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CHAPTER1. INTRODUCTION

Thebiological and economicahreat of hvasive norAndigenous species saeenwell
establisheaver the pastwo deades Facon etk 2006, Pysek and Richardsd@06,
Richardsor2004 Reichard and Whit2001,Sakaiet al.2001, D'Antonio andVitousek
1992 Rejmanekand Richardsod996 and many othefs Indeed, almost one hg#2%)
of the threatened or endamge speieslistedunder thdJS Endangered Species Act are
in jeopardydue tocompetition or predation by neindigenous speciesThisproportion
balloonsto as much as 80% in other regions of the wdPicheéntelet al.2000). Invasive
organisms incur losses gdamages, resultirig annualcoss of $136,630 billion
including control Pimentelet al. 2000).Invasive noAndigenous plants are estimated to
encroach upormoughly 700,000 heates of native habitat per year. Thesasiveshen
threaterthe natiwe plants and wildlife on the sjteiodiversity on a grand scalas well as
negativelyimpactentire ecosystem®{mentelet al.2000). In addition to diminishing
biodiversity and disrupting ecosystem functions, invasive species seriously impact
agriculural systems&ndcanbe hazardous tivestockand humangFacon et al2006).

S.L Mitchill (1810) L.D. de Schwenit¢1832)andAsa Gray(1879) provided some of

the earliest documentation of biological invasions. Within thesays, the authors

descibe the condition of urban, rural, agricultural and natural settings within the eastern
United States with regard to fAweedyo plant
speciesmostfrom Europg(Stuckeyl978). Charles Darwin also makes note aéth il ar g e
proportional additiono of genera to the Un
assumption that successful introduced species would be of similar genera to those species
found at the site of introductio®arwin 1858. Charles Eltorpublishecthe first bookon

invasive speciem 1958,alerting the publit¢o the serioustopic of invasive species

predicting homogenization of flora and fauna by the breaking downdbedygraphic

barriers via humamediated transport.
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Evenour National Parkdyabitats which we feel agenerally safe from harnand well

taken care of by stewardme heavily impactedCurrert estimags indicatehatmore
than 2.6 million acres ($%) are dominated by invasive plan&élch et al. 200§/
Locally, the exotic phnt management team fille North Giscadedlational Parkeports
that of the 13,87 acres inventoried, 13,228reshave invasive speciegath 3,3110f
thoseacrescompletely infesteqWelch et al. 200) Our national forest and-gsslands
are not faringany betterwith approximately 420,000 acrestime Pacific Northwest
Regionbeingdegraded by invasive plaridSDA Forest Servic2007).

Many of these invasive plants are capable of forming monocultures on a given site
completely displacing native guts as well aaltering the structure, productivjtfire and
flooding regimes and sailutrientpropertiegReichard and White 200D Antonio and
Vitousek 1992Booth et al. 2003)The results from a survey of restoraticolegiss
within western Washgton revealed that invasive nardigenous plants were the leading

cause of failure ofestoration projects (Seebaci®99 unpublished daja

In addition to direct competition, herbivory/predation, and parasitism, additional impacts
of nonindigenots species include physical or chemical alteration of the habitat and soill,
and introduction of ghogens. van der Velde et 2006) asserts that the impacts of the
introduced species are especially problematic when the impacted species are keystone
spedes, causing disturbance of the food web structure and biodiversity functions.
Additionally, by removing the natural barriers between-matigenous and native

species as humans are doing at a phenomenal rate, we are altering the genetic diversity of
thenative species and native community. If the introduced invasive species hybridizes
with a native species, these hybridizing events are potentially triggering outbreeding
depression. Consequently, this introduction can also influence allopatric spemnation
therefore, increase biodiversity within thietegion (van der Velde et &006). The
potential escalation in biodiversity due to hybridization events may alter the genetic

integrity and local adaptation of the native species involved.



Non-indigenaus species have many labels; aliens-natives, exotics, introduced,

immigrants, biological pollution and an additional term for plants, noxious weeds. Non

native species as defined by Boersma e@l0§r ef er s t o t hose that h
tonewp aces by humans. 0 Brrinvasivetsieees getermmedp u b | 1 C
to be-natfivenorgani sm t hat causeOfficlalarm to n
U.S. definitiondor invasive specieprovidedin Executive Order 13112 signed by

Presignt William Clintonin 1999state thatIinvasive speciemeans an alien species

whose introduction does or is likely to cause economic or environmental harm or harm to
human health dAlien speciesneans, with respect to a particular ecosystem, any

specis, including its seeds, eggs, spores, or other biological material capable of

propagating that species, that is not native to that ecosyskefileral Register V 6425

1999).

Pysek and RichardsqB8006 go even further classifying invasive plants irticee

cd egori es: A ¢ a shose that #lolrisheand rgprloduce bccasionally out of
cultivation, but donotformsef e pl aci ng popul atdasthosewittinat ur
selfreplacing populations and capable of indepehderg r o wtnhv;a sa v fpil ant s ¢
which are a subset of naturalized plants that reproduce in large numbers able to spread
guickly over | arge areas. For the duratio
those norindigenous species that cause harm to nativdadtalor species and fall into

the invasive category.

My dissertatiorfocuses on a challenging invasive perenmegd canarygrass (RCG),
(Phalaris arundinacepthat is capable of forming monocultures witlfreshwater

wetlands, ripariareas and agricuital fields. This invasive is responsibfer

generating substantial acreage (some infestations over 100 ha) of monoculturesglegradin
biodiversity, displacing wildife (Tu 2006) and alteringhvertebrate assemblages on the
site(WSU Research Team 200 published dafja Additional negative impacts of

Phalaris arundinaceancludechanges irnydrology,which can increasthe risk of

flooding nearby agricuural fields andadjacentareasandincreasing the elevatiaof a



site, eliminatingpondsand waterourses utilizedy waterfowl,amphibians and

invertebrates

Chapter @e discusses th@ology and ecologyf invasive speciesusceptibilityof
receiving sitesand the impacts of invasive plants on the community and ecosystems

involved.

Chapter Two coers afield research project dAhalaris arundincae@ontrol and the
restoration of the riparian zones within agricultural systeniss researcliproject is
associated with and a component of a comprehensive agricultural watemajese

allied with WSU researchers and King Countihree RCG control treatments were
applied and replicated on three sites within eastern King County along agricultural
watercourses. These treatments were followed for two consecutive seasons &sfglcce
RCG reductiorand control The data collected includelde returning stem couruf

RCGas well as the native plant survival and density based on percent cover.

Chapter Three introducéise prospect that a native emergent sefgapus microcarpus
(small fruited bulrush(SFB)) could be able to effectively compete with the invasive
RCG. A controlled greenhouse study wasraad out to determine wheth8cirpus
microcarpuswould reduce the above and/or below ground biomass of the reed
canarygrass when grown together witbne gallon pts for one growing seasom{er
specific competition versus intspecific competitioh

Chapter Foucovers theenergy storage mechanism for reed canarygrass and how this
strategy allows for increased aggressiveness and negatively snepattol méhods for

this species Fortyfive randomly chosen rhizome pieces were placed within one gallon
pots which were buried in the field@hese were then covered with an opaque fabric fixed
in place. Fifteen were removed aftéireemonths, the ext fifteen aftessix morths and

the last fifteen after ninmonths. The rhizomes were then stored within a freezer until
being analyzeavith a neatinfrared spectrophotometer (NIRS) for fructosaihe time
necessary to cover RCG rhizomes to achievéetiep of carbohydratesas then

extrapolated from thegsiata.



1.1 INVASIVE SPECIES BIOLOGY

1.1.1 Stages of Species Invasions

There are several stages involved in species invagidienidorf and Lundquis2003).
Thefirst is the introduction of thepgcies. The first records of speci@stroductions in

the United States dates back to 1628 when species sigatiaginctoriaandCannabis
sativawere brought back to the US on the Endicott expedition. Many other common
invasives were transported irttte Plymouth colony and New England throughout the
16 00 6 s ,Rumen acétosellFanacetum vgare, Foeniculum vulgare, Hypericum
perforatum, Polygonum persicarandSalvia sclareaall of which arestill problematic
throughoutNorth America todayMack2003).

Gererally, the pathways of these species to their new locatiamebeen primarily
horticultural especiallyfor woody specie$Reichardl997. Herbaceous invasive species
have been introduced largedg crop seed contaminants, through shilast(Reichard

and White2001) as ornamentals, and for medicinal and/or for fodder purpddesse
species are then further spread inypure crop seedagdhering to donstic and wild
animals and birdswyithin the soli of ornamentals from nurserig§akai et al2001)as

seed traded and sold via arboreta, garden and horticultural clubs and the;internet
(Reichard and Whit2001) attached to vehicles along roaays (Von der Lippe and
Kowarik 2007),as well as innocently attached to the clothing atdof natural resource

workers and hikeras shown by an anecdotal studyRsichard(1998)

After the introduction stagine species must become established @rdinue tasurvive
and reproducePropagule pressurthe number of individuals introduceahd/or the
number of introduction evenbeecomes significanh the establishment of the species
larger numier of introduced individuals would allow for a greagemount of genetic
variation which would in turn reduce any potential impacts of a patph or founding
bottleneck due to the original introductiolultiple introductiongnay create the same



results,especiallywhen the plants afeom different source populationd his may
release genetically diverse individuals allowing for greatezrbeygosity of the founding
population and a higher chance of adaptation to the novel environmemd@#i2g003).
The exchange ofepdic material between thatroduced populationsay also result in
thedistribution of an invasive genotyg8akai et A 2001)or the swamping ofocally
beneficial alleleqAllendorf 2003).

The ®cond stage of invasivenassuld bethedispersal andpreadnto new habitatand
thereplacement of native species by the introduced speRi@ésge expansion is

facilitated byhigh dispersal ratesvhich @uld potentially bring a high amount of gene

flow and the probability of spreading into novel conditions within the new ranges.

However, his gene flow from the central site of initial colonization to the periphery of

the range may prevent local adaptatiompactingfurther range expansion (Salet al.

2001) causing the boundaries to this species to remain static. This same scenario can take
place when this peripheral population is deficient in the phenotypic wariaéicessary

for local adatation (Lavergne and Molofsk3007).

Beginning in the mid 1980Q%Villiamson and Browr{1986)employed a stédtical

approach to analyzée success of invade(shat successful invasions are raxehjch is

referred to as the t eaute® This statistical rule states that one in ten species that are
imported will become casual éri nt r aheiirctendBdthose casual species will

become established, and one in ten of those esttellispecies will becomdiap e st . 0
(Williamson and Fittef996). The definitions for these terms are important for
understanding the principles of the rul es.
collections or accidentally brought into the nty,0 introduced (casual) species are

found outside bcultivation in the wild, established species are those forming self

sustaining populations, and pest species are those speciestha&gah a fAnegati ve e
impact The transitions between these potential stages are identified as escaping,
establishingand becoming a peswilliamson and Fitte(1996 emphasize that an

acceptable variation would mean between 5 and 20 percent for the tens rule.
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There is ofterfi | a g ot a det@b@&tween the initial introduction and colonization and

the expansion of thspecies to surrounding habitats. Thesy occur because of the
introduced species requires time to adaifghe new environment and/or the evolution of
invasive traitsor t he Apurging of a genetic | oad
(Sakaetal. 2001). Founder effects, genetic drift and the rapid evolution generated by
stressful conditions in the new environment may all iniatét evolution of a non

indigenous species allowing for an increase ieag@rand invasiveness (Allendazf03).

