ABSTRACT

Title of Thesis: PLANT BIOMASS ALLOCATION AND COMETITIVE
INTERACTIONS IN COASTAL WETLANDS OF THE
CHESAPEAKE BAY: EXPERIMENTAL AND
OBSERVATIONAL STUDIES
Jenna Marie Clark, Master of Science, 2011
Thesis directed by: Dr. Andrew H. Baldwin, Departthef Environmental
Science and Technology
Wetlands are diverse environments whose vegetptimrides numerous natural
services including flood and erosion control andess nutrient absorption; however
conditions created by sea level rise and nutriefitijpon could lead to possible wetland
loss. To assess the responses of vegetationga ttuaditions in the Chesapeake Bay
tidal wetlands, an observational study and a coitgegreenhouse study were
conducted. An aboveground to belowground biomalssionship assessment was done
along a salinity gradient within a subestuary & @hesapeake Bay. The competition
study focused on the relationship between a nativka non-native species in the
aforementioned conditions. These studies revdaihedgmites australifad more
biomass and lower rooting depths than the n&jpartina cynosuroidesnder varying
conditions of salinity, competition, and fertilimat. Growth ofS. cynosuroidemay

facilitate the growth oP. australisthrough salinity uptake and root aeration, whiohld

have important impacts on wetland management pexcti



PLANT BIOMASS ALLOCATION AND COMPETITIVE INTERACTIONS IN
COASTAL WETLANDS OF THE CHESAPEAKE BAY: EXPERIMENTAAND
OBSERVATIONAL STUDIES

by

Jenna Marie Clark

Thesis submitted to the Faculty of the Graduateo8lcf the
University of Maryland, College Park in partial filiiment
of the requirements for the degree of
Master of Science
2011

Advisory Committee:

Dr. Andrew Baldwin
Dr. Joseph Sullivan
Dr. Dennis Whigham



© Copyright by
Jenna Marie Clark

2011



ACKNOWLEDGEMENTS

I would like to thank my academic advisor, Dr. Aext Baldwin, for all his time,
assistance, and support. Furthermore, | wouldtbk®ank my committee members, Dr.
Joseph Sullivan and Dr. Dennis Whigham, for theae#lent advice and support. My
deepest gratitude to the wonderful people at Mad/ldea Grant, especially Dr. Fredrika
Moser, | really appreciate all your help and suppdYithout the help of my dedicated
mentors, colleagues, friends, and family, | woubd Imave made it this far and | cannot
thank you enough. Thanks again to all of those hdncee helped me do field and lab
work: J. Allen, S. Allen, M. Arthur, L. Beckett, Brundage, J. Boehlke, M. Bonnier, L.
Clark, M. Clark, S. Conner, L. Jusiewicz, D. Pe@gSmith, M. Yepson. Additionally, |
would like to thank Dr. Bahram Momen for his asangte in statistical analysis, and the
staff at the University of Maryland Research Gremrge, Betty Morgavan, Sydney

Wallace, and Shaun Faulkner.



TABLE OF CONTENTS

CHAPTER 1: INtrOUCEION ...ttt e s 1
Objectives and HYPOthESES........cccooeeiiiiiiieeeee e 4
CHAPTER 2: Observational StUY .............ueeemmmeiiiiiiiiiiiiiiiiir e eeeeeeeee e 6
oo 11 o 1o o 1S 6
MEENOAS. ... e e e e 7
S | (o3 B 1T T ox o) (o ISP 7
Biomass COllECHON . .......uuuiiiiiiie e 8
Statistical ANAIYSIS........ooveveieier e 9
RESUIES. .t s 9
Belowground Biomass COmMPariSQN........ccoeeeeeeeeeeeeeeeeeeeiinennnnnmnnaneens 9
Aboveground Biomass COMPAriSON...........eeiiiiiieeeeeeeeeeeeeeeeeeisieeeene. 12
SpPecCieS COMPOSITION......ccuuuriiiiiiiieee e e e e e e e e e e e e errnee e eas 13
DISCUSSION. ..ottt e e e e e e e e e e e e e e e e e e e e e e et e bt a e e e e e e e e e e aaaaens 18
Oligohaline Wetland Sites............ccooviiiiiiieiiiiicie e 19
Fresh Wetland Site.........coooiiiiiiiiiiii e 20
Brackish Wetland SiteS........cccooviiiiiiiiiiiee e 21
SpecieS COMPOSITION........evuuiiiiiiiieee e e e ee e e e e e e e ereeer e eas 21
CHAPTER 3: Experimental Greenhouse Study .. ..o 23
oo [¥ o 1o o 1SS 23
METNOAS. ... e e 26
MeSOCOSM CONSITUCTION. .....uuveeiiiiee e e e e e e e ee e et 26
Treatment APPlICALION .. .....iiii i 28
Experimental DeSIQN.........ccooiiiiiiiieeiie i err e e e 29
Sample ColleCHON...........uueiiiiiiee e 30
[ F= U 11 T USSP 30.
Nondestructive MeasUremMentS.........ccoovvvvieeeiieiiiiiiiiinne e eeeeeeeea e 30
APNIAS. .. ———————— 32
Destructive MeaSUIrEeMENLS. ........uuuuiiiiiieeee ettt 32
Statistical ANAIYSIS.........uuuuiiiiiii e 33
RESUIES. . e e et e e e e e ettt bbbt anne 34
SAlINITY .. 34.
Relative Growth RAteS..........cooviiiiiiiiiiiiiii e 36
210 4 F= TSRS 38.
Chlorophyll FIUOIr@SCENCE......ccoe e 45
Replacement DiagramlS........ccooeeeeeeeiiiieieeeiiiiiis s e e e e e e e 46
General ObDSErVatioNS.........oooiiiiiiiiiieeiiiii e eeeaeees 52
Nondestructive MeasurementsS..............uurveiiiiiiiieeeeeeeeeeeieeeeeeeeseeen 52
D o U 1] o] PRSPPI 57
Salinity Pulses and CompetitiQn..........cccceeviieeeeeeiiiiieeeeiiiviemeeeeeeees 58
Fertilization and COMPEetition............coovvviiiiiiiiiiiiiia e 59
Root to Shoot Ratio and Competition...........cceeeeeevvieeieiiiiiiiiiann 62
Management Potential.............ooooiiiiiiiiiiii e 63
CHAPTER 4: CONCIUSIONS ...coevviitiiiiiieee e e e e e ee ettt s s s s e e e e e e e e e e e eeeeaasseesmmmnnssssnnnnn 64
Recommended Future StUdIeS..........cooiiiiiiiiiiiiiiii e 65



APPENDICES ...ttt 69

APPENIX A: SAS PrOgramsS......ccceveeiiiiiiiiiiieeeeeeeeeeeeeeeesieeennreseeesannsnnnn 69
Appendix B: Pictures of Observational Study..............cooovviiiiiiiiiiiiiiinne 82
Appendix C: Additional Figures for the Observational Study....................... 83
Appendix D: Pictures of the Experimental Greenhouse Study.................... 86
Appendix E: Additional Figures for the Experimental Greenho&sedy........ 94
REFERENGCES ... oottt e e et e et e e e nne s e e e eaan s 101



LIST OF TABLES

Table 2.1: ANOVA table on depth and sub-site lamafior belowground biomass rooting
(0 0=T o1 g I 0= 1L (] 1 1T PP 12

Table 3.2: Summary of the four salinity regimesrabe two week treatment cycle on
MIXEA MESOCOSIMIS. .. .iiiiiiieiiiitiiii e e e e e e e eeetttteaa e e e e e e e e aaeeeeeeeeessssbnnnmnesssstesnnnaaaas 34

Table 3.3: ANOVA summary fdP. australis’overall RGR, which was calculated from
stem height measurements taken in June and Dec@@beifor all treatments. ............ 36

Table 3.4: ANOVA summary fdP. australis’average RGR, which was calculated from
stem height measurements taken in June, July, @bpteand December 2010 for all
LU= 11 41T LT PP 37

Table 3.5: Root to shoot ratios IBf australisandS. cynosuroidem varying levels of
nitrogen and COMPELITION. ....ccooie e errrr e e e e e e e e e 45

Table 3.6: ANOVA summary fdP. australisfor early RGR measurements from stem
height measurements taken in June, July, and Sbpte2010 for all treatments............ 53

Table 3.7: The effects of nitrogen fertilization e relative growth rate (RGR) Bf
australisin the early months based on the stem height meamnts taken in June, July,
and SeptembBDEr 2010, ... .. e ————————————————————— 53

Table 3.8: ANOVA summary fob. cynosuroide®r early RGR measurements from
stem height measurements taken in June, July, epigi@ber 2010 for all treatments. ..54



LIST OF FIGURES

Figure 2.1: Comparison of the belowground biomassmaeh sample quadrat averaged

over each sub-site, showing the high variation betwsub-sites................cccceeevvinnnes 0.1
Figure 2.2: Belowground biomass depth distribubased on 10 cm core sections....... 11
Figure 2.3: Comparison of the aboveground biomasasared in 1-mquadrats averaged
OVET ACKH SUD-SITE ... e e e e bbb 12
Figure 2.4: Comparison of aboveground biomassetéh most abundant species....... 14
Figure 2.5: Comparison of aboveground biomass df séde by sub-site showing the
three highest producing species in each sub-site............ccccovvvvviiiciiiii e, 15
Figure 2.6: Comparison of the number of differgre@es in each square meter sample
quadrat for @ach SUD-SItE .........oiiii e 16
Figure 2.7: Comparison of the number of differgre@es in each square meter sample
0] ) PP UUPPPPPTTRPRRPRPN 17
Figure 2.8: Comparison of the number of differggges in each square meter sample
plot for each site and DIOMASS ..........cooviiiiiic e 18
Figure 3.9: Construction diagram of the mesoCoSm...............oevvviiiiiiiiiiiee e, 28

Figure 3.10: Outflow water salinity levels ovematweek sampling period of only
MIXEd SPECIES MESOCOSIMIS. ...ceiiiiiiiituntiaaas e e e e e eeaeeeeeeeeetttbassa e e aaaaeaaaaaaaasaaaaaeeeeees 35

Figure 3.11: Surface water salinity levels ovewa week sampling period consisting of
MIXEA MESOCOSITIS ... ciiiiiiis e e ettt e e et ea e e e e et e e e e e e et e e e e eetta e e e e s eernnnssa e eeseesnnnnes 35

Figure 3.12S. cynosuroidesverall relative growth rate calculated with Jamel
December stem height measurements in varying lefelgrogen additions and
competition WithP. @USTIAlIS........cooiiiiiii e 37

Figure 3.13: Average relative growth rateSofcynosuroidem differing planting
treatments and nitrogen fertilization [eVelS...............uviiiiiiiiiieeeeeeees 38

Figure 3.14: Aboveground biomasskafaustralisin varying levels of nitrogen additions
and competition Withs. CYNOSUIOIAES. ........cccvviiiiiiiiiiiiiiie e e e e e eeeeeee e e e e e e e e e eeeeeaaannes 39

Figure 3.15: Aboveground biomass compariso8.afynosuroidesm varying levels of
nitrogen and competition in different salinity MBS ..o e 40

Figure 3.16: Belowground biomass®fcynosuroidem varying levels of nitrogen and
competition in different salinity regimes ... 41

Figure 3.17: Monoculture mesocosms rooting depttepas comparison by 10-cm depth
increments of each speci€s,australisandS. cynosuroides............ccccovvvvevvviiienceneennn. 42

Vi



Figure 3.18: Rooting depth pattern comparison ohocolture mesocosms by 10-cm
depth increments fd?. australisin varying levels of fertilization ............cccccevvvivnnnnnns 43

Figure 3.19: Rooting depth pattern comparison ohocolture mesocosms by 10-cm
depth increments fd8. cynosuroidem varying levels of fertilization...........ccc.......... 44

Figure 3.20: FF, (leaf fluorescence) values 8f cynosuroidem varying levels of
fertilization and differing salinity regiMeS. .cecc..veeeiiiie i 46

Figure 3.21: Replacement diagrams visualizing freeiic yields of each specids,
australisandS. cynosuroidesn fertilized mesocosms subjected to four différgalinity
1T 1 0 =PRI a7

Figure 3.22: Replacement diagrams visualizing freesic yields of each specids,
australisandS. cynosuroidesn unfertilized mesocosms subjected to four déife
SAlINILY FEOIMES. ..iiiiiiieeeeieiei e s e e e e e e e e e e e et e e et ittt a s e e e e e e eeeananaaaaaaaaaeeeeeenennnnnnns 48

Figure 3.23: De Wit diagrams visualizing the relatyields of each specidg, australis
andS. cynosuroidesn fertilized mesocosms subjected to four diffeérgalinity regimes

................................................................................................................................. 50
Figure 3.24: De Wit diagrams visualizing the relatyields of each specidg, australis
andsS. cynosuroidesn unfertilized mesocosms subjected to four défe salinity

(=T 0 |10 0123 TSR PPPPRPUPUPPRRRIN 51

Figure 3.25S. cynosuroidegelative growth rate calculated between July agpt&nber
stem height measurements in varying levels of génoadditions and competition wigh
AUSTIANIS . oot e e et —————————————————— 55

Figure 3.26S. cynosuroidegelative growth rate calculated between June and
September stem height measurements in varyingsi@felitrogen additions and
competition WithP. @USTIAlIS.......ccooiiiiii e 56

Figure 3.27: Regression analysis to establish lamatric relationship between stem
height and aboveground biomass using the datactedlen December 2010................. 57

Vii



CHAPTER 1
Introduction

Wetlands are ecologically productive and diversarenments that have
important ecosystem function and value. The végetavithin these environments
assists in flooding and erosion control in coastalironments, as well as act as a natural
filter for excess nutrients (Mitsch and Gosseli®©3). This is an important
characteristic of wetlands, because high nutrientaff can cause eutrophication in water
systems, which can be detrimental to the ecosystEm. vegetation within the wetland
system adds organic matter to the soil, which aléov wetlands to counteract natural

erosion and compaction.

Plant stress in wetlands is caused by a varietgatbrs including, but not limited
to salinity and inundation. Depending on whatsoes are present growth may need to
be compensated with different mechanisms to allewpiant to survive. For example,
the conditions predicted from accelerated sea-leselmay lead to increased salinity and
inundation levels which could be major stress fec{@palding and Hester 2007).
Increased salinity levels can be toxic to freshewatant species and some oligohaline
species. As summarized in Howard and Mendelssb®®9@), salinity causes stress in
vegetation by the accumulation of ions and toxmtghe soil, high water stress from
increased osmotic potential in the root zones,thaduildup of ions within the plant
tissue. Additionally, the increase in floodingdteency will decrease soil oxygen
concentration and as a result create an anoxiesweifonment. Anoxic soil conditions
are stressful growing environments for many plgeicges (Pezeshki 2001) because

nutrient uptake in root systems is dependent og@xyconcentration in the soil (Morris



and Dacey 1984) and root respiration. Each cfelstressors alone can decrease the
biomass production in the plant species. Togdtiesge two stressors can limit plant
production due to the energy used to diminish ffexts of the unfavorable conditions
(McKee and Mendelssohn 1989, Howard and Mendels&6B8a, Spalding and Hester
2007). By not producing high amounts of biomalssre will be less organic material
inputs, which could result in slower accretion sapgthin these environments. Lower
biomass production could also result in lower setiéntion capabilities and erosion
control. Higher erosion rates, like those predidteJamaica Bay, NY (Hartig et al.

