesd humbers are higher compared to our
results (137 g/fto 160,7 g/min high fertilized treatments), but that is beattse plants in
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the field were older. Comparison of total carborPimalaris plants of the experiment to the
results from Mokré Louky in August 2007 (Kaplov®08) showed a lower C standing stock
in the experimental plants of the low fertilizeéatments (36,2 to 46,2 ¢fimand the low
nutrient site of Mokré Louky (110 to 160 ¢fjn while higher in the high fertilized treatments
and the high nutrient site (347-756 §/im mesocosm; 260-370 gfrim Mokré Louky). This
may be due to a greater photosynthetic rate oftplemthe mesocosm, especially the high
nutrient treatments. The mesocosm plants were tllbor dense as those in Mokré Louky,
which would have more likely suffered from shadi{@erry and Galatowitsch, 2003;
Lavergne and Molofsky, 2006)nfortunately, we did not measure photosynthesi®un
plants, but this may be an interesting parametdrshould be included in future research.

Phalarishad higher aboveground C: N ratios in almost aktiments. This ratio was higher
for both species in the low nutrient conditionsrthia the high treatments. This indicates
greater N availability and plant uptake under tighmutrient conditions, which would be
expected (Lamberet al, 1998). On the contrary, the belowground C: N oratvas
significantly higher inCarex in all treatments, with little variation among theatments.
However, the ratio decreased Rhalaris with higher water levels and longer flooding
periods. This may be due to several different factbor instance, if thBhalaris plants are
more stressed under flooded condition tamexplants, they may have a higher respiration
rate with higher loss of carbon. Or, they may hbower storage of carbon under stressful
conditions. Unfortunately, we were not able to deiee total nonstructural carbohydrates
(Smith, 1981) due to time and health reasons. Suehsurements may help us to better
explain the differences in belowground C: N as veallproviding a qualitative measure of
plant stress.

Higher belowground biomass and greater nitrogemerd in the belowground biomass
could contribute to the better growth@éarexthan inPhalarisunder both flooded conditions.
Greater allocation to belowground structures cdwtp Carexto take up more space than
Phalaris (Perry et al, 2004), which is in agreement with the GIS resulthere Carex
increased in area more thBhalaris in both flooded conditions. Even thougthalaris had
higher shoot and daughter numbers under both feb@daditions, its shoots were tiny and
smaller, with a lower probability of survival, thahoots ofCarex This visual evidence was
supported by the mean shoot size res@ts.the contraryPhalaris thrived best in the high
nutrient and saturated treatment, which seems thédeptimal condition for itPhalaris had
its greatest spread in this treatment, with thehést shoot number, longest stem height,

highest aboveground, belowground and total biomass, highest nitrogen and carbon
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standing stock in above- and belowground biomasgedls Although the GIS results differed
significantly only between the species, visual exjn seemed to show that the differences
were based on the water level effect. The weaksstatl effect (p = 0,09) is most likely a
reflection of the low sample sizes. To our knowkedidpere is not any other study using GIS
methods for similar purpose.

Our results, along with those of other studiedicate a better adaptation ©arexto low
oxygen conditions and greater nutrient uptake unu@rient poorer conditionsCarex
predominated ovePhalaris under lower nutrient enrichments and/or floodedeweegimes in
our experiment. This may explain its spontaneomsrmeto the low nutrient site in Mokré
Louky, where it is now a co-dominant specietalaris which was the dominant species
five years ago (Képlovét al, 2011).

Our data suffer from high variability, which ynbe caused by several factors. For instance,
our experiment was originally planned for both waiad nutrient treatments to be applied
over two growing seasons with harvesting of all gi@s at the end of the second season. Due
to high mortality of transplantehalaris plants, as well as the length of time it took tioe
transplanted plants to adapt to their new condstiowe could not begin the flooding
treatments in the first growing season. Also, weidkx to harvest only half of the samples to
let the plants grow one more season. Thereforepnlyt the short time, but also the small
number of samples could affect the results. Morgogenetic differences between plants
could play an important role in the variation ofetldata, connected with different
photosynthetic rates among genotypes (Brodeeseh, 2008) and hence increased variation
in total carbon contents in plants. We did not testgenetic variation between plants, which
was not a central interest of our experiment. H@vethis would be an important factor to
consider in future studies. The significant tubeeffin some of our results could also be
caused by algal growth in the high fertilized treants especially. Even though both tubs of
the high fertilized + flooded regime were treatadhe same manner, there was greater algal
growth in one of those tubs and therefore the wat#rat tub had to be changed more often.

