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Poptﬂanon drfferenﬁaﬁm was- rﬂvesng&wdﬂn emndsvof—SarmmeneamﬂndmA
marazm on a Fraser River intertidal brackish marsh, Vancouver, Canada @ NS oL
123 10" w).. A recrproml field - transplant experiment was undertaken concurrent with the o

' measurement of envrronmental factors affectmg plant growth (elevanon, soﬂ numents salrmty,
pH, bulk density and sediment mxmre) to test the hypothesxs\that plant resource allocation

\\

varies with local environmental , conditions.

Sngﬁe:m vananom in bromass and nutrient oontent were. found at the species’ " upper - .
.gnd lower elevation lumt& S amencanus had greamr shoot densities and bxomas at the |
upper elevauon In contrast, S. maritzmus had gre;test shoot densmes at its lowest elevanon
but bromass was greater at hrgh elevations. Growth rates per -hour dayhght were equxvalent ~
wrthm specres suggesnng ‘that the greater exposure time in the high elevanons was the | '
primary cause of greater biomass producuon in the high ‘marsh envu‘onments. Secondary
environmental factors affecting plant growth included 'lower salinities in high marsh S. R/“
americanus and greater soil nitrogen in Soils of high marsh S. maritimus. The - transplant
experiment demonstrated that shoot height, density and biomass -were determined by tlre local

environment as these characteristics varied with transfer site.

Plant structures in low marsh S. americanus and ‘high mars arsh S maritimus had the =~

| highest -nutrient concentran'on& By rnid-snmmer biomass production of -high marsh
. S. americanus occurred ‘more raprdly than nument allocation to shoots diluting. nutrient - '
reserves in aboveground structures AlthM/thg appeared to occur in high marsh S. |
maritimus, the greater nutrient Teserves -in belowgrougg structures of these plants resuh.ed in
the production of more nutritious shoots than in the low marsh. Nutnent accumulations ,
f’were greatest in the high marsh in bothv'species The' increased accumulation of nitrogen /
" and phosphorus in belowground structures at the end of the growing season suggests that

Lhese elements were stored for rapid mobrhzanon o shoots the following year . R

I conclude that hrgh and/low marsh . americanus and S maritimus represent o
ecophenes genetic drvergence in response to local environmental conditions has not occurred.
The two populanons of S. americanus and S maritimus sampled repreeent a generalist

genotype wrth plastcity for these characters.
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L  CHAPTER | -
- - THEORETICAL BACKGROUND _

I Th I T n
| Theophrastus of Eresos (ca. 370-285 'B.C.) was convinced that ‘species were unstable and
readily changeable (Radford et al. 1974). This was in contast to the typologlml concept of _‘
~ his mentor, Plato, who proposed that individuals, including plants, were expressions of the
same type. To Plato the eidos (or type) was real and thc observed variation an ﬂlumon, S -

the result of unperfect manifestations of the idea 1mpl1c1t in each specm (Mayr 1970) 'Ihe
- father of modern taxonomy Carolus {.mnaeus (1707~1778) “was influenced by Platos -7
typological - species concept and aocepted the assumption that species were fixed entities w1th a
{initc number existing in the world.  Linneaus later realized that species were derived from
other. species through hybridization (Mayr 1970). ‘Following Linneaus, other iaxonomists: oegan‘
10 realize that species change and evolve from a common ancestor and species cannot be -
represented by a single specimen (Radford et af. 1974), It was these ideas that Darwin

‘built upon, laying the fonndation _for the work of Turesson. .

Variation' in_plant tions

7 GoLe Turr \/ll was one of the ﬁrst botanists. to exarmne vananon in plant habn
experimentally. He conducted a series of garden transplant experiments whereby he
’Lransplame‘j morphologically different plants of Hieracium umbellatum from different habitats

0 a comn}ﬁon envuonmen[ (Turesson 1922). Some of these morphologxcally deferent plants o
Tetained ﬂj{elr dxfferences after transplanting and he concluded that these plams were: 'o_
geneueally dxfferem and their morphology was not pnmanly under envuonmental control.

- These géneueal]v dxfferem plants were called ecotypes. A]ternamely, plants within a species
that we/re geneumll\ similar but morpﬁologlcally distinct in response to different

envnronmemal conditions Turesson called ecophenes (Anderson and Treshow 1980)  The

nonon ﬁxat ecctypes are adapted to their local environment has been developed smce that

nme
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The maJor pathways leadmg to variation among plant populauons are rllustrated in

¢

FigUre 1 Broth factors may include such phenomena as competition and predation. Abnouc N

factors include disturbance and. resources available for plamgrowm frllihebroueandﬁsbrorref—r———f—'

;lcomponeuts of the locz]'.en‘vironmem form the selection forces. In general a specres gene
‘ pool is moulded by - the forces of . selection producrng a genetic oomposmon that is adapted
' to;the logl environment.  All 1ndrwduals sharing the same genetic oomposrtmn are genotypes.
The genotype dictates the proportion of a plant’s resources allocated to various structures.
The allocation strategy of a genotype has a degree of plasticity because of the ‘trde-offs of
‘resources between su'ucmres' within the plant ' |

The _pheno-'pathway is compnsed of the current environment acting orr Lhe genotype,
Because the composition of the gerrOtype and the physical environm'em exhibit spatial - -
variation, different allocation strategies are selected -for in different rerrvironmems and hence,
m‘orphofogic_;d- variation 1s observed. The phenotype is the product of Lfre imcracuou between
the genotype and the environment The genotype can producc one of a range of phenolypes

~in order to grow and reproduce the particular phenotype is a specific response to a given

environment (Cox and Ford 1987). Thus, phenotypes are tactical solutions within a strategy . .

| Lhét is set by a genotype (Harper 1982). All the haturally occuring phenotypes produced

within a given habitat by a. single genotype are categorized as ecophenes. Turesson's

'ecotypes are genetically distinct populations within the genotype that are adapted to the local®

environment. The allocation strategy of the ecotype is under genetic control and not

influenced by the environment

Pheuotypic modification can be caused by _the activation of latent genes (Clausscn_ and
Hiesey 1958). Genes may be latent if they lack complementaries, are suppressed by other

genes, or if environmenthl conditions are not favourable for their expression. Living

OTgamisms may pOSSESS latent genes that become activated in environments that differ radically -

from those in which the organism has evolved. Thus, a species that appeers 10 be highly
uniform in one environment can become highly variable in anothet environment that is
radically different (Claussen and Hiessey 1958). This variation can occur in the morphology,

microanatomy, physiology and ecology of the plant

Methods to determine if the observed variation is genotypic or phenotypic¢ include field

or garden Uan%m experiments, gel electrophoresis, and plant t habitat type correllations.
|
|
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Figure 1. Model illustrating major pathways thal cause variation in plant populations.



The ga:den transplant techmque usually ehmmates several emnronmcntal factors and is not as

useful as the field transplant method which may demonstrate that genetw vanauon is adaptwe
;oloal eendmens In addition, cnvnonmentaivmbiesﬂmtxppeariraffecrplmr

_morphology can be correlated with specific charactensncs of the plant. Gel ctectrophoresns

can be used to’ obtain a prehmmary estimate of _the level of geneuc variation in genotypes

'between and within different populanons, Ideally, both reciprocal field transplant_s ‘and gel

electrophorems should be employed.

- This study focused on the abiotic portion of the pheno—pathway to examine muaspeciﬁc

- and ‘interspecific vangmon,,,m, plant populanons (F.lgure 1).  Ailocation patterns werermeasured_—

to determine if variation in resource allocation strategy Tepresents different tactics by plants in ]

differing environment. In addmon, the geno—pathway was mcluded 10 determme if allouauon

patterns - were genetm.lly fixed.

Extending the concept of intraspecific variation to nutrient allocation

.The majoi‘ity of studies examining ecqtypic variau'c.m: in morphology héve foculsg‘d on
bioméss allocation because it is the easiest plaxﬁ variable to measure. But Turesson’s ecotypic
concept can axid should be extended to nutrient and caloric - allocation. Thcse are more |
meorl:ant indicators of plant ﬁtness than ‘biomass becausé lhgy prowde a begter measure of ,_‘,,,,,_,,-,
the investment made by a plant for the construcuon of various plant structures. . For
example caloric data allow one to dlstmgulsh. among tissues with dissimilar energy contents
per gram (Pitelka 1978) It seems - hkely that the energetic: cost of producmg such a hlghly
dlfferentJated organ as a flower involves a greater Ccost than is mdcxed by.. the biomass of
that organ (McNaughton 1975).

A SN

Abrahamson and Caswell (1982) showed that biomass allocation is not a good mdlcator

_of allocation of mmeral elements in Verba.scum thap.ws and five Solidago specics. In plants

with pnma.nly carbohydrate reserves, however, biomass allocation is related. to nutrient or
energy allocation. Hickman and Pitelka (1975) found thal dry weight indicates energy

allocation fpatterns- in populations of Lupinus nanus, L. variocolor, L. arboreus and Polygonum .
cascadense. The use of biomass as an indicator of energy or nutrient allocation appears 1o

be species—specific.
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: - A Tresearch srte to test for mtraspeaﬁc vanatron of r mmhallomnonjhmnd_oonsrnnﬁm
a strong, srmple loml resource gradient. Strong gradrents produce \\abrupt changes in -

vegetatron or physical charactenstrcs and simple gradlents allow for mterpretauon of
plant—env:ronment ‘interactions with the potentral of . deterrmmng exact muses. The
envrronmental factors that mﬂuence plant habit "become more evrdent if they vary in a cyclic,
predictable manner. Populanon differentiation is most lrkely to occur where gmwmg
conditions - differ from place to »place in a predictable fashion (Davy and Smith 1985). The
confounding effect of interspecific competition can be eliminated if large, monospecific stands
of a test species are selected. Furthermore, clonal species are desirable because they are |
‘long~lived, geanetimlly-uniform_‘and the clone has been exposed to selection prqssnres for many

years.

. Genotypic and phenotypic differences within po_ptrlan'ons‘ growing across ecological ‘
gradients should be found at the extremes of the gradient where environmental and hence, -
- selection differences may be greatest. ~ If variation is found at these locations, sampling along
the gradient will detect the presence or absence of clinal variation.

A\

Imertidal wetlands: the natural laboratory - o o o

Intemdal wetlands present examples of oommumtres developed in response to local
ecological gradients. In these environments, allocation strategies may be influenced by nutrient
availability and other resu-amts of the physical environment to “plant physrologxml processes
_Specrf‘rcallyT elevation and the tidal regime limit the time avarlable for -nutrient uptake and-
metaboll’srn. As well, the tidal regime l may influence soil nutrient content or availability
resulting in a heterogeneous environment that varies in a predictable ‘fashion.- Therefore .‘(
species occupying large elevation gradients in wetlands provrde an opportunity to examme ‘

" population drfferennauon, descnbe various investment pattems and determine - any- assoelanon of -

these patterns with partrcular envuonmental conditions. T . o

ln rnarsh environments along the east and Gulf coasts of North America, two forms of
Spamna alternifiora have been descnbed a tall creek bank form and a shomt lngh marsh

form (de }a‘uce//d. 1978, Valiela et al. 1978b, Gallagher er al 1980, Reidenbaugh 1983).

6 : o
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under more favourable b@dndiﬁons (Shaver and Billings 1975).

This \raﬁation in shoot height is now generally regarded as non—,genetic' on the basis of

éleotropﬁofeﬁo “and reciprocal - transplant studies (Shea et al. 1975, Valiela er @l 1978a).

Along the west ooast of North Amencz. Carex lyngbyei is dominant MMM

it - too{has been reported to ‘have a tall and short growth form (Eilers 1975, Jeﬂ‘erson 197,
Gallagher and: Krbby 1981, Dawe and White 1982, 1986) Smythe (1987) however, found

that whrle drstmct tall and short growth forms were sometimes vrsrble over distances of

~ several meters, over tens of meters several intermediate shoot “heights occurred. The so-oallcd

tall and- short forms, thus, were the end pomts of a shoot height oontmuum A recrprocal '
ﬁcld transplant expenment of 12 Carex Iyngb el populations in the Puget - Trough mdrcatcd
that variation in shoot height was pnmartly ecophenic, although m Tare- mses ecotypic ‘
variation was detected. Also on -the Pacific coast, Seliskar (1985) found that Deschampsra |

- caespitosa, Distichlis spzcata, Grindelia integrifolia, Jaumea glz_zuca and Salicornia virginica all

demonstrated ,morphologiml and anatomical variations that were not genetically fixed.

o

Variation in habrt can extend to belowground structures ‘Root to shoot ratios are

usually hrgh in plants growing under “harsh envrrqnmental conditions (Kucera et a[ 1967,

 Shaver and Billings 1975, Valiela et al 1976, Smith- et al. 1979). The high root shoot ratios

appear to be an adapti_ve response by marsh plants to harsh environmental cond‘monst» such as
low nitrogen availability, waterlogged soils, anoxic soils, periodic plant inundation, higlt toxin

concentrau'ons, and saline water (Hopkinson and Schubauer 1984). These factors act to

decrease the effective uptake of water and nutrients by a unit of root surface. Each unit of

aboveground tissue, then, requires a larger amount of root -surface than might be the case

~ Although a number of studies hat/e examined ecotypic variation of biomass for marsh
vegetation, few studies (Drifmeyer and Redd 1981, Gallagher et al. 1980, Broome et al. 1975)
have extended Turesson’s (A1922) typic concept to nutrient 'allomu'on. Ewing (1982)
presented data on the nument content of Scirpus americanus shoots collected' from high and

low marsh envitonments in the S}a it River marsh (Washington). An analysis of variance ‘on

these data mdrcated that the oots from the low marsh had significantly hrgher

concentratons of nitrogen, phs) Homs and manganese (P < 005) as well as atTcrum and
copper (P < 008) 1 suggest that nutrient allocation is a charaggnsth orchestrated - by t.hc
plant in response to the relative acuon of environmental factors Nutrfent allocation should

e A e



exhibit variation due to habrtat as the plant evolves a sohmon to ‘the local envrronment. - ({

' Klsmtz et al (1983) and Hall and Yesaki (unpubhshed) _provide the “only data on the

,nutnent eontent efmarsh vegetauonm British-Columbia. — ﬁrerexammodmumenﬁmovenrenﬁ

between total aboveground ‘and belowground compartments in coastal marsh. sedges, but did -
not distinguish allocation to drfferent structures. Seasonal changes in biomass and nutrient
allocation should be consrdered for all plant structures to determme if variation extends

beyond charactertsucs such as- shoot helght and ﬂowenng . K , o x
of i ific_varjation in stal Wh‘ . S . *

The physrml vanables invoked as the cattses of morphologlczl variation in " shoot hexght
m wetland species include elevatron, salinity stress tidal energy, toxic effects of a reducing |
"environment (sulfide toxrmty or anoxia), and sorl mineral content. parucularly smrcrty of
avarlable nitrogen or iron. As well, there appear to be mteractxops between several

©

~environmental variables that act to modify plant growth.