2002), could lead to lower elevations in wetlandd aventual subsidence.

Wetland environments are able to adapt to natemlevel rise with natural
accretion (Morris et al. 2002). However with thregicted accelerated rates of sea-level
rise in the Mid-Atlantic region (Titus et al. 200%)e natural wetlands could be lost due
to low accretion rates and decreases in elevalonet-Peterson et al. 2007) or higher

erosion rates (Hartig et al. 2002, Titus et al. 20@ariotti et al. 2010).

Nutrients are often seen as beneficial to plamnivgt@and can help ameliorate
stressors like salinity and inundation (Linthunst&eneca 1981, Howes et al. 1986).
Excess nutrients, like nitrogen and phosphorusadded to the coastal wetland
environments from a variety of anthropogenic sosirneluding agricultural inputs and
urban outflows. The increase in fertilization ntause plants to shift from production of
belowground biomass to aboveground biomass, becduike decreased need for
belowground systems to forage for nutrients, treehsing inputs of organic matter and
lowering retention capabilities (Valiela et al. B9Minchinton and Bertness 2003,

Turner et al. 2004). By reducing belowground bissjdhe structure of the wetland soils
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may be compromised, so if the vegetation dies tbigawd could turn to open water
(Mendelssohn et al. 1981). This could cause simataretion and erosion problems as
the stress caused by increased salinity and flgoditendelssohn et al. 1981, Delaune et

al. 1994).

In addition to sea-level and nutrient stressongerdie coastal wetland
communities are threatened by the invasion of fighimpetitive non-native species.
Studies have shown that invasions of species, ashragmites australigCav.) Trin.
ex Steud., invade in disturbed wetlands; for exampktlands that have been subject to
increased salinity, flooding, and excess nutrieptits (Rice et al. 2000, Burdick and
Konisky 2003, Alvarez-Rogel et al. 2007, Chamber.e2008). Specificall.
australisis a high-biomass-producing species that creatdespread rooting systems
and dense monoculture stands once it invades (Géranebal. 1999, Rice et al. 2000,
Saltonstall and Stevenson 2007). ORcaustralisis established it often outcompetes
and shades out native species destroying the retogystem diversity (Haslam 1971).
Many state governments within the United Statesnd@eaustralisas a pest and work

hard to eradicate it (Rice et al. 2000) including Chesapeake Bay region.

In order to understand the dynamics of vegetagspanses in predicted coastal
wetland environments, an observational study acahapetition greenhouse
experimental study were conducted. To assessidhgalss production in example
coastal wetlands of the Chesapeake Bay, a biono#lsston study was conducted on a
salinity gradient along the Nanticoke River, a sibary of the Chesapeake Bay. This
study is fully described in chapter two. Biomaamples were taken to determine the

relationship between the aboveground and belowgltimmass production and the
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effects of salinity on production. Additionallypecies information was taken at each site
to evaluate if salinity affected the abundance dindrsity of species. To assess the
responses of vegetation and competition to predlicvoaditions of sea-level rise and
increased nutrient pollution, an experimental cottipa study was performed between a
native and non-native species. The experimentsietwn the competition between the
species by assessing the biomass production ofsgeiies. The treatments were
designed to mimic predicted sea-level rise anagén polluted conditions. Chapter
three will explain in detail this greenhouse contmet experiment. These studies,
summarized in chapter four, aimed to provide infation on the responses of wetland
environments to the predicted conditions of seallege and nitrogen pollution in the
Chesapeake Bay region. Additional information rdgey both studies can be found in
the appendices section. The appendices includec84&s used to analyze data (SAS
Version 9.2; SAS Institute, Cary, NC), additionedpghs and tables depicting all results,

maps of the surveyed areas, and photographs stubess.

Objectives and Hypotheses

To begin to understand how varying environmentaldtions and invasive species

will affect wetlands through the following:

1. To describe aboveground and belowground biomaasareships along estuarine
gradient through an observational study.

2. To examine the competitive response between a atimwenand a native plant
species under different levels of salinity and iemtis in a greenhouse

experimental study.



Observational Study Hypotheses
| expect that there will be higher belowground bémsiin the oligohaline
wetlands along an estuarine gradient on the Nakgiéaver.
The species diversity will be higher in the olighha or transitional wetlands
than in the fresh or brackish environments.

Experimental Greenhouse Study Hypotheses
Phragmites australisvill dominate in the lower salinity levels ovBpartina
cynosuroides.
Higher salinity levels will favor growth ddpartina cynosuroideis mixtures
containingPhragmites australis.
Higher nutrient levels will assist in the growthRifiragmites australisnore
thanSpartina cynosuroides.
Higher salinity levels and low nutrient levels wiisult in higher stress levels

of both species.



CHAPTER 2
Observational Study

Biomass Allocation of Tidal Wetland Plant Species lng a Salinity Gradient in the
Chesapeake Bay: an Observational Study

INTRODUCTION

Wetland vegetation is subject to stressors inclyigalinity, inundation, and
nutrient availability. The results of these di#fiet stressors invoke different responses
from the wetland vegetation communities. Foranse, increased inundation and
salinity are two expected results from sea-lead that will affect and possibly stress the
vegetation communities in wetlands (Spalding andtéte2007). Naturally the gradual
increase of sea level does not create debilitairess, because wetland environments are
able to adapt. Adaptation is seen by the natocakase of elevation which is created by
organic inputs like belowground and abovegroundnaiss (Morris et al. 2002).
However with the predicted sea-level rise accelemah the Mid-Atlantic region (Titus
et al. 2009), natural wetland accretion rates n@ybe able to keep up resulting in
wetland loss (Poret-Peterson et al. 2007). Anatbatributor to subsidence could be
from wetlands experiencing higher levels of erogrom larger tidal fluxes (Titus et al.
2009, Mariotti et al. 2010). Erosion is usuallyeiorated by vegetation containing
sediments with belowground biomass, but with inseglinundation wetland plants may
have trouble surviving the saturated conditionstdude anoxic conditions
(Mendelssohn et al. 1981, Pezeshki 2001). Theedserof belowground biomass levels
might be from the increase of nutrients (Valielaletl976, Levine et al. 1998, Morris
and Bradley 1999, Turner et al. 2004, Darby anch@u008) from anthropogenic and

natural sources (Foreman 2009) or from less biomastuction due to salinity and
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inundation stresses. Thus without the contribiohvegetation communities, marshes

can be reduced to open water (Valiela et al. 1D&faune et al. 1994).

One of the indicators of marsh collapse to operemiatthe reduction of
belowground biomass. To assess the biomass distiibof a particular region of the
Chesapeake Bay watershed, an observational stuslgavaucted on a salinity gradient
along the Nanticoke River. Previous observatiothefwetlands along the salinity
gradient suggest that the oligohaline or trans#ti@ones (0.5-5 ppt) sites may not be
keeping pace with sea-level rise in the ChesapBalavhich may indicate a lack of
belowground biomass (unpublished data L. Beckettla\llen). Due to the wide range
of species present (Sharpe and Baldwin 2009) agiddtiferent biomass producing
characteristics, the vegetation community could asve an effect on the distribution of
biomass. The transitional environments were argdt to see if salinity levels from sea-
level rise would have any effect on the distribntad species (Howard and Mendelssohn
1999a, b, 2000). It was hypothesized that thevioglound biomass would be high in the
transitional wetland environment and lower in thelwestablished brackish and fresh
wetland tidal zones due to the higher number ofiggeable to survive in the transitional
zones (Sharpe and Baldwin 2009). It was expetiattie transitional zones would have
higher diversity comprised of both halophytes anledti water species based on a

previous study done by Sharpe and Baldwin (2009).

METHODS
Site Description

The study was conducted at five locations alongliaisy gradient on the
Nanticoke River, a subestuary of the Chesapeake @athe Eastern Shore of Maryland
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(Appendix C- 1). Surface elevation tables (SET)jenmreviously set up by Leah Beckett
in 2007 at the fifteen sites in five different ltioas. There were three sites at each
location to act as replicates of the conditionsaath location. Sites were randomly
chosen with respect to location and distance fratamal levees which ensured that the
sites were located in the interior of the marshesSlL and 2 were considered brackish
wetlands with salinities ranging from 10-21 ppiteS 3 and 4 were considered an
oligohaline or transitional wetlands with salingtie|anging from 2-5 ppt. Lastly, site 5
was characterized as tidal fresh wetlands withdalinities from 0.1-0.5 ppt

(unpublished data L. Beckett).

Biomass Collection

At each of the 15 sub-sites, five locations eadh wiree replicate sites, three 1-
m? plots were sampled (i, ii, iii) resulting in aabbf 45 sample plots. On August 25-27,
2009, aboveground and belowground biomass samm@estaken from the sample plots.
Aboveground biomass was collected from 4 pivts, created with a premeasured PVC
guadrat, near the previously established SET sitpublished data L. Beckett). Sample
plots’ locations were chosen randomly with respet¢he SET site as a general guideline.
This allowed for the sample plots to representdilversity of vegetation at the different
locations. All of the aboveground biomass withia sample plot was cut completely to
the soil surface, and then placed into large pldsgs for transport. Stems were cut
down with serrated knives to ensure that all bisnaas collected. Belowground
biomass samples were taken at each sample ploaaibeeground biomass was
collected with a 5cm by 50cm peat corer resultmbalf cylinder cores. Each core was

then separated into 10 centimeter sections an@gliacbags for transport. Three cores



were taken at each plot and the sections were heniwed by depth to provide an

adequate description of each sample plot.

All samples were stored in a cold chamber (4°Qil processed to prevent
rotting. The aboveground samples were first seépdday living or dead samples, and
then the live biomass was sorted by species. €lmwground biomass samples were
rinsed on an 850 um sieve to separate the soilriafi®m the belowground biomass.
All samples were dried at 70°C to a constant weggtat then weighed to the nearest

0.01g.

Statistical Analysis

Analyses were done using a multi-way analysisasfance with a SAS program,
PROC MIXED, and the means were separated usingyld® (Saxton 1998) (SAS

Version 9.2; SAS Institute, Cary, NC).

RESULTS
Belowground Biomass Comparison

The total belowground biomass varied significaiéyween the sub-sites (Figure
2.1) ( =0.05, p=0.0011). Sites 1 and 2 had mean sakmging from about 159 to
about 30g, whereas values from sites 3 and 4 adj@r range of about 10g to about

40q9.
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Figure 2.1: Comparison of the belowground biomasmfthe 3 cores taken equaling an area of 0.00294 m
at each sample quadrat averaged over each sulstsiteing the high variation between sub-sites.liffBa
decreases from left to right.) Sites 1 and 2 aaelish wetlands, sites 3 and 4 are oligohalineamels, and
Site 5 is a fresh wetland environment. Values aitbraetic means; error bars are standard erroffef@nt
lowercase letters denote significant differencegaines ( = 0.05).

Rooting Depth Patterns

Based on the sub-site location, the three reglécat each site, there was a
difference in the rooting depth pattern with reggedhe amount of biomass per depth
between locations (location x depth 0.05, p = 0.0451) (Figure 2.2 and Table 2.1).
Comparative analysis was done between sub-sitetodtie high variation seen within
the sites (as shown in Figure 2.1). Site 3 hatl bwt lowest and highest value of all sites
and depths within the lower 20cm of the core. Addally, site 3 generally had the
lowest biomass at the top 10cm compared to the sttes. Site 5 had the lowest total
belowground biomass and the biomass was consiglentlthroughout the entire 50cm
depth profile. Site 1 had the highest top 10 cines Site 4 had the highest total

belowground biomass of all the sites. The highueslof site 4 were seen in the middle
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sections (10-40 cm below the soil surface) of sStdss4a and 4c cores. Site 2's values
were generally consistent with depth.

Belowground Biomass (g/n
0 1000 2000 3000 4000 5000 6000 1000 2000 3000 4000 5000 6000
1

O 1 1 1 1 1
abed aped  abed bcd  abed abed

10 — _

20 — _

30 _

40 |

I
| bed bed abed
50

0 1000 2000 3000 4000 5000 6000 1000 2000 3000 4000 5000 6000
1 1 1 1 1 1 1 1 1 1

bcd abcd  abed

\

abcd \} abcd

Depth from Soil Surface (cm)

11 bed abed \Y)
50
0 1000 2000 3000 4000 5000 6000
o 1 1 1 1 1

bed bed  aped
—e— Sijte A
—wv— SiteC

bed bed \

50

Figure 2.2: Belowground biomass depth distributiased on 10 cm core sections; points represeiztiae
from the entire 10 cm section. |. Site 1, brackishSite 2, brackish. Ill. Site 3, oligohalin®/. Site 4,
oligohaline. V. Site 5, fresh. Values are calcedbestimates based on measurements taken from the 3
cores equaling an area of 0.0029% mhich has been extrapolated to 1-piots. Values are arithmetic
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means; error bars are standard error. Differametoase letters denote significant differencesailues (
= 0.05).

Table 2.1: ANOVA table on depth and sub-site lamafior belowground biomass rooting depth patterns.

Source ndf, ddf F P
Sub-site Location 14, 150 7.60 <0.0001
Depth 4,150 2.83 0.0266
Sub-site Location x Depth 56, 160 1.43 0.0451

Aboveground Biomass Comparison

The amount of aboveground biomass was not sigmifig affected by the
location along the salinity gradient and significdifferences are only seen at some sub-
sites ( = 0.05, p < 0.0001) (Figure 2.3). The highest am@f aboveground biomass
collected was at sub-sites 1c and 2c. Site 1aowed a densely populated area of
Juncus roemerianuScheele and site 2c had a high percenta@paftina cynosuroides

(L.) Roth
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Figure 2.3: Comparison of the aboveground biomasasured in 1-fmquadrats averaged over each sub-
site. (Salinity decreases from left to right.)teSil and 2 are classified as brackish wetlantks 8iand 4
are classified as oligohaline wetlands, and Sits & tidal fresh wetland environment. Values aa&st
square means (n=3); error bars are standard ®&ifferent lowercase letters denote significanteliénces
in values ( = 0.05).
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Species Composition

High variation between the five sites or the fifteib-sites was also seen in the
biomass of abundant species seen pef piat, thus creating large standard error bars
(Figure 2.4 and Figure 2.5) € 0.05, p < 0.0001). Abundant species are defiméliis
study as species that inhabit at least two sitdgtamajority of biomass measured was
greater than 25g. The brackish sites, 1 and 2 deminated by the following species:
Spartina alternifloraloisel., Spartina patengAiton) Muhl., andSchoenoplectus
americanugPers.) Volkart ex Schinz & R. Keller. Sites 3 ahdvhich are classified as
oligohaline wetlands, have multiple different sgs¢ithe highest biomass producing
species ar@olygonum arifoliuni., Symphyotrichum puniceun.) A. Léve & D. Love
andTypha latifoliaL.. The highest biomass producer at Site 5, the fretand
environment, wag. latifolia with contributions fromimpatiens capensigleerb,

Peltandra virginica(L.) Schott P. arifolium,andS. puniceum.