1.1.2. Archetypical traits of invasive species

One of the most perplexirguestions within the field of invasiondbogy is why some
speciedecomenvasive while other introduced specresnainbenign? A list of the

traits one might expectto findi t h e A i tdaeimdomnvoelyecited was generated
in 1965 by Herbert Baker. This ligwith minor modificationsaddedoy Baker a decade
laten is as follows: 1) germination requiremefffilled in many environments; 2)
discontinuous germinatiofinigh seed longevity)3) rapid growth throug vegetative

phase to floweringshort vegetative phase)) continuous seed production ohgy

adequate growing conditions) ability to be seHcompatible) unspecibzed or wind
cross pollination; 7) high sdeutput;8) able to produce at least some seedngeaaf
environmental conditiongolerant and plastic) shortand long dispersal adaptations;
10) vigorous vegetative reproduction and/or regenerditaom fragments for perennials;
11) bittleness, ot easily extractedt2) ability to compet@nterspecifically via a rosette
and/or allelochemicals. There is, of course, a wide spectrum within these traits and the
invasiveness of a plant (Bar 1974). Two of these traits were also found to be correlate
with invasivenesby Reichard and Hamilton (1998@bsence of germination
requirements and vegetative reproducti@asuet al. (2004)addedjust a few additional
traits: 1) deep root system, allowing the weedHove during a drough®)

environmently plastic, changing growth form in $ponse to environmental factoasid

as noted by Baker, Reichard and Hamil@®)theability to reproduce both sexually and

asexually.

r

e
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Successful colonisttypically employ-selected life histories, such as stggheration

time, high fecundity and growth rates, as well as the ability to transfer betvwgeércted
andK-selected strategs (Sakai et ak001). Grimg1977) expanded on this method of
characterizing plant strategies by placing plants at any pdimiva triangle based on

the morphology, life history and physiology of the plant. At the extreme of the triangular
tips one would find those plants that are predominantly competitive, stress tolerant or
ruderal. Weedy species are considered to be dR)auderals, those species that tolerate
frequent disturbance by short reproductive times, or a (C) competitor, which can be found
in undisturbed habitats with a reduced amount of resources being allocated to
reproduction and more to vegetative biomass mixture of the two (CR). Both the (C)
strategist and the (R) strategist generally indicatdymtive habitats (Booth et &003).

Baker 953 introduced the idea of the formation of local races for introduced species.
These ecological races ecotypes would be selectat and would show genetically

fixed characters bas on the situation at the sitBor example, continuing disturbance
would select for a local adaptation by the speg@eshaps existing as low growing
rosettes during the ssan the site is usually mowadlit is to survive and thrive at the

site. Species capable of cross pollination \Wdag able to adapt more quickliiowever,
multiple introductions and therefore, the availability of differing genotypes also allows
for rapid race formation to developAn example would berop mimics that have
adaptedts growth and reproduction peripand even seed size for dispersal assistance,
with the crop that they invade. Weedy species that have adaptetitoand railways

are typically low growing with flat reette leaves which afmely divided and pubescent.
The stems are soft and flexible, not britd#owing for treading, and the fruits are dry
and can be dispersed by adhesion to shoes or wheels. For invasives ttuainesue
agricultural communities which are regularly mowed or grazed are selected for those
species that can reproduce via rhizomes or stolons and eventually over many generations,

rely on this means of reproduction and may even produlgesterile seeBaker1974).
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As noted above in section 1.1.1, commercial horticulture is a primary pathway for

invasive species. The traits which are selected by the breeders of floriculture have a
propensity to also apply tovasive species. These inclutlel i samdapgst resistance,

drought tolerance, high fertility, lack of seed dormancy, rapid germination, high yield

potential, short generation, hybridvigord | ar ge pl an2006)si zeo ( Ande
When @mparing six previous studies using numerous plant tajsedict invasiveness
(Reichardl999f ound t hat those species that had Ai
correlated to becoming an invasive species in a new range. Those species for which the
native range would match the climatic conditions (préaijmn and temperature regime)

of the introduced region may also be a good indicator. A wide latitudinal range may also

imply an ability to adapt to a wide range of environmental conditions. Other species

attributes testeth the same studies thatrefound to be good predictors were: a short

juvenile perioda positive trait in four out of the six studieseed bank type or longevity

(for Pinussp. and annuadlsand seed mass and sizen@ller seeds allowing for greater

dispersal.

Many invasive spaes have the ability to reproduce asexually via agamospermy or
vegetatively and are able to avoid the complications of potential inbreeding depression
associated h a small initial colonizingpopuldion (Allendorf 2003) Baker previously
observed thd connectionegecially for annuals, statirtpat autogamy or agamospermy

is a prominent feature for many weeds. This trait allows the plant to reproduce, creating
a colony from a single immigrant or from the regeneration of a single plant left after
weda removal operations. For perennial species, vegetative reproduction accomplishes
the same goal , Arapid multiplication of 1in
also allows for the rapid expansion of a population which would be as well adafited to
new environmentsathe founder individual (Bakd©74). Allendorf (2003)asserts that

local adaptation of the native species may not be necessary except forpeauidalg:
episodes, such &sng term extreme environmental situations such as selmadgirig

events or episodic fires or drough&dditionally, numerous invasives are polyploids and
therefore, this genetic variation is retainedigsd heterozygosity (Allendoi2003).



1C
About half of the studies Bossdorf et 42005)reviewed showed #t the invasive

species were more fAplastico t hasdefitettly nat i v
Pigliuccci (2002c an be defined as fAthe property of
phenotypes when exposed to different environments. Plastiaityrisperty of the

reaction nornof a genotyp®

Some invasive species may be fundamentally better competitors as they have evolved in
highly compditive environments (Allendor2003). One hypothesis concerning plant

invasions is théEvolution of Inceased Competitive Ability (EICA). This hypothesis

states that the plant is released from pressure of certain jisstative habitat that

woul d keep that species fiin check. o Il n tu
resources it used tdraw on for defense into elevated reproduction rates and increased

growth (Bossdorf et aR005). After reviewing field studies of various native and

introduced plants and the impacts of herbivores, plant sizesanddity, Bossdorf et al.
(2005)found that 56% and 55% of the studies found increased growth and decreased

resistance for the introduced species, providing moderate support for EICA.

Invasive species may possess similar traits with the native species or conversely, possess
different trais than the native species, thereby figdam empty niche (Sakai et 2001).

Those introduced species with native congeneg share characters which allow for the
plant to be more adégd to the site of introductiorin contrastDar wi nd6s anheor vy ¢
invasions was that the more successful invaders would have traits that were distinct from
the native specigvan der Velde et ak006) This theory plays well with the EICA

theory noted above in which the noative genera success can be at legsaihdue to

the fact that many of the resident herbivores and pathogens would not be able to switch to
species that are phylogeneticallytdigt from the native host (Rejm@k 1996) One

example reported by Rejmeék is a common aggressive and highdyrichental invasive
speciesn the PNW as well as in Californi@ytisus scopariuéscotch broom). There are

no native phytophagous insects found on scotch broom in North America, yet there are at

least thirtyfive phytophagous species i mative England.
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Callaway and Aschehou@000)maintain sane invasive speciese successful due to

Anovel mechani smso that t hey panticomgunityo t he

They comparethe impacts oCentaurea diffusan the biomass and phosphorus uptake

of North American grass species found in the native communities in whi¢h th&usa
invadesandits native Eurasian species. They found thaCthdiffusahad decreased the
biomass and P uptake of the North American sgdéarenore so than the Euras
species.Centaurea diffus@roduces allelochemicals which the Eurasian plant

community neighbors had become somewhat adapted to but the new plant community in
North America had notA similar result was found by Prati and Bossd@@05),when

looking at the interactions between native and introdddiaria andGeumsp.,

indicating that the origin of the plants within the impacted community can be significant

when allelochemicalare at play (Bossdorf et 2005).

1.1.3 Community susceptibility

Elton introducedhe theory thatighly diverse ecosystems have been predicted to have
greater resistance to invasion than those witletaiversity (Elton 1958. Intuitively,

the greater the number of species within a community, the fewer resourcgsaaad
avail able for newcomer s, whtheory\varderVeldei d e s
et al. 2006). Additionally, a higher number of species in amsystereases the chance
that a plant speciegould be available thaibald outcompete and excludme which

was recently introducedfoth et al2003) Furthermore, a more diverse community
would include a greater number of predators that could also prey on tlepeeies
(Levi ne anl®99DHoANeveresearaners have found differing resdor
different ecosystems and communitid®r example, aquatic communities tend to be
vulnerable ifappropriateabioticand dispersal conditions ex{stan der Velde et al.

2006)

Converselyyvan der Velde et a(2006 suggesthata more diverseommunity may
increase invasion suscepti bi |whdtherthei a t he

w
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facilitator is a native or nenative pecies. This may include meassiseich as a nen

native species pollinating or dispersing seeds of an invasiveespeciby amending the

local biotic conditiongvan der Velde et aR006) or more indirectly by competing with
sharedcomet i t or s ( Lev198%. Thisndw invdsikenntayimturoallow
additional norindigenous species to invadeggeringamfii nvasi owadte&rome | t d
introduced bySimberloff and van Holle (1999)

Another explanation for the discovery that many highly diverse comragnitere

actually more invasibleould be that the site has biotic and abiotic conditisnsh as

suitablemoi st ure, nutrients and fAhabitat hetero
(Levine anl®9pDStoklgréenetral 8 003) use the term, dt
when refuting the long held belief that highly diverse plant communities are lessdikely t

be invaded. After evaluating independent data sets, they found a positive relationship
between native and namative species richness, a trend which intensified as the spatial

scale grewThe researchers make the conclusion that an elevated levebofaes

correlated with habitat heterogeneity may lead to high native species richness. Generally,
high species richness is linked to high species turnover leading to amplified pulses of
available nutrients, light and water and therefore more opportufatiéise nonnatives

to edge in (Stohlgren at. 2003).

Levine andl9Dstatmthabbhhe f actors controlling n
similarly control invaders, indicating conditions favorable to invasitattors such as

disturbance levednd intervals, competition, and accessibility of resouréesthermore,

fithe diversity of the native community is insignificant if the invader is satisfied with a

different set of resources alongethiche axis than the nativesMost researchers agree

thatmost systems are not fsoegassaryfornthe tdiversity i st abl ¢
hypothesis above toccur, and that frequent indirect abiotic and biotic interactions are

more responsible for the invasive susceptibility of a communiyifle and 6 Ant oni o
1999).
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Levine (2000 determined thathe native species divéng the scaleand tre degree of

disturbance can athake natural communitiesiformly susceptible to invasions'he
process of disturbance generally leadanaipsurgén the awailability of light, nutrients
and vacanareas for establishmefuan der Velde et ak006)or may eradicate a
potential sucessful competitor (Booth et &003) When conditions exist for
hybridization between the introduced species and a loaddped native species, this
allowsfor apotentialincrease in the fitness of the invasisadthe native community

becomes evemore susceptible (Sakai et 2001).

An alternative hypothesis for community vulnerability to invasive spésiealled the

Afuct uati ng r esour c etakesplace Wherbthelcommyndityist he or y
exposed tancreased resources either by reduced consumption or increased accessibility

of unused resource€ontrary to the high diversity theory noted abovegdictions of

fluctuation resourceisdicate that high species diversity and risk of invasion are not
correlated as both fAspecies bothcdpableafnd Aspe

incomplete resource cenmption (van der Velde et £006).

Competition with thenative species and the resource levels available for the introduced
species aainteract to affect the ingility of a particular site. Low resource levels may
prevent invasions, as the resource level may be below the threslhiodditfroduced

specis (Tilman 1999). Indeed, many researchers have found a connection between the
levels of nitrogen and invasive speci€sden and Gatawitsch2002,Brooks2003,

Kercher and Zedle2004).

Facon et al(2006 discusses threesnarios from which invasiosf a new species may

arise. Thefirst A mi gr ati on ¢ Wwhemagmatoh betweanl thet intooduced r
species and the new environment exist, but the species does not reside in that region until
introduced by human interferenctn the second scenarithe species may have been
introduced, yet has not Ainvadedo the site
biotic conditions at the site change to better s@itrtéw species, thus allowing the
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proliferation even without adapting to the new ditions. Global warming is a

potentialperfect example of thiscenario for many specieklnder te thirdscenario, the
invader has adapted to the new environment as a consequence of evolutionary forces, and

isreferredtoasth@e vol ut i om@mano. changeo

Zedler and Kerchg2004)maintainthatwetlands provide opportunities for plant
invasions by the numeroursvasiveopportuniss that are available. ¥tlands are
particularly susceptible to invasion since they tend to accumulate materialsdtiom
terrestrial and upstream wetland disturbances. These substances wouldercésde
waterand debris, nutrien@nd sediments as well as pollutants such as heavy metals and
contaminants As a landscape siskinvaded wetlands differ from invadedlapds in

that they have to contend with flowing water, canopy gaps due to inflowing material,
anoxic soils, and nutrient fluxe@dditionally, many wetland sites are continuously
disturbed, especially riparian wetlands, by flood putseating bare aredsy erosion and
debris depositionand are positioned within the dispersal routes of any invasive species
upstream or upland from the sitéan der veldet al.(2006)agreedstating that

temperate freshwater, estuarine and coastal wetlands tend torbesthievaded systems
due to the ample amount of introduction conduits and disturbance factors such as
shipping, recreation and water diversiotrsvasive wetland plant species tend to be
water dispersed either via seed or plant fragmamismoshave cpious aerenchyma

cells These species maysoallow for therapid uptake of the available nutrients during
the high nutrienpulsespermitting high growth rate&edler and Kerche2004)

As noted above, many successful wetland invaders develop agmncells and

wetland pants witha elevated amount eerenchymaellsar e abl e t o attain
vol ume per bi oandgsos tall veryeckly. Reots with aerenchyma are

able to expand nf therefdiecalfowipgdogreatennutent uptake ma s s
(Zedler and Kerchez004).
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1.1.4 Clonal Species Biology

There are benefits and ceftr clonal organisms. A clonal, or asexual plant multiplies
vegetatively generating a genetic duplicate of itself, or a raBahe of theadvantages

of this muld beresource acquisitioand storagand the ability to establish in a new site
with a single individual.If a particular genotype is successful, vegetative reproduction
allows this genotype to flourish in time and space as lsrigeahabitatrad

environmental conditioneemain analogous. If these conditions aot met, this

genotype may not be successfiebens and Thorri®85. Otherdisadvantages include

a reduction in the available resources for sexual reproduction aedbiiee potential
valuable recombinations withia stochastic environment, the spread of any diseases for
linked clonal plants (Klimes et dl997) and the increased potential for a pathogen to

eliminatea genetically similar population.