©  Elevation o " o

inundation/exposure times during the growing season and related it to plant size could ‘not be

- Elevation relauve o crmml tidal levels has been used as a surrogate for factors such

. as udal exposure and’ soil redox potential. Surpnsmgly, studies that accurately- determmed

found in the literature.  Instead, studies present percent exposure or submergence for an
entire year, which is llkely not the most sensitive measure for plant growth. “The variation

observed between tall and short forms in some specres may be a sunple funcuon of the

. amount of solar irradiance received during .the growing season. Further_more; ‘submergence not

only. decreases irTadiance received, but also results in sediment loading on shoots which

further decreases the surface available for photosynthesis. Submergenoe decreases the

efficiency of roots by impeding gas exchange although gas transport to roots may, OCCur via:

the shoot untl the shoot is completely submerged (Osmond e al. 1987). ,



.~ Aeration

/ 'elsohn and Senem (1980) determmed that the occurrence of the height forms of
S. altemzﬂam,v mmma L&mudxse&drmmgeandaemﬂenwa%mamum
North Carolina. -They sggested that greater ‘soil drainage and assoc:ated hnghcr redox

‘potential near creek banks (th' "streamside effect) snmulate growth by oxrdlzmg‘ potenual soil —

toxins, such as sulfide. This, 1;_1. reduces growth \-elther drrecdy by affecting carbon

m_etabgﬂism or indirectly by inhibiting - ingr ic nitrogen uptake =sd/or assimilation. Wiegert
et al (1983) found that increasing the 'subsurfa drainage in a stand of intermediate height
S. alternifiora caused a. mgmﬁmnt mcrease in mean . shoot herght and aboveground producuon |
in a 7two year expennrcnt. Donovan and Gallagher (1985) fourid thal salinity and anaeroblc o
conditions, independently »arrd concurrently, decreased bnomass- and henghl of the- marsh grass

S porobulus virginicu:s. . o SR T i

L. ’ ) \\v
Salinity 4 _ K

‘Adams (1963) and “Broome et al. (1975) observed thal S. alternifiora growth was
restricted by increased salinity. Nestler (1‘977) mvcstrgated the effect ofAXntersuual salinity as
a cause of Aecophenic \rariau'on in S. alternifiora.’ Nestler fc')und that growth was robust_in
low saline areas and weak in areas of high interstitial sahmty “As well, height of

S. altemzﬂora plants was .a ﬁmc‘uon of total dissolved salt concentrations of the underlymg
substrate. De Laune ef - al (1979) found ' that soil extractable sodium, magnesrum ‘and
potassium expressed on "2 volume hbasis were directly related to planl yield. No accumulatxon

of salts was observed in the less productive marsh areas.
Soil Minerals

Gallagher and Kibby (1981) suggested that the streamside effect can be simulated by
the .addition of nitrogen.  Valiela " et al. (1975) found that fertilization with a 10-6-4
(N-P-K) sewage sludge fertilizer increased total peak standing crop of salt marsh vegetation.
This fertilization converted low mnarsh vegetation, consisting mainly of dwarf form S.

allerzuﬂora, into a sward approachmg the biomass and morphology of the wull form. Thcy

conclude that the forms of S. alternifiora are a response 10 nitrogen supply.

Broome et al. (1983). evaluated thc.v effects of nitrogen and phosphorus fertilizer on

the growth and tissue concentration of S. alterniffora. There were only slight increases in



growth when either nitrogen or phosphorus were apphed alone but when applred together

"'they acted synergrstrcally to increase plant biomass (Broome - etﬁ al: 1983}, Desprte the -
'ﬁndmgs of this study phosphorus is seldom lrmrtrng i
'assocrated with them, because large resérves of phosphorus much of it as- phosphate are

sorbed ‘in clay sediments or peat (Whrtney et al. 1981).

Some studres Emply that the supply of avarlable soil nitrogen  does . not hrmt plant | , 7.’!

growth drrectly but that nitrogen uptake and assimilation may be mhrbrted oy the
‘environmental oondmons in the marsh For example Gallagher (1975) found that tall
Spartina alternifiora dld not respond to nitrogen fertilizer. De Laune et al. (1983) present
- ”‘data suggesting that the short herght form of Spartina alterm_ﬂora observed in indand areas of

- Louisiana Gulf Coast marshes is oaused by toxic concentratrons of sulfide, a result of slrghﬂy
lower elevation and subsequent lower redox potential than the adjacent productrve streamside
marsh. * They speculated ,that sulf‘rde may limit growth by preventrng nitrogen uptake and

:«
R4

root. development . ?‘if‘nrﬁ

Adams (1963) reported that S. alterru_ﬂora was restricted to the low marsh where la.rge
amounts of iron were available. In an analysis of factors related to standrng crop, Nixon
and Oviawt (1973) found that ‘low iron availability -conl:nbuted to reduced standmg crop. In
Georgia, Gallagher et al. 7'(1980) found that mid—Sumnrer was a perrod of slowa'érowm for
both the creekbank and high marsh Sulternifira This coincided with the period of low- — — —
iron availability and they suggested that iron may be limiti\n'g growth -in the low marsh 'in |
'mid--summer. .
 Obiectiv
‘ The work presented above demonstrates that the status of the knon/ledge on the muses
of intraspecific varwr’ation in biomass of intertidal plant species is scant, Most of this work
has focused on the measurement of height differences and total hiomass, ‘with ‘- limited ~data
araﬂable on other measures of plant fimess. Variation in resource alIocation' has ‘not been
exarnined to a‘great ektent in these environméns, yet thr‘s. represents a more important
measure of plant fimess. The .objective of this study was to test for population
differentiation " in two coastal British Columbia sedges. Two specres were studied to | obtain - -

some measure of between-species variation. 1 tested for biomass variation in

10
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Sc:rpus americanus Pers. Syn. and Sarpw d_[marmmus L. var, paludaww Nels. (nomenclature

~ follows Hitchcock et af: 1969) and aner?pted to extend “the. ecotype concept 10" nutrient -
/.allocztmrt If tﬁere was mtraspecrﬁc variation, a seoondarv ob_mtm:lasidetermmem_d

variation was under genetrc control mﬂuenced by Iocal envrronmental condruons or both

These species were selected bemuse they are abundant and show vanauon in shoot

" height across an elevation gradient. . S. anrenca is: a rhtzomatous perenmal sedge wrth a
 sharply tnangula.r culms 03 o 11 m tall (Maso 1957) (Figure 2. s mﬂorescence is a.
eaprtate cluster of T w7 spikelets (Mason 1957) essenually sessrle in a compact cluster
subtended by a prormnent green bract 20— 150 mm IOng which appears like 'a contmuauon o
'of the stem (Hitchcock et al. 1969) 'S, mariumus var. paludosus is a; stout rhrzomatous ‘ ”
‘perenmal sedge 0.2 to 1 S m tall, reproducmg vegetatrvely and sexually (Frgure 2) The -
thizomes commonly bear firm tubers but- have few secondary rootlets Culms are sharply o
'trrquetrous with several “leaves distributed atong the stem- (Hrtchcock et al I969) and artse
from corms found 0.10 - 030 m below the marsh surface The mﬂorescence is caprtate _

wrth one to several: elongated 1ays . (Mason 1957). Sprkes number 3—20 or more, -all lsessile

in a compact termrnal cluster or the principal surpassed by one or more short peduncles o
‘each beanng a: subsrdtary cluster Smles are reddtsh brown to pale straw—coloured (Hitchcock —
et al. 1969). e

To meet these objectives, monospeeiﬁcﬂstands—ofr&— americanus—and S -maritimus-were ————

sampled along an elevanon contour near the upper and '!»':'

Island foreshore rrtarsh (Frgure 3‘)’ On the foreshore: ‘mafshe

1 elevation extremes: on the Sca
of Lulu Island, 1mmed1ately 0
the south of Sea Island, S. americanus forms dense stands along the’ marsh littoral on
well-drainéd, silty-sand substrates of relatively low moisture content.v ' S. maritimus is found

on siltier sedlments and at higher elevations (Hutchmson 1982) Sea Island was selected ' ..
" because both specres are found as. large monospemﬁc stands ‘over an elevauon gradlent of
about 0.5 ‘m and the site is accessible dunng all low tides. Monospecrﬁc stands were
sam;aled to elrrmnate interspecific competition and the task of identifying- belowground
structures of drfferent species. By sampling relauvely dense stands in one envrronment
potentraj effect.s of vaﬂabte stem density were contrcméd The Tvaﬁon extremes were
selected because if there is variation, it is expected o occur at the' elevatron extremes. -

S. maritimus could not be sampled at the upper elevation lrmrt bemuse of_the presence of

— ’ 1
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inflorescences (i), shoots (s), roots (r), rhizomes (h) an
el al. (1969) and Mason (1957).

12

‘Figure 2. "Diagram of S. americanus (left) and S. marijtimus (right) illustrating
corms {c). Modif“ed from H”tchcock e

~
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other specres and was sampled at the mrd—pomt o[ rts elevanon range Therefore two

, hxgh and low marsh while S. mariunws are labelled low and mrddle marsh (Frgure 4)

Hypotheses relating resouroe allocauon patterns to ‘the loml envrronment _were - tested
In this study, the low lymg foreshbre envrronment with the . longer mundagion period was -
considered to be the stressed environment Resource allocation to nnjor‘plant structures werer‘
deternnned for all phases of the annual cycle.  Aliocation to reoroduction was tested for
sexual and asexual (vegetauve) reproductive organs as separate compartments.- From _these

dala. some inferences about resource allomtJon strategres were elucrdatecL o N

‘The "central hypothesis of this study is that blomass and nutrient allocation patterns are
- "a result of the species plastic Tesponse 1o the local environment. . - Specifically, rl is
| - hypothesized that plants in stressed _environments put more effort into capturing and defendmg
potentrally scarce - resources- (biomass and nutnents) and thus adopt. conservative strategxes
This. hypothesrs leads to the prediction. that nutnent allocauon vanes as a function of relative
) ‘Vavarlabrlrm Numems that are smrce are translomted and stored in belowground strucmres
‘ ‘during senescence of ~aboveground shoots. It has been _hypothesrzed that nitrogen conservation
by Spartina'altemijlora suggests that primary prpducnvrty in salt marshes in eastern North
Arnen'ca are nitrogen limitid/ﬁ‘-lopkinson and Schubauer 1984). I tested this hypothesis for
nitrogen in the Sea Island marsh. o ) o
L A second predicn'on is that.plants m stressed environmentsv will - reduce resource |
~ allocation to shoots and reduce sexual reproductive effort. Foreshore plants occupy a ‘habitat
with a. long inundation period and thus, a greater proportron of time avarlable for '

photosyntliesis is devoted to maintenance and growt.h. This results. in a smaller investment

towards reproduction. Between s'pecies', the proportibn of resources allocated to reproduction
will rbe greater in S. ameri"cahus than in S. marifimus. S. maritimus occupies more severely‘
reduced soils which stress Lhe plant and therefo " require more resources to be channeled

~ lowards rnamtenance and less to reproducuon ,,A consequence of this hypothesrs is that A
) within each species, the root:shoot ratio will ,be lighest in the foreshore plants bemuse they

occupy the stressed envuonment. _ /

/that allocation patterns are genetically controlled. This
h‘;ﬁd using’ a reciprocal field transplant experiment.

[

An alternative hypdthesis (H,) is
hvpothesis was tested for biomass all



Figure 4. Cototr-aerial photograph of the study site indicating high and low marsh S.
americanus (aH, al) andv middle and low marsh S. maritimus (mM, mL). Scale 1:12,000.
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The concept of variation is the foundation - for ﬂ/u“s study.” In Part B, the site,

situaxion and setting are outlined t'or ‘the “study area. -Part C deals with the measurement of -
b:omass vananon in S, amencamu and S. marmmus and in Part D, the concept of

h mtraspeaﬁc vananon is extended to nutrient allomnon. In Part E, the results of the

| reaproml transplant expenment are presented to determme if the vananon is - genetlczlly fixed.
Conclusxons about the causes ‘of variation, resource allomt:on strategies and suggesuons for
future work are presented in Part F. v '

|

s

y
,‘/

16



|

PART B
"THE PHYSICAL SETTING .
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CHAPTER 1

- INTRODUCTION

ion of i

Physiography
The Fraser River is the iargest river reaching the west coast of Canada (Milliman "

- 1980). Tt breaches the mountainous spine of western British Columbia and discharges into

the Strait of Georgia, a semi-enclosed marine basin. Here, it has constructed a delta with a

combined intertidal and supratidal area of about 1000 km’ during. the 10,000 - 11,000 years.

| since the disabpearanée of the’ laF: Pleistocene Cordilleran Ice Sheet. Tldal flats characterize
the narrow shelf between the shore face and the edge of. the delta front, extending up to 9
~km from the landward edge of the delta to the foreslope (Clague et al. 1983).

H )Hrdogy

During 60 years of measurement, the mean discharge of the Fraser has been

>

3500 m* s at Mission (70 km upstream from the study site). Most of the discharge
comes from inglting snow and as a result, discharge from late fall thiough earlyyspring, is
'generany less than 1500'm’_ s!, while during spring freshet (May through mid-July) flow
évﬁrages more than 4000 _m’ s (Milliman 1980). Flow distribution is estimated at*5% to - -
the North Am, 5% to the Middie Arm (adjacent the siudy site), 80-85% to the Main
(South) Arm, and 5-10% to the small outlets such as Canoe Pass (Hoos and Pa¢kman 1974)

(Figure " 3).

"The Fraser River wansports between 12 and 30 million tons of sediment annually, 80%
of the sediment discharge occuring during freshét. About 40-60 % of freshet suspended load
is sand. nSusp'endéd matter concentrations within. the éstﬁary during all these months are |
generally less than 50 mg I anci during high tide often less than 20 mg 1! (Milliman
1980). i o I

, \
The tides in the Fraser River estuary c;qe mixed with a strong diurnal compj\;ncnt ‘
There is appmximagely a 2 week cycle in tidal ranges, and. a seasonal cycle. ’The‘\ lowest

tide occurs around midnight during the winter months and near midday during the |summer.