13



Biomass (g.-"mz)

0 30 100 150 200 230 300 330 400
| |

N Gite
Site 2
B Site 3
EZTE Sited
B Site S

Acorus calamus

Impatiers capensk

FPeltandra virginica

Folvgorum arifoliom

Schoengplectus americanus

Species

Schoenoplectis fluvialtils -

Sparting alierniflora

Sparting paters -

Sympiyotichum puniceum

Nypha latifolia

Figure 2.4: Comparison of aboveground biomass e@ftéim most abundant species. Abundant species are
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Figure 2.5: Comparison of aboveground biomass oh edte by sulsite showing the three highest produ
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The number of species per sample plot varied betwab-sites, which is seen by
the large standard error bars (Figure 2.6F 0.05, p < 0.0001). The lowest diversity
plots were seen in the brackish environments, éslpesite 1¢ where the only species
present wad. roemerianugFigure 2.5) The highest values were seen at the oligohaline
wetland in site 4, specifically 4cThere was only a significant difference at the Oel@l|

between site 1 and 4 (Figure 2.7) (p = 0.0949).

Average Number of Species pef m

0 T T T T T T T T T T T T T T T

la 1b 1c 2a 2b 2c 3a 3b 3c 4a 4b 4c 5a 5b b5¢

Sub-site

Figure 2.6: Comparison of the number of differgmt@es in each square meter sample quadrat for each
sub-site showing the large variation between stéssi(Salinity decreases from left to right.) eSit and 2

are brackish wetlands, sites 3 and 4 are oligobalietlands, and Site 5 is a fresh wetland enviraiime
Values are least square means; error bars areasthedor. Different lowercase letters denote $icgunt
differences in values (= 0.05).
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wetlands, sites 3 and 4 are oligohaline wetlandd, Site 5 is a fresh wetland environment. Values a
least square means; error bars are standard Biffarent lowercase letters denote significant eliénces

in values ( = 0.10).

Comparisons of the amount of biomass, includingragoound, belowground,
and total, to the number of different species witach site showed no significant

relationships (Figure 2.8).
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(Salinity decreases from left to right.) Sitesrid&@ are brackish wetlands, sites 3 and 4 are ludifyze
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DISCUSSION

The evaluation of these sites was completed inrdodexamine the allocation of
biomass along a salinity gradient and biomassioalstiips with respect to species
diversity. The high belowground biomass valuedatbe attributed to the lack of

separation of live and dead belowground biomasgmadtother studies separated live
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and dead belowground biomass material and foundri@alues (Turner et al. 2004,
Darby and Turner 2008). Additionally values cob&lskewed based on different rooting
patterns of species, so tightly bound or densesgstems might not have been
appropriately sampled. There were differenceséndistribution and amount of biomass
by salinity and species diversity. This could hawplications for wetland management,
especially with regards to conservation and restorafforts, by knowing biomass

habits managers could create more stable wetlavicdbements.

Oligohaline Wetland Sites

As mentioned previously, oligohaline wetlands altimg estuary may not be
keeping pace with rising sea level; this could be tb low amounts of belowground
biomass contributing to the organic carbon in thiestrate relative to other sites. There
was low belowground biomass at the 0-30cm levdsvbéhe soil surface, which could
explain why there is a lack of additions and ratenas similarly explained in Hartig et
al. (2002) and Darby and Turner (2008). Howeves,lower values do not correspond to
any higher values seen in aboveground biomasssethites suggesting that there was
not a shift similar to the results seen in Valielal. (1976) study. The low belowground
biomass values could be from the species that pressent had wide spreading
rhizomatous systems, likeypha sp(Stevens 2006) or tight bulb root systems, kke
virginica (USDA 2002) that could have been missed when ét@Aground biomass
samples were randomly taken. Unlike site 3, sitad the highest belowground biomass
values of all of the sites and the values wereistar® with depth. Additionally, site 3a
had the highest average number of species peaptbthe rest of site 3 and 4 had

similarly high diversity. Together with the higlelowground biomass values, this could

19



indicate that there is facilitation or complemeityanf resources between the species at
site 4, which would result in high biomass prodoictas suggested by other studies
(Bertness and Ellison 1987, Bertness 1991, BertaedShumway 1993, Bertness and
Callaway 1994, Hooper 1998). Since site 4 hasam@aboveground biomass and high
belowground biomass; this may also indicate thatsite is nutrient lacking and the
species must delve deeper in the soil to find aaegautrients for growth (Gedroc et al.

1996, Darby and Turner 2008).

Fresh Wetland Site

In addition to site 3, site 5 had low belowgroumomass values throughout the
entire 50 cm depth sampled, and the lowest belowgtdiomass values of all sites
sampled. The low belowground biomass values wansistent across all three sub-sites
(Figure 2.1). These low values could indicateghly nutrient rich environment or
different species morphologies, where the rootysjesns do not have to search deeper
for nutrients as described in Gedroc et al. (1986}t could indicate a highly competitive
environments as suggested in Crain et al. (2004) vad similar results. When
examining the aboveground components of this gigeyalues for biomass are similar to
the other sites along the salinity gradient anel Sibad the second highest number of
species per plot. The high diversity could balaited to the low stress environment
which allows for competition to dominate in struatig the plant communities (Pennings
and Callaway 1992, Gough et al. 1994, Crain €2@04, Pennings et al. 2005, Sharpe
and Baldwin 2009, Engels and Jensen 2010). Sistilalies have shown a similar
relationship between high diversity values and lb@mass production due to high

competition levels (Almufti et al. 1977, Gough &t1994).
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Brackish Wetland Sites

Sites 1 and 2, specifically sites 2c and 1c, hadchighest aboveground biomass
on the salinity gradient which is similar to theutts in Gough et al.’s study (1994). The
high biomass values can be attributed to the higimass producing species,
cynosuroidesndJ. Roemerianuseen respectively at 2c and Tbe belowground
biomass at these sites was fairly consistent wafftldand had mid-range values for their
total belowground biomass which corresponds wistulte found in the study conducted
by Crain et al. (2004). The species diversity tslowest at these two sites compared
to the other sites along the salinity gradientis Vs expected due to the high stress
environment of the higher salinity conditions whymevents many species from
inhabiting these areas. Species composition tateéid by the species’ ability to survive
stress-inducing conditions and not competitiorhim brackish environments as suggested
in other studies (Pennings and Callaway 1992, Geugth 1994, Crain et al. 2004,

Pennings et al. 2005, Sharpe and Baldwin 2009, IRl Jensen 2010).

Species Composition

A widely discussed paradigm is that the high stexsvironments’, like ones that
are frequently flooded and have high salinity, cosifon is dependent upon stress-
tolerance and not competition as mentioned prelgous the more favorable conditions,
species composition is decided upon competitiowéen species. The relationship of
biomass and species richness can be attributdistpdaradigm as well. Other studies
have shown that there could be a weak inverseaetdtip between richness and the
amount of biomass (Almulfti et al. 1977, Gough etl@B4), which is seen in the

aboveground biomass distribution of this study.weer, the relationship is likely more
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influenced by environmental conditions, includingnent availability, water resources,
and light availability, which would dictate the aum of biomass produced and the
competition hierarchy (Gough et al. 1994). Theralso a trend within the distribution of
belowground biomass and diversity seen in thisysttiekre is more belowground
biomass in the highly competitive areas of highcgggediversity and low biomass in the
less diversity communities. This trend correspadidse findings in root dynamic studies
with respect to responses to nutrient availab{légdroc et al. 1996). The belowground
biomass trend corresponds to the diversity paradigoause there would be more
competition dictating species growth including regstems in more favorable conditions
leading to more roots. However in more stressimgrenments, energy is allocated to
survival through adaptations rather than expansidns observational study supports the
diversity paradigm of community species distribatidlso, adding information about
belowground biomass growth could add to our undaihg of vegetation dynamics.
Future studies could focus on biomass allocatioragyics, especially with respect to

evaluating wetlands’ persistence in the face ofleeal rise.

22



CHAPTER 3
Experimental Greenhouse Study

Understanding Factors of Biomass Allocation: a Comgtition Study between Non-
Native Phragmites australi@and Native Spartina cynosuroides

INTRODUCTION
One of the factors threatening diverse coastalandtenvironments is marsh

collapse or ‘break-up’, which can be caused byorerifactors including increased
inundation, vegetation dieback, and increasedenii Marsh collapse occurs when the
vegetation cannot survive in the wetland due togased flooding and the area turns into
open water. Invasive species can threaten the asitign of the native vegetation by
rapidly taking over in disturbed and often undibed environments. These invasive
species may out-compete native species and createaulture stands, which often
modify the environment that they inhabit. Althoutjese two factors are seen as negative
impacts on wetland ecosystems, invasive specidd balp combat complete marsh die-
back and preserve the wetland environments. Ineagrecies often modify high stress
environments to make them more conducive for tipewth, thus making them perfect
candidates for disturbed wetland environments (Badt Hartman 2003, Burdick and
Konisky 2003). Understanding how different speeidkreact in these different
environments will allow managers to create effexfvactices to sustain these unique

ecosystems.

Excess nutrients are added to wetland environnfesrtsa variety of
anthropogenic sources including agricultural in@nd urban outflows. Specifically
from October 2008-September 2009, there was amatstd 240 million pounds of
nitrogen going into the Chesapeake Bay from a pletlof sources along its tributaries
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including, but not limited to: agricultural runotiutomobile pollution, urban runoft,
industrial emissions, and treated wastewater (Fare209). Increase in fertilization,
like nitrogen, may cause plants to shift from prcichn of belowground biomass to
aboveground biomass thus decreasing inputs of mrgaaiter and decreasing retention
capabilities of the soil (Valiela et al. 1976, Mimicton and Bertness 2003, Turner et al.
2004). By reducing belowground biomass, the stinecof the wetland soils may be
compromised, which can lead to more inundationerahtually marsh collapse

(Mendelssohn et al. 1981).

Another factor assisting in the reduction of wedlatability is increased flooding
from sea-level rise and other anthropogenic sourdée sea level is higher than it has
been since 1870 and is continuing to rise up oaredimes (Titus et al. 2009). Higher
water levels could lead to marsh collapse fromirtiability of wetland plants to survive
the saturated anoxic conditions (Pezeshki 2001yiset al. 2002). The increase in sea
level is also expected to cause higher salinitglein the fresh (0-0.5 ppt) and
oligohaline (0.5-5 ppt) tidal wetlands. The condian of increased flooding and
salinity created by sea-level rise produces a kigtressful growing environment that
can lower biomass production (Spalding and He€i672 Without any vegetation to
add new biomass material, the wetlands could salmidie-back due to the low
concentration of organic carbon into the soil amallack of stability for erosion control

(Hartig et al. 2002, Morris et al. 2002, Poret-IPsta et al. 2007).

The stressful environments of disturbed wetlanddikely locations of invasion
of non-native species likehragmites australigCav.) Trin. ex Steud. (Rice et al. 2000,

Burdick and Konisky 2003, Alvarez-Rogel et al. 20CGhambers et al. 2008). Orée
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australisbecomes established, it often alters its surraxghdnvironment by increasing
accretion rates of the soil and modifying nutrieytling (Bart and Hartman 2003, Rooth
et al. 2003). Both of these modifications coddarse the negative effects of high
nutrient inputs and help prevent marsh collapsel(hpg and Hester 2007). To
overcome the stressful environments caused byifigoahd higher salinitie®). australis
uses long tillers (up to 10 m) and deep root syst@m to depths of 60 cm) to establish
connections to areas with more favorable conditinokiding ones with more nutrients
and/or lower salinity levels (Adams and Bate 198&t and Hartman 2002, 2003).
Additionally these root systems are able to trahsmxygen from oxic conditions to
saturated conditions to allow for expansion intéamorable anoxic environments (Brix
et al. 1996). The addition of fertilization alassistd. australisin surviving disturbed
and stressful growing condition®Rickey and Anderson 2004). By being able to serv
in flooded, saline condition®. australismay be a valuable asset in preventing marsh

collapse.

To assess if the conditions of sea-level rise agh hitrogen pollution will create
an environment where. australisis dominant over the native species, a greenhouse
competition experiment was conducted between thieenspeciesSpartina
cynosuroidegL.) Roth, and the non-nati\ australis These species were chosen due
to their similar morphological characteristics (ospecies are tall, clonal perennial
grasses) and their coexistence in similar marsir@mwents. It has been found that
these species coexist in the transitional wetlamg of both the Nanticoke and Patuxent
Rivers in the Chesapeake watershed (Sharpe anavida2@09). Spartina cynosuroides

is a native Chesapeake Bay species in fresh aw#tibhatidal marshes. It is a dominant

25



species in the Chesapeake Bay area, and it créetr@sis that is valuable to the wetland
ecosystem. This detritus is often used by muskgatsse, and other wetland species for
food and habitat construction (Silberhorn 1992uelo the high production of biomass,

it is said to be one of the most important tidatlared species (Silberhorn 1992).

The study was conducted to observe the competitteeactions between the two
speciesP. australisandS. cynosuroidesn fresh and oligohaline wetland environments.
The study was to visualize the characteristicS.afynosuroideandP. australisin any
of the proposed simulated environments with regardsomass allocation dynamics
hypothesized that th&. cynosuroidesould dominate in high salinity environments over
P. australisand the opposite would occur in low salinity enmimeents. However, in
high nitrogen environments, | predicted tRataustraliswould have an advantage or
cynosuroidesbecause the nitrogen addition could alleviatestness caused by high
salinity levels (Levine et al. 1998, Emery et &02).