7 Conclusion

Our results support some, but not all, of outial hypotheses. We predicted tlitialaris
would be taller and with greater biomass in thenimgtrient treatments comparedGarex

-54 -



However, both species did well in these treatmeasexhad similar results a@halarisand,
moreover, prevailed ovéthalariswith a longer period of flooding.

Our results did support our second hypothesis, Rhalaris would be negatively affected
by long-term flooded conditions. This is seen ig libwer belowground and total biomass,
lower nitrogen contents and C % in the abovegrdoindhass, lower carbon contents in the
belowground biomass, and decreased plants ardasnvdller mean shoot sizes as well.

Our third hypothesis was that changes in the spdii@mass allocation pattern as well as
the ability to spread vegetatively are the twodestdetermining which species may become a
dominant, depending upon the particular environmamditions. Carex allocated more
biomass to belowground structures thRhalaris and, similarly, had higher amounts of
belowground biomass, with higher total nitrogen asatbon contents in belowground
structures. Also, its spreading ability was lessitiéd by the long flooded water regime than
Phalaris especially in the nutrient poorer conditions. sTimay reflect its greater nutrient
uptake and better adaptation to low fertilized #odded conditions compared Bhalaris
On the contraryPhalaris grew better and with the greatest spread in highent and water
saturated conditions, in which it had the longgt®ims, highest amounts of above- and
belowground biomass, and the highest total nitroged carbon contents in above- and
belowground structures. Conditions with sufficiewater and especially high nutrient
amounts enablBhalaristo grow rapidly, suppress other wetland specied,cduange species
rich wetland habitats into monotonous stands wehbreased plant and animal biodiversity.
Under such circumstances, these wetlands lose sbtheir valuable ecological functions as

well.

8 References

* Armstrong W., R. Brandle and M.B. Jackson 1994:Mechanisms of flood tolerance in
plants Acta Bot. Neerl. 43: 307—358.

* Baker H.G. 1974:The evolution of weed#®\nnual Review of Ecology and Systematics.
5:1-24.

* Benstead P. J., P. V. José, C. B. Joyce, and P. Wade. 1999:European Wet Grassland
Guidelines for Management and RestoratiB&PB. Sandy. UK. p. 169.

-55 -



* Brodersen C., S. Lavergne, and J. Molofsky2008: Genetic variation in photosynthetic
characteristics among invasive and native populaioof reed canarygrass (Phalaris
arundinacea)Biol. Invasions. 10: 1317-1325.

* Conchou A. and G. Pautou1987:Model of colonization of an heterogeneous alluaiaa
on the edge of the Garone river by Phalaris aruadeea L Regulated Riverd.: 37- 48.

* Conchou O. and E. Fustec1988:Influence of hydrological fluctuation on the growahd
nutrient dynamics of Phalaris arundinacea L. iniparian environmentPlant Soil. 122:
53-60.

« Cizkova- Kon¢alova H., J. Kwt, and K. Thompson. 1992: Carbon starvation: a key to
reed decline in eutrophic lake&quat. Bot. 43: 105- 113.

* Davis M. A. 1991:Growth, decomposition, and nutrient retention cdditm jamaicenze
Crantz and Typha domingensis Pers. in the Florideerglades.Aquatic botany. 40 (3):
203-224.

e Davis M.A., J.P. Grime, and K. Thompson 2000: Fluctuating resources in plant
communities: a general theory of invasibilifyEcol.88:528-534.

* Dubois J. P.1994: Uptake of macroelements by the helophyte Phalanisdinacea L.
Aquat. Sci. 56: 70- 79.

* Edwards K. R., M. S. Adams, and J. K¥t. 1998: Differences between European native
and American invasive population of Lythrum sali@aaApplied Vegetation Science. 1 (2):
267-280.

* Elton C.S.1958:The ecology of invasions by animals and plaktsthuen, London, UK.

* Filipova M. 2006:Uloha vegetaniho pokryvu v kolahu dusiku vybraného medniho
systému. Diplomova prace Mendelova zeédglskd a lesnicka univerzita v Bfn
Agronomicka fakulta. Brno. 99 p.

» Galatowitsch S.M., N.O. Anderson, and P.D. Aschet999: Invasiveness in wetland
plants in temperate North Americ&/etlands. 19:733-755.