At Point Agkinson (16 km north of the study site), the average udal range is 3.1 but

18



extremes may be as great as 49 m at spring tides and as low as 06m at neap ndes (Hoos

- and Packman* 1974). During freshet flow in ‘spring and earry summer t.he Fraser River
estua:y 1s essentially -fresh; except at Sand Heads and Elbow (Flgure 3) dunng hlgh tide

when a prominent salt wedge develops (Mﬂlunan 1980).
Climate - , L e

Chmauc data (1951 1980) are avallable for Vancouver Imemamnal Airport, 1 km- fr0m
the study slte Mean daﬂy air temperatures are 25 C for Janua:y 173 C for- July and 7
9.8°C annual. January preapltauon is- 1307 mm rainfall and 257 mm snowfall comparcd o’
320 mm rainfall in July. Me_an annual precipitation is 1113 mm (Envnronment Canada,— rnor
date). ’ L - ‘,‘”: ) ‘

Mean monthly temperatures and prempltanon for r.he samplmg period are presented m
. Flgure 5. Temperatures during this period were similar to the 30 year normals but
precipitation was- variable. The total precipitation of 8174 mm for 1985 was much lower
than the long term mean bemuse of the very dry summer Total precipitation for 1986 was
1219 mm, some 106 mm higher than normal

Plant Communities , - R ' ‘ .

The Sea Island brackish marsh represenis about 9% of the 27 km* covered by tidal

marshes in the Fraser Estuary (Yamanaka -1975) and is floristically similar to other -areas of oo

the Fraser foreshore marsh. * The - vegetation. communities are generally giscrete and of low
diversity (Figure -4). "In the high foreshore marsh, Typha latifoiia is the dominant species
with Carex lyngbyeiz—rDistichlis spicata dominant in t.hve middle marsh. At lower elevations
“actoss -the delta front, S. aniericapus ‘and S. maritimus are dominant. Small, isolated clohes
of S. arrierieanus are expanding at the seaward edge of the marsh. A survey of historical -
air photos ehowed that the S. americanus community has expanded some 400m seaward since

the installation of the jetty in '1964.
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Marsh Environrﬁénts — \

_ The envu'onmental variables that have ‘been " shown to be assocxated with mtraspwﬁc ,
- vmmmmaﬁummhmmmmemweexmmﬁumeMMimammmm

of similarity between‘ environments. These variables .include elevation and thus, exposure time,

e e

. interstitial _salinity, soil chemistry (m‘trogen.,a_ui)on, pH) and sediment texwre and bulk density
to estimate drainage conditions.','
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Samplmg frequency was determmed by the nature of the variable o be measured.
Variables that have large temporal  variation, such as mtersnual salinity and soil numents ‘v
were measured at monthly intervals concurrently with vegetatron sampling. Sorl pH Vanes 'v
with season and was. measured quarterly, while site elevation, soil particle size and bulk
densrty were measured at one pomt in time... ile each of these- -three vanables change
with time, such change would not occur during ‘this study unless a- major flood event

occurred. -

At five points in each environment, marsh sufface elevation was ‘measured with a
dumpy level and stadial rod divided into 0.01 m increments. Measurements were tied - back
‘. to a -control bench mark on the Sea “Island _Airport'jetty and adjusted to local tide datum
(0.00 m geodet1c = 2.63 m tide) (Western Canada Hydr’aulic I.aboratories Ltd, no date)

Length of dayhght period was calculated for each month of the growing season with a
computer program after the method suggested by Sellers (1965) Total monthly exposure

hours o daylight was mlculated for the mean Jelevatron of each envn‘onment usrng the 1978

tidal cycle with a computer program provided by Hutchmson (unpublrshed) It was assumed
‘hat the differences between the 1978 tidal cycle and those of this study would not result’ in

appreciable differences over a full growmg season.

Soil Particle Size Analysis

In July 1986 four soil cores, 010 m diameter and 0.40 m m depth, were collccted
from each site. Each core was: dmded into 2 equal depths between 50-100 g of sorl, o

removed and air dried for parucle size analysis. A 10-20 g,_subsample of dry soﬂ was T
passed through a 63. Hm sieve to remove the sand portion, mercent silt determmed by a .

* Micrometrics sedrgraph. and the clay portion derived by residual.



The core method was used to Eieasuxe bulk density. Five scﬂ,SaﬁipMechoﬂected;:
with a pipe measuring 10 ‘mm ‘djameter'and' 100 mm depth from each site on .Octeber 28,
1986. Samples were oven dried at 105°C for 24 h, wexghed (0.01 g) and- bulk densnty
calculated as g dry welght mm* (Umversxty of British Columbia Methods Manual 1981)

il pH

Soﬂ samp]es coliected in July and October 1985, and February and July 1986 were
analysed for pH. Samples were collected to a depth of 040 m, between 10 and 20 g of

dry soil mixed in a soil:water ratio of 1:2 and pH measured using a Fisher- Accumet Model

%g\p}{/ion meter.
Interstiaal Salinity -

Interstitial salinity (parts per thousand, ppt) was measured in the field at mc}nthly
intervals during the growing season and at bimenthfy ter"fra.ls during winter. Four pits, 0.10
m in diameter and 0.40 m deep, were exmvat.ed in each site and. water allowed Ato fill each
| hole. Sahmty of water was detérmined using a ponable Y-5-1 Model 33 salmometer wnhnrr'
4 h of low tde.

Soil nutrients

For s01l nutrient analysis, four soil cores 0.10 m in diameter and 020 m in depth
were extracted from each enwronment at monthly intervals during the growing season (Apr:l
through October) and bimonthly in winter. ‘T\o_;l_ntam a represcntative soil sample, each core
was divided into eight equal sections from which a 10 g subsample without plant maleﬁél
- was removed and 'air" dried. Total C and Total N were analyzed onda' Carlo Erba;'C—H—N
Elemeﬁtai Analyzer en 5-10 mg subsamples. From these data, the soil C:N faﬂe was used
10 derive a measure of soil fertility and nitrogen available for plant uptake. Ratios of 20:1
indicate . that a large portion of the soil nitrogen is bound in organic matter and not
‘available for plant uptake. Ratios of 10:1 suggest that most of the nitrogen is available for
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-

Data on soil nutrients are presented on,» a dry welght bas1s for oompanson to other .
studies. ~As well, De Laune er al. (1979) determmed that soxl nutrients expressed on a dry
weight basis were not srgmﬁamﬂy related to growth of S. altermﬂora. However, several soil

nutrients when converted to a soil volume expressxon (Mg m") were . positively. related to

- plant growth, Thus soil. -nutrient concentratlons were converted to a -volume expres'sjon ‘using

the bulk’ ‘density measurements B ’- ' o ~
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. CHAPTER I -

. Elevation - °

For S. amencanus, an elevatron difference of 0.57 m was measured between high and
low marsh sites, the low marsh being 2.70 m above chart datum ‘and the htgh marsh 327
- m (Table 1). Low marsh S* maritimus was 2.82 m above chart datum and the middle

J

marsh 348 m, a drfl‘erence of,0.66 m. -

Exposure to daylight for a growing season of Apnl 1 to October 1 was calculated
(Table 1). High ‘marsh S. amerzcanus had 599 h more exposure than low marsh and =
'mrddle mars{r S. maritimus had 751 h more exposure than low marsh. On a monthly basis,
high marsh -S. amencanus averaged 100 hr more’ exposure than low marsh, while middle
marsh S. maritimus had in e'xces$ of 125 hr greater exposu're time than low marsh S.

maritimus.
Bulk Density - \ o

All s1tes had bulk densrty values less than 1.0 Mg m’’ (~Table 1) The hlghest values

were in the S. americanus envrronments Low marsh S. marmmﬂs soil had srrmlar bulk

density to that of S. amerzcanus soil whereas ' middle marsh S. manumus SOl] had~ the lowest
‘densrty (d = 020)‘ '

Sediment Texture -

@

There were only small differences in the proportion of sand silt or clay wrﬂrdepth in
the Sea Island substrates (Table 1). ngh marsh S. americanus soils ‘had the largest sand-
fraction - (88%) compared to 1% sand in middle marsh S. maritimus soil. Low marsh S.
americanus soil and low marsh, S maritimus - soil had mtermedlate sand contents (72% and "
67%, respectively). Middle marsh S. maritimus sml was’ composed of silt’ (71%) and clay
- (28%), Awr'th a varying admixture o_f silt and clay at the three other sites. - P
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Soil_pH

/

Sorl pH did ‘not differ with depth and thus seasonal variations are presented for each
site as the mean of both depths sampled (Frgure 6). Although there were seasonalh
drfferences between sites of S. americanus and S. marrtrmus. there were no drfferences R
‘between sites within each species. Temporal changes in sorl pH were srrmlar for all sites.

Soil pH values were greatest in July (pH 7.0 for S. amencanus and 5.2 for S. maritimus),
In S. amerzcanus soils, pH decreased frorn OcLober on, reaching a low of 5.5 in February.
- S. maritimus soils had a mrmmum pH of 44 m October, increasing to near summer levels

; in February. ' | . ' .

" Interstitial Salinity
For both species, the upper and lower environments had similar seasonal trends in
salinity (Figure 7). Salim?/}were greatest in winter during low river flow and decreased in
. _

spring and summer with Fraser River ,freshet.'

S. americanus envrronments_had the lower salmrues beczuse of the close proximity of .

the Mrddle.Ann of the Fraser River. High marsh S. amerzcanus had much lower summer

LY

salinity than low marsh during the growing season and approached freshwater levels (1 ppt)

in mid-summer. Winter salinities in high and low marsh S. americanus were mesohaline.

Winter salinities for low and middle marsh S. maritimus were 12 ppt, although the
middle marsh had a December maxrmurn of 23 ppL This December measurement was madc
during the day shortly after an ebbmg tide whereas all --other measurements for this month
- were at night several hours after an ebbmg ‘tide.  Salinity measurements in these |
environments were as low as 9 ppt during the growing season but generally remained ’abovc
10 ppL There was no difference in .mean monthly interstitial salinity between low and

middie marsh S. manumus.
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Soil pH

Soil pH
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Figure 6. Temporal change in soil pH (Xtse) for S. americanus, low (.-—‘---0) and high -

28



. .

Interstitial Salinity (ppt)
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Figure 7. Monthly interstitial salinity (ktse) for S. americanus, low (= ===~~~ ) and high
marsh% (————). and for S. maritimus, low (-----------) and middlc marsh (~— —— —).
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The two environments sampled for S. americanus had similar total nitrogen .- - ,
concentrations and_identical seasonal variations with distinct peaks in winter (Figure 8). Low ~
marsh S maﬁtimus had equivalent summ/“m'ﬁagen. concentrations ‘and these levels remained '
constant throughout the year (Figure 9). Middle marsh S. maritimus soils had an order of
magnitude greater mtrogen than the three _other sites. The large variability of these

mcasuremems masks any possible seasonal vananons

dedle,rna;sh S. maritirus had -an orde; of magnitude greater wbdn than the other, R
sites and . in cbmraét to soil nitrogen, carbon concentrations were highest during summer in
this _ehvironmem " (Figufe 9). The three ‘or.her sites did not have any distinguishable seasonal |
variaiions. h ' i .

‘Mean annual C:N ratios were =10:1 for both S americanus enwronments (Figure 8)
and middle marsh S. maritimus compared to 19:1 for middle marsh S. maritimus (Fxgure 9)
Seasonal changes in C.N mirror the pattern seen in soﬂ C content. Low S. maritimus had
very. little seasonal change. Monthly values of middle marsh S. man'tirﬁus rangéd between
10:1 and 20:1 wnh a pronounced increase in May. bow and tugh S. americanus had
sumlar seasonal pattems, the lowest ratios occunng in wmter Ratios ‘dumtlg the growing

" season were approximately 10:1 except in July 1986 when they were much . higher.
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| CHAPTER IV

DISC 7U/SSI*OWN_7 -

Island are similar to those’ reported by Hutchmson (1982) for Lulu Island _Thus, the. arrport
jetty does not restrict S.- amencanus 10 an elevation lower than that found under ‘undisturbed
conditions. The upper elevation limit of S. maritimus measured by Hutchinson (1982) at |

Lulu Island was ca. 415 m Kwhich exceeds the elevation of middle marsh' S. maritihrus Vin‘

thrs study by 0.65 m. At Sea Island, S. maritimus is found above 348 m chan. ‘but only o

~ as scattered clones amongst Carex l yngbyer and Drstrchlrs sprcata.

- The implications of the elevation differences wrthm species environmen'ts' is Lh'at during \
the growmg season, plants at upper elevations have a much longer ‘growing ‘season for
'pﬂotosynthesis and o accurhulate biomass. In fall/wmter the longer submergence times m
low envrronments may lead fto earher senescence and- subsequent ﬂushmg of aboveground

matenal by ebbmg udes

-The decline in particle size as marsh e-levat.iorr increased was a result of lower tidal
energy regimes in these environments. The oulk derrsity values in these ‘environments do nolv
éorrespond ; the general values presented by vHaussenbuiHer (1980) for soils with similar
sediment textures, likely as a result of differential origin and a variable organic mater
content. However, the trend of greater bulk density in the coarse rexnrred soils of S.
bamericanus .compared to 4tt<1e S. maritimus soils is similar. The high bulk derrsides of S.
americanus and low marsh S. maritimus soj is a result of the large proportion of sand.
Thus, bulk density decreases moving up in elevation on tvhe' rrrarsh plarfomr into a low

energy tidal environment (Table 1).

The interstitial salinities in these environments can be categorized as mesohaline,
(5.4 - 18.1 ppt, Cowardirr et al. 1979). Freshwater diseharge of the Fraser River influenced

interstitial salinity in S. americanus—environments. The low salinities ‘of summer were a

result of the dilurr'on of tidal water by freshet discharge. Conversely, djscharge' is lowest in

the Fraser River in winter. Hence, th2 higher salinities measured at this time. The marked

* decrease in salinity of the low marsh environment one month before the high marsh (Figure

7) may be a function of its close proximity to the river whereby it would receive freshwater
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- before peak discharge. The hxgh marsh enwronments ‘would recelve freshwater only dunng ‘
" peak discharge periods. ' -

" The absence of seasonal variation for salinity in S. marifimus “environments s i large
| part ‘a result of | the axrpon jetty eifeet’jVely, cutting * off theser locatious from the kinﬂuence of
.the Fraser R1ver (anure 4). In December 1985, rmddle marsh S. marmmus was the only |
envuonment sampled during the day and thus, shortly after an ebbing ude All other -

, cnvxronmems were sampled at night several hours before or - after high tide. The very high
mterstmal sahmues measured in ‘the rmddle marsh m December cannot- be explamed (anure

3 Tbe nitrogen ‘concentrations measured in soils of S. ameﬁpanus and low marsh 'S.
maritimus are an order of magnitude less than the range given by Chalmers (1977, cited by )
Pomeroy and Wiegert 1981) for muoéen Llevels found in coastal marshes. This may be due .
to the absence of a nitrogen ‘source forl these environments. The low ‘summer nitrogen levels o
may result from the uptake of nitrogen by plants for aboi/eground ”growtb. ~ Soil nitroggn’
levels ’measured in middle marsh S. maritimus stands are within the range presented by
Chalmers' (1977). |

The C:N ratio is.a useful indicator of the amount of mitrogen available A plant
uptake. Generally ratios >10 - occur - in soxls where most of the nitrogen is bound in orgamc ‘
forms‘ and thus not available for plant uptake. Despite the low concentration of total soil
nitrbgen measured in these environments, the low C:N ratios suggest that a large portion of
m’iswrhitrogen is available _fpr plant uptake. Only low .marsh S. ‘maritimus had C:N ratos
consistently near. 20:&. | ‘

The higher pH measured in the soils of low marsh S. maritimus is probably related
to the slbwer 'decay rand removal of organics in this environmentr compared to S. americanusv
environments and middle marsh S. maritimus. Tb?s higher orga.mc matter content was

‘reﬂected in the high C:N ratios measured in this ‘environment.