METHODS
Mesocosm Construction

To measure the effect betwelenaustralisandS. cynosuroides varying levels
of nutrients, competition, and salinity, seventytmesocosms were constructed and
maintained in the Research Greenhouse on UnivesEMaryland College Park campus.
The mesocosms were constructed out of 13 gallonEHDiRIh density polyethylene)
rectangular pails (16.25” L x 13.25"W x 19”H) coimsmg growing medium (Ewing
1996, Howard and Mendelssohn 1999a, Lissner 4980). The growing medium was
created by combining three parts professional pgttnix LC-1 (Sungro Horticulture,

Bellevue, WA) and one part fine grade sand. Thamgpmix contains Canadian
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sphagnum peat moss, coarse grade perlite, gypsuhdadomitic lime. After initial
overnight saturation, the tested pH of the growmegium was around 6.1. This medium
was used to ensure the complete removal of belawgkbiomass at harvest without
additional previous material. Each mesocosm ihyjt@ontained six stems of either: all
P. australis all S. cynosuroidesyr three stems of each species, creating a rep&atdem
competition design (Gibson et al. 1999, Jolliff@@PConnolly et al. 2001). To mimic
the typical flooding regime of tidal coastal higlarsh communities of 30-35% observed
flooding (Mitsch and Gosselink 1993), each mesocas® flooded for 2.1 days each
week. This value is derived from the 30% obsefl@atling time over an entire week
period, resulting in 2.1 days flooded in a 7 dayetispan. Flooding levels were
maintained at 10 cm above the soil surface, andflooded levels were kept at 10 cm
below the soil surface. The systems were compiéigthed fortnightly to ensure no
excess buildup of salts or nutrients. In additmthe flooding, drip irrigation was
installed for each mesocosm with tap water to ra@ptewater lost via evaporation and
absorption, approximately two gallons a day. Tperapriate water levels were
controlled through a regulation system containimtyaan at the bottom of each system

with a tube to ensure proper flooding levels (FeyBr).
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Figure 3.9:The construction of all 72 mesocosms wtallows for proper drainage, complete belowgro
biomass removal, and water level of each mesocndapendentl’

The bottom drain was covered by a 1x2 mm screereawndloped by river rocks with
layer of weed prevention material on top to all@wvdomilete drainage. Whe
completely flooded, the water levels were reguldtg@ drainage hole at the calcula
flood water level. Additional growing medium wasded half way through tr
experimental time period due to material loss fananage and comction. After a
month of growth, 40% white shade cloths (Gempléviadison, WI) were installe
around each mesocosm to increase isolation of meswand prevent plants frc
falling over. Shade cloths also mimicked field cioths by partially shadinche sides of

the plants as seen in dense stands in the

Treatment Application

Each solution of the proper salinity and nutri@vdl was created individually fi
each mesocosm to ensure independence betweenfdhemmesocosms (persor
communicabn with B. Momen). Salinity pulse levels were amhed with Instant Ocee
synthetic sea salt to create four different lewélsalinity (0, 4, 8, and 16 ppt) (Aquarit
Systems, Inc. Mentor, OH). These values are basehde historical maximun
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previously observed maximum, previously observed-range value, and a control value
in similar locations along the Nanticoke and PatiwXivers (Sharpe and Baldwin 2009).
Each salinity regime was created using premeasugethiners of Instant Ocean in
mixing buckets, and the appropriate amount of tapeywas added to each. Eleven liters
and thirteen liters were alternated weekly; thimtéters was used to completely flush the
mesocosms. The high nitrogen treatment was basedaading rate of 300 g Nfyr

and achieved with granular urea (46/0/0) nitrogatilizer (Southern States Cooperative,
Inc., Richmond, VA). This loading rate was basadianid-range value of a literature
review of similar studies; the range of values weom 12 g N/myr to about 500 g
N/m?yr (Morris 1991, Mitsch and Gosselink 1993, Levétal. 1998, Crain 2007, Brin et
al. 2010). The low nitrogen treatment did not hamg nitrogen additions aside from the
small initial nutrient charge contained in the gnegvmedium and from mineralization of
organic matter in the growing medium. Nitrogeniidds of 1.74 g of granular urea
were sprinkled on the soil surface each week befeealinity treatment. The

experiment was conducted for six months.

Experimental Design

The experiment was a 3 x 4 x 2 complete factoaatiomized block design
resulting in 24 different treatments comprised ab&petition levels, 4 salinity levels,
and 2 nitrogen levels. There were three blockisi@éts replicates, and each block
contained each treatment once. The assignmergaifrients for each mesocosm was

completely randomized.
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Sample Collection

Rhizomes and small shoots of each species weectaad at wetlands adjacent to
the Clyde Watson Boating Launch on the PatuxenéRivBrandywine, Maryland. In
this oligohaline wetland, both species were coagstt similar elevations. Rhizomes
and shoots oP. australisandS. cynosuroidewere collected in March and April 2010.
The samples were then placed in growing mediurtairtfays and pots. The samples
were kept moist and fertilized in the misting roofithe Research Greenhouse until they

were ready for transplanting in late May 2010.

Planting

Approximately six stems were planted in each mesacin late May. Stems
were selected so that each mesocosm would havkasimitial biomass. This was done
by counting smaller clonal ramets as half of a sé&wh any shoots smaller than 3 cm
were not counted in the biomass calculations. rhifmames plus 1-cm of the stem were
planted beneath the soil surface. Mixed specienwsms contained three stems of
each species with similar initial biomass of egobcses. The different species were
initially planted at opposite ends of the mesoco#t.mesocosms were allowed to

acclimate for a week before treatments were applied

Nondestructive Measurements

Plant morphological measurements were made dunmgtowing season to
assess growth dynamic parameters and to quantifgssievels. Morphological
assessments were taken by surveying stem heightuander of stems in each mesocosm
in June, July and September 2010. Stem heights also collected during harvesting in

December 2010. These surveys were used to caaelative growth rates (RGR) per
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day over the entire six month growing period, whigks estimated using two different
methods: overall RGR and average RGR. Average Ba&drlated each of the three
rates between the four stem height measurementthandveraged them together.
Overall RGR was calculated by using the measuresitakén in June and December and
calculating the RGR between them using the whalemsinth time period. Early RGR
was calculated between June-July, July-SeptembdrJane-September to depict the
growing patterns throughout the experiment anchexk if there were any effects of
possible pot-bounding. A biomass extrapolation gieted by running regression
analysis to determine a relationship between steighhand aboveground biomass. This
relationship was then used to extrapolate the apouad biomass in September based
on the stem heights measured. This analysis wae skee if the results in September
were similar to the final results seen in Decembarrther extrapolation was not done for
the stem height measurements in June and Julyodhe high variability and possible

errors.

Additionally during the growing season, fluorescem@s measured using the
WALZ PAM-2100 portable chlorophyll fluorometer (WalEffeltrich, Germany) to
detect possibly photosynthetic stress. Measureradit/Fr, (leaf fluorescence) were
taken from the third leaf from the shoot apex (Adaand Bate 1999) which were not
dark adapted. When light energy is absorbed @afa bnly some of the energy can be
used for the process of photosynthesis and theingmgaenergy is released as heat or
light energy. This excess light energy is knowiflagrescence and can be quantified

with a chlorophyll fluorometer. The amount relehgéves an estimate on how much of

31



the light is being used for photosynthesis, whiah be used to assess the stress

experienced by the plant (Maxwell and Johnson 2000)

To assess the salinity treatments, a two week vgateisampling event was
conducted on only mixed species mesocosms. Thetgakadings were taken from the
outflow water from the regulator tubes and surfaager when available with an YSI

model 30 salinity meter (YSI, Yellow Springs, Ohio)

Aphids

During the six month growing period, there werservations of aphid infestation
on multiple mesocosms on both species. To eradtbataphids, pesticides were sprayed
in late September 2010 with a mix of Talstar (3 gal) (FMC Corporation, Philadelphia,
PA), Ovation (1 mL/gal) (Scotts-Sierra Crop PramctCompany, Marysville, OH), and
Enstar Il (2 mL/gal) (Wellmark International, Scimalourg, IL). The pesticides
controlled the infestation but did not eradicate déiphids entirely. In early December, to
prevent further damage, 1,500 ladybugs, 500 ladyloungeach block, were released in
efforts to further remove the aphids. The ladybuas little effect on the population of

aphids, but no further action was needed beforeelséing.

Destructive Measurements

Complete harvesting of all of the mesocosms wag dlofate December 2010.
To determine the effects of competition, fertilinat and salinity within the mesocosms,
biomass measurements were taken and then competieedn species. All aboveground
biomass was cut at the soil surface and then seghts were measured. The

aboveground biomass was then placed in paper bagsying and weighing.
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Belowground biomass collection procedures varidd/den the monoculture mesocosms
and the mixed species mesocosms. The belowgraonthbs in mixed mesocosms was
separated by species only and not by depth. Tassdene by splitting each mesocosm
down the original planting division line and followg the shoots of the individual plants
to its roots. Often there were coloration and rhotpgical characteristics that could
identify the species’ belowground biomass apatrt jfithere was no way of
distinguishing the sample, it was placed in an wukm species sample bag for each
mesocosm. These unknown samples were added anfaltibelowground biomass
amounts and were not included in the individuatgggebiomass calculations. In the
monoculture mesocosms, the soil was split intorh(Rorizons and the biomass was
collected by depth. This was done to comparedbgng depth patterns between the two
species as well as to compare how the treatmefetsted rooting depth patterns. Once
collected, all belowground biomass was washed ave2-mm mesh screen then placed
in paper bags to be dried to ensure that all satenml was removed from the biomass
(Megonigal and Day 1992). All biomass was dried tmnstant weight in an
environmental chamber at 35.2 °C with 12% humitbtyat least 12 days. To compare
monoculture mesocosms’ biomass to mixed speciesansss, the values were adjusted
by dividing by two to account for the differenceshiomass at the initial planting.
Statistical Analysis

Analyses were done using a multi-way analysis ofwvae with a SAS program,
PROC MIXED, and the means were separated usingyld® (Saxton 1998) (SAS
Version 9.2; SAS Institute, Cary, NC). Regressioalysis was done using PROC REG

in the SAS program.
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RESULTS
Salinity

The salinity levels within each mesocosm fluctuaiedr the week treatment

cycle within the outflow and the surface water ([€ak.2).

Table 3.2: Summary of the four salinity regimesrabe two week treatment cycle on mixed mesocosms.

Treatment Outflow Salinity Surface Water Salinity
Nitrogen| Salinity | Average + Absolute | - Average Average + Absolute | - Average
Level Regime | SE (ppt) Range Range SE (ppt) Range Range
(ppt) (ppt) (ppt) (ppt)
A 0.22+0.02| 0.10-0.50 0.11-0.36 0.22 +0}0R.10-0.80 | 0.13-0.3Z
No B 1.03+0.02] 0.10-1.90 0.86-1.1J7 2.38 +£0,00.80-4.20| 2.12-2.67
Nitrogen C 1.85+0.04 0.40-3.70 1.62-2.16 4.26 + 0.06.10-8.10| 4.00-4.45
D 3.91+£0.13] 0.90-9.6Q 3.17-4.941 7.75 % 0,11340-16.10| 7.22-8.27%
A 0.34£0.04| 0.10-0.90 0.18-0.41 0.29 +0}06.10-1.10 | 0.13-0.58§
Nitrogen| B 1.40+0.05| 0.40-3.20 1.13-1.49 2.16+0/10.20-4.10| 1.72-2.58
C 2.12+0.10 0.60-5.00 1.58-2.47 4.02+0.16.60-8.00| 3.37-4.68
D 4.08 £0.15] 0.80-8.80 3.20-5.3 6.83 £ 0,24820-15.80] 5.50-7.67

Values are average + SE. Salinities were measameixed species mesocosms only. Outflow salinity
was measured daily over a two week watering cyeléch started with complete flush of the mesocosms
and then a replenish charge for a total of 14 daysitflow water was collected from the regulatdoeu
after the standing water contents of the tube heshldrained out completely. Both the outflow sglin
and surface water salinity was measured with anrii&lel 30 salinity meter (YSI, Yellow Springs, Ohio
Surface water salinity was measured for 6 dayshefl4 day cycle when the mesocosms were flooded.
Salinities were achieved by adding salt water smhutf 0,4,8, and 16 ppt weekly with a 2.1 day fled
period and daily irrigation to replenish absorbed avaporated water. These four levels are refdoas

A, B, C, and D, where A is the lowest salinity @ied with O ppt) and D is the highest salinity éteel
with 16 ppt). Differences between salinity leveiss significant at the alpha equals 0.05 leveler&twere

no significant differences of the nitrogen treatimemthe salinity levels.

The levels would peak in the first two days of tne@nt application and decrease through

the remaining week for both outflow (Figure 3.1@yaurface water (Figure 3.11). The

outflow water salinity was lower than the surfacaev salinity, which is similar a study

done by Adams & Bate (1999) where their interdtiiater had a lower salinity than

their surface water.
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Figure 3.10: Outflow water salinity levels over wot week sampling period of only mixed species
mesocosms. Salinity levels increase from A toThe values represented are arithmetic means awkrage
over nitrogen levels. Error bars are standardrerro
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Figure 3.11: Surface water salinity levels over véo tweek sampling period consisting of mixed
mesocosms. Values represented are arithmetic measraiged over nitrogen levels. Salinity levels
increase from A to D. Error bars are standardrerro
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The average salinities of each treatment level vierad to be statistically different from

each other (= 0.05, p < 0.0001).

Relative Growth Rates
Overall RGR

Fertilization significantly increase®. australisgrowth compared to unfertilized
mesocosms (= 0.05, p < 0.0001). RGR #&f australiswas also positively affected by
the competition fronS. cynosuroidely an average difference of 0.00206 cm'atay*

from growth in monoculture mesocosms=0.05, p < 0.0001) (Table 3.3, see appendix

E-1).

Table 3.3: ANOVA summary foP. australis overall RGR, which was calculated from stem
height measurements taken in June and Decemb@rf@dall treatments.

Source ndf, ddf F p
Salinity Regime 3,30 0.57 0.6416
Nitrogen 1, 30 343.34| <0.0001
Competition 1,30 29.93 <0.0001
Salinity Regime x Nitrogen 3, 30 0.96 0.4234
Salinity Regime x Competition 3,30 0.34 0.7966
Nitrogen x Competition 1,30 0.05 0.8319
Salinity Regime x Nitrogen x Competition| 3, 30 0.30 0.8253

Bolded values indicate significance at 0.05.

In the fertilized mesocosms, the monocultureS.odynosuroidebad a significantly
higher RGR than the stems within the mixed mesososith P. australis.However, in
the unfertilized mesocosms, there was no signifidéference between mixture and
monoculture mesocosms, resulting in a significatgraction ( = 0.05, p = 0.0082)

(Figure 3.12).
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Figure 3.12:S. cynosuroidesverall relative growth rate calculated with June and Ddmmstem height
measurements in varying levels of nitrogen add#iand competition witlP. australis Plotted values are
least square means, different lowercase letterstdesignificant differences in values, and errorsbare
standard error (= 0.05, p = 0.0082).

Average RGR

Phragmites australisaverage RGR was increased with addition of urddizer
compared to unfertilized mesocosms=(0.05, p < 0.0016). The growth Bf australis
was also increased in mixture by an average differef 0.00206 cm cirday
compared to the growth in monoculture mesocosms{.05, p < 0.0001) (Table 3.4, see
appendix E-2).

Table 3.4: ANOVA summary foP. australis average RGR, which was calculated from stem
height measurements taken in June, July, SeptembeéiDecember 2010 for all treatments.

Source ndf, ddf F p
Salinity Regime 3, 30 1.48 0.2398
Nitrogen 1, 30 173.19| <0.0001
Competition 1, 30 12.00 0.0016
Salinity Regime x Nitrogen 3, 30 0.27 0.8447
Salinity Regime x Competition 3, 30 0.24 0.8692
Nitrogen x Competition 1, 30 0.18 0.6713
Salinity Regime x Nitrogen x Competitio| 3, 30 0.35 0.7923

Bolded values indicate significance at 0.05.
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As seen with the overall RGB, cynosuroidelad higher RGR in the fertilized
treatments than unfertilized mesocosms. There whsaosignificant interaction between

fertilization and competition at the alpha = 0.20d| (p = 0.0505) (Figure 3.13).
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Figure 3.13: Average relative growth rateSfcynosuroides differing planting treatments and nitrogen
fertilization levels. Plotted values are least &gumeans, and different lowercase letters indicate
significantly different values. Error bars showe atandard error (= 0.10, p = 0.0505).