» Galatowitsch S. M., D. C. Whited, R. Lehtinen, J. ”sveth, and K. Schik 2000: The
vegetation of wet meadows in relation to their lrsg Environ. Monitoring Asses$0:
121-144.

* Gaudet C. L. and P. A Keddy.1995:Competitive performance and species distribution in
shoreline plant communities: a comparative approdétology. 76(1): 280-291.

* Givnish T.J. 1982:0n the adaptive significance of leaf height in &rberbs.American
Naturalist. 120: 353-381.

- 56 -



* Green E.K. and S.M. Galatowitsch.2002: Effects of Phalaris arundinacea and nitrate-N
addition on the establishment of wetland plant camitres. Journal of Applied Ecology.
39: 134-144.

* Grootjans A. P. and W. Ph. Ten Klooster 1980:Changes of groundwater regime in wet
meadowsActa Bot. Neerl. 29 (5/6): 541-554.

* Herr- Turoff A. and J. B. Zedler. 2005:Does wet prairie vegetation retain more nitrogen
with or without Phalaris arundinacea invasiof?ant and Soil. 277: 19-34.

* Herr- Turoff A. and J. B. Zedler. 2007: Does morphological plasticity of the Phalaris
arundinacea canopy increase invasiveneBkht Ecol. 193: 265-277.

* Holubi¢kova B. 1959: Contribution to studies in mire vegetation I. (TMekré Louky fen
near Teboi). Sborn. Vys. Sk. Zewu. Praha. (In Czech). p. 257-285. In: Prach K. 2008
Vegetation changes in a wet meadow complex duritg gast half-centuryFolia
Geobotanica. 43: 119-130.

* Hroudova Z. (ed.). 1988: Littoral Vegetation of the RoZmberk Fishpond arsdMineral
Nutrient EconomyStudieCSAV ¢.9. Academia. Praha. 112 p.

* lannone B.V., S.M. Galatowitsch, and C.J. Roser2008:Evaluation of resource-limiting
strategies intended to prevent Phalaris arundinadeeed canarygrass) invasions in
restored sedge meadovioscience. 15 (4): 508-518.

* Kaplova M. 2009:Comparing aboveground primary production in areddamwv and high
nutrient levels in Mokré Louky,/@bo: Basin Biosphere ReservBc. thesis. Faculty of
Science, University of South Bohemieské Budjovice, Czech Republic. 48

* Kaplova M., K. R. Edwards, and Jan Kwt. 2011: The effect of nutrient level on plant
structure and production in a wet grassland: adistudy Plant Ecology. 212 (5): 809-819.

* Kercher S. M. and J. B. Zedler.2004a:Multiple disturbances accelerate invasion of reed
canary grass (Phalaris arundinacea L.) in a mesotasudy Oecologia. 138: 455-464.

* Kercher S. M. and J. B. Zedler. 2004b: Flood tolerance in wetland angiosperms: a
comparison of invasive and noninvasive spedestatic Botany. 80: 89-102.

» Kercher S. M., Q.J. Carpenter, and J. B. Zedler2004: Interrelationships of Hydrologic
Disturbance, Reed Canary Grass (Phalaris arundimade), and Native Plants in
Wisconsin Wet Meadowatural Areas Journal. 24 (4): 316-325.

* Kercher S.M., A. Herr-Turoff, and J. B. Zedler. 2007: Understanding invasion as a
process: the case of Phalaris arundinacea in pratries. Biol. Invasions. 9:657-665.

* Klimes L. 1996: Adaptations of dominant plant populations to flokailp environmentin:

Prach K., J. Jenik, and A. R. G Large (eds996: Floodplain Ecology and Management.

- 57 -



The LuZnice River in therd@bo: Biosphere Reserve, Central Eurog@PB Academic
Publishing bv. Amsterdam. The Netherlands. p. 12%-1

* KlimeSova J.1994:The effects of timing and duration of floods onvgitoof young plants
of Phalaris arundinacea L. and Urtica dioica L.: axperimental studyAquatic Botany. 48
(1): 21-29.

« Klime3ova J. and H.Cizkova. 1996:Limitations of establishment and growth of Phalaris
arundinacea in the floodplainin: Prach K., J. Jenik, and A.R.G Large (eds.)9619
Floodplain Ecology and Management. The LuZnice rRivéhe Teboi Biosphere Reserve,
Central Europe SPB Academic Publishing bv. Amsterdam. The Nédinels. p. 131-145.