Most physwa] charactensncs of the two S. americanus environments were similar. The _
exceptions are elevation and therefore tdal regime and salinity.  Thus, this study site o
provided a good opportunity to conduct experiments under field conditions where most - ‘

variables are contolled, For S. maritimus however, edaphic conditions in the middle marsh



were much different than in the low marsh. There is environmental heterogeneity in both

S. americanus and S. maritimus stands suggestihg that there may be variation in the plant -

‘ /opulations of these environments: R e
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CHAPTER 1
- B ~*”"i*”*ﬂN"PRODﬂCTIOI\F*;*

Most of the data available on marsh primary producuon and blomass vanauon in
North America are from the Gulf of Mexico and the east coast. of thLUmted ‘States. In .
. companson, there is a. paucxty of mformahon for the smaller and ‘more isolated west coast’
marshes. - Despne the fact that >100 "habitats” have been sampled in the Pacific Northwest -
mterudal “marshes, no detailed analysxs of biomass allocanon has been madg, and fcw, s;udnes;'
felat;e p;oducu‘on or standing caop o ‘the 'environmental' reg‘ime of the site (Humhinson 1986).

The objective of this section was o test the hypothesis that plant biomass allocation

| pattemns are{a response to the local environm'ent_ A environmental variables e)za\rfﬁned::wcr;* 4
described in Part B. A dsecond vhypothes‘is' tested was\ that plants in stressed environments
should adopt conservative strategies, whi;:h includes Teduc jomass allocation 1o shoots -and
re'duced reproductive effort. Thé sﬁess'ed envirnnments are those with’longer tidal inundau‘on
penods Thus, a gradlent of mcreased allocation to. shoots and sexual reproducuon should be

found with increasing elevation, both within and between species.
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| .. CHAPTRR I
C T . "MATERIALS AND METHODS

Samplmg was from July 1985 to October 1986 at monthly mtervals during the growmg
season (April- to October) and at br-monthly intervals during ‘winter. - At -thc beginning of
each month four 0,25 m’ quadrats were located in each environment in relatively dense
monospecific stands. All aboveground material was clipped to ground level, the number of ,
live shoots ‘and flowers counted, and the dry weight of live and dead aboveground’ strucmres"m
tncasured separately. §. maritimus samples included dead aboveground tissue from thc
previOusk Vycars growth and this was disﬁnguishedr from dead tissue of the"crrrrent year.

For belowground bromass. a‘ soil core .0.10 m in diameter was extracted ﬁzm the
center of each quadrat w1th a golf cup cutter. A pﬁot study of 4 soil cores from eééh
cnvironmerlt indicated that 97% of the- belo,\rground biomass for S.. americanus was within
040 m of the surface, whereas belowground biomass of S. maritimus extended to a dept_h of
0.60 m. - However, litle belowground tissue: of S. maritimus appearedr intact (i;e: live) below q...
0.20 m. Thus, soil cores collected from .. maritimus errvironrrrents were divided into two
bsectjons.' Belowgroond material in the top 0;20 m was separated irrto 100ts, rhizomes and =~
corms but roots and rhizomes were pooled in lower sections Eachl core was washed over a
#45 (0.355 mm) sieve to collect belowground biomass. Sprne soil cores. were soaked in tap

water overmght to loosen soil adhcnng o ro_ots, rhrzornes and corms. All plant tlssue was_

dried at 70°C for 72 h.

Live belowgrounrl biomass was not distinguished from dead. Visual observation
indicated _that live and dead belowground structures could be distingui'shed in somr: sarnples.
For example, live thizomes of S. americanus were "fleshy” in appearance and solid.- Deadﬂ.f’@:’:
rhizomes were black, had a soft exterior texture and occaséidnally hollow. S. maritimus
thizomes Were not as large 'and more difficult to determine as live or dead. | Live corms of
S. maritimus were drfﬁcult to crack open and had a solid, white core. Dead corms> ‘were |
very soft, easy to break open a.nd did not have the sohd mtenor core.  Roots of both S.
americanus and S. maritimus were drfﬁcult 10 categorize as live or dead, especially ﬁ;n& T00ls: -~
Based on the difficulty associated with roots and the fact that some rhrzomes and corms
were in a "grey zor{g between live and dead, live belqwground biomass was not ‘
distinguished from dead using visual observation. | No attempt was made wrth a dye to stain
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plant tissue and separate hve from dead. s : . . -

.

Nef annual ‘primary productwrty was ealculated as T.he Elifference between - maximum - and

minimum biomass bwause 1t 1s a srmple method to deterrmne producu%n and- has been used

| by others m marsh envrronments allowmg for drrect _comparisons, (eg Schubauer and

' Hopkinson 1984, Ellison et al _1986). - Other more complicated but aocurate techmques ‘were

not employed bemuse of the samplmg&strategy used in the - study For example Dickerman

et al (1986) compared seven different techniques for mlculatmg net annual aboveground
production with . varymg samplrng fequencres on Typha lanjblza. They concluded that the

Allen Curve Method (Allen 1951) was msensrtive to sampling frequency, produced consrstent
results from year to year and relates productmty to unportant aspects of populauon dynamics
Because of the requrrement for repeated measurements of individual shoots, the Allen curve
method could not be used in ‘this study which involved destructive sampling.  Similarly, Shew -
et al. (1983) presented a modiﬁed Lomnicki method that gave the best predicuon of

pnmary production in marsh envrronments but it requires paired plots which were not A
established in this study. The  Smalley method (Smalley 1959) could be applied o this study
if it is assumed that minimal plant material is lost via tidal ﬂushmg between samplmg

penods Although most of the dead plant trssue remamed on the stems of S. amencanus'
~and S. marmmus there is some uncertainty as to how much plant tissue was removed by

 tidal flushing precludmg the use of this method

e

" Mean monthly shoot growth Tates (g m’ hl daylight of tidal exposure) were calculated
for plants in éach environment by dividing the difference in mean monthly biomass by the
total number of exposure hours for the month. A negative growth rate value represents the
loss of live biomass by tidal expo; during this time period Although biomass . was not
measured in November observation indicated that there was no live aboveground material at
this t1me This calculation has two major assumptions. Frrst, that  there is no shoot growth
at mght and second, no shoot growth when shoots are mundated by tidal waters I found
no studies in the literature that presented evrdence for growth ol" S. americanus and S.
maritimus at night Both species, however, may grow under flooded conditions, especially -~ - o=
when only part of the shoot ‘is inundated. HoweVer, - iteis not known to what extent growth |
is reduced when shoots are inundated. «As well, there may be differences in- water turbidity
lbetween the four environments which would further complicate calculations of growth Trates
)
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dunng udal mundanon. For these Teasons, growth Tates were . calculated only for the t1me

) penods that ‘the entire shoot was exposecf o dayhght. '

Reproducnve
(Willson 1983), was
asexual (rhizomes) reprodu tion’ separately

It, measured as the bmmass allomted to- repredueuendeetakbxemass R

ted for each site for sexual (inflorescences and achenes) and

The variation in -plant bxomass between cnvuonments»and plant structures ‘were am(yzed : "

using" a -one-way analysis of variance and the Student-Newman—Keul’s mulnple range  test

(@ = 0.05) (UBC ANOVAR, Greig and Osterlin 1978).
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S. americanus

~

v By Noi?embcr, all of the current years shoots were rembvged by tides and currents fromv
the S. americanus z0ne (Figure IO}\Ropts and rhizomes rema'ined intacr below -the marsh
éurface throughout the winter w1th an -‘equal .Biomass in each tructure (Figurcb 11). In Lhc
low marsh, 'the belowground structures averaged ’_~.‘1000 g m’ mpared o = 2000 g m2 in

- —the high marsh. Root growth in spring resulted in a maximum in April of 2623178 g m:

in the high marsh. In comparison, maxrmum beIOWground biomass in the low marsh was
only 1040193 g m? and ‘occured one month later The emergence of new shool_s in spring .
brought about concomitant changes in belowgroundf bromass. Shoots emerged in April in |
bom environments but shoot growth was greatest and more rapid in the high marsh. v "By
Mas, the high marsh contained 1815483 shoots m'? with a biomass of 11t] g m* compared
to only 991+50 shoots m? with a mass of 240 g m™? in the low marsh. The differences
in aboveground biomass between the two environmerits is a function of the greater growth
rates in the hlgh marsh (compare 06 g m? h' w02 ¢gm’h l) (Figure 12) and the
greater exposure time (Table 1). o

During ‘the next two, months, shoot growth continued as belowground biomass declirrcd.‘
By mid-summer, maximum shoot densities were 37974213 shoots m? in the hrgh marsh, with
one-half that in the low marsh (1545t46 shoots m?). At this ime. almost 90% of high
' marsh stems flowered compared to 70% of stems m Lhe low marsh (Figure 10). Peak shoot
: densmf coincideg with the peak in aboveground live blornass whnch was measured at
625448 g m'? in the high marsh and 316£15 g m? in the low marsh.. Shoot growth. ,
occurred at the same Tate in both the high and low marsh enfironment during the month

of July (12 g m? h'') (Figure 12).

Belowground biomass was lowest ‘in mid-summer at Lheru'rr"le of peak abor/cgrbund 7

_ growth and increased thereafter, peaking in September/October immediately Yollowing' live shoot
removal. Accumulanon of dead shoot biomass generally peaked 1-2 months afu:r maxlmum
live shoot biomass and equalled maximum live shoot biomass in the low mars?. The loss

of live,,gl}}&s\was different in the two environments. The high marsh had the higher

e
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manmum loss rate (-1.8 g/m2 h‘) the low marsh wnh a lower (rnaxxmum of 0.7 g m*

h1) bu,t longer penod of ;shoot loss:

“Perhaps the best comparison ‘between environments is to deeumem the relative ——
propomon of total biomass in plant structures ‘through an annual cycle (Fxgures 13). In high

| marsh S. americanus, root biomass was >50% of total plant weight in winter and during the

growing season, with slightly less biomass in rhizomes than Toots. Aboveground shoots

increased  through the growing season peaking at ca. 25% of total biomass: in July

Biomass trends -in low maxsh S. americanus were sumlar to this pattern, with one
deviation (Figures 13). At the end o? the growing season, there was a. sharp: increase in
the proportion of-thizome biomass. This may be for lateral expansion in the low marsh
environmeni but is misleading bemuse there was only 382+18 g m? belowground biomass in
’ _both' roots and rhizomes (Figure 11), the smallest mean monthly beloWground biomass value
measured during the entire 16 month sampling period. Rhizome proportions decreased in
spring and through the entire summer but show a similar trend in fall 1986 as in 1985.
Root -biomass was less than 50% at all umes except spring prior to aboveground shoot
-production. The pattem of aboveground blomass in the low marsh was similar to the hngh
marsh, although the rﬂg’wblomass in July represemed 30% of the total biomass

‘compared to 24% in hjgh marsh.

S. maritimus

P

The pattern for S. maritimus was different from that of S. americanus. In the S.
maritimus. stands, dead shoots remained standing throughout the winter, especially in the

middle marsh (Figures 14a and l4c). ‘ '

Biomass of current year's dead tissue was equal in both environments although the low .
marsh was cleared of dead tissue faster b'Ih.'«m the middle marsh (Figure 14). In Lhe,'low {
marsh, dead aboveground biomass declined from 769479 g m? in October o 156410 g m’. -
in Decembér In the middle marsh dead shoot biomass remained near peak levels Lhrough
December and did not decline to less than 200 g m? until April. By spring, most of the
dead shoots were removed and the new shoots began to emerge concurrenuy in the low and

middie marshes. Whereas S. americanus shoot biomass peaked in July and declined

~
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‘ ﬂtmmedtately thereafter, maxtmum shoot densities of 700.t23 shoots m? in the Iow marsh and

" $55£18 shoots m? in the middle marsh oocured in July. (thure 15) ‘but shoot biomass v
~ peaked in August/September and was not significantly different between enmmnmenLLQZOin
g m? in the low marsh and 553117 g m? in the mrddle marsh)

" The low marsh attamed a- greater photosynthetic btomass in 1985 but this trend was .
reversed in 1986. The 1985 maxtmum standmg crop of 649:51 g m?in the low marsh
was not srgmﬁcantly drﬂ'erent from the maximum standing crop of' 55317 g m measured - in '\
the middle marsh in 1986 Maximum growth rates occurred in July m both envrronments
but the middle marsh shoots had a greater rate (compare 13- t0 09 g m? h l) (Frgure 16).
As live shoot biomass tjechned in September, dead biomass increased until there were no live
shoots by the beginning of November. The rate of loss of live shoots was greatest in the
low marsh, where in October 3.2 g m* h™' were removed Vcompared to 14 g m? h! irr

~

the .middle marsh enviromment

‘Whereas 70-90 % of S. americanus shoots flowered in the high and low marsh less
than 50% of the S. maritimus shoots produced inflorescences (Figure '15). In 1985, low
marsh shoots produced more flowers than middle marsh and flowering peaked in July |
compared to September in the middle marsh. In the middle marsh, 45% of the shoots ‘
flowered in September 1985 but in 1986. only 35% of the shoots ﬂowered and it was not
‘until October. In contrast. peak ﬂowermg in the J:ow marsh was July for 1985 when 38%
‘of the shoots ﬂowered yet vutually none of the shoots ﬂowered in 1986.

Biomass of belowground plant structures for S. marztzmus was- srgmﬁmnt]y greater in
the. middle marsh (Figures 14). Rhizomes comprised the smallest belowground compartment.
thhm-sne vanatton in corm biomass masked seasonal trends. Mean annual ‘corm biomass
was 1926:1:62 g m? in the middle marsh and 1329i59 g m’ in the low marsh. Root
biomass exhtbtted seasonal trends - with minimum values in July. Root biomass of rnid(ﬂe
marsh S. maritimus peaked in April (1475+194 g m?) and at the end of the growmg season
(19332316 g m?). The pauermn of root btomass seen in the middle marshk was not as
evident in the low marsh. Although there was a distinct peak in low ‘marsh root biomass
in fall, there was no a\pparent}lsign of a spring growth of roots rprior* to the growth of
abovegrournd structures. Rather, root piomass peaked in August (1286%135 g m?) and
October (1234#94 g m?) in the low marsh environment - ' |
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Although there were large belowground reserves below 020 m (Flgu,re 17) most roots -

and thizomes  at these depths ‘were fragmented and Tﬁ@ve corms were found.  These data
-are presented to show that a -large pomon of t.he productmty of S. marnimus stands may
_ be found below 0.20 m, although thxs mater_xal seems moribound.