Biomass
Final Aboveground Biomass

There was a significant interaction of the abovagtbiomass growth d1.
australisbetween the effects of competition and fertiliaat{ = 0.05, p = 0.0112)
(Figure 3.14, see appendix E-3). The abovegroumudss ofP. australiswas positively
affected by the addition &. cynosuroidem fertilized mesocosms by increasing
aboveground biomass growth®f australiscompared to growth within monoculture
mesocosms. In unfertilized mesocosms, there wasgndficant difference between the

levels of competition of aboveground biomass growfts. cynosuroides
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Figure 3.14: Aboveground biomassfaustralisin varying levels of nitrogen additions and conitjet

with S. cynosuroidesBiomass values d®. australisin monoculture were adjusted by dividing by two to
compare to mixed biomass values. Plotted valuesleast square means, different lowercase letters
indicate significant differences and error barsstamdard error (= 0.05, p = 0.0112).

The interaction of salinity regime, competitiondamtrogen was only significant at the
alpha equals 0.10 level (p = 0.0705) on the abawegl growth ofS. cynosuroides
(Figure 3.15). In fertilized mixed mesocosms va#tinity levels of A and B have
significantly different values than all of the urifeized mesocosms, except for the
unfertilized, mixed mesocosm at the C salinity leva salinity levels C and D,
monoculture, fertilized mesocosms have signifigantbre biomass than the unfertilized
mesocosms except for the unfertilized, mixed meswocat the C salinity level. The
monoculture, unfertilized mesocosms at the A sglilevel was significantly lower than
all of the fertilized mesocosms except for theilieed, monoculture mesocosms at the C

salinity level.
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Figure 3.15: Aboveground biomass comparisonSofcynosuroidesn varying levels of nitrogen and
competition in different salinity regimes. Biomagdues ofS. cynosuroidem monoculture were adjusted
by dividing by two to compare to mixed biomass ealuSalinity levels increase from A to D. Plotted
values are least square means, different loweredisrs denote significantly different values, asrtor
bars are standard error£ 0.10 p = 0.0705).
Belowground Biomass

The addition of nitrogen fertilizer increased betpaund biomass iR. australis
by 2.67 times compared to unfertilized mesocosms @.05, p < 0.0001) (see appendix
E-4). The amount of belowground biomas$&otynosuroidewas significantly affected
by the three treatments, salinity regime, ferttiima, and competition resulting in a

significant three-way interaction & 0.05, p < 0.0001) (Figure 3.16). In the unfezndd
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mixed mesocosms, the salinity regime did not affieetbelowground biomass growth of
S. cynosuroidesThe fertilized monoculture mesocosmssottynosuroidebad
significantly more biomass than the mixture mesotespecially at the higher salinity
regimes, C and D. All of the mixture mesocosmsawet significantly affected by the

different salinity regimes.
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S. cynosuroideBelowground Biomass (g)

Salinity Regime

Figure 3.16: Belowground biomass $f cynosuroide# varying levels of nitrogen and competition in
different salinity regimes. Biomass valuesSofcynosuroides monoculture were adjusted by dividing by
two to compare to mixed biomass values. Salinigle increase from A to D. |. Unfertilized mesoess

of S. cynosuroides Il. Fertilized mesocosms @&. cynosuroidesPlotted values are least square means,
different lowercase letters denote significantlffedent values, and error bars are standard errer@.05,

p <0.0001).

The rooting depth patterns significantly differeztuwseenP. australisandsS.
cynosuroideg = 0.05, p <0.0001) (Figure 3.17). Generalyaustralishad a higher
belowground biomass th& cynosuroidesspecially in the lower depths, 20-40 cm.
Both species had the highest biomass in the topertimeters of the soil and then
decreased with the increase of depth with the diaepf P. australisat the lowest
depth. S. cynosuroideseverely drops off in biomass below the 20 ceneméepth and

had very little biomass in the bottom ten centingete
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Figure 3.17: Monoculture mesocosms rooting deptitepsgs comparison by 10-cm depth increments of
each species?. australisandS. cynosuroides Plotted values are least square means, difféoar@rcase
letters indicate significant differences betweetugs, and error bars are standard erro=(0.05, p <
0.0001).

The effects of differing salinity regimes and ngem additions on rooting depth patterns
were also examined for each species. There wigmiiGgant interaction between the
rooting depth and the fertilization treatment oa tboting depth pattern &f. australis(

= 0.05, p=0.0221) (Figure 3.18). There was no differencd wepth of the amounts of
belowground biomass growth Bf australisin unfertilized mesocosms. AlternativeR),
australisin the fertilized mesocosms had a general decrgdasend with increasing depth

that was significantly different between the suefd® cm and the bottom 20 cm.
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Figure 3.18: Rooting depth pattern comparison ohooolture mesocosms by 10-cm depth increments for
P. australisin varying levels of fertilization. Plotted valuese least square means, different lowercase
letters indicate significantly different values agwor bars are standard error0.05, p= 0.0221).

The interaction of fertilization and rooting degtignificantly affected the rooting depth
pattern ofS. cynosuroideé = 0.05, p < 0.0001) (Figure 3.19%partina cynosuroides’
rooting depth pattern drastically drops off in tbeer 20 cm depth in comparison to the
higher 20 cm in both fertilization levels. In thefertilized mesocosms, the total
belowground biomass was generally lower than thdized mesocosms. Additionally,
in the unfertilized mesocosms the highest biomass at the 10-20 cm level and the
lowest was in the 30-40 cm level. In the fertiizmesocosms, there was a greater drop

off from the 10-20 cm level to the 20-30 cm levsr in the unfertilized mesocosms.
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Figure 3.19: Rooting depth pattern comparison ohooolture mesocosms by 10-cm depth increments for
S. cynosuroidei varying levels of fertilization. Plotted valuase least square means, different lowercase
letters indicate significantly different valuesdagrror bars are standard error{0.05, p < 0.0001).

The root to shoot ratio was calculated using the& eboveground and
belowground biomass data collected. BBthaustralisandS. cynosuroidesoot to shoot
ratioswere significantly affected by competition € 0.05,P. ausp=0.0261S. cynp <
0.0001), and the fertilization treatment= 0.05,P. aus.p < 0.0001S. cynp < 0.0001).
However, neither the effects of salinity nor anytteé interaction effects between
competition, salinity and fertilization were sigodnt. The higher monoculture values in
both species indicate that there was more belowgtdiomass than aboveground
biomass, whereas in mixtur®, cynosuroidekad a decrease in root biomass and a slight
change in shoot biomass causing a root to shaotaiatser to oneP. australisin
mixture had more shoots than in monoculture crgatifower ratio. In the fertilized
treatments, there were more roots than shootsnpadson to the unfertilized treatments

in both species. The unfertilized mesocosms hadtaiwo times the biomass in the
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belowground biomass than the aboveground biomiasthe fertilized mesocosms, both

species had a relatively equal number of roothtmts (Table 3.5).

Table 3.5: Root to shoot ratios Bf australisand S. cynosuroides varying levels of nitrogen and
competition.

Plant Species Planting . !\!itrogen Treatmgpt
Monoculture Mixture Fertilized Unfertilized
P. australis 1.58 +0.07* 1.33+0.07* 0.82+0.07* 2.09+0.07%
S. cynosuroideq 1.73 £0.10* 1.06+0.09* 1.02+0.10* 1.76+0.09%

Values are arithmetic mean + SE. * indicates $icgnice at = 0.05 within each species planting and
fertilization treatments.

Chlorophyll Fluorescence

The leaf fluorescence {fF,) measurements taken fBr australiswere only
significantly affected by the fertilization treatnte R/F,, values ofP. australiswere
higher in the fertilized mesocosms than the urifeetl mesocosms (= 0.05, p =
0.0486). The. cynosuroideB,/F, ratios were only significantly affected by the
interaction between the salinity regime and fezdilion at the alpha level equal to 0.10 (p
= 0.0846) (Figure 3.20). There were no significdifferences seen from the Tukey HSD

analysis between the means.
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Figure 3.20: F/F, (leaf fluorescence) values &. cynosuroidesn varying levels of fertilization and

differing salinity regimes. Values are arithmetians. Error bars are standard error=(0.10, p =
0.0846).

Replacement Diagrams

Yields were calculated with total biomass whiclkasnprised of above and
belowground biomass as described in Snaydon (1981the fertilized mesocosms, the
competitive effect is emphasized in both specigspared to the unfertilized mesocosms.
In all fertilized mesocosm$,. australiswas facilitated bys. cynosuroideg~igure 3.21).

In lower salinity levels, A and B5. cynosuroidewas unaffected by the competition with
P. australisin the fertilized treatments. However, in the f@gbkalinity levels, C and D,
S. cynosuroidewas slightly suppressed by the presence and groffRhaustralis. In

the unfertilized mesocosms, both species were gibyenaffected by the presence of
one another (Figure 3.22). There is a slight iatin that the growth d8. cynosuroides

is facilitating the growth oP. australisin the C salinity regime.
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Figure 3.21: Replacement diagrams visualizing theciic yields of each specieB, australisand S.
cynosuroidesin fertilized mesocosms subjected to four diffeérsalinity regimes. . A Salinity Regime II.
B Salinity Regime. Ill. C Salinity Regime. IV. D Baty Regime. Yield is the sum of the arithmetiean
of the belowground biomass and the arithmetic nadrmveground biomass for each treatment.
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Figure 3.22: Replacement diagrams visualizing thecic yields of each specieB, australisand S.
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De Wit relative biomass diagrams also allow for ¢benparison between the
levels of competition on a relative scale to equrges. As seen with the replacement
diagramspP. australis’growth benefitted from the presenceSofcynosuroides
fertilization (Figure 3.23). The growth &f australiswas generally unaffected by the
differences in salinity. However, the growth&fcynosuroidewas different at the
varying salinity regimes. In the lower salinitygmmes, A and B, the growth &.
cynosuroidesvas generally unaffected by the presence.australis. However, in the
higher salinity regimes, C and D, the growtlSofcynosuroidewas negatively affected
by the competition oP. australisin mixture. In the unfertilized mesocosnis,australis
was not affected by the levels of competition dfeding salinity regimes; the relative
values are generally consistent in all unfertilineelsocosms (Figure 3.24). T&e
cynosuroidegrowth differed based on the different salinitgirees in the unfertilized
mesocosms. In the A and C salinity reginfsgynosuroideappeared to slightly benefit
from P. australisin mixture. However, in the other salinity regen® and DS.
cynosuroidesgrowth was negatively affected by the growthPofustralisin mixture by

only slight amounts.
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Figure 3.23: De Wit diagrams visualizing the relatyields of each specidd, australisandS.
cynosuroidesin fertilized mesocosms subjected to four différealinity regimes. I. A Salinity Regime II.
B Salinity Regime. Ill. C Salinity Regime. IV. D Baty Regime. Relative biomass is the sum of the
arithmetic mean of the belowground biomass andttibmetic mean aboveground biomass for each
treatment over the relative yield in monoculture.
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Figure 3.24: De Wit diagrams visualizing the relatyields of each specidd, australisandS.
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General Observations

The growth ofS. cynosuroidediffered fromP. australisin culm distribution.
Phragmites australistulms spread out through the entire mesocosmsmaiind around
theS. cynosuroidegulms. However, th8. cynosuroidegulms kept dense patches in
the same location where the clonal ramets weriliyiplanted with little or no
expansion. This pattern was also seen in a cotigresitudy done by Saltonstall and
Stevenson (2007) between native and non-n&tivaustralis where the native.
australisgrew in dense patches similar to thecynosuroidesAdditionally, mesocosms
with P. australishad very little microtopography, whereas mesocoSntg/nosuroides

often had deeper holes forming where culms wergresent.

Nondestructive Measurements
Early RGR

To examine the components of the overall and aeeR@GR, early RGR was
examined for each species. FRoraustralisthere was only a significant effect of
competition in the June to September RGR .05, p = 0.0349) where mixture had
higher RGR values (estimated value = 0.02432+0.80@6 critday”) than
monoculture (estimated value = 0.02235+0.00063@mitday?) (Table 3.6). There was
a higher RGR in mixture than in monoculture duriinig time period. Fertilization had a
significant effect on the RGR &f. australisin all three time periods where there was
higher RGR in fertilized mesocosms than unfertdineesocosms (Table 3.7) € 0.05, p
< 0.0001). There were no significant interactiohghe treatments on the early RGR of

P. australis.
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Table 3.6: ANOVA summary foP. australisfor early RGR measurements from stem height

measurements taken in June, July, and Septembe@rf@0all treatments.

Source | ndf,ddf| F | p

June to July RGR
Salinity Regime 3,30 1.91 0.1499
Nitrogen 1,30 37.58| <0.0001
Competition 1, 30 1.65 0.2086
Salinity Regime x Nitrogen 3,30 0.35 0.7873
Salinity Regime x Competition 3,30 0.39 0.7640
Nitrogen x Competition 1,30 0.34 0.5667
Salinity Regime x Nitrogen x Competitign 3, 30 0.58 0.6349

July to September RGR
Salinity Regime 3,30 0.21 0.8868
Nitrogen 1,30 53.14| <0.0001
Competition 1,30 2.62 0.1158
Salinity Regime x Nitrogen 3,30 0.47 0.7082
Salinity Regime x Competition 3,30 0.22 0.8824
Nitrogen x Competition 1,30 0.20 0.6594
Salinity Regime x Nitrogen x Competitign 3, 30 0.54 0.6568

June to September RGR
Salinity Regime 3,30 0.41 0.7479
Nitrogen 1,30 103.07 <0.0001
Competition 1, 30 4.88 0.0349
Salinity Regime x Nitrogen 3,30 0.23 0.8753
Salinity Regime x Competition 3,30 0.19 0.9013
Nitrogen x Competition 1,30 0.00 0.9596
Salinity Regime x Nitrogen x Competitign 3, 30 0.28 0.8370

" indicates significance at= 0.05,** indicates significance at= 0.10.

Table 3.7: The effects of nitrogen fertilization the relative growth rate (RGR) Bf australisin the early
months based on the stem height measurementsitallane, July, and September 2010.

Nitrogen June to July RGR | July to September RGR| June to September RGR
Level (cm cni‘day™) (cm cni‘day™) (cm cmi‘day™)
Fertilized 0.04767+0.001279 0.01961+0.000796 0.02786+0.000630

Unfertilized 0.03659+0.001279 0.01140+0.000796 0.01881+0.000630

ForS. cynosuroideghere was only a significant effect of competitia the June to July
RGR at the alpha equals to 0.10 level (p = 0.0%64ple 3.8). In this time perio&.
cynosuroidediad a higher RGR in mixture (estimated value = @7020.001232 cm cm
day?) than in monoculture (estimated value = 0.0173280232 cm criday?).

Additionally from June to July, the fertilizatioreatment had a significant effect on the
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RGR, where fertilized mesocosms had a RGR of 0.228801232 cm cifday’ and

unfertilized mesocosms’ RGR was 0.01322+0.001232itday".

Table 3.8: ANOVA summary fo%. cynosuroidefor early RGR measurements from stem height
measurements taken in June, July, and Septemb@rf@0all treatments.