» Kopecky K. 1961:Fytoekologicky a fytocenologicky rozbor poroBtalaris arundinacea
L. na naplavech Berounkyrigpevek k vliivu pokezni vegetace na sedimefitacinnost
vodnich tok. NakladatelstvCeskoslovenské akademigdv Praha. 105 p.

« Kuncova S 2007: Struktura a nadzemni produkce porostu vybranéhooshmminantiho
porostu eutrofni zaplavované loulBakal&ska prace ZFQU. Ceské Budjovice. 61 p.

« Kuncova S 2009: Nadzemni produkce porostu zaplavované louky s aommin oskici
Stihlou (Carex acuta)Diplomova prace ZFCU. Ceské Budjovice. 56 p.

* Kvét J. 1983:Nadzemni biomasa travinné vegetace Mokrych lruklenik J., Ket J. (ed.):
Studie zaplavovanych ekosystémTrebore. StudieCSAV 4/83, Academia. Praha. p.118-
122.

* Kvét J., M. Tetter, F. Klimes, and K. Suchy.1996:Grassland productivity as a basis for
agricultutral use of the Luznice floodplaim: Prach K., J. Jenik, and A. R. G Large (eds.).
1996: Floodplain Ecology and Management. The Luznice rRivehe Trebo: Biosphere
Reserve, Central Europ&PB Academic Publishing bv. Amsterdam. The Nethelda p.
245-249.

e Lambers H., F. S. Chapin 1ll, and T. L. Pons.1998:Plant physiological ecologylst ed.
Springer. New York. 540 p.

e Lavergne S. and J. Molofsky.2004: Reed Canary Grass (Phalaris arundinacea) as a
Biological Model in the Study of Plant Invasior@ritical Reviews in Plant Sciences.
23(5):415-429.

* Lavergne S.and J. Molofsky. 2006:Control Strategies for the Invasive Reed Canarygras
(Phalaris arundinacea L.) in North American Wetlandhe Need for an Integrated
Management PlarNatural Areas Journal. 26 (2): 208-214.

- B8 -



* Lewandowski I. and U. Schmidt. 2006: Nitrogen, energy and land use efficiencies of
miscanthus, reed canary grass and triticale as reiteed by the boundary line approach
Agriculture, Ecosystems and Environment. 112: 336-3

*Lynch E. A. and K. Saltonstall. 2002: Paleoecological and genetic analyses provide
evidence for recent colonization of natifAlragmites australis populations in a Lake
Superior wetlandWetlands22: 637—-646.

* Lukavskéa J. 1988:Vliv se’e na produkni charakteristiky motadnich travinnych porost
Ceské Budjovice. 91 p.

* Maurer D. A. and J. B. Zedler.2002: Differential invasion of a wetland grass explained
by tests of nutrients and light availability on a&stshment and clonal growtl©ecologia.
131: 279-288.

* Mal T.K., J. Lovett-Doust, and L. Lovett-Doust 1997: Time-dependent competitive
displacement of Typha angustifolia by Lythrum salec Oikos. 79: 26-33.

* Miller R.C. and J. B. Zedler. 2003: Responses of native and invasive wetland plants to
hydroperiod and water deptPlant Ecology. 167: 57—69.

* Mitsch W. J. and J. G. Gosselink.1986: Wetlands Van Nostrand Reinhold Company.
New York. p. 15-399.

* Perry L.G. and S.M. Galatowitsch.2003:A test of two annual cover crops for controlling
Phalaris arundinacea invasion in restored sedge dogawetlands Restoration Ecology.
11: 297-307.

* Perry L.G., S.M. Galatowitsch, and C.J. Rosen2004: Competitive control of invasive
vegetation: a native wetland sedge suppresses Rtaaundinacea in carbon-enriched
soil. Journal of Applied Ecology. 41: 151-162.

* Prach K. 1992: Vegetation, microtopography and water table in theZnice River
floodplain, South Bohemia, Czechoslovakieesia. Praha. 64: 357- 367.

* Prach K. 1993: Vegetation changes in a wet meadow complex, Soofter8ia, Czech
RepublicFolia Geobot. Phytotax. 28: 1-13.

* Prach K. and J. StrasSkrabova 1996:Restoration of degraded meadows: an experimental
approach In: Prach K., J.Jenik, and A.R.G Large (eds.pP6l%loodplain Ecology and
Management. The Luznice River in th&lo: Biosphere Reserve, Central Euro&PB
Academic Publishing bv. Amsterdam. The Netherlapd8.7-93.