It T N . _'
On August 4, 1986, S. marmmus was samp!ed- at its highest elevation limit along - the

‘Sea.Island dyke (Table' 2). Althoygh stem densities in this high marsh environment were
less than half that of the low and middle marsh, these stems were much 'larger ih ‘size asb
evidenced by the two-fold increese in total shoot kbiomase. As well, 26% of the shoots |
flowered and a large portion of last yeé:’s shoot biomass remained on the marsh 'platformf

~ Examination of the high marsh in October indicated that most of these dead stems from the
p_revious year were washed away. Peek'standjng crop of 1461+150 g m’ 'of the h?gh marsh
was three times vthat of low and middle marsh. . Similarly, there were large oin'erences in
total belowéround reserves between the three environments. High marsh plants had much

more root biomass but less corm biomass. Rhizome biomass was equal in all three stands.

Aboveground biomass of S. marmmus was less than 25% of total biomass (Figure 18). -
In Lhe mxddle marsh, photosyntheue tissue vcompnsed only 11% of the total biomass in the
summer of 1985 but this increased 0 17% in 1986, a reflection of increased shoot biomass
in this season. Conversely, low marsh shoots comprised 22% of the total hiomass in 1985
and only ,1:4% in -1986. thhermoxe, whereas §. americanus shoots had a mid-summer peak.

-S. maritimus shoots peaked in July and maintained that peak through September. 4

Belowground biomass proportions were similé: in middle and low inarsh S. mhr_itimus
(Figure 18). Corms made up more than 50% of total biomass during winter and 40-45%
during summer. Middle marsh roots peaked in spring, muchb like S. amerfcanus roots but
low marsh roots showed cont.muous fluctuations.  There was. less tham 5% biomass as

rh1zomes in both environments.
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Figure 17. Total belowground biomass (Xtse) of S. maritimus low marsh (a) and
high marsh (b) for 0 - 020 m (— — ~), 020 - 040 m (————) '
and 0.40 - 0.60 M (earmewnene- ). '
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Figure 18. Mcan monthly rclative biomass of hiddle,(a,b) and low (c;d) marsh S. maritimus
), current year dead shoois (=---=-), last year's dead

for photosynthetic shools (~————
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DISCUSSION

 Allocation Strategies

It was hypothesized that plants in the stressed, low ‘elevation environments shbu}‘d adopt

" conservative allocation strategies and invest less into shoot biomass. These predicu'ons were |

not supported by the ﬁndmgs of thlS study (Flgures 13 and 18). Low marsh ' S.- americanu.s

was at the lowest elevation but had the greatest mvestment into aboveground t:uomass (31% R
At the high end of the elevauon gradient, middle marsh S marmmus invested only 17% of

the total blomass into aboveground shoots in 1986, and 11% in 1985 Between these ecnd

points, low marsh S. marmmus invested ‘a ma)umum of 22% of the total blomass into shoots -~
in 1985 and 12% in 1986  Shoot biomass of high marsh S. americanus Tepresented 25% of

the total plant biomass in thls environment in both sampling seasons. " It is unknown what
‘proporuon of plant aboveground biomass is lost by tidal export between samplmg days.

Furthe,rmore the shoots at 16w elevations with longer udal submergence periods are prone 10

grea;;:r losses through leaching. Thus, comparisons between environments should be »

interpreted with caution. , I

The proportion of total biomass in aboveground structures of 15-30 % measured in this
study is similar to that measured by Kistiz ef al.- (1983’)' for Carex [yngbyei. Similarl‘y,.
maximum® live aboveground biomass of S. alternifiora was =~ 20% of total b:elowground

biomass - in Georgxa but ~ 50% of the hve belowground blomass (Schubauer and

iHopkmson 1984) Elhson et al. (1986) measured aboveground and belowground biomass of
two height forms of S. altermﬂora in a Rhode Island marsh. Analysis of their data.
indicated that peak aboveground blomass of tall form represenrs =65% of total biomass and

short form tepresents 72%.

Reproductive effort (RE) was calculated for sexuél and- asexual strructures {rhizomes). o
There is some contoversy as to whether sexual RE should be calculated for total biomass or
just aboveground biomass (Willson 1983). The argumenf centers on the fact Lhat perennial
plants maintain a root(\\! rhxzome reserve that should not be included in the measurement
of sexual RE The data for S..americanus and S. maritimus are presented for both

aboveground biomass and total biomass (Table 3). For S. americanus, high marsh plants had

PR e o
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. ‘V ?
N
a greater mvestmem m sexual reproducuon r.han low marsh, especxally in 1985 when a

maximum of 7% of aboveground bnomass was inflorescences. This finding supports

- hypothesis of greater reseufee'invesmep’t—’te sexual reproduction in- the high marsh. — :
in both environments, howeve'r' invested ~1%k of their total biomasg to sexual reproduction.
Clones in both S. americanus envuonments mainfained an average of 47% of ,thcir'c total

bnomass as rlnzome&

It can be argued that - allocation to sexual reﬁroduction should ~include 'shoot biomass ih

S. americanus because the shoot supports the flower. Based on ‘this assumpnon ‘low marsh .

S." americanus allocated 30% of the total blomass 10 aboveground structures compared w0 24% -

of the total blomass in high marsh plants.

Low mar‘sh S. maritimus had _<1% aboveground biomass as ‘ﬂowers. The lower
ginvestmerit into flowers measufcd the seconé summer may have been a response to o
envuonmental stress as ttus was a very dry summer, which may have increased soil salmmes.
In the middle marsh, however over 4% of aboveground biomass was allocated to sexual
reproduction in both years By comparison, high marsh S. maritimus had 2% aboveground

- biomass invested into sexual -reproduction for the one time it was sampled (Augusl 1986).
This result also supports the hypothesis that allocation to sexual reproduction should ‘be less
in S. maritimus when compared o S. americanus. 'S. maritimus occuples the more severely
" reduced soils and a greater proportion.- of the resources should be devoted to maintenance.

Clones in both S. maritimus - environments maintained 40-50% of their total biomass as corms.
;

Willson (1983) summarized patierns of réproductive allocation -and lists- many studics. that
found RE of annual and perennial plants much greater than 10%, with éeveral species having_
RE of =30%  These values greatly exceed those measured in this study. Long-lived clonal
perennials are expected 10 devote more resources to g'rowth than reproductjon.r RE of
veéetau've tissue in this study was similar to the.range of 40_—80% presenteﬁ by Wilson
(1983). - - : | -

¥

" Root to shoot ratios are genera.,llw" ‘presemed as the proporion of mean annual live
be}owgrouﬂdﬁo&bevegmﬁﬁdbimnass }ntmsstﬁdy hvemdde&dbelowgrﬂuﬁébmfnasswas
not distinguished and this ratio is presented as the mean annual Lolal ] -
belowground.aboveground biomass (Table 4). Since live and dead belowground biomass was
not distinguished, the belowground:aboveground trends are valid only if it is assumed that the

21



‘Table 4. Total below to aboveground biomass ratios.

B

- Speciess

S. americanus

S. maritimus (*)

[~

. total biomass to depth of

0.6

Site

High

Low

middle -

Ratio

4.3

6.9

7.0

84,
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<

propomon of dead o Iwe b:omass is sxmﬂar in all samplcs This a&sumptmn can be madc

na

in S. amencanus ‘environments where most of the’ belowground bnom appeared o be live.

© S. maritimus ‘environments; -however, eenmaedaiargedwdﬁ&owmm&mwmmnt’

Hence the mgher ranos measured in the S maritimus environments when compared to S.

~ americanus (Table 4) As well, the low marsh S. marmmus envu‘onmem appeared to contam
a gr&ter proportion of dead belowground biomass than the middle marsh, These differences
in belowground biomass negates comparisons between Specxes é.nd mdxcat% Lhat any other A

compansons shou]d be made with caution. ~ E

~ The highest ratios were found at the upper elevation limits for each s;;ecieé and in |
fact, ,belbw:above ratios‘in‘creasgd consistently with‘ iricreasing elevation (Table 4). This- does
not support _thev hypothesis presented earlier that Suggested -that root:shoot ratios will be .
highest in the low -elevaﬁon stressed environments. Although S. mq}itimus is at higher
elevations, the fine sediments in these environments impede drainage leading to low soil
redox potentials. In gnviromnems with low r_édox potential, greater root biomass is required
0 produce a unit of shoot biomass (Shavér an‘d Billings 1975). While this explains the |
higher root:shoot ratios between species, it does not account for the trends within specics.i It
may be that an environmental factor trt;a't was not measured in this study is the cause of
this pattern. One such example is hydrogen sulphide which may be foundA in high

concentrations in the high marsh environments.

The root:shoot ratios measured at Sea Island are much higher than values in the

~ literawre. This again is a yeflection of the large, dead belowground biomass of S. maritimus

- which was included in the calculation. Schubauer and Hopkinson (1984) found rOOL:ShOOll
ratios of 1.7:1 for- Spartina alternifiora and 2.5 for Span_ina cynosuroides in Georgia and they
cite other studieé that measured eqw'valém ratios. These values were derived from live .
biomuiss onl.y which represented 20-25% of the dead belowground biomass comparunenL }
Therefore, theif root:shoot ratios would be similar 1o those meésmed at Sea Island if total
belowgrdund biomass was used in Lhe calculation. Most of the belowgfound ussue of S.
americanus appeared 0 be live. Thus, Lhe ratios of - 5. _americanus may be directly
compared 1 Spaﬂin:: alterniffiora. In the Pacific Northwest, Kistritz" et ‘al. (1983) measured
ol aboveground and belowground biomass of Carex lyngbyei. From their data, ] talculated
2 toot:shoot ratio of approximately 4:1 for the month of peak biomass (July). This is
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smular 0 the values of S ‘americanus and S. mqrmmus

Root:shoot ratios vary widely in wetland plams the drfferenoes due to the length of
ihfe of tmderground systems and to differences in soil fertility (Bemard et al. 1985) T For
example, arctic plants typrcally have higher root: shoot ratios than temperate plams due o low
Lemperature (Barnard et aL 1985). Chapin and Chapm (1981) reported values of 0.9-3.2 for
Carex aquatilis in expenmental gaidens in Alaska. Grace and Wetzel (1981) noted a greater'
root growth in low nutnent level Typha stands Similarly. Haines and Dunn (1976) and -
Valxela et al (1976) observed decreased 100t - production with mcreased nitrogen avaﬂablhty

for Spamna alterniflora. ' The high root:shoot ratio measired for S. americanus compared to. -

these other studies is a r‘{esbonse to long. inundation in S. americanus environments which are
at the lowest points on the Fraser Delta foreshore marshes. Therefore, in S. ‘americanus
- envxronmems greater belowground biomass 'is requlred to produce a unit of shoot biomass

because of the very short exposure time.

Seasonal patterns

5. americanus and S. maritimus had a rapid growth  of roots and rhizomes in spring,
root growth for nutrient upr.iike and rhizome growth for clone expansion. Belowground
biomass was lowest in summer whenl resources were allocated to shoots and flowers. When
aboveground structures senesced, biornass was re-allocated to belowgroundv structures, primarily
ritizomes.  Rhizomes of §. alternifiora function as overwintering 7st‘orage_ tissues and also
increese in biomass -in fall when culm mortality is highest and carbohydrate translocation o .
storage organs greatest ‘(Lytle and Hull 1980).  Seasonality of root biomass is related to
availability and demand. for plant nutrients. In coastal marshes of Georgia, a large
investment in root biomass.in winter enabled S. alternifiora and S. cynasurcides to take
advantage of the high NH, concentranon in the soil in early spring (Schubauer and

&

Hopkinson 1984). Corms serve the role of storage organs in S. maruzmu.r,v rmzomes are
~only for clone expansion.

Seasonal fluctuation. of biomass of plant structures suggests that there is allocation of
TeSOUTCes b‘etweeh aboveground and belowground structures in S. americanus and S. maritimus.
The growth strategy of plants appears to differ in high and low environments. This is

evident when biomass allocation to ‘each plant structure is compared between environments as
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a relative measure of total biomass. - S. maritimus had greater year. to year'variation in

. photosymheuc biomass than S. amencanw. However total aboveground biomass (live -and
'dead) of S. maritimus was similar for the 2 years sampled _suggesting that this variation may -

~ be due to interclone sampling vanabxhty as the samphng scheme adopted ‘samplad chﬂ“crem
clones for each month. ) -

Sumlar seasonal pattems in aboveground and belowground biomass alloczmn werc‘
observed by Kistitz er ol (1983) in Carex Iyngbyei Several studies examining Spartina.
altermjlora report maximum belowground bnomass in winter (Valiela er al. 1976 Smith er al.
1979, Schubauer and Hopkinson 1984) Gallagher and Plumley (1979) nleasured peak .
_'belqwground standing crop of S. alternifiora in fall but Ellison er al. (1986) found that\\'J

peai belq@ground biomass of S. alterm‘jlora was ’i&\yd—summer wnh no secondary peak
corresponding with the autumn dieback of abovegroun pars.

For S. americanus, growth rates during the growing seasbn were similar between
environments except dﬁrihg the month of May.A Duriné this period, high marsh plants
‘accumulated biomass - three times as fast as those in low. marsh (compare 0.6 to
02 g m* h''). This early season difference in growth rate combined with Lh}e longef
exﬁosure period at higher elevatiof_ns produced Lhe greater biomass measured in the l;igh
marsh. In spring, the wal‘mer soil ternperarures of the high marsh enhahce shoot growth. )
In the low marsh, flooding by cold tidal water limits shoot growth to the short exposure

time after soils have been warmed.

"fhe cause of the greater biomass measured in low marshS maritimus in - 1985 ca‘n’rrlot'r
be explained -without knowledge of what happened ‘in- early summer. In 1986, the higher |
,growth rate\in July in middle marsh S. maritimus wee® oﬂ“set by Lhe Auguél rates which

are higher in  the low marsh. Mean growth rates for April 1 to September 1 were

0.3 g m? h! in the middle and low marsh. The data indiicmed that although plants al
the hxgher elevations may have slightly higher growth rates at specific time& of the year, the

primary facto' accounting for biomass differences between envirpnments is total exposure ume.

The high rates of tissue loss measured for‘ low mWitimw~ m::iy be a result
of the rapid decline for exposure hours for this environment. Coxisequemly the longer
submergence period leads to- rapid plant senescence. Floodmg of senescent shoots decreases,

Lhe mtegnty of these shoots 0 thhstand flooding. Hence they are slowly removed from
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‘dead material in late autumn.