" indicates significance at= 0.05, indicates significance at= 0.10.
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Source | ndf,ddf| F | p
June to July RGR
Salinity Regime 3,30 0.56 0.6467
Nitrogen 1, 30 44.64 | <0.0001
Competition 1,30 3.94 0.0564
Salinity Regime x Nitrogen 3,30 1.84 0.1612
Salinity Regime x Competition 3,30 1.07 0.3748
Nitrogen x Competition 1,30 0.31 0.5804
Salinity Regime x Nitrogen x Competitign 3, 30 0.59 0.6268
July to September RGR
Salinity Regime 3,30 0.45 0.7180
Nitrogen 1, 30 48.06| <0.0001
Competition 1,30 4.75 0.0372
Salinity Regime x Nitrogen 3,30 1.89 0.1524
Salinity Regime x Competition 3,30 0.86 0.4750
Nitrogen x Competition 1,30 3.03 0.0921
Salinity Regime x Nitrogen x Competitign 3, 30 0.88 0.4610
June to September RGR
Salinity Regime 3,30 0.60 0.6197
Nitrogen 1, 30 144.60, <0.0001
Competition 1,30 1.09 0.3047
Salinity Regime x Nitrogen 3,30 0.59 0.6272
Salinity Regime x Competition 3,30 1.24 0.3113
Nitrogen x Competition 1,30 5.15 0.0306
Salinity Regime x Nitrogg*n x Competitign 3, 30 1.11 0.3608



In the July to September RGR measuremehtsynosuroideBad only a significant
effect of the interaction of fertilization and coetpion at the alpha equals to 0.10 level
(p = 0.0921). However, the main effect of competitonS. cynosuroideRGR was

significant at the alpha equals 0.05 level durimgtime period of July to September.
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Figure 3.25:S. cynosuroidestelative growth rate calculated between July angt&eber stem height
measurements in varying levels of nitrogen add#tiand competition witl. australis Plotted values are
least square means, different lowercase letterstdesignificant differences in values, and errorsbare
standard error (= 0.10, p = 0.0921).

During the overall early time period of June t@®enber, the RGR was significantly
affected by the interaction between fertilizatiowd aompetition ( = 0.05, p = 0.0306)
(Figure 3.26). The main effect of fertilizationcha significant effect on the RGR $f

cynosuroidesn all three time periods (= 0.05, p < 0.0001).
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Figure 3.26:S. cynosuroidestelative growth rate calculated between June amteBwer stem height
measurements in varying levels of nitrogen add#iand competition witlP. australis Plotted values are
least square means, different lowercase letterstdesignificant differences in values, and errorshare
standard error (= 0.05, p = 0.0306).

Extrapolated September Aboveground Biomass

To ensure that the results found in December bisroakulations were not
affected by pot bounding, an extrapolation of glatronship between total stem height
and total aboveground biomass from December wastosestimate the biomass in
September based on measured stem height (Figufe 3 Be allometric relationship

found for both species was significant at the akptaals 0.05 level (p < 0.0001).
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Figure 3.27: Regression analysis to establishlamatric relationship between stem height and
aboveground biomass using the data collected ir@ber 2010. Calculations were conducted separately
for both species. Phragmites australifl. Spartina cynosuroidesPlotted values are actual measured

values.

Estimated aboveground biomasdPofaustraliswas significantly affected by the
nitrogen treatment, which resulted in over twice éstimated aboveground biomass in
fertilized mesocosms than unfertilized mesocosms @.05, p < 0.0001). The effect of
competition was only significantly affected at #tilpha equals 0.10 level, wheve
australisin monoculture (estimated value = 86.72+6.19 @) leas biomass than it in
mixture (estimated value = 104.59+6.19 g). The aignificant effect on the
aboveground biomass growth ®f cynosuroidewas the nitrogen treatment, where there
was twice the aboveground biomass growth in fedditreatments than in unfertilized

treatments (= 0.05, p < 0.0001).

DISCUSSION
In all treatments including salinity, fertilizatipand competitionP. australis

developed more relative and absolute biomass$hagnosuroidesndicating thatP.

australisis a more productive species in terms of biomaas $h cynosuroides all of
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our treatments This could have positive implications for wetlgpetsistence because of
the high primary productivity, seen h australisin this and other studies (Findlay et al.
2002, Saltonstall and Stevenson 2007), could assike reversal of slowed accretion
rates. The rooting depth patterns differed betwesah species by the amount of
biomass by depthP. australisbelowground biomass had more biomass in the lower
depths thars. cynosuroidesCoastal wetland environments could benefit fthm

deeper rooting patterns Bf australisbecause of the soil retention potential and erosio

prevention.

Based on the extrapolated results for the Septeatimreground biomass, the
results were similar to the ones found in the Ddmemmeasurements. This could
indicate that there was no effect of pot boundinghe treatments in the last four months

of the experiment since there were similar resolSeptember and December.

Salinity Pulses and Competition

The differing salinity regimes did not have anyrsiigant effects on the growth
dynamics ofP. australiswith respect to biomass measurements, RGR, or leaf
fluorescence. This could be a result from thedased soil aeration from high
belowground biomass growth which then creates |l@u#ide concentration thus
reducing toxicity(Chambers et al. 1998, Burdick et al. 2001) orflinetuations in the
levels of salinity. The only factor that was sigrantly affected by the salinity regimes
was the belowground growth 8f cynosuroidesBelowground biomass was
significantly higher in the C and D salinity regisnef fertilized monoculture mesocosms
compared to A and B salinity regimes of fertilizadnocultures and all unfertilized and

mixed mesocosms. The growthRfaustralishad a significant effect on the
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belowground growth o%. cynosuroidem the higher salinities by suppressig
cynosuroidegrowth. One reason for the lack of competiticie&fofS. cynosuroidems
lower salinities could be due to the low sulfate@entration. Stribling (1997) and
Bradley and Dunn (1989) proposed that sulfate nghtequired for highes.
cynosuroidegrowth for osmotic adjustments. The abovegroumavir of S.
cynosuroide$ad no significant differences between means igubhave a significant
three-way interaction effect of salinity, fertiltzan, and competition. There was no
significant difference between the potential quamefficiency levels in the different
salinity regimes even though there was a significaeraction between salinity regimes
and fertilization. This lack of significance coldé attributed to chlorophyll
fluorescence’s variable values and insensitivitywadland species which have been seen
in other studies (Pearcy and Ustin 1984) or thesehvalues represent a relative stress

and not a specific value.

Fertilization and Competition

Both species had more biomass when fertilized witlogen, which has been
seen in a similar fertilization study by Rickey &déerson (2004) witk. australis.
Phragmites australiglsohad significantly more growth th&& cynosuroidesrhe higher
levels of fertilization affected the rooting dettterns of both species. In the
mesocosms without nitrogen, the highest biomassse@s at lower depths of their bulk
of belowground biomass. So 6t cynosuroideghis was in the 10-20cm depth range
and forP. australisthe higher biomass was in the 30-40cm depth raitis growth
could be attributed to the expansion needed todaehuate nutrient sources.

Consequently, the mesocosms treated with nitrogerthre highest belowground
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biomass in the top 10 cm. This allows Raraustralis,and probablys. cynosuroideso
shift its expansion efforts toward aboveground ghoand not in nutrient finding
belowground growth. This was seen in a similadgtiione orP. australisby

Minchinton and Bertness (2003). The lowered bgimund biomass could be a leading
factor in marsh collapse due to the decrease ireacn and an increase in erosion and
flooding as suggested in other studies (Mendelssblah 1981, Hartig et al. 2002, Darby

and Turner 2008).

The effects of increased biomasdofaustraliswere seen in the belowground and
aboveground growth including biomass and RGR.afynosuroides mixed
mesocosms. Typically the rapid growthRofaustraliscreates a highly competitive
environment for native species to inhabit becadsthading and space constraints, as
demonstrated in other studies (Levine et al. 198&onstall and Stevenson 2007Mpue
to the effect of competition, the RGR of fertiliz8dcynosuroidewere lower in mixture
than in monoculture. The effect of shading frBmaustraliscould have affected the
growth of aboveground biomass®fcynosuroidesm mixture. Parrondo et al. (1978)
showed tha8. cynosuroidebad higher amounts of belowground and aboveground
biomass in lower concentrations of NaCl (0 andlgd gbmpared to the higher
concentrations used (8,16, and 32 g/L). So, tasarethere could be a lack of
competition effect oP. australison S. cynosuroidem lower salinities is because there
might not be an enough sulfate concentration fgh&iS. cynosuroidegrowth as
mentioned previously (Bradley and Dunn 1989, StiplL997). In the unfertilized

mesocosms, the effects of competition or salinigyyiave been minimized because of
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the lack of fertilizer. When examining the RGRisitlear thaP. australisis facilitated

by S. cynosuroidesspecially in high nitrogen environments.

ForP. australisgrowth including aboveground growth, RGR valuesl eoot to
shoots ratios, there was greater overall biomasimixture mesocosms than in the
monoculture mesocosms. As indicated by the dedvgrams, the facilitation exhibited
could be from a lack of competition & australis.The intra-species competition could
be much higher betwedh australisthan the inter-species competition withaustralis
andS. cynosuroidewhich could create an advantage Foraustralisin mixture than in
monoculture. This facilitation also could be franproductivity feedback loop as
suggested by Howes et al. (1986), in which thesiased productivity from both species
increased the evapotranspiration within the mesusageating lower water levels and
increased aeration in the top levels of the sollyg®thesized in similar studies (Howes
et al. 1986, Chambers et al. 2003). This effeaild/only have occurred when the
mesocosms were not flooded. The increased oxyyetsl within the soil may have
helpedP. australis ability to take up nitrogen and combat the eféeat sulfide toxicity
thus creating more growth and continuing the praditg feedback loop as other studies
have suggested (Linthurst and Seneca 1981, Howas1€86, Chambers 1997, Burdick
et al. 2001). In additior§. cynosuroidesould have slightly decreased the salinity within
the mixed mesocosms by taking up salt and excréti@gxcess salts through its leaves,
which is shown with similar species in other stsdiewing et al. 1995). The early RGR
values show that the effects of competition wereseen in the first month, but it was

seen within four months of growth. The lack oetfwithin the first month could be
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attributed to the lack of interaction during thiaté. However, by the fourth month the

species were interacting and the effects of thepsition could be seen.

Root to Shoot Ratio and Competition

The root to shoot ratio is important variablehe tharacterization of marsh
collapse from increased nutrients. The ratio azamtjfy the balance of belowground
biomass production to aboveground production. adhtically uneven ratio could
indicate the shift from belowground biomass progtucto aboveground biomass
production which could be caused by the increaseitifent pollution as theorized in
other studies (Valiela et al. 1976, Minchinton &@w®ttness 2003). In mixtui®.
cynosuroidesad fewer roots than shoots creating a lowertwehoot ratio, which can
probably be attributed to crowding frdf australis’belowground biomass growth,
which has been described in other studies (Leviraé 4998, Burdick and Konisky
2003). Phragmites australisfower root to shoot ratio in mixture can be atitdd to the
increase in aboveground biomass compared to thvetlyia monoculture, which could
indicate a competitive response for increased sigawohi competitors. There was no
effect on the belowground growth Bf australisby the presence @&. cynosuroides.
Additionally, S. cynosuroidesould have created more favorable growing condstion
the improved nutrient and oxygen availability froime increase of soil aeration at the soill
surface. In fertilized mesocosms, there was aalagot to shoot ratio fa®.
cynosuroidesand much higher shoot mas$inaustralis The high shoot mass ih
australishas been seen in other nutrient enrichment studiésding Rickey and
Anderson (2004) and Saltonstall and Stevenson (200D@e high aboveground growth

and low belowground growth illustrates the effemftslecreased soil retention in
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increased nutrient environments thus leading tdalhs conditions that favor erosion as
was predicted in Jamaica Bay, NY (Hartig et al.20nd further described in Darby and
Turner’s eutrophication study (2008). This proviadiela et al. (1976) and Turner et al.
(2004) theory of marsh collapse due to the increaseitrients creating a shift from
belowground biomass production to aboveground bssnpaoduction. Whereas in the
low nutrient environment of the unfertilized messes, there was more belowground
biomass than aboveground biomass, but still onlfyasamuch belowground biomass as
compared to the fertilized mesocosms indicating sbane fertilization is required to

ensure stabilization.

Management Potential

The deep rooting characteristics and adaptabifi.@ustralismight prove to be
beneficial when the accretion rates are not keepaug with the increase in sea-level rise
and nutrient levels. The ability fé. australis by modifying its surrounding
environment, to create conducive growing environtsieould allow for more sediment
retention in wetlands as theorized by Burdick e{2001). In addition, the presence of
this native species§. cynosuroidesctually facilitated the spread and succed2. of
australis By facilitatingP. australisgrowth, native species could help establish growth
and accretion bf?. australisin submerging wetlands. As a res@#it,australiscould be
beneficial in sustaining coastal marsh environmagtsnst accelerated sea-level rise and
instability from increased nutrients. More reséamneeds to be done to determine Hw
australisbenefits from the presence $f cynosuroideand if P. australiscould help

sustain wetland environments in predicted conditioreated by sea-level rise.
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CHAPTER 4
Conclusions

Through the examination of the conditions in tieédfand experimental
environments within the greenhouse, | have explbrethass allocation dynamics of
different species in various environmental condsio From the observational study, |
was able to assess the relationship between sphearsity and biomass allocation along
a salinity gradient. From this information, | wasle to observe similar trends that were
published in other diversity studies. These swmdi@ve found that in low stress inducing
environments, competition will dictate the spe@emposition. However, in higher
salinity and flooding environments, species diugrs dependent on the species that can
survive these unfavorable conditions (Pennings@althway 1992, Gough et al. 1994,
Crain et al. 2004, Pennings et al. 2005, SharpeBaidlvin 2009, Engels and Jensen
2010). Additionally I observed that the belowgrdumomass was higher in the high
diversity sites, which could indicate high competit competitive exclusion, or
complementary use of space and nutrients in attore relationship (Bertness 1991,
Bertness and Shumway 1993, Bertness and Callan@d; Brtness and Hacker 1994,
Hooper 1998). | was able to accept my hypothésisthe oligohaline sites of 3 and 4
had the highest number of species per plot. Siiel have the highest overall
belowground biomass as hypothesized, but site 3heasecond lowest overall
belowground biomass and the lowest biomass inahd.® cm of all of the sites.

Through the data collected, | was able to obsdrealistribution of the biomass
allocation based on salinity, which could be begiafin understanding the reactions of

this estuarine environment to sea-level rise aridant influxes.
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The greenhouse competition experiment allowedariedus on two particular
species and their reactions to predicted conditidrsea-level rise and nutrient-pollution.
One of the main purposes of the study was to foouthe competitive interactions
between the native speci&s,cynosuroidesand the non-native speci€s,australisin
these predicted conditions. | hypothesized thaPthaustraliswould be more
competitive and dominate over the growttSottynosuroidem the lower salinity levels.
However, the results showed that there was najrafeiant difference between the
growth of S. cynosuroides mixture and in monoculture regardless of nuatrievels. At
the higher salinities with fertilizatior§. cynosuroidewas negatively affected by the
presence oP. australiswhich was the opposite of my predictions. | présticthat theS.
cynosuroidesvould have an advantage oWeraustralisin the higher salinity levels. In
all cases, especially in fertilized mesocoshsaustralishad more biomass théh
cynosuroideswhich was hypothesized in the fertilized mesocosBa&sed on the lower
biomass measurements, reduced relative growth ratdsdecreased leaf fluorescence,
both species were stressed by the lack of fentilizéhe unfertilized mesocosms.
Derived from the data collected, there could beesbeneficial qualities of the non-
nativeP. australisfor organic matter additions in the soil. Thigesjes could counteract
the effects of marsh collapse in terms of incregsirganic matter in the system and soill

retention due to its deep rooting systems.