A few of the trés of clonal organisms which contributethe success of these species
throughout many habitaisclude: the ability to seize and monopolize the available
nitrogen with copious rooting systems and high growth rates, increasing the competitive
impacts omeighboring species; and their capability to dominate a site by expanding
relatively quickly laterally via stolons and rhizomes into a site, displacing other species
(de Kroon andBobbink1997). This same ability to quickly expand into new areas
forming adense cover, allowing for dominance of the system, also giwealspecies
anadditionaladvantagdérom agricultural runofivithin nitrogen richhabitats.

Furthermore, P translocating the nitrogen withdrawn from senescing shoots to the
rhizomes at thend of the season and reallocating the reserves to new growth the next
season, the nitrogen attained each year is effectively exp(di#edroon and van
Groenendael997).

While researching clonal plant species and whether this trait permits a&gptstome
more invasive, Pyseld997)i dent i fi es a variety of fpros
invasion for both cloand nonclonal species. The favoraklikaractergor clonal

fal)
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species are numerous. Firstly, the plants caesalsdy fragmented and giersecand

above ground removal procedures does not necessitate death of the individual. There are
also ro dormancy issues for reproduction. The plant saccessfly and immediately
reproduceeven wheronly one individual is introducedTlherefore, da to this same

characteristic, there 1®0 need for specialized pollinators or dispersers for reprioeuct

If the clonal organism, especially one whose genotype may be somewhat adapted to the

site, will benefit from a reduced lag phase amdmd invasbonand fAoccupation o
site0 Additionally, once established, clonal species can persist and spread into

conditions that are more stressful than those wihemonized D'Antonio andVitousek

1992.

Basically, clonal species camake up anywhere begeen 1%to 66.7% of the most

aggressive invasive species worldwid®ysek concluded that based on the available data,

clonal and nofclonal species were equal with respect to invasiveness on a regional and

global scale.One trend that did emerge wastthac | onal species, whi ch
favoured by disturbance@ere more likely to be found invading natural areas and in

general, within wet and cooler habitats. Once established in these habitats, clonal species

tend tobe more corpetitive successfully aupying the sit¢Pysek1997).

1.2 PHALARIS ARUNDINACEBIOLOGY

Phalaris arundinacedreed canarygrag a C3 cool season grassa perennial with
robust, hollowculmsthat reach up to 2 meters talfhese stems arel cm. in diameter,
with areddsh tinge at th top during the growing season. The leafblades are flat with
prominent ligules. This species spreads predominanttydsping rhizomes which can
be stout with 610 nodes (Comes 1971). RCG isadnligate outcrossexxhibitingself
sterility (Lavergne and Molofsky 2004)
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Reed canarygrass one of 1520 species dPhalarisdistributed throughout the world

within thenorthern temperate regions of figentinents It is reported to tolerate annual
precipitation of 326 cm, annual temps &23 C, anda soilpH of 4.5 to 8.2.RCG des
nothowever, perform well isubtropical or tropical climates. Southern Virginia marks it
sauthern boundary on east coast aedoss to southern Californte the west coast
(Lyons 1998.

This species ifisted as a noxious weed by the B&leral governmerand s a class C
noxious weed in Washingtdtate.lIt is a notorious weed globally as welited as a

serious or principle weed mumerous countries throughout the world.

Ecologically, RCG has the #ilty to exclude native specidsrough competition. This
species is extraordinarily successful atocompeting other vegation due to several

factors. There are no known dormancy requirements, and the seeds germinate
immediately after ripening with a vehygh (97%) viability rate (Apfelbaum and Sams
1987). As noted abovehe primary means @&production is by vegetative growth, i.e.,
spreading by aggressive rhizomes and stems (Naglich 1994). Each plant can produce a
dense mat of rhizomes within one giog/season (Apfelbaum and Sams 1987), and even
seven to eight week old seedlings produce these rhizomes (Crockett 1996). RCG can
reach heights of six feet or greater (Antid8998, easily shading out smaller, slower

growing shrubs and tree saplings.

Reedcanarygrasalsois well known for slowing water velocities, thereby inducing

sediment deposition and resulting in a positive feedback loop of more flooding and
increased sedimentation rates within affected channels. This is in large part due to the
densty of the shoots and is increased by a dense shallow root mass. A study of RCG
growth characteristics found that at least 88 percent of the emergent shoots on established
plants in the field originated from rhizome or tiller buds located in the top 5 tne abil
(Apfelbaum and Sams 1987).
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Within the introduced range of North America, RCG generally dominates anywhere

from 50% to 100% of the site. Within just ten years, monitooingstoration projects in
the Midwest found that 66% of the sites hadrbée/aded or renvaded by RCG with
almost 1006 cover (Lavergne and Molofsk004). Additionally, as these stands of
RCG dominate a site, not only does the biodiversity of the site decline, but the
heterogeneity of microhabitats on the site is diminisksethe lower voids are filled in
with RCG biomass and sediment trapped by the RCG (Werner and Zedler 2002).
Schooler et al. (2006) fouridat the native species in Pacific Northwest wetlands were

impacted to a greater extent than other introduced sgeciRE€G and purple loosestrife.

This speciess particularly menacing in the Pacific Northwest (PNW), the northern
Midwestand Northeastern state§ he largest infestationsithin the PNW tend to be
foundwithin the wetlandsriver floodplains, agriculttal ditches, roadsides and pastures
where it was planted for foraga the vestside of the Cascades (dR06).

An additional significat trait of RCG is thability to take advantage of an extended
growing season. lnitiates growth very early in thgring, or late winterand continues
growth late into the fall, usually Octoberpeies that are capable of an extended
growing seasoaretypically able to ouvicompete surrounding species without having a
higher photosynthetic rate. Not only is RCG ableapture maximum sunlight when it
emerges in January, but it is able to successfully compete with its neighbors by
photosynthesizing for a longer period of tiesch year (Zedler and KercHz04).

Many researchers consider RCG to be native to thedriacific NorthwestEurope and
Asia, while othersreasorthat it was introduced from Europe. A third view is that the
aggressive Nrth American genotypes are hybrids of native populations and the
introducel European cultivar(Merigliano and Lesicad998) Early collectors fond

RCG throughout the inland northwémsttweenl 825 and 1911. Temerbariumspecimens
predate EuréAmerican settlement in that region or were collected from remote,
undeveloped areas. @fosespeimensthat were collected from rérine habitats, many
indicated that RCG was abundant whseral specimerfsom meadows and springs
indicated thathe plant was uncommon or rgiMerigliano and Lesic4998).
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RCG is known to have three cytotype<turasia, mostly represented by an
alotetraploid, with the subspecies nameaaiindinaceaalong with a hexapoid form,
subspeciesyehleri There isalsoa diploid cytotyperotgesii Meriglianoand Lesica,
(1998 stated that the herbarium speciméosn the inland northweshost close}
resembled the diploid, but rexat evidence by Lavergne and Molofg904)shows that
the invasiveplantsoccurring in Vermont and dith Caroling are tetraploid and more
similar to the cytotype in Eurasidhe cytotype of the aggressive RCG within theifka

Northwest is unknown at this time.

Repeated introductionsf RCG cultivars for a variety of purposes have been documented

in the US Cultivationfor agronomic purposdsegan in Swedeim 1749. Thdirst trials

in the Lhited States took place the mid 1838, using thegictaform due to itshigher

palatibility. During the 1856 RCG received great deal adittentionfor reclamation
projectsand was recommended for reclaiming peatlands and marshes. Most of the stands
on the Pacific coagtreattributed to a cultivated stand in Coos County, Oregon

established in 1885 (Comes 19'Meriglianoand Lesica 1998).

As noted the aggressive RCG found in the Midwest and PNW may be a hybrid or
hybrids of the native and introduced cultivars. Generalligridizationeventsallow for
the rapid reshuffling of varying adaptatiortSlements of an entirely foreign genetic
adaptive system can be carried oveoia previously stabilized one. Each hybrid
prodwced by these species may deliddferent recombinons, each of which may be
able to adjust to different niches. The ever increasing heterozygositght in by
hybridization wouldbe capable of genemg increased varisin generation after
generation. This genotypic diversity would confer an achgas ta different
genotypes could allow greater adaptiggponse to environmental influences and new
niches which would allow a selective advantage for the hylAidderson and Stebbins
1954). Hence a hybridization event with RCG would allow a misgwof a native that has
become very well adapted to the Bommental conditions within the PNWith cultivars
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that have been bred to be vegetatively vigorous and drought tol&iésttand and

Schierenbeck2006 presented evidence 88 examples of hyidization events which
preceeded invasiveness, such as ®hrtina anglicax S. alternifloraproducingS.

foliosain CA, Typha x glaucaandsome of thé& amarixspp.

Lavergne and Molofsky (200 performed genetic testing dne invasivePhalaris
arundnacea(RCG)from the eastern United Stat€germont and North Carolina

verifying what many researchers have suspediaopean strains of RCG were

introduced into North America on many occasions as a large number of alleles unique to
French and Czegbopulations were found within the populations fromwrtd America
Additionally, new genotypes have been created in North America through widespread
recombination events with 85% of the total allelic diversity being shared between North
American and Europ strains but only 1.5% of the NA genotypes occurring in the
European populationsTheresearchers determined tieablution of many phenotypic
traitsmay have beeresponsible for the observed invasiveness in the NA strains of RCG

based on consistentffdirences between the European and NA genotypes.

Several processes can trigger the evolution of invasive traits. The first could be hybrid
vigor where recomipiation would create genotype mor@vasivethan the parents. The
second process mighe theincrease in genetic variation due to the large number of
introductions and subsequent recombinations, followed by natural selection for those
traits leading to invasiveness. A third process would bring about a great amount of
phenotypic plasiticity, allowng the population to thrive within a wide range of
environmental caditions (Lavergne and Molofsk¥007) as well as survive stochastic
events. The researchedid not find evidence for hybrid vigor, but did find that the North
American strains displayeslu per i or heritability which wou
response to natural selection for a number of phenotypic traits such as emergence time,
tillering r at @avergneahd Motofsk00D).i o mas s 0
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Reed canarygrass (RCG) is the classic oppmttanthe many prospects for invasion

that are presented within many wetland communities. A list provided by Zedler and
Kercher (2004) illustrate that RCG is able to take advantage of almost every opportunity
provided by a wetland to invade. Some ofri@re noteworthy would be the canopy

gaps from flooding and debris. RCG with its rapid height growth via hollow stems would
flourish. Another is the availability of fresh sediment from scouring or sediment
deposition. RCG possesses the ability to rgmdichor and has viable floating

propagules. RCG acquires adventitious roots and allows for floating rhizome mats
allowing this species to manage the increased water depth and moving water conditions
found in wetlands. Another common situation, staneiater does not seem to deter

RCG. RCG is able to emerge above standing water with the use of adventitious roots and
by producing copious amounts of above grbiomass (Zedler and Kerch04) and

this species has a sizeable percentage of aerenchymawalable foigas exchange

(Miller and Zedler2003).