Lt

the marsh platform. \The middie marsh has a rapxd decline in exposure hours but it

remains above 200 hours. per month. The result was a slower rate of ‘senescence * and- longer

penod of complete removal of dead shoots. - e e S

All aboveground production is exported from the S. amencanus commumty in late fall/
early winter. The S. marinmus shoot biomass is eventually removed from the marsh.
platform. - Belowground producuon had seasonal peaks and this matenal must be transported

‘somewhere. It may be allocated aboveground and then lost or lost as belowground blomass
either through grazing, dissolution, or erosion. Valiela et al. (1975) reported that the
. amount ‘of dead Spartina alternifiora measured in autumn - was substanually less than the

maxlmum amoum of live blomass present earher in the year. They suggested that . part of

. the malenal is lost by plant respiration, by translocation to belowground parts and by

decomposer activity; the remainder must be carried away to deeper waters by>tidal” ﬂushlrlg.
Al Sea Island, both high marsh S: americanus and middle marsh S. maritimus had a similar
relau'onship berween live and dead ‘shoot biomass. © The low marsh S. americanuls had dead
shoot biomass equivalent to that of hve whereas low marsh S. marzumus had much greater
dead shool biomass in late autumn compared to the maximum live shoot blomass reoorded
1. suggest that a large pomon of the primary productmn of aboveground tissues in S.

maritimus were lost through several avenues during the season and therefore, not measured -as,
Since belowground biomass was not separated mto live and dead™ material, growth in

one month should be measured the following month ‘either as live or dead matter. The -

rapid decline in root biomass in the low marsh in December 1985 suggests the removal of

this material either as dissolved material or by grubbing snow geese, which’ overwulter\_ in the

Fraser aner delta from October/November to Apnl Burton (1977) found that S. amen‘canus

and S. marmmus compnsed 76% of. food 1tems identified in gizzards of snow geese (Anser
caendescens) grazmg on the Fraser Esmary tidal marshes He estimated that 32% of the
tofal standing crop of S amencanus ar;gl S. marltzmus may be removed. Recent observauons

by Hutchmson gunpnbhshed data) in athe”low marshec of Sea Island indicate that there -is no
difference mbelewgrotmdbionmssofs amerttmmmexclosurescomparedtoareasgmbbed

7‘ by geese. 'The December 1985 belowground _biomass estimate may therefore represem

. sampling variability.
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Shoot densities of both S amencanus stands exceeded that of S. marmmu.n As well '

- whxle ﬂowenng frequency of S. americanus was greater, S. manumus ﬂoweuﬁ were much
. 'larger (Table 5) Aboveground blomass of S. maritimus was comparable to- that of hrgh
marsh S', americanus, with low lmarsh S. amerldanrls ha\ringv ‘the lowest hiomass.ﬂ For §.
maritimus, vshoot  density peaked in July, 'declined therafter biomass increased. Therefore,
‘competition bewween shoots for resources results in the deve rnent of tall sh'orors with wide \
leaf bases. that leads to mortality of neighboun'ng/ shoors | \ . -
Sxmrlar to the ﬁndmgs of other studres that have sampled belowground blomass in
marsh environments, total belowground bromass exceeded . aboveground biomass in bolh spec:es
A comparison by plant structure mdrcated that only S. maritimus thizome biomass was less |
than shoot biomass. These” ‘are thm, short rhizomes and thus have low total biomass.
Biomass of roots _was greater than rhizome biomass and in S. maritimus, corm biomass h o
exceeded t.hat of T00tS. Total belowground biomass ‘of S maritimus exceeded S. amencanus%\}

bur S. americanus had the greater rhrzome bromass

The peak sta.ndmg crop of 850 g m?! of S. americanus -in the Nookeack bra}ckish,
marsh, Bellingham Bay, Washington, (Disraeli and Fonda 1979) exceeded ‘the maximum of
_high marsh S. americanus at Sea Island (Table 6), but Ewing (1982) recorded a'maxirmum
standing crop of S. americanu.r in the Skagit delth marshes eq’uivalem 'Lo; high marsh ' S.
americanus at Sea Island. - Moody’s’ (1978) estimate 6f maximun standing crop of S§.
anrericanus at Brunswick Peint, on the Fraser River ;delta marsh (397 g m ’)l 1s cbmpara_ble
to low marsh stands at Sea Island.  The lowesr aboveground standing crop of §. maritimus
measured at Sea Island was in the mjddle marsh environment  This value 'exc.eededk all

other measurements for this species in Pacific coast marshes.

Only Dlsraeh and Fonda (1979) and Ogwang (1982) provide data on belowground
rrxasz;)f S. americanus and their esumare corresponds to that of the hrgh marsh in this
study. No measurements of the belowground production of 'S maritimus have been madc
along . the—Pacific Toast
Carex lyngbyei @ the most common and widespread plant in Pacific coast marshes.v
Abcwegmund standfng}np exceeded 1700 g m? in a "fresh” enviroriment at Qualicum
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marsh (Kennedy 1982) The range of values for C Iyngbm fall within that measured for

7 7-8 americanw and S mantimus in this study and demonsu'ate that these two sedges can be
a&pmdm:nye as C. lyngbyei Rhwgmmmdabmgbmﬂmmmmbmm
marsh §. america{w and low and middle marsh S. maritimus, but is half that of high

| marsh S. maritimus. ‘Therefore, it appears that S..maritirhus may represent one of »the most
productive species in Pacific “coast marshes, .espeeivally’at‘its upper elevation limits.-‘ For

" comparison, total belowground biomass of Juncus roemerianus is between 9-12,000 g m* in a
tidal marsh in Mississippi (de la Cruz ~and‘ Hackney '1977') Similarly péak belowground |
.standmg crop of Spamna a!teImﬂara (6,000 g m?) a.nd S. cyrwburades (8000 g m 1)
(Schubauer and Hopkinson 1984) exceed S. amencanus.

The - difference between maxlmum ‘and xmmmum biomass is a crude indication of net
annual plant producuon. Schubauer,aad Hopkinson (1984) and Elhson et al (1986) have
used this method for bciowground productivity estimates in weﬂand environments.  Since live
and dead belowground ‘biomass was not distinguished in this -study, the use of mdre
complicated techm'ques for calculating prdduction is precluded. For Sea' Island, production
mcreased with elevation (Table 6). Low maxsh S. manumus had the highest aboveground
producuon and middle marsh S. maritimus the ‘most belowground production. Total
production was lowest in low marsh S erzcanus (1494 g m?), increasing to 3036 gA 'm?

n huddlc ‘marsh S. manﬂmug_/ y middie marsh S. maritimus had total pmductmn values_

that approached those Spartina alternifiora.  Generally, the production of the environments -

sampled in ‘this -Study were less than $50% of S. alternifiora.

' Low marsh S. americanus plants had only 11% of their total belowground biomass
below 020 m in depth compared to ‘their high marsh counterparis which had up to 40%.

~ Ellison er al. (1985 found decreasing penetration of Spam‘nd a!terniﬂara roots - and ')rhizomes
into the marsh substrate with mcreasmg tidal height in a Rhode Island marsh. Similarly,
Gallagher (1974) found that 69% of belowground _biomass of high marsh (negauve redox)
Spartina alternifiora was in the upoer Q.IS m of 0.35 m cores comparedi to onl} 44% of 7 o

—kreek Dbank (bigh positive redox). In a greenhouse experiment, Seliskar (1983) cong:luded that
more than 65% of the root and rhizome biomass of Descahmpsia eaéispitmafﬁisi@hlii N

‘ spicata, Grindelia integrifolia, and Salicornia- virginica in the uppes 0.10 m df soﬂ was
indicative of saturated conditions. Schubauer and Hopkinson. (1984) suggest that in northemn -



lautudes, thizomes are found at . depth o protect them from freezmg wmter tem Jeratures.

Lwe belowground material is found near the surface where remmeralxzaoon and supposedly

nutrient supply are greatest, but.deep enough to avoid oamage due 10 seasonal changes x‘n —
mlcrochmatology (Sctiubauer - and Hopkmson 1984) High mterstmal salmmes in Spanina ‘
alterniflora h1gh marsh oompared to the streamsrde ‘may restrict belowground matter to the
top soil layers where ramfall and txdal water keep the- sallmtxes -lowest. Haines and Dunn o
(1976) reported reduction of root growth associated wnh ‘higher sahmty in a greenhouse ‘s.tudy.v '
A oombination ‘of high interstitial salinity, low (negative) redox and microclimate restricr |

belowground ' biomass to surface layers of the soil. ’ £

Gallagher and Plumley (1979) proposed - three types of pattern in macro-organic matter.

A Type I pattern has equivalent biomass ai all depths, in contrast t0 a TYpe Il which has
most of the belowground biomass near the surface. A Type Il pattern has the maJomy of
belowg}ound biomass in the middle layers of the substrate S americanus_ appears to belong
to the Type III category. ‘In both the high and low environments, the top 005 m of soil
contams roots, the rhizomes bemg 0.10-0.20 m below the marsh platform - S. maritimus is
difficult t mtegonze bemuse of the large dead, belowground reserve. It does, however,
‘resemble a Type II or III pattern. '

 Substantial interspecific and' intraspecific variation in biomass allocau‘on' Xists jn,‘S. :
americanus and S. maritimus. For S.. americanus, high marsh clones had greater stem
densities and biomass. The high shoot densities measnred' in high marsh S.. " americanus may
produce tall shoots through compen'n‘onfff light In S. maritimus, w@ll planis_at higher
‘ elevations have broad leaves which shade out neighbouring shoots. Therefore in ﬁlese |
environments, there is a lower shoot densny than in the low marsh where shoots are not as
tall and hence, not as leafy. Furthermore, the lack of difference in shoot biomass- between R
the low and middle marsh envuonments of §. mannmus may be due to sam;ll\ng above and
below the elevation markers established .at the beginning of the sampling period. The first
months of samplmg were done below the elevanon markers in the .middle marsh envnronmcm‘
and most likely at an elevanon similar to that of the low marsh. Durmg the second (
summer of samphng most of the middle marsh samples were collected at or above the
markers and therefore at a higher elevation than ‘the low marsh Hence the greaLer biomass

in the middle marsh than in the low marsh. From the cnlculauons mvolvmg relative
. R . b “‘\‘
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bnomas and growth rates, it appears that these dtﬂ‘erence were ‘@ response to exposure ume

to Sunllght Recrprocal transpl..m expenments were undertaken as a further test to determme
if this vanauon is .under genetic oont:rol (Part E).
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PART D
NUTRIENT ALLOCATION
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[ L

| " INTRODUCTION Q
A | ,v » ‘ 7 7,777’;{777”"7 7 7
The objective of this -chaptei was to extend the concept of inﬁaspgdﬁc variation < -
mcasuredf for biomass to nutrient a.li&ztiom Nuu'ient analyses were undertaken because they

provide. a better measure of the investment made by a plant for the consu'ucﬁon of various

plant siructures Two groups of nufrients, were monitored. The macro-nutrients (N, P, C,
H, Ca, ’Mg, K, Na) ‘are"im_portant for plant growth and should be allocated to shoots ‘in :
large quantity. The micro-nutrients, or trace metals (Al Fe, Mn, Zn, Cu), are required in
smal éuanr.itjes and can ‘hF deleteﬁbﬁs' whe;l present in high -concentrations.  Seasonal

ch;nges in ‘the movement of nutrients between different plant structures were determined on a

e

concentrgtion and an accumulation basis. The"propom'gm of ﬁé/tal nut':rien}t‘pools allocated to

different plant structutes indicated if plants in a particular environment were conservative with

their resources. *

Several questions were asked comcerning nutrient -allocation patterns and, strategies.  First,

which nuttients decrease in live sheoots in autumn, concurrent with an increase in belowground
structures, suggesting storage?  Conversely, nutrients that accumulate in aboveground shoots are

subsequently lost by the ﬁlant because tidal action removes plant biomass from all four

environments. More.sneciﬁ,cale, is the spendthrift S. americanus (complete 'shoot—lc‘)ss) more

likely to relocate;nﬂtrieht.é to rhizomes than St maritimus, which maintains >dea»d aboveground‘_
material as possible storage reserve?  Answers to these questio;ls will indicate if the. relaﬁve
“:;llocau'o.n between below and ‘aboveground structures is similar Ain _dif:ferenf environments. |
Finally, are there consistent trends in the accumulation of selective,nulrienfs in specific plaht

structures?  If so, this may suggest compartmentation of these elements to prevent interference

of metabolic processes. : B 5. o~

\;F{om these questions, the ‘followingvhypbtheses were developed and tested in light of

nuttient  allocation 'strategies. . ' : L

H,:» The hypothesig, of conservation of resources. . 7 ) )

Plants in swessful environments undertake more extensive and intensive sedueste'ring of
nutrients, even though there may be no differences in nutrient availability. Once these
‘nutnients have been sequestered, I hypothesize that plants in stressful environments should be

4
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conservative by stonng nutnem.& By extensron, plants occupying str&ed envrronmems should

.allocate a smaller proporuon of therr resources to aboveground shoot&

H;: Nutrients that are scarce (eg mtrogen) should be stored in underground structures at Lhe

-end of the growing seasomn. ‘

7 In situations where a 1arge effort has been made to acqurre nutrients, Lhe Jplant should
store ‘those nutrients for 1mmed1ate use the followmg sprmg and to avoid dependence on ¢

external sources to supply “those nutrients.

These data provide a measure of plant nutrient conservauon or loss and msrghl mto
nutrient allocation - strategies of plants—fv different envirps ents( By mcorporaung Lhe data on

spatial and seasonal variation of environmental variable reported in Part B the cause of any

1

‘observed variatior. was determined. . - -




Yo

o..

The plant matenal collected for bmmass deterrmnauon (Part C) oonsntutes the sample
for nutrient measuremenls Samples were analyzed for the 13 mon;h penod, July 1985 to -
July 1986. Al'r_he overiap of July p'row:ides some -indication of year to year variation of

nutrient content” Four samples were collected from each of the four environments at

monthly intervals from April to October inclusive, and bimonthly during winter. 'Thé plant

structures analyzed were photosynthetic tissue, inflorescences, standing dead shoots, roots,
thizomes and corms. ~ ‘ |
N

A subsample of plant- material ‘was washed to remove all sediment fand ground . in a

— -

Wiley Mill to pass a #80 mesh sieve. Fofr"" C. H, and N detemﬁriation, 1-3 mg of tissue -«

was analysed 'in a Carlo Frba C-H-N Elemental Analyzer. Between 0.200 and 1.000° g of
dried tissue was dlgested in 10 ml of H,SO, at 350C for 25 h to extract P, Ca, Mg, Na

K, Al, vFe, Mn, Zn and Cu (Parkinson and en 1975). Phosphorus *was determined by the

.. molybdenum blue method (Watanabe and Olsen 1965) on a Bausch and -Lomb Mini
" Spectronic 20. A Varian Model 1475 Atomic Absorption Spectrophotometer was used to

determine Na and K by flame emission, Ca and Al by ’atomic absorption spectrophotom‘etiv ﬂ

using a nitrous oxide acetylene flame to suppress ionic mterferenc:e and Mg Fe Mn Cu

and Zn by atomic absorpt;on spectrophotometry using an air acetylene flame. The product

of biomass and nutriént concentration was used to derive nutrient accumulation.