Recommended Future Studies

These two studies open up a variety of new questmd ideas to explore in
depth, which were not able to be answered with tugiss. | have suggestions for future

studies and changes in methods that | would congitievere to continue these studies.
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Changes in Methods

For the processing of belowground biomass, | waulgigest separating the live
and dead material especially when doing an obsenadtstudy. Some studies eluded
that one would be able to separate them easilyusedhe live roots float and the dead
roots sink. This would allow for the root to sheatculations to be closer to the
expected range of values. During the growing seasmy experiment, any stems that
were broken or fallen off were discarded. It mighte been beneficial to have the total
biomass of the system throughout the study to betakassess the total production, so |
would propose to save all biomass from each mesocdsvould also suggest running
the experiment for a maximum of four to four antldf months. Thé. australis
belowground biomass growth was constrained by iigeog six months, in addition to the
stems of both species falling over. With regacdthe fertilization treatments, the
unfertilized mesocosms had significantly stuntemlngh compared to the fertilized
mesocosms which was expected. So, in order tae@ptore fertilization scenarios, it
might be useful to use a low loading rate of femdifion instead of no fertilization. | think
a more constant regime should be considered fdettets of salinity, but from other
studies’ information and my experience | would restommend raising the levels.
Higher levels will just kill off theP. australisand leave th&. cynosuroidewith high

stress levels.

Suggestions of Future Studies

In order to further understand the rooting degttiggns along a salinity gradient,
another observational study along the NanticokeRwould be recommended. It would

be interesting to see if the belowground biomasstified in this study was primarily
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dead or alive. Additionally, one could install tdxags in the beginning of the growing
season to see the amount of new biomass growtimvatgrowing season. The rooting
depth patterns and growth rates could be benefitiaedicting and assessing the
Nanticoke River’s wetlands. Another method to difgmhe stress levels within these
wetlands would be to take chlorophyll fluorescememasurements of the species growing
at these sites. This data could then be corregubwith the other data collected in this
area to get an overall stress assessment of th@ndetegetation at the Nanticoke River.
The experimental competition study brought up dewiariety of questions with
regards to growth dynamics between species andagmeental modification. One of the
major questions | have is wi; australisgrowth in terms of RGR and aboveground
biomasswvas higher in mixture than in monoculture. If tfasilitation is due to the slight
decrease in salinity by the ability 8f cynosuroidet uptake and then excrete salt from
its leaves, than | would suggest taking sipper miessents of the salinity levels with
depth of all mesocosms. The benefit of mixtureanesms folP. australiscould be the
increased belowground biomass in the upper 10 vel tgeated bys. cynosuroides
which allows for greater aeration of the solil tlallswing for higher nutrient uptake. The
soil aeration could be measured through the reslr@xidation potentials within the soil
through electrode measurements or the use of BI&st In order to further examine
the effects oP. australisgrowth on accretion and soil retention, one cou&hsure
elevation changes within the mesocosms. Due tfiubRing and water movement
within the mesocosms, the change in elevation waldd be effected by the amount of

retention and erosion control that the speciesccprdvide. These suggestions of further
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studies would help clarify some of the interactioosurring betweerR. australisandS.

cynosuroidegnd how this applies to the future of the coasdal wetland ecosystems.

68



APPENDIX A
SAS Programs

A-1 SAS codes to compare the aboveground biomasaadbf sub-site for the
observational study along the Nanticoke River.

ODS HTML,
ODS GRAPHICS ON

OPTIONS LS=124 PS=45 PAGENO4,

TITLE1 Aboveground biomass Comparison by Sub-site Observa tional Study
Aug 2009;

data Aboveground;
input Salinity$  rep$ ABbiomass;

datalines ;

la i 277.3
la ii 318.18
la i 324.03
1b i 347.83
1b ii 495.72
1b i 194.19
1c i 960.33
1c i 946

1c ii  868.78
2a i 387.59
2a ii 542.35
2a i 396.81
2b i 390.8
2b i 304.58
2b i 453.1
2c i 1242.78
2c ii 1049.8
2c i 1006.16
3a i 472.51
3a ii 323.6
3a i 393.27
3b i 444.6
3b i 477.8
3b i 528.2

3c i 274.22
3c ii 766.82
3c i 403.38
4a i 774.53
4a i 844.96
4a i 298.34
4b i 377.3
4b ii 289.64
4b i 405.12
4c i 497.4
4c ii 618.59
4c i 363.97
5a i 358.8
5a i 572.7
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5a i 663.9

5b i 760.25
5b i 596.95
5b i 336.7

5c i 307.34
5c ii 369.68

5c i 401.2

PROCMIXED DATA= Aboveground;
CLASSSalinity;

MODELABbiomass= Salinity/ OUTRresids  ddfm = satterth;
Ismeans Salinity/ adjust =tukey diff =all cl ;

ods output Ismeans=Ismeani,;

ods listing exclude diffs; ods output diffs=diffl;

ods output tests3=statl;

run ;

quit ;

%include "C:\Thesis\Final Paper\RGR\PDMix800.sas" ;
%pdmix800 (diffl,Ismeanl,alpha= .05 ,sort=yes);

quit ;

proc plot data =resids vpercent =50;
plot resid*pred/ vref =0;

quit ;

data resids;

set resids;

aresid=ABS(resid);

run ;

proc corr spearman data =resids;

var aresid pred;

quit ;

proc univariate data =resids plot normal ;
var resid,

quit ;

proc print data =Ismeani;

quit ;

proc print data =statl;
quit ;
PROCEXPORTDATA= WORK.LSMEAN1
OUTFILE= "C:\Thesis\NICCR
Research\August09_Sampling\ThesisData\RoottoShoot\A bove\aboveSAS.xIs"
DBMSEXCEL REPLACE
NEWFILE=YES;
RUN
PROCEXPORTDATA= WORK.STAT1
OUTFILE= "C:\Thesis\NICCR
Research\August09_Sampling\ThesisData\RoottoShoot\A bove\aboveSAS2.xIs"
DBMSEXCEL REPLACE
NEWFILE=YES;
RUN
ods graphics  off ;
ods html close ;
quit ;
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A-2 SAS codes to compare the rooting depth pattereadi sub-site for the
observational study along the Nanticoke River.

ODS HTML,
ODS GRAPHICS ON

OPTIONS LS=124 PS=45 PAGENO4,

TITLE1 Belowground Biomass Depth Comparison Observational Study Aug
2009;

data BelowByDepth;
input Salinity$  rep$ depth biomass;

datalines ;

la i 5 6.76
la i 15 3.45
la i 25 2.49
la i 35 3.98
la i 45 458
la ii 5 9.01
la ii 15 5.64
la ii 25 5.49
la ii 35 3.99
la ii 45 2.57
la i 5 9.83
la i 15 9.21
la i 25 6.06
la i 35 2.52
la i 45 3.53
1b i 5 5.02
1b i 15 4.15
1b i 25 4.35
1b i 35 3.42
1b i 45 3.63
1b ii 5 3.34
1b ii 15 5.39
1b ii 25 3.50
1b ii 35 4.04
1b ii 45 3.26
1b i 5 4.4
1b i 15 6.36
1b i 25 4.62
1b i 35 3.04
1b i 45 3.18
1c i 5 3.61
1c i 15 3.17
1c i 25 3.96
1c i 35 7.28
1c i 45 0.90
1c ii 5 7.16
1c ii 15 7.55
1c ii 25 5.09
1c ii 35 2.53
1c ii 45 2.34
1c i 5 7.30
1c i 15 6.18
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1c
1c
1c
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2a
2b
2b
2b
2b
2b
2b
2b
2b
2b
2b
2b
2b
2b
2b
2b
2c
2c
2c
2c
2c
2c
2c
2c
2c
2c
2c
2c
2c
2c
2c
3a
3a
3a
3a
3a
3a
3a
3a
3a

25
35
45
5
15
25
35
45

15
25
35
45

15
25
35
45

15
25
35
45

15
25
35
45

15
25
35
45

15
25
35
45

15
25
35
45

15
25
35
45

15
25
35
45

15
25
35

4.55
5.64
8.75
5.78
3.75
3.12
6.10
3.62
6.78
6.71

9.26
3.89
1.82
3.43
5.01
4.77
6.23
2.35
1.43
0.99
1.46
4.00
2.34
0.83
1.97
1.00
1.45
10.61
8.28
5.64
5.13
1.90
2.01
7.55
4.82
4.08
3.06
5.26
4.47
2.74
3.75
2.92
2.10
8.12
8.46
3.26
2.42
4.46
3.03
5.47
5.71
5.25
0.98
452
5.51
8.91
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3a
3a
3a
3a
3a
3a
3b
3b
3b
3b
3b
3b
3b
3b
3b
3b
3b
3b
3b
3b
3b
3c
3c
3c
3c
3c
3c
3c
3c
3c
3c
3c
3c
3c
3c
3c
4a
4a
4a
4a
4a
4a
4a
4a
4a
4a
4a
4a
4a
4a
4a
4b
4b
4b
4b
4b
4b

45

15
25
35
45

15
25
35
45

15
25
35
45

15
25
35
45

15
25
35
45

15
25
35
45

15
25
35
45

15
25
35
45

15
25
35
45

15
25
35
45

15

25

35

45
5

8.30
2.69
5.16
5.29
20.72
13.23

0.93
1.15
1.17
0.71
1.09

1.89

4.19

7.76

2.14

1.29
1.73
0.53
3.69
1.25
0.63

2.35
6.86
4.17
2.77
2.72

2.22

1.62

4.28

3.65

1.83
1.65
2.2
1.88
1.64
1.95

5.42
521
10.75
7.37
5.20

6.16

4.71

5.10

6.37

2.13
2.23
7.36
10.84
4.02
3.12

6.85
6.88
2.73
5.42
5.50

1.12
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4b
4b
4b
4b
4b
4b
4b
4b
4b
4c
4c
4c
4c
4c
4c
4c
4c
4c
4c
4c
4c
4c
4c
4c
5a
5a
5a
5a
5a
5a
5a
5a
5a
5a
5a
5a
5a
5a
5a
5b
5b
5b
5b
5b
5b
5b
5b
5b
5b
5b
5b
5b
5b
5b
5c
5c
5c

15
25
35
45

15
25
35
45

15
25
35
45

15
25
35
45

15
25
35
45

15
25
35
45

15
25
35
45

15
25
35
45

15
25
35
45

15
25
35
45

15
25
35
45
5
15
25

1.88
451
3.32
2.98
1.85
0.75
0.39
1.00
1.95
8.61
7.47
11.17
9.47
3.37
6.40
7.61
7.23
10.09
7.77
5.05
10.41
7.44
7.69
4.95
8.18
7.17
5.09
1.02
0.99
3.98
6.27
3.14
2.39
2.05
1.58
1.13
2.05
2.00
0.77
1.24
2.42
2.9
2.34
3.15
2.39
4.63
4.79
5.09
1.53
3.87
5.40
3.51
3.43
1.45
3.87
3.78
3.47
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5c i 35 2.6

5c i 45 3.07
5c ii 5 1.6
5c ii 15 1.70
5c ii 25 3.44
5c ii 35 2.80
5c ii 45 2.19
5c i b5 3

5c i 15 5.50
5c i 25 4.87
5c i 35 3.43

5c i 45 2.63

PROCMIXED DATA= BelowByDepth;
CLASSSalinity depth;

MODELbiomass= Salinity|depth/ OUTRresids  ddfm = satterth;
*repeated / group = depth;

Ismeans Salinity|depth/ adjust =tukey diff =all cl ;
ods output Ismeans=Ismeani;

ods listing exclude diffs; ods output diffs=diff1;

ods output tests3=statl;

run ;

quit ;

%include "C:\Thesis\Final Paper\RGR\PDMix800.sas" ;
%pdmix800 (diffl,Ismeanl,alpha= .05 ,sort=yes);

quit ;

proc plot data =resids vpercent =50;
plot resid*pred/ vref =0;

quit ;

data resids;

set resids;

aresid=ABS(resid);

run ;

proc corr spearman data =resids;

var aresid pred;

quit ;

proc univariate data =resids plot normal ;
var resid;

quit ;

proc print data =Ismeani;

quit ;

proc print data =statl;

quit ;

PROCEXPORTDATA= WORK.LSMEAN1
OUTFILE= "C:\Thesis\NICCR

Research\August09_Sampling\ThesisData\Rooting Depth \depthSAS.xIs"
DBMSEXCEL REPLACE

NEWFILE=YES;

RUN

PROCEXPORTDATA= WORK.STAT1
OUTFILE= "C:\Thesis\NICCR

Research\August09_Sampling\ThesisData\Rooting Depth \depthSAS2.xls"
DBMSEXCEL REPLACE
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NEWFILE=YES;
RUN
ods graphics  off ;

ods html close ;

quit ;
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A-3 SAS codes to compare the rooting depth patterhiEgmites australign varying
levels of salinity, nitrogen, and competition (Sicates Fertilized, N indicates
Unfertilized)

ODS HTML,
ODS GRAPHICS ON

OPTIONS LS=124 PS=45 PAGENO4,

TITLE1 Belowground Biomass Depth Comparison Phragmites au stralis 2010;
data BelowDepth_Phrag;

input Planting$ Salinity$ Nitrogen$ depth block  biomass_ phrag;
datalines

P 4 S 5 1 175.9
P 4 S 15 1 126.3
P 4 S 25 1 111.4
P 4 S 35 1 109.4
P 16 S 5 1 147.8
P 16 S 15 1 45.8
P 16 S 25 1 99

P 16 S 35 1 131.6
P 4 N 5 1 32.6
P 4 N 15 1 53.4
P 4 N 25 1 38.1
P 4 N 35 1 60.2
P 0 S 5 1 164.1
P 0 S 15 1 141.5
P 0 S 25 1 113.4
P 0 S 35 1 81.3
P 8 S 5 1 136.9
P 8 S 15 1 107.9
P 8 S 25 1 130.3
P 8 S 35 1 136.3
P 8 N 5 1 49.5
P 8 N 15 1 47.5
P 8 N 25 1 15.7
P 8 N 35 1 11.8
P 0 N 5 1 64.9
P 0 N 15 1 45.5
P 0 N 25 1 42.8
P 0 N 35 1 52.9
P 16 N 5 1 30.8
P 16 N 15 1 50.6
P 16 N 25 1 22.3
P 16 N 35 1 46.8
P 0 N 5 2 44.7
P 0 N 15 2 58.9
P 0 N 25 2 38.6
P 0 N 35 2 60.5
P 4 S 5 2 202.1
P 4 S 15 2 107.4
P 4 S 25 2 116.6
P 4 S 35 2 149.8
P 4 N 5 2 46.1
P 4 N 15 2 53.3
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P 4 N 25
P 4 N 35
P 8 S 5