Phenotypic plasticity seems to also play a role in the invasiveness of reed canarygrass in
North America. Lavergne and Molofsk®007)found that the invasive genotypes were
more phenotypically pistic than the European strains for stem height, leaf number and
for a variety of morphological traits examinetihe observed aggressiveness of RCG

may be due to fact that the RCG introduced into North America was bred for agronomic
purposes, and therefgrwith the traitgliscussedby Anderson2006)such as drought
tolerance, high fertility, rapid germination, high yield potential, hybrid vigor and large
plant size However, if this were the case, one would expect to see low genotypic
diversity within tie populations in the introduced range, yet, the opposite is trtieefor

RCG strains examined in thaitudy. The regarch by Lavergne and Molofsk§Q07)

was performed on RCG populations from the east coast of North America, Vermont and
North Carolina aly. There is no evidence that a native RCG strain existed on the east

coast a there is here in the PacifioNhwest(Merigliano and Lesicd998.
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A study by Coops et a11996)also found evidence dfoth genetic diversity and

phenotypic plasticityvithin RCG populationsThe researchers examineidmass
allocation patternef RCGand how this allocationhanged in response vegetative
cover. RCGallocated more resources to belowground biomdms=sn grown within dense
vegetative cover. This is@ably giving the pland competitive advantage in the next
growing seasqras itoverwinters as root stock and is one of the first perennials to
emerge in thepring This morphological plasticity was also important for surviving
within various water daths. Plants grown in deeper water allocated more biomass to
elongating the stem, wieilplants grown in up to five cof water allocated more biomass
to the roots (Coops et al. 1996).

Maurer and Zedler (2002) also found morphologically plastic behbyi®CG when

testing root:shoot ratios and the lateral expansion rates in different nutrient conditions.
RCG spread nearly 50% farther and produced twice as many tillers under high nutrient
conditions and produced fewer tillers closer to the parent cloder low nutrient
conditions. This combination of the fAguer
strategy) allows RCG to dominate the vegetation gétar year by maintaining its

position in poor conditions and/or years and spreading into ress a@uring high

nutrient conditions and favorable yeatsigh levels of genetic diversity increase the
likelihood that a particular genotype will flourish and spread into new areas. Thus,
genetic diversity coupled with suitable environmental conditioeguiently enable reed
canary grass to aggressively taker entire plant communities.

The plant architecture of this species may also play a significant role in its competitive
abilities. Grime and Hodgson (1987) listed characteristics of speciesigith

competitive ability:f(1) a robust perennial life form with a stroogpacity to ramify
vegetatively2) the rapid commitment of captured resources to the remtisin of new
leaves and root$3) high morphological plasticity during the difentiaton of leaves and
roots;and (4) short life spans of individual leaveslanr o Gdudet aod Keddy (1988)
found that tall shoots, leaf shape (length:width ratio), and large canopy diameter were
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morphological characteristics that were significantly catezl with increased

competitive ability in wetland plants

The horizontally oriented leaves and tall culms of RCG improve the efficiency of light
utilization. Wetzel and van der Vald 998 found thatCarex strictaandTypha latifolia

were both heavilympacted when grown with RCQn this study, RCG maximized the
capture of light and nutrient resources by maximizing vegetative growth, even under low
nutrient or soil moisture conditionsRCG isa superior competitoproducing

exceptional biomass daspthe environmental conditions consistent with theries of

Grime (1979.

1.3 PHALARIS ARUNDINACERONTROLLITERATURE REVIEW

The majority of researchers confirm that invasive spehiesten the continued survival
of endangered species, a@one of the leading causisthe loss of biodiversity.
Invasive species are alsatremely costlyboth monetarily through losses in agricultural
anddue to thecost of contrding the invasives Prevention of the introduction of
potentially invasive spées is paramount and continued research is needed for the
reliable and cost eftdive means of controlling our cemt invasive species (Allendorf
2003).

In spite of decades of study, there is currently no comprehensive strategy for the effective
removalof existing RCG and establishment of alternative native vegetation (Perry and
Galatowitsch2004, Perry et ak004 and Forman et aR000). The management

techniques utilized to date include chemical control (glyphosate), mowing and grazing,
excavatiorof the substrate, water level manipulation, micronutrient management (boron),
macronutrient management (nitrogen), burning, and shading (black plastic mulching

and/or competitive exclusion).
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Reed canarygrass responds quickly after mechanical remogabwing back from

rhizomes and seeds remaining in the soil (Apfelbaum and Sams 1987). However,
repeated shoot removal damages plants via stress when disturbance events are frequent.
Available carbohydrate reserves are greatest during the winter montivsindeo a low

point in midsummer. Depletion events happen as the growing point is elevated in spring
and as the seed heads develop in early sur@oenes 1971)

Green and Gatawitsch(2002 found that agricultural runoff and the associated nitrogen
addition contributes to the increasing colonization and dominance of reed canary grass
After testing three comparable levels of nitrogenRCG and native species, they found
thatthe total shoot and root biomass of theveatommunity was suppressedRgG, at

all levels, and that shoot growth of the native community was reduced by neahglbne

at the highest N levelKercher and Zedlg2004) had similar results with inorganic
nitrogen additions. RCG reduced a native sedge biomass by 91% wisédtieedid not
impact the RCG. In contrast, in a carbon enriched soitdhgetition by thesedge

reduced the RCG biomass by 82% while R&@petitionreduced the sedderomassoy

only 32%.

Adding carbon sources hbhsen proven to have a negative dff@t the nitrogen

availability within the soil where they have been lgggpin combination witlshading
undesirable speci€Buryea, et al1999 Stout 2002 There have been many successful
studies utilizing some form afarbon, such as wood chips anddawdust and sucroge
reduce nitrogerrying to give native species an competitive edge on exotics. However,
these have generally been practiced in prairie and grassland sysig@sAnt oni o 200 4
Blumenthal 2003ReeverMorghan and Seastedt 199®avis (2000)found that carbon
additions were effective in suppressing weed biomass and promoting native species
within a wetland prairie system in Oregon. Generally, the optiwabon to nitrogen

ratios is approximatel§0:1. Examples of a few amendmeatsl thé& carbon to

nitrogen ratios include corn stalks@dt:1, sawdust (weathered 2 montasp25:1 and
Doudasfir bark at 491:1.
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Shade material has been frequently utilized to control weeds. There are several

inadequacies when using shading fabwiab a species such as RCG. Most fabrics have

the tendency to break down as a result of prolonged exposure to sunlight, allowing the re

growth of RCG from underground rhizomes and g&tdnnard and Crowder 2001)
Additionally, typically the material ifoo light to remain in place, thus allowing RCG re
growthto literally push up the fabritom underneath due to the extensive amount of
carbohydrate storage within the rhizonfaglich 1994, Wisconsin DNR 2002)
Therefore, simply using a typical manafiared shade cloth, has not been shown to be

effective over the long term.

Mixed canopy layers allow for a reduced transmittance of light with a lower reddar
light ratio than direct sunlightLindig-Cisneros and Zedler (200&xposed RCG seeds to
low red:farred ratios and found that germination decreased by nearly 30 percent.
Canopy gaps were shown to increase invisibility in this studRCGS did not germinate

in no-gap treatments, regardless of species richn€&3Gdid germnate under a capy

with only onespecies, but was 43 percent lower in mixed canopy treatments.

However, duringa greenhouse experiment with threenthold reed canarygrass clones,
Maurer and Zedler (2002¢sted the effects of shadingthe expansion of new tillers.
They found thahew growthwasnot significantly affectedor those that remained
attached t@n unrshaded parental clon& herefore, it is noteworthy, that after a clonal
invadersuch as RC@stablishes, the shade cast by neighboring plants may no longer

inhibit growth or vegetative spread.

Based orconsultations with King County DNR employees damtdovners as well aghe
constraints of working on operating agricultural land, | established a set of objéatives
this research project that compliedwith ng Count yés regul ati
control methods examined fBhalaris arundinaceaontrol and riparian restoration were
founded on the RCG literature review aupplementarperennial invasive species

control literature.

ns
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The following chapters will focus on developing methods for controlling RIG
restoring infested riparian zones using carbon reduction, multiple canopy layers,

competition from native species and techniques for depleting the RCG carbohydrate
reserves.
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CHAPTER2. PHALARIS ARUNDINACERONTROL AND

RIPARIAN RESTORATION

2.1 INTRODUCTION ANDPROJECT BACKGROUND

The agricultural industry in western Washington can be tracdddsaearly as the 1820s
(Kantor1998). A majority of the agricultural land within King Coutigs within river
valleys and floodplains which are subject to frequent flooding and saturated soils. The
watercourses utilized for drainage of the floodplains typically flood due to the
accumulatiorof fine sedimentassociated with the spread of thedsiwe grass species,
Phalaris arundinacedreed canarygrass (RCG)Jyhe RCG biomass anahinance is
increased due toitrogen enriched agricultural runoff (Green and Galatowitsch 2002).
This in turn, leads landowners to clear the channels by dredgimgctice which

decreases the quality bébitat for native birds, wildlife, invertebrates and salmanids

The reestablishment of vegetated riparian buffers along agricultural watercourses is a
significant challenge, in large part due to competition msdenonocultures of RCG. In
addition to clogging watercourses, RCG does not provide sufficient shade or instream
habitat structure in the form of large woody debris (LWD) needed to constitute high

quality riparian and wstream habitat. Furthermore,sthelieved that RCG may harbor a
different and perhaps less desirable assemblage of invertebrates when compared to native
woody streamside vegetatig?SU & UW Coop Research Teammpublished data

2007) Thus finding effective and economical control mees for reed canarygrass is

imperative for these watercourses.

Reed canarygrass can alter the surrounding habitat by: 1) constricting flow in
watercourses; 2) filling shallow lakes and ponds, degrading fish and wildlife habitat; 3)
greatly increasingwapotranspiration, which can affect local shallow groundwater
characteristics (Antiea20032); 4) degrading water qlity particularly by elevating
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biological oxygen dmand(BOD) during the dieback of excessive biomass each year

(WSU & UW Coop Research Teannpublished data007); and 5) arresting natural
plant succession on the s{tentieau2002. These alterations can result in a complete
passage blockage (physically and tméigh temperature and/or low dissolveg/gen
(DO)) for anadromous salmonidsiring a portion of the year, generally lst@mmer and
earlyautumn(WSU & UW Coop Research Tea2d07).

2.2PHALARIS ARUNDINACERONTROL RESEARCH PREECT OBJECTIVES

The objectives of the riparian vegetation enhancement section of this project:include

a) finding a BestManagement Practices (BMP) prototml the effective

control/eradiation of reed canary grass, and,;

b) determining a method for providing native ground cover and woody riparian
vegetation that is vigorous, shade producing and proWdeiat for insects that

constitute prey for salmonids.

2.3 PILOT PROJECT D&CRIPTION

As a part of this research project, a successful method for reducing the vigor of RCG and
eventually removing RCG was investigatelb test numerous treatments aferest on

the mtential suppression of RCG, a pilabject was implementeid the fal of 2002 and
spring of 2003. Responsatd werecollected throughout the spring, summer and early

fall of 2003.

Study Questionand Hypotheses
1. Will the applicationof steam provide a significant kill of the RCG?
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2. Does the allelopathic plarGaultheria shalloreffectively compete with

reed canary grass?

Will the cover cropTrifolium repengdretenseeffectively suppress RCG?

Will an allelopathic mulch placed on topRCG successfully suppress RCG?
Will shading RCG with a heavy opaque material effectively suppress the
RCG?

Ho: The treatmets of steam, a cover crop, an allelopathic plantallelopathic mulch
and shading do not successfully suppress caadry grasas measured by stem density

compared to untreated sample plots.

Ha: The treatments of steam, a cover crop, an allelopathic plant, an allelopathic mulch
and shading do successfully suppressicanary grass as measured by stem density

compared to untreatl sample plots.

Steam has been proven to be an effective treatment for numerous weedy dlozbieg)

et al. 1997Quarles 2001). In most cases, the efficiency of steam has been equal to the
use of herbicides. Most annual species are killed immeglidgavever, as with

herbicide, perennial species typically require additional applicat@uarles 200l The

use of steam has not been attempted on RCG to date. Most studies have been completed
with a system from the Waipuna Compdhttp://www.waipunacom)), whose steamers

reach a temperature 88° C (~208° f. This studyemployeda steamer that is

programmed to reach much highhemperatures. The steam vea44% C (300°

within the pressurized machine and edithe hose at38 C (~280° B.