, All samples were calibrated using 3 reference standards for the calibration curve.
Macro—nuu'iems were m :sured to 0.01% and micro-nutrients to 1 ppm,' Significant
differences in nutIient' 'cpncentrétion an;d accumulation betweeﬁ sites and ‘plant structures we‘re
revcaled by an analysxs of vanance and Student—Newman—Kelﬂs multiple range test (UBC _
ANOVAR Greig and Osterlin 1978) “with a 95% confidence level. Concentranon data were

analyzed after square root arc§1n transformation (Sokal and Rolf 1981).

12



CHAPTER MM
RESULTS =~ =

For S. americanus, ' nutrient concemrauons were hlgher in all plant structurcs m thc low.
‘marsh structures than in the hlgh marsh For S. manumus plants in the rmddle mamh “had
“higher nutnent concentrations Lhan those in t.he low marsh. However nutrient accumulanon o
wds greater in the thher elevauon enwronments for both spemes. Because of these
consistent _‘tIends, the data are graphed to “present the nutrient content of different plant |
- structures from one environment on a single graph. Mean annual nut:iem-coneentration of
each piant structure s presemed in Table 7 ‘for comparison between structures and

environments.

- Significant seasonal differences in nutrient concentration werek detected in virtually all
plant structures and all 13 nutrients; only C did not- vary with season. The analysis of
‘nutrient stocks showed that t.here were significant seasona] changes for all elements measurd,

including C.  The seasonal patterns are discussed below by nutrient.

N

Flowers in S. maritimus environngems were sparse and li material was available Tor °

analysis; they are omitted in the description below. Generally, inflorescences from -both the “

I

low and middle marsh had nutrient concentrations similar to that of .live shoots. -

=

Nitrogen . o R

- Shoots in ‘high and low marsh §. americanus had maximum N concentrations in.AJune | _
(Figure 19). Maximum N concentrations in €lowers were s:i;niia;r to that of shools. Dead e
shoots increased in N concehu'atidrr as <t.he' growing season 'brogiessed. Rhizomes from both .
environments had higher N concentrations- during winter when th‘er;‘ev'was no aboveground

growth; N concentxamyn in rhizomes, was lowest in July at the tirpe of peék abovcgrouhd

. biomass.

Theré was no significant difference in N concentration of S. maritimus shoots, but
there were differences in the timing of r'naximufn concentration (Figure 195 Middle marsh
shoots had peak N concentration in June (3.30% N). compared w© May (3 20% N) in the low

marsh. Dead photosynthenc tissue from S. maritimus environments had a maximum N

concentration of about 1.5%. The N concentrauon of belowground structures in the low .

S
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marsh was P l% .N wrth no significant seasonal variation. In tl}&mrddle marsh, roors had

, the hrghest mean annual N conccntrauan (1 48% N) but rluzomes Blowed seasonal vananon '

thh wumt maximum L@% N) and summer ‘minimum ﬂl,lﬂa M Mma.nnuaL e i

LI

*

> in - roots and rhlzomes were lowest in summer, a trend most promment in the" l0w
K}

. R . N . . . . .
. t oL .- N . ~

ntranon ‘of N m corms was -1.07%, the Iowest of belowground structures in thrs ‘

envrronment (Table. 7).

LY

, Peak N aocrfmulauon\ in photosynthetm trssue was in July for all four envrronments
(thure 20). Low marsh S amerrcanus showed a second peak in October which comcrded
with the second biomass peak in thts envuonment (Frgure 12).. Nitogen accumulation in-
dead’ shoots showed a similar pattern to live shoots only 1t Iagged behind by a two month

mterval

S. americanus thizomes and S. maritimis corms showed clear seasonal changes in N

accumulation Accumulation increased in -fall; maintained that level through Winter ahd beg‘an,'

o declme in spring with the growth of new shoots. Roots of both species had large

ﬂuctuauons throughout the year but exhtbrted a sumlar Seasonal patterrt

Phosphorus concentrauons in S qmbrrcanus photosyntheue ussues peaked in May (Frgure
21). attaining a value of 056% P in--the low marsh and 042% P in the hrgh mapsh As

wrth N, there was no §1gmfl<znt drfference in E concemratton of. mﬂorescences -and-. shoots 777777 :

Dead shoots had a much lower P concentratron than live. shoots, although there was | a sharp
w

mcrease in P fow marsh S amerteanus dead shoots in October Phosphorus concentranons .

® .

Rhuomes in" both emnronments had consrstently hrgher P concentrations than TOOtS and ha v b‘

hrgher mean annual conoentratron (Table 7) i I ‘ T
» N & . . ' S N e
Mean P cenﬁenu;atrons n- rmddle marsh S marmmus shoots (0 31% P) was srgmﬁéantly
pes

greater than m‘ the lq,w marsh (0.23% P) (Table 7)s Shoots m mrddle and low marsh S}

-

nwmm/w envrronments lfad maxrmum P concemrauons ur June (Frgure 21) Inﬂoresce,nces m
’Lhe mtddle marsh had a’ much lower P concentratmn than shoots tIn the low marsh the f

maxrmum P ooﬁcentraubrt .of 048% j 2 m ,tnﬂorescences was greater than that .of sh,oots, but
xt qechned thereafter to a oonce'm'auon stmrlar to that of the” shoots. ' Dead shoats from

S,

both enmournents had P ooneentrauons inghtly less than that of shoots o T
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Phosphohrs ‘content of beiowground structures from S. maritimus environntems had a .

greater fluctuation than that of N. Genem}ly roots had the hrghest mean annual P

concenuauons. rhrzomes the lowest ~and corms were mg_edme (Table 7). Mnm

of P in roots from, bo):h envrronments was- highest in winter. Tbere was no sxgmﬁeant

drfference m P concentration over the year in low marsh §. maritimus corrns

Seasonal changes in P accumulation in live. and dead shoots was similar to that of N ; .
(Figure 22). Accumulaum peaked in July in hve ghoots and in October in dead shoots '
Aocumulatton m belowground structures was variable. Alt.hough t.here was 1o consrstem trcnd
in low marsh S. amerzcanus, roots and rhrzomes of hxgh marsh 5. amertcanus shomd S
hrghest accumulations - in Wmter declining rapidly in spring sumlar to the declmmg P
concentratrons in t.hese tissues. . Roots and corms ~ of S. maritimus had “large ﬂuctuauom

between winter maximum and | 'summer minimum levels. oo B L
Carbon

Carbon concentration was constant throughout the samplmg period in all structures .md

in all ermronments (Flgure 23).  Thus, biomass changes were the cause of accumulauon

L4

changes between months (anure 24).  Shoots had the highest mean annual C concentrations

f o

with eqmvalent levels measured in S. maritimus corms (Table 7). Roots and rhizomes had

srmrlar concentrations and lower concontratrons than all structures Mlddle marsh S marmmus ~

corms and low marsh roots had no srgmﬁumt seasonal. - vananon in C accumulauon _Some :

belowground structures had mcrea%d Cc accumulanon m sprmg and/or fall’%(};lgure 24).

K &
- - L
[ 1

Hydrogen . o ‘ : ' ' e

Live shoots showed the greatest seasonal variation in H concentration with a maximum
" of about 7.0% in June (Figure 25).:° .Belowgrotmd structures had H concentrations belween -
5-6 %, with little variation th—roughout; th'e‘ year Rhlzomes from the low marsh S

americanus and S maritimus had no mgmﬁumt seasbnal varrauons in H concentranon .

s a

Like C, H aceumulanon -’was czuse'd by bi'omass' variation. Live shoots -had ,maximum o
H accumualtion in July and dead shoots in October (Figure 26). - Belowground structures.
from all’ envuonments had drstmct peaks in fall and spring and these we'e greatest in S. -

'u

maritimus. T
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Figure "2 Mcan phosphorus accumulatxon in photosynthehc shdots (

shoots (

), ,thizomes ( ——=—

and corms (

of low marsh (a) and high marsh (b) S. americanus- and low marsh (c) ~and 1;mddle marsh

(d) S maritimus.
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‘CHcIm'- o L

In contrast 10 N and P ooncentranon whrch d'ecreased -as tbe plants matured. Ca L

. eoncentramn in sh&‘)ts showed httle change t.hroughout “the year (Frgures 27) Dead shoots
had higher ;Ca concentratrons ‘than live shoots in three_gmronments. mcreasrng from ‘
'»,’rrnd—summcr to fall " in S amencanus but. remamrng constant m S. manumus. In low marsh

S. ma.rztzmu.s Ca concentranon of dead shoots was equrvalent to that of hve shoots and

. remamed constant throughout the growmg seasorL

Roots in, hxgh marsh S. amerrcanus had sma]l changes in Ca concentration during the
year but low marsh roots had a marked mcrease in Ca concentration in December
(maxrmum of 2.08% Ca) decltmng thereafter to 075% Rhtzomes of low S. amencanus had g

Y

no srgmﬁcant seasonal vanatrorL

In S, mariu‘mus, roots’had‘ihc highest Ca'concentran'ons at all times with a o S
- mid-summer and winter rttaximums of 0.50% in the low marsh “and- 0.40% in the middle ‘
marsh. thmum Ca concentranons m roots were measured in fall in both environments.

Corms and rhrzomes had much lower concentrations (Table .
)

7 Aocum_ulatioh- of Ca was greater in dead shoots tharr in live shoots especially in .
 maritimus environments (Figure 28). Calcrum accumulation svas greatest irr roots in' all
environments, peaking /'ivn October and Apni in S. americanus and August and,,ApriL in S.
ma'_ritimus§ Only rhizomes in low marsh S, americarrus had a ‘seasonal.change in Ca '
concentration peaking in October eoncurrem with - the sharp .ifncrease in Ca concvent:tation, 1 .

Magnesium ‘ ) \ y

Magnesium concentrations in shoots were high'est' at the .beginhing a’nd'end of the
_grovtnng season in- S. amertcanus and low marsh S maritimus (Flgure 29) Mtddle marsh S
'1marzt:mus shoots had a mean annual Mg concent:rahon of =0.26% thro hout the growmg
season, with a maximum of 0.47% in May., lnﬂorescences and dead ;}h‘&‘a similar

seasonal pattern and had a hrgher Mg concenu'anon than - photosynthetrc tissues.

Beiowgromtd st:t;ucttrres from “all errvrror[ments exhtbtted 5ma.‘[l seasona] vana‘tion in Mg
concentration and generally had \an equrvalent Mg concentration than aboveground structures.
High marsh S. americanus toots had no srgmﬁmnt seasonal variation but roots in S.
martrimas.had lowes# concentrations "of Mg in- early summer and fall. '
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Figurc 27. Calcium concentrations (x -+ lsc) in inflorescences (— — —). ph(;msynu.mt,ic

shools (
~and corms (

), dcad shoots (

...............

- - ——

- ).
) of low marsh (a. b) and high marsh
marsh (c, N and middle marsh (g. h) S: maritimus. '

rools (

.

——

3. thizomes ( ————— ) Y-

(c/‘vd) S. americanus and  low
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Figure 28. Mcan calcium accumulation in photosynthetic shéots (———), dead
shools ( ==~=-==- ). roots ( ), thizomes (==—r—=—=) and cOMMS ( .ccererrseress )
of low marsh (a) and high marsh (b) S. americanus and low marsh (c¢) and rruddl‘e marsh

(d) S. maritimus.
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Maximum'-Mg cumulation in live shoots was in August compared o September/

* October for dead shoo (Flgure 30). For belowground structures_of 5. americanus,
accumnlaacnmcrmsﬂmfaﬂ mtharaprddeclmemeaﬂx mnteLAcmmulanoancreasecLiA
V thereafter, peakmg m ApnI/May., In S. manumus corms had marked seasonal changes in

Mg accumulahon, partlcularly in the middle ‘marsh. Accumulation in roots of middle marsh )

S. maritimus was - sumlar to that of corms but the maximum aocumulauon was attained in .
AApnl. thzomes 1n low and rmddle marsh envrronments had two- small pmks in August and
April/May. All peaks of Mg accumulauon in belowground structures were a result of

blomass changes - as Mg concentratrons in belowground structures were -similar t.hroughout the o

yca]' ' i : o N '» /”l v .

. Potassium o

Photosynt.henc ‘tissues of S. amencanus and S. mantlmus (Flgure 31) had- mgmﬁmntly
_ hlg‘he/r concentrations of K than inflorescences and dead shoots " but -all. aboveground structures
had . peak K concentration in July. Belowground structures of . bot.h species had constant K
, concentrauons throughout the year S. americanus rhrzornes in both enwronmen& had
significantly hlgher K concentrations than T00ts. 'Ihe hrghest K concenuauons in belowground

structures of S. migritimus were in corms (Table 7).