P 8 S 15
P 8 S 25
P 8 S 35
P 0 S 5

P 0 S 15
P 0 S 25
P 0 S 35
P 8 N 5

P 8 N 15
P 8 N 25
P 8 N 35
P 16 S 5

P 16 S 15
P 16 S 25
P 16 S 35
P 16 N 5

P 16 N 15
P 16 N 25
P 16 N 35
P 8 S 5

P 8 S 15
P 8 S 25
P 8 S 35
P 8 N 5

P 8 N 15
P 8 N 25
P 8 N 35
P 16 N 5

P 16 N 15
P 16 N 25
P 16 N 35
P 4 N 5

P 4 N 15
P 4 N 25
P 4 N 35
P 16 S 5

P 16 S 15
P 16 S 25
P 16 S 35
P 0 S 5

P 0 S 15
P 0 S 25
P 0 S 35
P 0 N 5

P 0 N 15
P 0 N 25
P 0 N 35
P 4 S 5

P 4 S 15
P 4 S 25
P 4 S 35

WWWWWWWWWWwWwwWwWwWwWwwwWwwWwwWWwWwwWwWwWwwWWWWwNNNNNNNNNONNNONNONNNDNDNDNNDNDNNDN

42.4
60.5
192.8
219.1
109.3
108.9
167.1
113.4
96.2
69.4
50.2
44.3
57.5
37.7
26.9
92.3
37.5
31.2
41
43.4
30.7
33.1
212.4
129.8
110.5
66
43.3
79.9
52.1
44.4
75.3
56.9
47.9
126.6
75.7
66.4
56.8
58.2
112.5
134.1
131.6
48.6
135.2
135.6
98.9
97
49.1
56.4
39.3
44
102.5
146.5
78.6
136.9

PROCMIXED DATA= BelowDepth_Phrag;
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CLASSSalinity Nitrogen depth block;

MODELbiomass_Phrag= Salinity|Nitrogen|depth block/ OUTRresids
satterth;

random block;

Ismeans Salinity|Nitrogen|depth/ adjust =tukey diff =all cl;
ods output Ismeans=Ismeani;

ods listing exclude diffs; ods output diffs=diffl;

ods output tests3=statl;

run ;

quit ;

%include "C:\Thesis\Final Paper\RGR\PDMix800.sas" ;
%pdmix800 (diff1,Ismeanl,alpha= .05 ,sort=yes);

quit ;

proc plot data =resids vpercent =50;
plot resid*pred/ vref =0;

quit ;

data resids;

set resids;

aresid=ABS(resid);

run ;

proc corr spearman data =resids;

var aresid pred;

quit ;

proc univariate data =resids plot normal ;
var resid;

quit ;

proc print data =Ismeani;

quit ;

proc print data =statl;
quit ;
PROCEXPORTDATA= WORK.LSMEAN1
OUTFILE= "C:\Thesis\Final Paper\Below
Biomass\belowdepthSAS Phrag.XLS"
DBMSEXCEL REPLACE
NEWFILE=YES;
RUN
PROCEXPORTDATA= WORK.STAT1
OUTFILE= "C:\Thesis\Final Paper\Below
Biomass\belowdepthSAS Phrag2.XLS"
DBMSEXCEL REPLACE
NEWFILE=YES;
RUN
ods graphics  off ;
ods html close ;
quit ;
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A-4 SAS codes to compare the relative growth ré®€3R) ofPhragmites australign
varying levels of salinity, nitrogen, and compeiiti (P: Monoculture, B: Mixed, S:
Fertilized, N: Unfertilized)

ODS HTML,
ODS GRAPHICS ON

OPTIONS LS=124 PS=45 PAGENO4;
TITLE1 RGR from June to July Phragmites australis 2010;

data RGR_juneduly;

input block Planting$ Salinity$ Nitrogen$ RGR_phrag;
datalines

0.049934329
0.046719593
0.040792514
0.044583473
0.038455736
0.052854242
0.050683014
0.049867558
0.042839941
0.051530817
0.03735304
0.042348752
0.044944981
0.032798313
0.0392885
0.020266312
0.054404311
0.039841304
0.048174563
0.053278436
0.042413666
0.032330006
0.043247532
0.030999653
0.046122893
0.05184569
0.047872206
0.029412973
0.033108392

»

»

(o2}

oooobAoooobl—\hooooghpoooooooool—\o#oobl—\h

16 0.043134569
16 0.034892907
16 0.041642419
0 0.049967136
8 0.04132303

8 0.041945717
16 0.037761515
8 0.027774532
16 0.031766892
4 0.03394602

4 0.031022649

0.049505775
0.046974776

WWWWWWWWWWNRNNONNNONNNONNNNNMNNNNNRRRPREPREPREPREPREPRRER
VT TUTW UV U UWTUWWW U U UWWOWUW U UWTUOUWTOUOWOWWUWTUUWWTUWUOUTUWWTUTO
o
nVWNZZ2ZZ2Z2Z0N0Z2Z0Z0N022Z2Z0020N0Z2Z2Z00N020N02020N02202000n22200

80



3 P 0 N 0.034186238
3 B 4 S 0.039157866
3 B 16 S 0.049469737
3 P 4 S 0.040808583
3 B 0 S 0.057019869
3 B 8 S 0.051545993

PROCMIXED DATA= RGR_juneduly;
CLASSSalinity Nitrogen Planting block;
MODEIRGR_phrag= Planting|Salinity|Nitrogen block/
satterth;

random block;

Ismeans Planting|Salinity|Nitrogen/ adjust =tukey
ods output Ismeans=Ismeani;

ods listing exclude diffs; ods output diffs=diff1;
ods output tests3=statl;

run ;

quit ;

%include 'C:\Thesis\Final Paper\RGR\PDMix800.sas'
%pdmix800 (diffl,Ismeanl,alpha= .05 ,sort=yes);

quit ;

proc plot data =resids vpercent =50;
plot resid*pred/ vref =0;

quit ;

data resids;

set resids;

aresid=ABS(resid);

run ;

proc corr spearman data =resids;

var aresid pred;

quit ;

proc univariate data =resids plot normal ;
var resid;

quit ;

proc print data =Ismeani;

quit ;

proc print data =statl;
quit ;
PROCEXPORTDATA= WORK.LSMEAN1
OUTFILE= "C:\Thesis\Final
Paper\RGR\JuneJuly\Phrag_ RGRJuneJuly SAS.XLS"
DBMSEXCEL REPLACE
NEWFILE=YES;
RUN
PROCEXPORTDATA= WORK.STAT1
OUTFILE= "C:\Thesis\Final
Paper\RGR\JuneJuly\Phrag_ RGRJuneJuly SAS2.XLS"
DBMSEXCEL REPLACE
NEWFILE=YES;
RUN
ods graphics  off ;
ods html close ;
quit ;
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APPENDIX B
Pictures of Observational Study

B- 2 Belowground biomass harvesting using the pesdr.
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APPENDIX C
Additional Figures for the Observational Study

Site I.-"\g,’ Site il’i.. ,

Site!lC

2 0 1M Google

C- 1 Map depicting the locations of the sub-sitesgthe Nanticoke River in eastern Maryland. Map
courtesy of Google Earth.
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C- 2 List of all species seen in the observatiatadly along the Nanticoke River by site.

Site

3

ol

AB|C|A|B|C|A

B

C

o8]

Abbrev.

Latin Name

Aco cal

Acorus calamu L.

X

Bid fro

Bidens frondos L.

Bid lae

Bidens laevi (L.) Britton, Sterns &
Poggenb.

Bid mit

Bidens miti (Michx.) Sherff

Boe cyl

Boehmerii cylindrica(L.) Sw.

Car lac

Carex lacustriswilld.

Car sp.

Carex sp.

Car tri

Carex tribuloidesWahlenb.

Cic mac

Cicuta maculatd..

X

Cin aru

Cinna arundinaced..

Cus eur

Cuscuta europaeh.

Dis spi

Distichlis spicati (L.) Greene

Ele obt

Eleocharis obtus (Willd.) Schult.

Fin cas

Fimbristylis castane (Michx.) Vahl

Gal tin

Galium tinctorium(L.) Scop.

Hib mos

Hibiscus moscheut L.

Imp cap

Impatiens capens Meerb.

Iva fru

Iva frutescer L.

Jun roe

Juncus roemeriant Scheele

Kos vir

Kosteletzky virginica (L.) C. Presl
ex A. Gray

Lee ory

Leersia oryzoide (L.) Sw.

Men arv

Mentha arvens L.

Mur kei

Murdannia keisa (Hassk.) Hand.-
Maz.

Pel vir

Peltandra virginici (L.) Schott

Phr aus

Phragmites austral (Cav.) Trin. ex
Steud.

Plu pir

Pluchea purpurasce (Sw.) DC.

Pol ari

Polygonum arifoliur L.

Pol pens

Polygonum pensylvanict L.
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1 2 3 4 5
A|B|C|A|B|C|A|B|C|A|B|C|A[B|C|Abbrev. Latin Name
X|X|X X X| [Pol pun |Polygonum punctatu Elliot.
X Sag lat [Sagittaria latifoliaWilld.
Schoenoplectus american{Rers.)
X Sch ame Volkart ex Schinz & R. Keller
Schoenoplectus fluviatili@ orr.)
X X|X|X Sch flu M.T. Strong
% |x Ix X Sch rob Schoenoplectus robust(Bursh)
M.T. Strong
XX [ X|X|X Spa alt [Spartina alternifloraLoisel.
X|X|X Spa cyn [Spartina cynosuroide@..) Roth
XX [X Spa pat [Spartina patengAiton) Muhl.
Symphyotrichum puniceuth.) A.
X XI XXX RSYm PUn 56 & D. Love
X Teu can [Teucrium canadende
X|X| [X| [X| |X| [Typlat [Typha latifolialL.
X| X X Typ sp [Typha sp.
X |X [Ziz aqu [Zizania aquaticd..
1200
o) ® Sitel
O Site2
1000 + v Site3
€ . A sited
e m Site5
S
E 800 -
S
m
©
5 A
© 600
g H
3 v A
2 o
400 - -~ . v
[ ]
200 T T T T T
5 10 15 20 25 30 35 40

Belowground Biomass (g/0.002942)n

C- 3 Comparison of the aboveground biomass andugetind biomass (from the three cores) at each
sample plot estimated over each sub-site. Pagpiesent each sub-site within each site. SiteslRare
classified as brackish wetlands, sites 3 and 4lassified as oligohaline wetlands, and Site 5tidal

fresh wetland environment. Values are least sqoe@ns.
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APPENDIX D
Pictures of the Experimental Greenhouse Study

B i e S s c=r

D- 1 Rhizomes and shoots collected from Clyde WaBoating Ramp
in the misting room in the University of Marylan@&earch Greenhouse.

D- 2 The shoots being planted in the mesocosmdiptashowing the
original planting schemes.
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D- 3 The growth of the mesocosms after one moatk,June 2010,
showing the mesocosms before the shade clothsinstadied.

D- 4 The growth of the mesocosms after two morigtis,July 2010,
showing the installation of the shade cloths.
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D- 6 Depiction of the height of some of the samjpesarly December 2010
and the fire hazard created by the greenhouse esmgplkal lighting.
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D- 7 Growth of mesocosms over the six month expeninperiod. Picture
was taken right before harvesting in late Decenaifdi0.

D- 8 Stem height measurements during harvesting dene after stems
were removed from the mesocosms.
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D- 9 MonoculturePhragmites australisnesocosm prior to
processing of biomass.

D- 10 Monoculture belowground biomass processinddpth.
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D- 11 Depicting one 10-cm depth section for theiagiround
biomass monoculture processing by depth.

D- 12 Depiction of the large amounts of belowgrobimmass
growth in a fertilized, monoculture mesocosnPbfagmites
australis
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D- 13 Depiction of the process of separating tHevweground
biomass by species in the mixed mesocosms.

D- 14 Visual depiction of the belowground biomassvgh in
mixture. Region gestured was the growttSphartina
cynosuroidesnd the remaining wahragmites australigrowth.

92



D- 15 Visual depiction of the differences in beloagnd biomass growth between
Spartina cynosuroideandPhragmites australisS. cynosuroidesias shown on
the left andP. australiswas on the right.

D- 16 Belowground biomass processing which was domasure all growing
medium was removed from the biomass.
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APPENDIX E
Additional Figures for the Experimental Greenho&sed
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E-1 Mesocosm layout and treatments within the Rese@relenhouse at University of Maryland Colle
Park. Drip irrigation shown was used to ensure tha mesocosms were kept at a constant water
throughout the experimeni Codes for treatments are as follows: Plantifiragmites australi
monoculture (P)Spartina cynosuroidemonoculture (S), mixed (B); Salinity: (by increagisalinity)
Level A (A), Level B (B), Level C (C), Level D (Dertilization: Fertilized (F), Unfertilize (U).
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0.025

—e— Monoculture
0.020+ O Mixed i
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Salinity Regime

E-2 Comparison of competition effects on overdktige growth rates based on stem height measurtsmen
from June and December 2010 in different treatmehtsalinity and fertilization. IS. cynosuroidesiith

no nitrogen additions. 11S. cynosuroidesvith nitrogen additions. IlIP. australiswith no nitrogen
additions. IV.P. australiswith nitrogen additions. Plotted values are lestgtare means. Error bars
shown are standard error.
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E-3 Comparison of competition effects on averagktive growth rates based on stem height
measurements from June, July, September and Dece2di® in different treatments of salinity and

fertilization. I. S. cynosuroidewith no nitrogen additions. I5. cynosuroidewith nitrogen additions. 1l

P. australiswith no nitrogen additions. IVP. australiswith nitrogen additions. Plotted values are least
square means. Error bars shown are standard error.
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E-4 Comparison of competition effects on abovegdobiomass collected in December 2010 in different
treatments of salinity and fertilization. . cynosuroidesvith no nitrogen additions. IIS. cynosuroides

with nitrogen additions.

[IIP. australiswith no nitrogen additions. [VP.

australis with nitrogen

additions. Plotted values are least square meamsr bars shown are standard error.
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E-5 Comparison of competition effects on belowgailiomass collected in December 2010 in different
treatments of salinity and fertilization. $. cynosuroidesvith no nitrogen additions. lIS. cynosuroides

with nitrogen additions. [lIP. australiswith no nitrogen additions. [IVP. australis with nitrogen
additions. Plotted values are least square mefarrsr bars shown are standard error.
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E-6 Comparison of the belowground rooting depthtguas collected in December 2010 in different
treatments of salinity and fertilization. . cynosuroidesvith no nitrogen additions. IIS. cynosuroides
with nitrogen additions. 1lIP. australiswith no nitrogen additions. [IVP. australis with nitrogen
additions. Plotted values are least square meamsr bars shown are standard error.
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E-7 Comparison of salinity regime effects on belosumnd biomass of monocultures at harvesting in
December 2010. All samples were collected in 10mervals and homogenized. Plotted values ars lea
square means, and different lowercase lettersatelisignificantly different values. Error bars wioare

standard error (= 0.10).
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E-8 Comparison of fertilization treatment effect lmelowground biomass of monocultures at harvesting
December 2010. All samples were collected in 10rdervals and homogenized. Plotted values astle
square means, and different lowercase lettersatelisignificantly different values. Error bars wioare

standard error (= 0.10).
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