The native shrulGaultheria shallorn(sala), is an allelopathic plant that releases an
allelochemical called tannins from the flowers, leaves and roots (Preston 2002). Various
studies have indicated that salal has a negative impact onghewth of coifer

seedlings after loggind’feston 200 sometimes al | ed a 0 Baateaglandc o mp | e
Comeaw2002. Tannins are able to bind proteins in a manner that negatively impacts the
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availability of nitrogen (Cornell Universit001). Salal was used in $hstudyto

gauge the impact that tanniasd nitrogen reductiomay have on the rgrowth of the

RCG. Salal isalsoevergreen and could provide year round sladtés establishment

within the drier areas of the agricultusiesalong the top of the bankhere the soil is
generally much drier, especially during the later part of the growing season

Additionally, a variety of wildlife species consume the leaves, flowers and berries of salal
(Boateng and Come&002).

Cloverwastestedn the pilot progctdue to a direct observation from a site visit during

the summer of 200@here it seemed to be surviving in the presence of surrounding RCG.
Planting fast growing cover crops to compete with and suppress aggressive invasive
species while the desiredespies become established has been utilized in some
agriculture and prairie restorationse(B/ and GalatowitscB003). Gunti et al.(1999

found that red cloverT{ifolium pratensé reduced the biomass of the invasive hedge

bindweed Calystegia sepiuirin a greenhouse experiment.

Adding carbon sourcdsave been proven tedue nitrogen availability within the soil
resulting in weed suppressiamere they have been applied in addition to slipdieeds
(Stout 2002Duryea et al1999). At the time of his study, milch has beetested
(ReeverMorghan and Seastedt 19%®avis 2000 Zink and Allen 1998Davis 2000
Blumenthaletal. 2008 or bi n and DIBodaver,dhe use of@teniiadly)
allelopathicmulchfor weed suppressidmas not been repad from a scientific study.
Hogfuel is the debris which falls off of the first saw in a sawmill (the hog). This usually
includes strips of bark as well as an array of wood chip sizes. This allows for a more
densely packed materiaRed Cedar Hogfuel &s also tested for allelopathic tendencies
on lettuce seed germination, seedling growth and RCG rhizome regrowth.

Shade material has been frequently utdize@ control weeds. The principgawback
with using most shading fabrics with a species ssdR@G is the propensity for the
material to either break down as a result of prolonged exposure to sunlight, allowing the
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re-growth of RCG from underground rhizomes and seed, or that the material is too

light to remain in place, thus allowing RCGgmwthfrom underneath. RCG stores an
extensive amount of carbohydrates within the rhizomes. Therefore, simply using a
typical manufactured shade cldths not been shown to be effective over the long.ter
Carpet wagested in this study due to the weightlod material and resistance to break
down in ultraviolet light.A biodegradable material of equal weight and density will be

generated if this material is successful.

2.3.1 Field Pilot Project Methods

The pilot projectook place along a watercouraeanagriculture sitevithin the

Sammamishalley AgricultureProductionDistrict in Woodinville, WA

Each plot vas placed linearly along a watercouaséhe pilot study project sitduring the

fall of 2002 Each plot is one treatment cell (subplot) evahd 10 cells long. Theveere

three replicates of these 10 treatment cells. The cells are 1.5 meters by 1.5 meters. The
RCG within all three plots and all treatment cells was mowed and tilled to remove the
aboveground biomass and loosen the rhizomdse top ~15 cm of soil. A trench of ~30

cm was placed around each cell and a rhizome barrier placed in eachdresroove

any rhizomatous connection with the surrounding parental cloRes treatments were
assigned randomly within each replicatéotp Examples of the treatments are listed

below inFigure 2.1.
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Steam
Red Cedar Densely planted | Cover Crop i Shade Control
Hogfuel i salal - Trifolium
25 cm deep Plugs / 90 per | repens/pratense
cell /1 per 10 seedmix, 0.5 pd
cm sq per cell
No Steam
Red Cedar Densely planted | Cover Crop - Shade Control
Hogfuel i salali Trifolium
25cm deep Plugs / 90 per | repens/pratense
cell / 1 per 10 seedmix, 0.5 pd
cm sq per cell

Figure 2.1. Reed canary grass treatment designThree replicatesof each
treatment were placedlinearly along the watercourse.

The Steam Machine (Stinger 1) wasunted on the back of a pickup truck, along with a
generator and a water tank. The watasheated within the steamer artdam was
sprayed on the plots signed to this treatment. After one week, the additional treasment

noted werenstalled.

The cells assigned to thembsely planted salédeatment werdivided into 10 cnsquares.
One salal plug waglanted within each square. Those ca#isignatedor the cover crop

treatmenthadTrifolium repens / pratenseeds spread on tof).5 pounds per cell.

The allelopathic mulch composed of red cedar hog fuel was applied in an undecomposed
condition in order to maximize the concentrations of allelochaisieithin the wood and

bark. A 25cm layer of mulch was placed on top of the cells.

The shading material utiligefor this pilot project wasarpet cut in 2.25 meter squares to
test whether carpet materfalovides both the strength and weight neededuppress the
re-growth of the RCG rhizomesThis fabric was used due to the low cost (free) and the
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density. With favorable results, a biodegradable fabrisiafilar density and weight

could potentiallypedeveloped.

RCG gem censity wagneasured bweekly to determine the success of each applied
treatment. A one meter square walsiced n the middle of each treatment.o®elswere
permanently placed in each cell to verify that the measuresmesreaken in the same
place. By counting the returnmpRCG stems within each plohestem density of the

RCG waddetermined throughout the spring and summer of 2003.

2.3.2 Red Cedar Hogfuel Allelopathy Studyethods

To determine whether the reddee hogfuel is allelopathic, lettuce seeds s@edlings
were waered with eithehogfuel tea for those in thegfuel HF) treatment ofreshtap
water br the control treatment. Red cedagfuel was inundated with water for 72 hours
to make the hogfuel tea. Ten replicates of five lettuce seeds were placed @afite

and watered daily witkitherhogfuel tea or water for five week3he treatments were
continued on the seedlings as the seedling radicle was measured from the point of

germination until the end of the five week period.

Additionally, tensoil sample trays (~20 cm x ~20 cm) containing field soil and RCG
rhizomes were collected from tle&perimentakite for use in the green house at the
Center for Urban Horticulture. The RCG rhizomes were equally divided and randomly
placed within the trays witfield soil. Five wereehosen to be randomiyatered with

hogfuel tea and the other five were watered with fresh tap water.

The data weranalyzed using a two sample paitebest formeans The seeds,

seedlings and RCG rhizomes watered with hogkeelwere compared with those watered
with fresh water. The datacdluded in the analysis werg) the number of lettuce seeds
germinated; 2) the final lettuce seedling radicle length; and 3) the final number of RCG

stems grown from the rhizomes which wpresent in that tray.
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2.3.3 Soil Testing

Soil core samples were taken from the soil undehtiggueltreatments along with the

control plots at the end of the summer, 2003. These samples were dried and sent to the
University of Massachusetts soil laboratéoy testing. The results indicated that the
nitrogen was not significantly different for the soil under the treatments versus the control
plots.

2.3.4 Pilot Project Results and Discussion

None of thereatments embedded withime steam treatment differecim thetreatment
without stean{cover crop- p = 0.41, salal p = 0.23 mulch- p = 0.26, controt p =
0.114) All of the treatments, hogfuel, salal, cover crop, and shading resnlteduced
RCG growth (p #.064)(Table 2.1)

Table 2.1  ANOVA results for the final RCG returning stem countsfor the pilot
project.
Df Sum of Sq | Mean Sq F Value p
Treatment 4 58608.2 14652.05 2.643 .064
Steam 1 5880.00 5880.00 1.061 .315
Treatment:Steam 4 8027.00 2006.75 0.362 0.833
Residuals 20 110886.7 5544.33

Figure 22 illustratesthe reed canarygrass stem count for each treatment over the 2003
growing seasanThe RCG stem count withoontrol plots which were exposed to the
steam treatment increased over the season, even more so thansteamed control
plots(Figure 2.2) The plots which were exposed to the steam treatment and were then
planted densely with saladitially had fewer returning RCG stenat the beginning of the
season.Neverthelessthe average of the treeeplicates indida ahigher number of

RCG stems at the end of the sealietl for the steam/salal plots versus 77 stems for the

no steam/salal plots)it should be noted that for all treatments, replicate three yielded a
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higher number oRCG stems than the other two reptes for almost every treatment.

This higher value does not change the results of which treatments were more successful,
however. As expected, those cells covered with the shade treagsi@ted in ndive

RCG stems by the end of the sea@oi .03(Figure 2.3) The mulch/hogfuel treatment
began the season completely covered with the hogfuel and with zero live RCG stems but
producing a few RCG stems by the end of the season, an average of 23 for the steamed

plots and 33 for the nesteamed plot§=.10 compared to control plots)

The final stem count took place on Septembé&tdiging theaverageeailts for each

treatment usedithin the pilot projector the end of th003 season (Figure 2.3ptem

count data from the growing season of 2Q@fdate that two treatments were

particularly successfulWith the high rate of variation (again, predominantly due to

replicate #3)only two of the treatments were significantly different from the control

cells. The hogfuel and shade material treatradmnthether used with or without steam)
suppressed the reed canarygrass significantly when compared to the control plots and the
other treatments. These two treatments have been expanded upon and utilized within the
principal projectdiscussed in the nesection,along with riparian vegetation restoration
treatments Again, the grass was mowed and tilled before each treatment, allowing for a
reduction of live RCG after one season than what would be available if the site had not

been tilled.
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2.3.5 HogfuelAllelopathy Test Results

The results indicate that the redcedar hogfuel is abi¢op for lettuce seed germination
and growth by reducing the number of germinating seedsst, df = 9p = 0.005) and
radicle length T-test, df = 9p = 0.000).

Lettuce Seed Germinatior

Mean Seed Germinatior
N
(6)]
1

Control Hog Fuel Tea

Treatment

Figure 2.4 Lettuce seed germination results for the hogfuel tea treatment.
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Figure 2.5 Lettuce seedling radicle length for the hogfuel tea treatment.

The red cedar hogfuel tea also reduced the RCG rhizome regrowth when comparing the
stem count of the rhizomes grown with hogfuel tea versus those grown with(Water
test, df = 4, p 9©.05.

Red Cedar Hog Fuel Allelopathy

5 O Tea
4 | Control

RCG Stem Coun

Treatment

Figure 2.6, RCG returning stem count within the hogfuel tea treatment.
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2.4  PRINCIPALFIELD PROJECT DESCHITION

The treatments from the pilot projewith significant RCG reductiowere modified and
re-developed for further study. Theseatments included:) ared cedar hogfuel
treatmentnd 2) adense, heavy shaatoth treatmentpoth ofwhich were combined

with theplanting of native species for-k@getating the watercourse as directed in the
second objectivéB) noted at the beginngnof Chapter Two ObjectiveB is listed as:
fidetermining a method for providing native ground cover and woody riparian vegetation
that is vigorous, shade producing and provides habitat for insects that constitute prey for
salmonids dhese new treatmentive been applied within the principal project
implemented in the fall of 200@nd are describad furtherdetailbelow.

The following research questiovasaddresseth this field research section of my

project

1) Will the following treatments negadly affect the density akturningreed
canarygrass?
a) burlap/compost layedensely planted with native specm@eviding multiple
canopies (RCG batrrier)
b) red cedar hogfuel densely planted wititiow species $alix sitchensis
c) red cedar hogfugdlaced on top of RCG with tHRCG barrieron top of the
hogfuel

The following two research questions were addressed in response to observations in the

field from the first research seasand are addressed in Chapters Three and Four

2) Is Scirpus micrgarpusan effective competitor with reed canarygrass?

3) How long doreed canarygrass rhizomes need to be covered with a weed block fabric

to deplete the carbohydrate reserves?



4C
2.4.1 Field Project Methods

2.4.1.1 Study Site§ Threesiteswere chose withinthe Snoqualmie and
Sammamistgricultural Production Diicts (APD) ofKing County(Figure2.7). These
are an agricultural farm (Woodinville, Sammamish ARByjure2.8), a livestock site
(Woodinville/Redmond, Sammamish APBjigure29 a ndn at wr al 0 site (DLt
Snoqualmie APDJFigure2.10). These sites were chosen due to the occurrence of thick
and continuous swards of RCG along the agricultural waterbody, ease of access, and the
lack of planned dredging by the other researchers pattiggpa this project.