* Prochdzka S, I. Macha¢kova., J. Krekule, J. Sebaneket al. 1998: Fyziologie rostlin.
Academia. Praha. 484 p.

- 59 -



* Rychterova J. 2007:Sezonni rozvoj nadzemni biomasy a pokryvnostvlistorybraného
monodominantniho porostu eutrofni zaplavované IouBjplomova prace. Ceské
Budgjovice.

 Salo Y. 1989:Flooding tolerance of herbage plants during thewjirmy seasonicel. Agric.
Sci. 2:87-90.

* Saltonstall K. 2002: Cryptic invasion by a non-native genotype of thencmn reed,
Phragmites australis, into North Ameridaroc. Nat. Acad. SCUSA. 99: 2445-2449.

e Smith S. G. 1967: Experimental and natural hybrids in North Americarypha
(Typhaceae)The American Midland Naturalist. 78 (2): 257-287.

* Smith D.1981: Removing and analyzing total nonstructural carbahyes from plant
tissue Wisconsin Agric. Exp. Stn. Rep. R2107. Madisahpl

* Soukupova L 1986: Studie Zivotni strategie u m@kinich travin Kandidatska disertai
prace. Tebai.

* Soukupova L. 1994: Allocation plasticity and modular structure in clingraminoids in
response to waterloggingolia Geobot. Phytotax. 29: 227-236.

* Spyreas G., B. W. Wilm, A. E. Plocher, D. M. Ketzne J. W. Matthews, J. L. Ellis, and
E. J. Heske.2009: Biological consequences of invasion by reed camaass (Phalaris
arundinacea)Biological Invasions. 12 (5): 1253-1267.

* Tilman D. 1988: Plant strategies and the dynamics and structurglaht communities
Princeton University Press. Princeton.

* Tilman D. and M. L. Cowan. 1989: Growth of old field herbs on a nitrogen gradient.
Functional Ecology. 3: 425-438.

* Vitousek, P. M., C. M. D’Antonio, L. L. Loope, and R. Westbrooks. 1996: Biological
invasions as global environmental changenerican Scientist. 84: 218-228.

* Vose P. D.1962: Delayed germination in reed-canary grass Phalansrainacea.Ann.
Bot. 26: 197- 206.

* Vymazal J. 2001: Constructed wetlands for wastewater treatment & @zech Republic
Water Sci. Technol. 44: 369-374.

* Wetzel, P. R. and A. G. van der Valk 1998: Effects of nutrient and soil moisture on
competition between Carex stricta, Phalaris aruedi®a, and Typha latifoligPlant Ecol.
138: 179-190.

e Zedler J.B. and S. Kercher.2004: Causes and Consequences of Invasive Plants in
Wetlands: Opportunities, Opportunists, and Outcan@#ical Reviews in Plant Sciences.
23(5): 431-452.

-60 -



e Zedler J.B. and S.K. Kercher. 2005: Wetland Resources: Status, Trends, Ecosystem
Services, and Restorabilithnnu. Rev. Environ. Resour. 30: 39-74.

9 Appendix

Appendix 1: Pictures from GIS showing the numbers and positarshoots (live and dead)
and area [} of each species in each treatment. Also showmhereifferences
in the measured parameters of the same samp)ebgtareen the ends of the
2009 (left) and 2010 (right) growing seasons.

-61 -



11b 2009

Low Saturated

11b 2010

2009 Differences
Species Number of shoots| Area [m2] Species Number of shoots | Area [m2]

Carex Live 7 0.0032 Carex Live 3 0
e : oo Carex Dead 6 0.0047
Phalaris Live 7 0.0034 Phalaris Live 17 P
Phalaris Dead 2 0.0009 Phalars Dead 3 T
Species Area
:h; Carex Live (@‘ Phalaris Live CarexLive | Phalaris Live

. caexpead [ Phalaris Dead
Jé._f Carex Dead g@ Phalaris Dead - sand
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0

2010
Species Num ber of shoots] Area [m2]
Carex Live 4 0.0033
Carex Dead & 0.0047
Phalaris Live 21 0.0098
Phalaris Dead 6 0.0025
25 & 10 15 20