I
2 Maple yallay

Auburg

A d Black..
@ |Upper Green River APD | i#mond

| it o~
= =
J ~ Enumclaw Plateau APD
| ]
¥ 03
T YA

Figure 2.7.  King County Agricultural Production Districts.
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Figure 2.8  Plot Location at the Agricultural Site. (Samammish APD)

Figure 2.9, Plot Location at the Livestock Site. (Samammish APD)
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Figure 2.1Q Plot Location at the Natural Site. (Snoqualmie APD)

2.4.1.2 Treatment Design
Treatment #1 Reed canarygrass barrigreatmentdor thefield projectconsised of
employng aRCG barrietthat was developed specifically for this study. Burlap fabric
was placed on top of mowed RCG and compe®b tm deep) was placed on top of the
fabric within two by three meter plots. Burlap fabric was then placed on top of the
compost and staked on each wereusedasa The bur |l
biodegradale alternate to carpet amiie to the weight and shade that they provide (as
shown by the carpet in the pilot project to suppress RCG) as well aslihetalplant
within the compost allowing for reegetation of the watercourse and additional
competiton for RCG. Carpet is predominantly comprised of nylon, olefin (a
polypropylene material), and/or polyes{stoxy Media2007), most of which are not
biodegradable, or certainly not within a sufficient period of time, for example, nylon
takes 3040 yearsa biodegrade.
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When plants or stakes are placed within the fabric, RCG competes with the plant/stake,

and grows up through the hole and again on top of the fabric. With this design, the RCG
underneath the mat will not be exposed fanyyears ant na capable of competing

with the more desirable planted vegetation. Therefore, RCG seed and rhizome fragments
from elsewhere are the chief concern fegrewth on top of the mat. In accordance with
objectve B, and in order to provide a habitat whichlMaé competitive with theotential
availableRCG seeds and rhizome fragments, plants were chosenvegegation that

will provide the maximum shade possible and numerous canopy.lay®rsoted in the

RCG control literature review, ultiple canopy lagrs were proven to be successiul
preventingRCG germination under mixed canopy layers (Lir@igneros and Zedler

2001) Maurer and Zedlef2002)also found that RCG regeneration and growth from
rhizome fragments was limited by 95 percent (25 penmazhiction in survival) under

heavy shading.

Basedon the results fromdr. Zedlerand her students amibm theRCG contol section

in Chapter Ongthe plant specig®r theRCG barriettreatment were chosen due to their
ability to: a) provide two or threeanopy layers at any point Wit the plot b) emerge

early in the seasgas does RC@Gnd c) tolerate web dryconditionsdepending on
placement othe bank. Additionally, three speciddupus spectabilis, Vaccinium
ovalifoliumandRibes bracteosupwere chosen due to tinebility to attract

invertebrateso the site Allan et al. (2003) noted that these understory species tended to
harbor a high percentage of invéntate biomass, many of the taxare also found in the
stomach samples of juven#galmon. The species that willbeedwi t hi RCGt he #

barried t r eat ment o ftare listed bplowiiffigure2da | projec

In addition tothe RCG barrier treatment, two additional treatmemse tested.
Treatment #1 RCG Barrier treatment Burlap fabric vasplaced ormowed RCG wit
25 cm of compost and another layer of burlap placed on top with a déstbplanting

design
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Treatment #2 Hogfuel/Willow treatment Burlap fabric wagplaced on top of

mowed reed canarygrass with 25 cm offuel and another layer of burlap on top with
90 cmwillow stakes(three foot)placed within af density of 12 stakes per pldthe

willow stakes were planted 25 cm.

Treatmeat #37 Hogfuel/RCG Barrier treatmentTwenty five centimetersf hogfuel wa
placed on top of thRCGwith the saméarrier used in fieatmentt1 placed on top of the

hogfuel

#1 - RCG Barrier #2 - Hogfuel / #3- Hogfuel / #4 - Control
Willow RCG Barrier

Plantings Willow stakes 1.5ft ctr Plantings
Burlap Fabric Burlap Fabric Burlap Fabric
Compost, 25 ¢cm 25 cm Hogfuel Compost, 25 cm
Burlap Fabric Burlap Fabric Burlap Fabric

25 cm Hogfuel

Figure 2.11 Treatment description and layout example.

The thredreatmentgplus one controljor the principal project are illustrated in Figure
2.11. Three replicates of the four plotgere placed at each tifree different sitem two
Agricultural Prodict Districts

Plots at the natural site and agriculturalsitgere2 x 3 meérs and the plotst the
livestock site were 1 x 2 meteré. randomized block experimental desigas
implemented with thregeatments (plus control) within threécks (or replicates)
chosen randomly at each site, or nieplicates of each treatment in totalhe reel
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canarygrass wasowed with string trimrarsto height of ~5 cnand atrench of ~30

cm was placed around each cell andhizome barrier placed within threnchto remove

any rhizomatous connection with the surrounding parental clones

2.4.1.3 Data Cdéction
RCG Stem density waseasured bweeklyduring the growing seasdfebruary
through Novemberfor two years2004and 2005to determine the success of each
applied treatment within the principal proj@ster two growing seasong\ppendix A

displaysthe treatnent arrangement at each site.

Percent cover of vegation within each plot wagcorded at the end of the second
growing season to determine survival and competitive efficacy of the planted native
species with the RCG.

Data were analyzegsing a Two Vdy Analysis of VarianceThe Tukey HSD procedure

was utilized to guarantee the overall alpha level of 0.05.
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RCG BARRIER
(PROJECTED MULTI-CANOPY
COVERAGE @ 2 YRS)

Scirpus microcarpus SCMI
(small-fruited bulrush)

Rubus spectabilis RUSP
(salmonberry)
Lonicera involucrata
|
(black twinberry) L

Symphoricarpos albus | gyal
(common snowberry)
Rubs parviflorus RUPA
(thimbleberry)
Cornus sericia (stolonifera) | ¢
(Red-osier dogwood) OBk
Salix sitchensis
(Sitka willow) SAsl
Ribes bracteosum RIBR.
(stink currant)

PLOT: SCALE:
2 X 3 METERS NTS

H

MOVING
UPLAND

Figure2.12. Spacing and designforthei RCG Barri er 0streat ment g



2.5 FIELD PROJECT RESULTS

A significant treatmerand site interactio exists p = 0.043)(Table 2.3. This
interaction is due to thdF/RCG Barrier treatment obtaining a higher RCG stem count at

the Agriculture site than at the other two siiegure 2.13) If the line were prallel

there would not aite bytreatment interactionThis interaction effegbresents situation

in which one is unable to definitively state that any one treatment or independent variable

significantly impacts the dependent variable (the returning RCG) in the ANOVA.

Table2.2  Two-way ANOVA results for the final RCG returning stem counts.
Df Sumof Sq | Mean Sq F Value p
Treatment 3 3337438 1112479 101.74 0.000
Site 2 132895 66447 6.07 0.008
Treatment:Site 6 178229 29705 2.72 0.043
Residuals 20 218695 10935
Stem count for each treatment at each site
1400.0
~— \
1200.0

1000.0

== Control

600.0

—o— HFWillow
—8— RCG Barrier

400.0

HF RCG Barrier

Mean Stem Count per Treatment

200.0

0.0

Ag Site

Livestock Site

Natural Site

Figure 2.13

RCG returning stem count for each site and treatment.
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With the interaction in mind, all three treatments resulted in fewer returning RCG

stems than what established in the control plots as stem counts for the control plots are
higher tran for all three treatments at each site (Figure 2.13). The RCG Barrier alone
treatment was the least successful at all three sites at reducing the returning RCG stem

count and was not statistically significant (Figure 2.14 and Table 2.2).

RCG Retuming Stem Count For All Three Sites

1600

1400

1200 A

1000

800 A

RCG Stem Coun

600

400 +

200 -

Control HF/Willow 1 RCG Barrier HF/ RCG Barrier

Figure 2.14. Awrage RCG returning stem count ér all three treatment stes.
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RCG Final Stem Count 2005 For All Sites

16000 -

14000

Agriculture D
Livestock -
Natural .

1200.0

10000

800.0

600.0

RCG Stem Count

400.0

2000

0.0

| - | [
Control RCGBarrier = HF/RCG Barrier HF/Willow

Figure 2.15. RCG Final Stem Count From The Three Sites Grouped by Treatment.

The treatments, Hogfuel/Willow (HF/Willow) and the HF/RCG Barrier were the most
successful overalhut varied by site. The HF/Willow treatment was more successful at
the Agriculture sit€Figure2.16) and the HHRCG Barrier treatment was the most
successful at the Natural s{teéigure2.18). The HF/Willow and HF/RCG Barrier
treatments were not sigigantly different at the Livestock si{€igure2.17).

Additionally, except for the HF/RCG Barrier treatment at the Agriculture site, the
Livestock site had higher stem counts than the other two sites for the control and the

other two treatments.

The H-/Willow treatmentreduced the returning RCG stem count when compared to each
of the other two treatments at the Agriculture Site vimgnot statistically significant due

to the variation at the Livestock and Natural S{fegures2.16,2.17,2.18). However,

the HFWillow treatmentwas the most successful treatmertinat of the three siteshe

Agricultureand Livestock sites.
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The most successful treatment at ladural site was the HRCG barrier treatment,

although when looking at the high vartat among the replicates, the two treatmgnts
HF/Willow and HF/RCG Barrierare not statistically significantly differefrom each
other(Figure2.18). The stem counts are frotwo replicatesat the natural sitgs

replicate number one was completelyoiied in late spring of 2004 after the watercourse
channel moved during a major flood event. This site was also impacted by other flood

events and beaveredationon all of the woody species.

Agricultural Site - Year 2005

1600

1400

1200 -

1000 -

800 A

600 A

RCG Stem Count

400 A

200 -

Control RCG Barrier HF/Willows HF/ RCG Barrier
Treatment

Figure 2.16. Average RCG returning stam count for each treatment at the
Agricultural Site for the ending period of 2005. Error bars indicate tre
standard deviation among the three replicates for each treatment.



Livestock Site - Year 2005

1600

1400

1200 -+

1000 -+

800 A

600 A

RCG Stem Count

400 4

Control RCG Barrier HF/Willow HF/RCG Barrier
Treatment

Figure 2.17. Average RCG returning stem count for each treatment at the
Liv estock Site for the ending period of 2005. Error bars indicate the
standard deviation among the three replicates for each treatment.

Natural Site - Year 2005

1400

1200

1000 A

800 A

600 A

RCG Stem Count

400 A

200 A

Control RCG Barrier HF/Willows HF/ RCG Barrier
Treatment

Figure 2.18 Average RCG returning stem count for each treatment at the
Natural Site for the ending period of 2005. Error bars indicate the
standard deviation among the three replicates for each treatment.
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A Two-way Analysis of VariancéANOVA) was usedo examine the treatment main

effect, site main effect and their interaction effect on the stamtc The ANOVA

results are presented in Table 2.2 and the Tukey HSD pos hoc results are listed in Table
2.3

Each of the treatments were statistically significant when compared to the control RCG

stem count return and when compared to the other treestmasrall (p-value =0.000).

Both treatment and site have a statistically significant effect on the stem count (p=0.000
for treatment and p=0.008 for site). Post hoc comparisons shown below illustrate the pair

wise difference among all of the combiioats of treatment and site.
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Table 23. Posthoc multiple comparison results for the final RCG returning stem
counts.
Comparison Estimate Lower Upper Sig"
Bound Bound
CONT HFWiIll 850 536 1160 *
CON1 563 249 877 *
Agriculture HF/RCGbar
Site CON’i RCGbar 413 99.1 727 *
HFWIll T -286 -600 27.5
HF/RCGbar
HFWiIll T RCGbar -437 -751 -123 *
HF/RCGbari -150 -464 164
RCGbar
CONT HFWiIll 798 484 1110 *
CONi 775 461 1090 *
Livestock HF/RCGbar
Site CON’T RCGbar 336 22.5 650 *
HFWIll T -23.3 -337 291
HF/RCGbar
HFWiIll T RCGbar -462 -776 -148 *
HF/RCGbari -439 -753 -125 *
RCGbar
CONT HFWiIll 770 385 1150 *
CONi 878 494 1260 *
Natural HF/RCGbar
Site CON’i RCGbar 231 -153 616
HFWIll T 109 -275 493
HF/RCGbar
HFWIll T RCGbar -538 -922 -154 *
HF/RCGbari -647 -1030 -263 *
RCGbar

Note' - * denotes significant at 0.05 level.