I S s e Centimeters



7a 2009

Low Spring Flood

7a 2010

2009 Differences 2010

Species Number of shoots | Area [m2] Species Number of shoots | Area [m2] Species Number of shoots | Area [m2]
Carex Live 11 0.0050 Carex Live -4 0.0002 Carex Live 7 0.0052
(Carex Dead 0 0.0000 Carex Dead ] 0.0041 (Carex Dead 5 0.0041
Phalaris Live 13 0.0068 Phalaris Live 15 0.0100 Phalaris Live 28 0.0168
Phatars Dead 4 0.0018 FPhalaris Dead -1 0.0003 Phataris Dead 2 0.0021
Species Area

! !f Carex Live (@‘ Phalaris Live Gorgklue - Praai g
. caexpead [ Phalaris Dead
0 25 § 10 15 20
Carex Dead Phalaris Dead I sang N e seeessss  messssss Centimeters
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12d 2009

Low Flooded

12d 2010

2009

Species Number of shoots |Area [m2]
Carex Live 12 00070
Carex Dead 0 00000
Phalaris Live 6 00040
Phalans Dead B 0.0033
Species Area

! !f Carex Live

Jé,_f Carex Dead g@ Phalaris Dead

(@‘ Phalaris Live

Carex Live

Differences
Species Number of shoots | Area [m2]
Carex Live -3 D.0o02
Carex Dead 3 0.0022
Phalaris Live 3 -0.0007
P halaris Dead -0.0023
[ Phalaris Live

. caexpead [ Phalaris Dead

I sang
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2010
Species  |Number of shoots| Area [m2]
Carex Live a 0.0072
Carex Dead 3 0.0022
Phalaris Live a 0.0033
Phalaris Dead 2 0.0010
0 285 & 10 15 20

N e seeessss  messssss Centimeters



10e 2009

High Saturated

10e 2010

2009 Differences
Species Number of shoots | Area [m2] Species Number ofshoots | Area [m2]
Carex Live 17 0.0084 Carex Live 3 0.0046
Carex. Dead 0 0.0000 Carex Dead B 0.0048
Phalars Live ar 0.0190 Phalaris Live 25 00157
Phalars Dead 0 0.0000 Phalaris Dead 10 0.0081
Species Area
CarexLive || Phalars Live

E !; Carex Live

(@‘ Phalaris Live
:h‘,_f Carex Dead % Phalaris Dead

Carex Dead [ Phalaris Dead

I sang
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2010
Species Number of shoots | Area [m2]
Carex Live 20 0.0130
Carex Dead 6 0.0048
Phalars Live 62 0.0347
Phalaris Dead 10 0.0081
0 25 5 10 15 20

e e sessssss Centimeters



3f 2009

High Spring Flood

3f 2010

2009

Species | Number of shoots | Area [m2]
Carex Live 16 0.0096
Carex Dead 0 0.0000
Phalaris Live 23 00139
Phalans Dead 1 0.0005
Species Area

E !; Carex Live

(@‘ Phalaris Live
:h‘,_f Carex Dead % Phalaris Dead

Differences
Species Number of shoots | Area [m2]
Carex Live 7 0.0123
Carex Dead 3 0.0113
Phalars Live 6 0.0037
Phalaris Dead 7 0.0049
[ Phalaris Live

Carex Dead [ Phalaris Dead

I sang
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2010
Species Number of shoots | Area [m2]
Carex Live 23 0.0219
Carex Dead 3 0.0113
Phalaris Live 20 0.0176
Phalaris Dead 8 0.0054
0 25 5 10 15 20

e e sessssss Centimeters



6b 2009

High Flooded

6b 2010

2009

Species Number of shoots | Area [m2]
Carex Live 12 0.0069
Carex Dead 0 0.0000
Phalaris Live 25 0.0143
Phalaris Dead 3 0.0012
Species Area

E !.‘ Carex Live

Jé:‘ Carex Dead

Phalaris Dead

(@‘ Phalaris Live

Carex Live

Carex Dead [ Phalaris Dead

I sang

Differences
Species Number of shoots | Area [m2]
Carex Live 5] 0.0025
Carex Dead 2 0.0050
Phalaris Live 22 -0.0008
Phalaris Dead & 0.0011
[ Phalaris Live
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2010
Species Num ber of shoots | Area [m2]
Carex Live 18 0.0095
(Carex Dead 2 0.0005
Phalars Live 47 0.0135
Phalans Dead 9 0.0024
25 & 15 20

e e sessssss Centimeters