In addition to counting the returning RCG stems, the percentage of vegetative cover was
also determined for each plot at each of the $kegires2.19 through2.24). Due to

high variation within each plothe six (out of 12) quadrageclosest to the watercourse
wereutilized for the Agriculture and Livestock sites. These charts and affiliated pictures
reveal which species used in this study not onfyigsad the harsh conditions of

competing with established RCG, high variations in water $eVigloding, beaver

predationand the willow borer, but which species thrived.
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Agriculture Site Vegetation
Percent Cover

O Salix sitchensis

B Rubus spectabilis

 spectabilis O Scirpus microcarpus

O Lonicera involucrata
/ B Ribes bracteosum
olucrata O Symphoricarpus albug
B Rubus parviflorus
O Cornus sericea
B Phalaris arundinacea

@ Bare ground

Figure 2.19 Percent cover for the Hogfuel/RCG Barrier treatment. Average ofthe 3
replicates for the 6 quadrates closest to the watercourse.

Figure 2.20. Photos of the quadrats shown above in the pie chart. Photos from the end of
the 2004 season.
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Livestock Site Vegetatior
Percent Cover

O Salix sitchensis

B Rubus spectabilis

O Scirpus microcarpus
O Lonicera involucrata
B Ribes bracteosum

@ Symphoricarpus albug
Scirpus microcarpus ® Rubus parviflorus
O Cornus sericea

B Phalaris arundinacea

W Bare ground

Figure 2.21 Percent cover for the Hogfuel/RCG Barrier treatment.
Average of the 3 replicates for the 6 quadrates closest to the watercourse.

Figure 2.22. Photos of the quadras shown above in the pie chart. Photos from the end of
the 2004 season.
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Natural Site Vegetation
Percent Cover

O Salix sitchensis

B Rubus spectabilis

O Scirpus microcarpus
O Lonicera involucrata

B Ribes bracteosum
nvolucrata O Symphoricarpus albug
B Rubus parviflorus

O Cornus sericea

Rubus pal yhoricarpus albus B Phalaris arundinacea

W Bare ground

Figure 2.23 Percent cover for the Hogfuel/RCG Barriertreatment.
Average of the 3 replicates for the entire plot.

Figure 2.24. Photos of the quadras shown above in the pie chart. Photos from the end of
the 2004 season.
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2.6. PROJECT DISCUSSION AND CONCLUSIONS

Both the treatment and the sitfeded RCG stem count (RCG regrowthThe treatment

effect variedby site for one treatment (the HF/RCG Barrier treatment at the Agriculture
site). The post hoc comparisons quantified the differences among treatments at each site.
These tests indicate thi#ie control stem counts were significantly higher than all three
treatments at all sites, except at the livestock site, where control count is not significantly

different than the RCG Barrier alone treatment.

However, the HF/Willow treatment has lonstem ount numbers overall (Figur@sl6-
2.18). This may balue to the unexpected positive effects provided by the compost added
to the RCG Barrier and HF/RCG Batrrier treatment for planting within. The compost

most likely provided additional moisture apdssibly nitrogen for the RCG.

One of the objectives of this research project was to provide maximum shade and
preferred invertebrates for salmonids, whether to benefit salmonids within the
watercourse itself or downs@m within the main channel imhich the watercourse

flows. The HF/Willow treatment alone would not be able to adequately meet this
objective. Past research by Joy Zedler and many of her students have shown that RCG
responds negatively to numerous canopy laflérslig-Cisneros and Z#er 2001,

Maurer and Zedler 2002)Stem count results fromynmixed canopy layer plo&cho

those results. Additionally, a more diverse herbaceous and woody plant species

assemblage would allow for a more diverse invertebzammunity Allan et al.2003).

My recommendation for controlling RCG and restoring agricultural watercourses would
be the Hogfuel/RCG Barrier treatment with the multiple species plantings. Providing
multiple canopy layers would allow for lower light levelsdahe additional spees

(Rubus spectabilid/accinium ovatunandRibes bracteosuyiwould assist in providing

preferred prg for salmonids.
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Salixsp. generally do not leaf out until mid to late spring (~mid April) while RCG

generally begins growth in January or FebruarheRNW. If other species are utilized
within the restoration/replanting, there is a greater chance for a few of the species to leaf
out earlier in the spring (for example, tBeirpus microcarpus, Rubus spectabilis and
Lonicerainvolucrat) providing someshade to the early returning RCG and

supplementary shade for the water courBee use of conifers may also be desirable but
were inappropriate for this studye to the height requirement of therm Preservation

Program FPPB programin King County unér which this land operate

With the Hogfuel/Willow treatment, the success of the restoration could be heavily
impacted by the poplar and willow bor&rfptorhynchus lapathj an introduced species
now ubiquitously established throughout western WastimgThis weevil attackethe
Agriculture and Livestock siggat the end of the 2005 season and destroyed up to 80% of
the willows at both sites (See Figure 2.25he damaged willows were cut off, removed
from the premises and destroyed so that thetamside would not mature. Many of the
willows recovered from the rootstock, however, the shade supplied for RCG control was

reduced dramatically and would not recover for at legsy@ars.

Figure 2.25 An adult willow borer ( Cryptorhynchus lapéhi) on an impacted willowstem

Placingwoodchips / mulchvithin wetland and/or riparian settingsven for restoration
projects, is considered the filling of a wetland #mel projecis thereforesubject to
inspection by the US Army Corps of Engineef$ie Corp will evaluate the project, and

unless the some aspect of the filling does not comply with the Endangered Species Act,
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the Corps will be able to allow the project under the Nation Wide Permit 27 (Bennett

pers.comm.2007). Usinged cedar hogkl for RCG suppression was successful in this
study and is recommended for use due to the weight, nitrogen reduction and its
allelopathic tendenciesA study published after the red cedar hogfuel was tested in this
research project also indicated inhitwtiof germination and suppression of hypocotyls
and radicle growth of lettuce seeds and seedlings. Five species of trees from the
souheast United States were testedhe Fouthernad cedarJuniperus silicicolaalso
significantly inhibited the growtbf a common weed in the southe&smodium
tortuosumDC (florida beggarweed) when compateda gravel mulch and control
(Rathinasabapathi et al. 2005).

Finally, if financiallyfeasible, a thicker fabric should be used in the future in place of the
burlap fabric for either of the treatments described above. A thick, compact, heavy, and
fully biodegradable fabric is in the process of being developed for weed control within

restoration projects but is not publicly available at this time

It wasobvious hat some species were superior in their ability to survive, compete and
thrive within the harsh conditions in which they were planted. A list of recommended
species from the species that were employed snpittject include Scirpus

microcarpus, Rubuspectabilis, Loniceranvolucratg Salix sitchensisCornus sericea

andRubus parviflorugSee Figure.12 for full list of species used).

I~

Figure 2.2. Photos from the Agriculture site (A) and Livstock site (B) from the end of
the 2004 sason.
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CHAPTERS. INTERSPECIFIC COMPEITION BETWEEN

PHALARIS ARUNDINACEAND SCIRPUS MICROCARPUS

3.1 INTRODUCTION

Field observations from both the experimental field sites and in some natural areas
indicate thaScirpus microcarpugsmall fruited bulrgh (SFB)) is capable othriving and
competing effectively witliPhalaris arundinacedreed canarygragéEwing and
Seebacher, personal observatioA)competition study between reed canaryg(&sG)
and small fruited bulrustvasconducted within the grebouse at the Center for Urban
Horticulture(CUH), University of Washington to test the cortipee abilities of these

two speciesn a controlled setting.

3.2 PLANT COMPETITION ECOLOGY

Plant competition, specifically intapecific conpetition is déined by Tilman(1997)as

Afan interaction in which an increase in
leadsto thedecrease in the population growth rate and the population density or biomass
of anot heThe esteneotgrowth inhibibn by the adjacent species determines

the degree of competitio€fawley 1997. The biodiversity of a plant community and

site is largely determined by inter and ing@ecific competition among the plant species
involved. The effects of this competitiom the plant community and biodiversity are

modified however by herbivores, pathogens and parag@swley 1997)

Species such as RCG aypically found in monocultureand are faced witmtra-
specific competition Bonsall(2007) partitions intraspecific competition into two
categories; scramble, which takes place when resources are allocated in a uniform

manneyand contest, when the resources are unequally divided-sjmdxafic

t
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competition takes place when two or more plants or clones rageeof RCG, of the

same species vie for the same resource (Bonsall 2007). Many clonal species have been
foundto dominate a site with one or two of the most fit cloc@geringliterally hundreds

of kilometers or hectareS€bens and Thorne 1985 There are several consequences of
intra-specifc competition. Te first could bex diminished size of the plaas the number

of individuals mount, referred to as the density effBetrk et al. 2003) Another could

bea shift in the gradient of sizes ofdiriduals within the populatigrand thirdly the
potentialloss of individuals as populatiatensity in the population increasesferred to

as selfthinning

Plants compete for one main abeg®und resource, lighand numerous below ground
resourcs from within the soil. These below ground resources include water, mineral
nutrients, valence and oxidation state and space (Casper and JacksormTh8®5 are
severalconflicting theories in resource competitio@ne such theorgtates that

competiton intensifies in habitats with higher productivity due to the high growth rates

and subsequent biomass. This in turn increases the competition for space and light. Less
productive habitats would tend to be less competitive, attracting those species/éhat

lower competitive ability (Wilson and Tilman 1991). Another theory advecthis

more intense competition may take place in less productive habitats, primarily for soil

resourcess they would tend to be limitWilson and Tilman 1991).

If one species is to prohibit the survival of another or exclude another species, there are
several prerequisites. First, the essential resources must be restricted. Second, interaction
between the two species must overlap for space and resamddhbird, me of the

species would nedd bebetter at capturing the shared resources (Aarssen 1983).

Connell(1983)proposedanking species based on competitive ability. He defines
competition asvhena particular specidsas a harmful impact on anothbut when only
one species is impacted, the term Aasymmet

asymmetry is strong, the species involved are able to be ranked based on superiority of
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how affected onewas by the other in the experiment. Of those speciggiresearch

studies exanmed that indicated competition, asymmetry was robust with 61%
demonstratinggsymmetricatompetition(Connell 1983).When comparing previous
studies for intra and intespecific competitiomifferences, Connefbund that in 75%f
the experiments, intrgpecific competition was equal to or stronger than ispecific

competition.

Scores of remarchers have trigd connect species traits with their competitive potential
in the field, both to predict distribution of speciesm@@ production gradient\(ilson

and Tilman 1991, Gaudet and Keddy 19Q8&ddy et al. 1998 and to determine
competitive abilities of a particular species with regardatatrollinginvasive species
(Graustein 1995, Wetzel and van der Valk 1998, GreerGGatatowitsch 2001, Perry et
al. 2004.

Two traits noted by Keddy et 4[L998 that have been shown to be good prediadbis
successful competit@re the relative growth rate and what Keddy refeesto
competitive effect.Competitive effectakesplace when a plant is able to inhibit other
plants,and in addion to competitive rggonse, being able to evade suppression,
encompasses tlommpetitiveability of a specie$Keddy1998,Rosch et al1997)

Plants that are fast growirgond are gneally tall within their communityhave eleated
competitive effect scorelRCG was determined to have a score of @foof 100

(Keddy et al. 1998) The only other species that had a higher competitive effect score out
of the forty eight in this study weBidens cernu&91%), a native species, yet considered
weedy by several weed referencasdLythrum salicaria(96%), an extraordinarily
aggressivenvasive speciesThestudyby Keddy et al. (1998)omparedforty eight

wetland species and the compe#tresponse of those species with a swafrdpecies

(Acorus calamus, Lythrum salicaria, Typha angustifolia, Carex crinita, Penthorum
sedoides, Eleocharis smallii, and Scirpus acutt®CGresponded negatively to the

competition with a relatively low coneitive response value.
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If RCG hasa high competitive effect scofthe ability to suppress othersut alow

competitive response scqte abilty to avoid being suppressed)symmetrical species
which has a high score for both competitive effect @sponse may be able to out
compete RCG in certain field conditionScirpus microcarpus/as not one of the species
included in the studgnd therefore, the competitive effect and response score for this

species is unknown.

RCG and SFB are both longdid perennials which are highlgizomtatous, similar in
height,up to2m for RCG, up to 1.5m for SEBFern2004) have similar rooting depth,
25 cm for RCG, 30 cm for SFEomes 1971Azim et al. 2001 pand similar specific leaf
arearatios(SFBblades 23 60 cm x 515 mm (Flora of North AmericapndRCG leaf
blades 1035 cm x 1018 mm and tapering [6ra of China).

3.3 SCIRPUS MICROCARPWHOLOGY

Scirpus microcarpuss an obligatevetland herbaceous perenrsaldgepredominately
found infreshwatemetlands. This species hasvo synonymssS. sylvaticugndsS.
rubrotinctus (Guard 1995)and two varietiesScirpus microcarpusar. longispicatus

and varrubrotinctus and three common names, Small fruited bulrush (Guard 1995),
Small flowered bulrusPgar and Mackinnon 1994and Paitled bulrush (USDA,

NRCS 2007). As with the reed canarygrass, | will use the acronym of the common name
of the small fruited bulrush, SFB. Sk8found along the entire west coast throughout
the upper Midwest and in tidortheast(USDA, NRCS 2007) The plants may grow as

tall as 1.5 meters tall withlump, triangular stems arising from thick rhizomes (Pojar and
Mackinnon 1994).Small mammals, suds the wandering shrew, ues species for
cover(Ingles 1961)muskrat atthe seeds, whileaterfowl geese and swagsnsume

the shoots andhizomes (Guard 1995)Jnlike RCG, which has been the subject of
numerousesearch studies undaken and articles written dnology and control, SFB is
generally onlyreferred o in vegetation surveys and species liswithin a few articles
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(Mallik et al. 2001, Jurries 2003, Lee et al. 2001, La Force et al. 2002, Schuller 2006,

Patterson and Cooper 2007, Treberg and Husband 1999, Schuyler 1976, Magee and
Kentula 2005, Mockler et al998, Stevens and Vanbianchi 1993).

3.4 COMPETITION PROJECT DESCRIPTION AND OBJECTIVES

The objective of thgreenhouseompetition experimemasto determine if SFBs an
effective competitor with thaggressive, invasive RCG. An effective competias

defined as a species that negatively impacts the performance of its neighbor by limiting
growth. In this case, limiting growth ismsidered the reduction of abegeound and/or
belowground biomass of RCG when grown with SFB (with isfeecific conpetition)

versus with intrespecific competition. In thiexperiment, | lookedt resource

conpetition. The ecosystem for the field experimisrd high resource ecosystem
(agricultural fields with drainage watercourses). This system experiences kyemgtal
levels of nitrogen from fertilizer and livestock and high soil moisture levels close to the
watercourse and high levels of disturbance due to mowing and flooding. It is assumed
that the species with high relative growth rates velkze most efietive competitoas

rapid growth would allow them to dominate the available space, produce more biomass

and acquire the most resources while doing so.

Along with the observationthat the planted SFB was thriving and competing with RCG,

it was observethat SFB was most successful when placed closer todtescourse and
within a site with higher nitrogen due tioe adjacentivestock farm (Seebacher, personal
observation) The competitive ability of a species typically changes with differing
nutrientand environmental conditions, the neighboring species and developmental stage.
In addition to testing the competitiveikiies of SFB with RCGtwo sal moisture and

nitrogen regime treatments were testétiis allowed me to determine if SFB is as
compditive with RCG within a wide range of environmental and nutrient conditions or

only within particular conditions and therefore, more site specific.
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The goal of this restoration project is to control RCG along and within watercourses on

agricultural lawl in King County. Within these systems, the RCG is mature, heavily
clonal and in most every case, a monoculture on the site. Hence, testing the competitive
abilities of the seedlings of these two species does not coindid¢hwicurrent

conditions of nany impactedites nor the conditions found for the majority of the
restoration projectsiithe PNW. [ therefore, used more matoaeeroot plants for each

species for this experiment.

3.41. Competition Experimern¥lethods

Sixty SFB plants werpurchased from Storm Lake Growers and 140 RCG plants were
collected fran the field. The plants wemhosen based on similarity in number of nodes
andrhizomelength. Ten plants werandomly chosen for an initial dry vggit analysis.
These data wereompaed with the mean dry weight analysis for each treatment at the
end of the stdy. Of the remaining plants, tlRCG andSFB wererandomly chosen for
each treatmer{two soil moisture regimes plus two nitrogen regimtés) aboveground
stems werelipped & 10cm and the plants were weighed. Past experiertbeplanting
bare root RCG and SHiasshown that the above ground biomass (stem lengtimeof
plantscan be quite variable and generallysdiemediately afteplanting It was
thereforeyemoved bfore weighing and planting. After weigng, the clipped plants
wereassigned a number for tracking poses. This information wassed to determine if
there is a correlation between the initial fresh weight ofi @éent and the final biomass.

An additonal tagging method wassed within the control pots (RCG/RCG) whkeone of
the RCG plants wasndomly chosen to be the RCG plant weighed at the end of the
experiment. Using bam®ot plants that are of a similar size based on number of nodes,
root lengh, and same length of al@®ground biomas®ducel the variation at the
beginning of the experiment. Randomly choosing which plesetre placed in each

treatmenprovided a Gaussiawlistribution among the treatments.
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Each two gallon pot with either twod&5 plants or one RCG plant and one SFB plant

wasplaced independently within its own tray for waterargl fertilizing. The trays were

placed in a complete randomized block design on a tabiéwzone 2 of the CUH
greenhouse (~21UC dayt i me,1/84ullsulight). iTheeht , 14
werel0 blocks with one of each of the eight treatments placed randomly in each block

(Figure 3.).

3.411. Treatments Nutrient, Soil Moistue and Competition

The high nitrogen level for this experimemas66.08 mg per kg (meandm three
samples with the NHand NG added together from the site) based on soil samples from
the livestock site in Woodinville. The lomitrogen level wa9.46 ng per kg based on

soil samples from the Anatural o site in Du

For the high soil moisture regime, the water level withmtray was kept @& depth of

~2.5 cm The low soil moisture regime was determined by averaging the precipitation

data from theMonroe and Tolt South Fork Reserve weather stations (Mdaraes

proximity to theSammamish sites and Tolt fos proximity to the Snoqualmie site). |

used the data for typical summer months, June through August, averaged over the last six
years, fron 2000 through 2005. The average rain per day for the two sites was 2.15mm.
Adjusting this to thesurface area of the potsaasfor this experiment allows for 800 mL

of water per week for the low soil moisture treatment watering regime.

The plantsvereplanted immediatelgfter receiving Two RCG plantsvere plantegber
pot (two gallon pots) for the control pots and one RCG plus one SFByzasplaced
together for the competition treatment (two gallon potd$)e soil moisture and nitrogen

treatmend wereapplied once each weeKlKhe plants wergrown together for 2&eeks.



67

Low SM Low SM Low SM Low SM
Low N Hi N Low N Hi N

SFB/RCG SFB/RCG RCG/RCG RCG/RCG

Hi SM Hi SM Hi SM
Low N Hi N Low N
SFB/RCG SFB/RCG RCG/RCG

Figure 3.1  Example of the eight treatments within one of the ten blocks.

3.4.1.2. Data Collectiorand Statistical Analysis
Above and belowground biomass was harvester both species within each treatment.

The abee ground plant material watipped 2cm above the soil surface and dried and
weighed. The below ground biomass wesnoved from the pots, washed, dried and

weighed.

The mean biomass values of RCG gnalone and RCG growwith SFB was analyzed
employinga Three Wy Analysis of Variance. As noted above, soil moisture, nitrogen
and compttion are the three factors involved and there are two levels for each factor
(Table 3.). The above ground, belowagindand total biomass means weairgalyzed

separately to determine exact impacts of the SFB competition.

Table 3.1 Factor and treatment layout.

FACTORS * Nitrogen Soil moisture Competition
Level 1 High High Intraspecific
(RCG/RCG)
Level 2 Low Low Interspecific
(RCG/SFB)
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3.6 RESULTS

Reed canarygrass and small fruited bulrregponded favorably to the high nitrogen
treatments. The RCG plants within the low nitrogen treatments did not respond
differently to high or low soil moisture treménts or to inter versus intra specific
competition. Conversely, those RCG plants exposed to the high nitrogen treatments did
exhibit greater biomass in the high soil moisture treatmehlthiough not statistically
significant, wthin the high nitrogenfigh soil moisture treatments, the RCG grown with
inter-specific competition (with SFB), showed evidence of lower faitbiomass

(above and below groundyerall than when grown with intigpecific competion (with
another RCG plant)(Table 3.2 andrigure3.2)

Table 3.2  Three-way ANOVA results for the final RCG biomass

Source Df | Sum of Sg| Mean Sq | F Value p

Moisture 1 220.91 220.91 9.241 | 0.003
Nitrogen 1 3939.06 | 3939.06 | 164.77 | 0.000
Competitor 1 36.100 36.100 1.51 0.223
Moisture*Nitrogen 1 255.68 255.68 | 10.695 | 0.002
Moisture*Competitor 1 11.220 11.22 469 0.495
Nitrogen*Competitor 1 28.728 28.72 1.202 0.277
Moisture*Nitrogen*Competitor 1 1.80 1.80 .075 0.785
Residuals 72 1721.24 | 23.906

Tests of BetweerSubjects Effects



RCG Dry Weight
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Figure 3.2. Total RCG dry weight. Circle indicates lower RCG total biomass when
grown with SFB under high soil moisture and high nitrogen treatment.

Figure 3.3  Photos of the plants for two of the treatments just before and after
harvesting.
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While examining the above and belgnound llomass, it was observed tHhalaris

arundinaceg RCG)consistently allocated more resources to above ground bigfréass
20 grams for RCG versus -4 for SFB)(Figure 3.4 within the high nitrogen treatments
while theScirpus microcarpuéSFB)consistently allocated more resources to below
ground biomass within all treatmer{#2-23 grams for high nitrogen treatments for SFB
versus 1213 grams for RCG{Figure 3.9. In fact, both above and below ground RCG
biomasswasreduced when grown with SFB in high nitrogen environmeaitsough this
was not statistically significarfEigure 3.4. Within the HSM/HN treatment, SFB
reducedhe RCGbelow ground biomass more than above ground bio(fagsre 3.5.

It seemglausible that the SFB ismployinga disproportionate amount bélow ground

biomass when competing with other spe¢kgure 3.5.
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RCG Above and Below Ground Biomass

40

Low Nitrogen

Biomass

High Nitrogen

RLoSM RHISM SLoSM SHiSM RLoeSM RHiISM SLoSM SHiSM

I Mean Above
I Mean Below

LSM = Low Soil Moisture R=RCGvs. RCG
HSM = High Soil Moisture DO e

LN = Low Nitrogen 5=RCG vs. SFB
HN = High Nitrogen

Figure 3.4  RCG above and below ground dry weight for each treatment. Red circles
highlight a reduction in RCG below ground biomass when grown with SFB
in the high nitrogen, high soil moisture treatments (S/HSM HN) compared
to grown in the same treatments with another RCG plant (R/HSM HN).



Scirpus microcarpus Above and Below Ground Biomass
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Figure 3.5 SFB above and below ground dry weight for each treatment.
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3.6 DISCUSSIONAND CONCLUSIONS

Both specie# this studyresponded negativetp the low nitrogen treatmentahether

grown with high or low soil moisture evith inter or intra specific competitionSFB did

show slightly higher biomass levels under low nitrogen/low soil moisture treatments, but
did not suppress RCG undeesie conditions anyorethan the RCG plant grown with

intra-specific competition.

An interaction effect between the nitrogen and soil moisture treatments was due to the
nitrogen level impacts on soil moisture, ie., the soil moisture level impacted the resulting

plant biomass only within the high nitrogen treatments.

A similar study by Pey et al. (2004) provided a different result. In their study, they
enriched the soil with carbon, reducing available nitrogen and then added fgiN NH
treatments up to 1.25 grams per wétble high nitrogen treatment for my study was 66
milligrams for @mparison) They foundhat the native sedge they test€dyex
hystericina(bottlebrush sedge) was successful at competing with RCG when grown from
seed in a carbon enriched soil, reducing the RCG biomass by 82%. When both species
were grown together isoil that was not enriched with carband at the highest nitrogen
treatment level noted abovRCG suppressed the bottlebrush sedge by @&y et al.

2004)

The difference in results could be due to the fact they there were comparing the tw
speciegrown from seed whereas in my stutliested two species grown from bare root
specimens, which is more indicative of the conditions would find in restoration
projectsin the field. Additionally SFBmay not have the same nitrogen uptake efficiency
under nitrogen poor conditions as does the sedge tested in the above mentionaddstudy
thereforemaybelessable to provide the suppression of RCGarex hystericindested

had an uptake efficiency alsiotwenty times greater th&CG nitrogen uptake

efficiency in the lower nitrogen level treatments (Perry et al. 2004).