The greatest K accumulatxon was m phorosyntheUc tlssues in July m all envuonments

(Figure 32). Dead shoots had a much lower maxrmurn K accumulation in October ’ There
o
was little seasonal variation in K concentrations of belowground su'uctures and thus the few

pcaks that occured in accumulauon can be atmbutcd to bxomass variation. '
3

Sodium

There” was no conmstem seasona] patrems in Na concenu'auons berween similar structures
from different envrronments Sodrum conccntrauon of hrgh and low marsh S. americanus
shoots dccreased from May to. July. and ghen mcreased from July to October (Flgrrre 33) o
The Na concentratmn of mﬂorescences .and" dead shonts was sxgmﬁmntly less than in
photosynthetic ussues Sodrum concentrauons of roors and rhrzomes of S. amerlcanus were ,,;7 ) ’
" also much less than hve shoots. thzomes had significantly higher concenu'auons compared

)to roors and had distinct peaks in July and December in the low marsh. S N

).
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(@) S. maritimus.

dead

roots (

)

- shoots ( =====m



A L
t.0 ' .
« b \
. ' i “
' ’70..’) '.--r’
- - .
0.0 i ] ¥ ¥ ¥ T ¥ r—‘ T T ] T 1
b JASOND JFIMAMUIY
() o
ol e

L5 ,
Lo ke
P B e
[ gl
’ ) 0.0 1 T v t T T T T r T A T ]
JASOND JFMAMIJ
N ) ,
(ry 3.0 S;
as 7._5 ‘ .
[ —
¢ 2.0
()15
1.0 -
\
0.5 i N -
——tey -

Q.Q'L TTTTTOTT vyt g fpeeg -

JASONDJIFMAMJ J

-

i

Month

£

0.5

0.0-4-

3.0

0.5

0.0

3.0

0.5

0.0-

. /1»

N
e
~ T A/

—

—— T e —— -

»
B 2l o=l A S SR SR Su S AR SR M AR

JASONDJFMAMUJIY

.f ‘} . A-. ‘i* ‘ ':j;

R A r i ' T T L R T Ty Tt

r B
JASONDUJFMAMUJJ

h

] T | st smtds senbh e S S St S | o
JASONDUJ F'M AMJ J
~ Month T
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Figure 31, Polassium -concentrations (X,

_ shoots ( ), dcad shoots { —~----= ), roots ( —). rhizomes (—— )
and corms (.-eeeeseeneees) of low marsh (a. b) and high marsh (c, d) S. americanus and low
marsh (c. ) and middle NarshAg. h) S. maritimus. -, . - .
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y There was httle co%rrespondence in Na ooncentrauon of aboveground structures between‘ |

”_;.lew and rmddle marsh S. maritimus (thure 33). - Whereas mrddle marsh shoots ‘had- onty
one. peak in May (4 61% ‘Na), low marsh shoots had a peak in May (4.55% Na) and a

~second peak in October @ 86%.. Na), srmrlar to S. americanus shoots. ‘As well, in- the

rmddle marsh Na concentratrons of mﬁh‘rescences and dead shoots were less than that or

‘shoots Inﬂorescences and dead shoots from the low marsh had maximum Na concentranons

—

equal 10 that of shoots but at ot.her times of the year had lower Na conce\ntratmns

x> A

c Belowground structures of §. manttmus had Na ooncentratrons an order ‘of- magnltude less \ -
.than " in photosyntheth tissue and generally showed no seasonal pattern. Corms and rhuomes

~rhizomes had hlgher mean annual ‘Na concentrations than TO0tS (Tablc 7)

\

Sxmﬂar to K, live shoots of S amertcanus had the greagzst accumulatron of Na the
exception bemg middle marsh S. marmmus (thure 3). In tlnmnvrronment and in- low ¢
marsh S. martttmus dead shoots had- equa} or greater Na accumulation——-Dead .- amertcanw -
“shoots had much lower accumulation of Na than live. ‘shoots Sodlum accumulauon- in’ S
americanus Belowground structures was relatively constant\ throughout _the year. By// contras_ts.
corme and roots of middle marsh S. maritimus had greatesr'Na accumulation in'winter lﬁ"“
the low marsh, corms had large ﬂuctuau?hs and roots had maxt um accumulatlon 1n August

' and Febmary

 Aluminum concentrations were highest in- dead shoots and lpwest ‘in- photosynthetic )
tissues in all environments - (Figure 35) The teﬁporal pattern of Al concentrauon in .«
e aboveground structures of S./americanus was srrrular in low and htgh marsh - env1ronments
Maxrmum concentrauons were easured in September the structures of low marsh plants

havmg s1gmﬁmntly higher levels of Al than high marsh _- ‘ o o

S. americanus toots and rhizomes had contrasnng seasonal pattems Roots had -

significantly htgher levels of Al wrth distinct peaks- m August and. February. The 10wcst "

T

concentranons of Alsin TOO1S in fall coincided with the - -highest levels rneasured i rhrzomcr"**"*

' and in abovegrormd structures. ’ S o

| Middle marsh S. marztzmus shoots had the highest concentration of AJ in- shoots from .

the four environments (Table 7). 'Ihe hrghest mean monthly Al concentratron measured was

-

94
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Figurc 34. Mcan sodium accumulatxon in photosynthetic shoots (
), roots ( ————), rhizomes (—-——--—) and corms ('--

of low marsh (a) and high marsh (b) S. americanus and low marsh () and middle I
(d) S. maritimus. il
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in Ju}y 1985, the measuremems made Ihe followmg -year bemg much lower (Frgure 35)
Dead shoots increased in AI content as ‘the _gIowing  season progressed and generally had the :
“highest concentrauons. Inﬂorwcences had very fow Al ooncexm'aﬁons of under SOCF ppm.
There was no significant seasonal change in Al concemrauon of hve and dead shoots in low

“marsh S. maritimus. ;.

A -Roots from low and middle marsh S maritimus had’ the highest concentrations of Al
with’ maxnmum levels measured in winter (Table 7, Ergure 35) Rhizomes in the low ma_rsh

and -corms m the middle marsh dlso had winter maximums in Al concenuau‘orL

, Alummum accurnulation in aboveground structures was greatest in dead. shoots but these .
levels were much less than in belowground compartrnems (Frgure 36). There was no |
' consistent trend in ,belowground Al accumulation between environments. Low marsh S.
americanus thizomes peaked in October compared to late winter for 'roots in ‘this

¥

'cnvironmerrr; ' 'lfr high rnaréh S. americanus, thizomes. had no seasonal variation but roots

_had two marked peaks, one ‘in August and a second in late winter. For SS'v maritimus,
corms in boLh environments had clear peaks but the timing of these peaks—was different
Méximum Al accumulau'oh was in Septernber in the low ‘marsh and December in the middle
marsh Roots in low marsh S. maritimus had several peaks throughout the year, the hxghest

»,occurmg in - August, compared to AprrI in the rruddle marsh. These patterns of Al

acoumulauon were srmrlar to. those of Al cocem:ranon.

Iron .

The Ppattern of Fe conce_ntrétion in aboveground and belowground structures of S.
americanus and S. maritimus (Figure 37) mirrored that of Al - Highest concentrations were

measured at the end of the growing season and in dead_ shoots.

Iron concentrations were an\order" of magnitude greater Air.] belowground structures than
aboveground and roots had the highest‘ coneemrau'ons. Roots arrd .thizomes of S. americarrus
had lowest levels from October to December. Low S. maritimus corms and lrrrid»dl‘e_ marsh |
rhiromes did not have significant seasonal variation in Fe concentration. The high variation

of S. maritimus belowground su'uctures masked an'y‘ seasonal u'ends.e ;

Belowground structures. had much greater Fe. accumulation tha.ﬁ\gboveground (Figure 38)"

and maximum levels occured at the time of maximum Fe concentration. - S. americanus 100ts

97
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- and - thizomes had " greatest aoeumulaﬁon in August and Apﬁl_/May. For »S. maritimus, .

accumillation in roots ‘was opposite that of corms. Low marsh roots ‘had greatest values in-

fall and corms had’ maximum values in spring. In the middie’ maxsh Fe accmnulauon in "1

g

roots peaked in April and in December in corms. - As wrth Al Fe accumulahon pattems
mirrored that of Fe concentrations in these tissues. '

1
-

Manganese

~~Manganese concentration of S. americanus aboveground structures increased .during the

growmg season (Figure 39) ‘Live and"dead shoots had similar levels in- both the high’and

low marsh environments. Inﬂorescences of the low marsh had the lowest levels. Roots. and -

rhizomes had much lower concentrations than aboveground structures (Table 7)

Manganese concentration of ln?e shoots ,of rmddle marsh S. marmmus and dead shoots
of low marsh 'S. maritimus did not vary with time (Figure 39). .Only shoots of low marsh _
S. maritimus showed clear seasonal trends _with lowest levels during summer. Highest mean
annual Mn concentrations in belowground sU'uctues were in roots, greatly exceeding those of

thizomés and corms (Table 7 and Figure 39). : _'

. Manganese accurnulat’ion .patterns were variable between environmems (Figure 40). 1h

low marsh S. amerzcanus aboveground tissues had the greatest accumulauon of Mn, - with lwe ‘

and dead shoots havmg similar maximum levels and the urrung of these maximums. Roots

and rhizomes in .this environmert had maximum Mn accumulations in April.

1

In thh marsh S. americanus, toots had the greatest accumulauon of Mn, peaking in
rmd—surnmer and -April. "Rhizomes "had a sumlar pattern but - with” lower accumulation levelg.
Aboveground accumulation was greatest in live shoots until October when dead shoots had

the greatest accumulation.

——

Patterns of Mn accumulation in aboveground structures of S. maritimus were similar for
1 ] . .

the two environments. Live shoots had the greatest accumulation levels until  September/
October when Mn accumulation increased in dead shoots.  Belowground, roots had the
greatest Mn accumulation.  Since conceniration of belowground structures was constant |
, throughout the year, the fall and spring pea.ks in corms and roots was a resull of greater

}

biomass of these structures;

3
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ch ooncentranons in aboveground structures were sumlar in S amencanus and S

maritimus (Figure 41} Flowers had the highest concentrations; pe&kmgm aummn,—wgir S

lowest concentrations measured in photosyntheUc tissue Roots had- the hlghest concenmmons

of the belowground structures ‘with ‘maximum levels during winter. S. maritimus corms had -
a similar temporal pattern with roots but with lower ooncerru'ation's},; Low marsh S.
maritimus thizomes and S. americanus rhizomes - had no signjﬁc':aht us:.easonal changes in Zn
co\ncenu'ation.. Midclle marsh S. maritimus. thizomes had highest levels in ‘Septem_berf'errd .

February.
o 4

Zinc accumulation was gre;test in belowground plé_mt vstructures in all emv'ironments'].
(Figur'e 42). Live shoot.s ‘had greater accumulation of Zn\ during the growing season when .
live shoot biomass exceeded dead. shoot bromasf S. amerscanus roots had much grcater Zn
_accumulation than rhizome but the timing of peaks was similar in both structures and in
both environments. Peaks in late summer and again in early spring coincided with srmxlar
peaks in Zn concentIauon and biomass peaks For S. maritimus, corms. gcnerally had the
greatest “accumulation t.hroughout Lhe year wrth highest levels in wmter Maximum Zn
accumulation in rmddle marsh roots was equivalent ‘to that of “corms. »

Copper

S. americanus and S. marz‘timusaboveground structures had little change in Cu
concermau'on during the growing seeson and these concent.rations' were much loyver than that
 measured in belowground structures (Figures )43) - S. arrzericanus rhizomesvand s mdritimrcs"
' corms and rhizomes had Cu levels sumlaij 0 aboveground structures and did not exhnbnt

seasona] changes Roots had the hlghesi Cu concentrations with maximum levels in summer.

Thrs pattern was not as clear in’ Ig'w marsh S. marttzmus roots

Similar- to the ‘oth'er trace .metals, Cu accurulation was greatest in belowground
sTuctures when compared to aboveground structures (Figure 44). As well, roots in all
environments had the greatest accumulation, peaking in rnid—-shrnmer andv 'sp‘ring. Furthermore,
- Cu accumulation in roots in July 1986 was much lower than that measured in.AJuIy 1985
because >of the much higher Cu concentrations measured in July 1985. In contrast to ell
other metals, Cu accumulation in S. maritimus corms was very low.
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Figure 43. Copper concentrations (x ¢ 1sc) in inflorescences (— ~—, —), photosynthetic

shoots (——~———). dcad shoots ( ~~=~~- ), rOOl5 (— ). rhizomes ( —~———)
and corms (e-ee-eeeeeeeeee) of Jow marsh (a, b) and high marsh (c. d)-S. americanus and low
marsh (c. N and middlc marsh (g. h) S. maritimus. : '
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Figure 44. Mean copper accumulation in photosynthetic shoots ( - ), dead _
shoots ( ~=-=---- ), roots (- ——), thizomes (——=——-— ) and corms ( *i==seeeveeee )

of low marsh (a) and high marsh (b) S. americanus and low marsh (c) and middlec marsh

(d) S. maritimus.
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“Tempor. ial in'Nu'n

At "the time of emergence, live shoots had high concentrauons of N, P, Mg, Ca, x\
H, whnch subsequently dechned suggestmg dtlution of tl:)ese_ numents as plants mature ’% 7
. Po_tasslum concentrations in live shoots - increased during - the ﬁrst half of the growmg sea’§on,"
"‘dec'lining thereafter.- Conversely. Na and Fe concentrations were hrghest in May, dechned
during the Period of rapld shoot growth and mcreased after peak aboveground biomass was

attained. . Carbon concentratxon Wwas constant throughout the growing season, whﬂe Al Mn,

owground structures was similar within species but varied

anas, manmum N and P occured dunng wmter whereas S.
marmmus had wmter maximums o Al and Zn concentrations.  Plants in all environments
belowground tissues of S americanus also had. summer
maximum of Na concentrations. Elements at wrrumrnum concentrations in- fall 1ncluded Ca, Al
and Fe irt S. americanus and Ca and Mg in S. maritimus. ngh marsh S. americanus also
had lowest Zn cortcentratjons at the 'end of the summer. Several nutrie’nts showed no
seasonal variation in belowground structures C H, K and Mn in S. americanus and S.

maritimus, Mg, in S~ americanus envu'onments Zn in high marsh S. americanus only, and N

P, Na and Fe in S “maritimus envxronments

“The -absence of any seasonal variyatjonv in belowground structures of S. maritimus was '_in
large part a result of ‘the large dead belowground' bicmass in these. environments which was -
not separated from the live structures. Thx,s may - cover any potential vanat:on in nutnent
concentration of live structures. A]though live and dead belowground structures were not
distinguished for S. americanus, most of the belowground tissue in these environments
appeared to.be live.  Nitrogen and P were elements thet had .clear seasonal changes and

-appear to move between above and belowground structures.

Examination of the nutrient accumulau'onA data indicated that N, P, ‘Mg, Zn and to
some extent Al and Mn had qpposite trends between aboveground and belowground structures
These elements decreased in senescing live sheots and accurnulated ‘in beIO@r’titiﬁEf sﬁucnues.
This is an indication of -storage - of these elements in belowground structures for rapid |

allocation to shoot growth in spring. The remaining nutrients, C, H, Ca, K, Fe and Cu,
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- did not have any discernible relationship between. aboveground and belowground accumulation

levels. S

Middle. marsh S. maritimus had ihe greaies't aocumulaﬁons bf all 'clemems and‘ low
marsh S. americanus the lowest. Low marsh S. maritimus and high marsh—.é americanus - |
B héd intermediaté levels: Thus, nutrient accumulation- increased with elevation at the Sea

Island foreshore marsh.

é

AJ

Nutrient _Allocation Proportions

The ‘data on the proportion of nutrients allocated to different plant SUUCtﬁres_~rebrcscnls
the proportion of the total tissue pool for that month in a plant structure. Ge‘nc:'rally, the
values given fof shoots represesats the maximum value mcasured over “the entire Qﬁmpling-

period. This usually was for July, the time of peak nutrient accumulation in shoots.

[

Low marsh S. americanus

About 50% of ‘the total tssue pool of N, P, Na and K is in photosynthelic tissuc
Jduring peak summer,'growth (Figure 45). A small proportion of these elements remain in
the' dead snoot compartment at the end -of summer. In autumn, the proportion in rhizomes ’

shows a marked increase and exceeded,tle proportion of these. elements infroots.

The proportion of C, Mg, Mn —ana‘;zh‘\ is only ~25% in live shoots. . As live _shoots

© senesce, these elemem.s accumulated in dcad shoot tissue suggesung that Lhey were not

-

removed “from shoots.  Any re—allocauon of these four elements in fall appears. 1o be int’

thizomes, as roots did not change appreciably in autumn. In spring, however, roots had a -

greater proportion of these elements compared to rhizomes.

Less than 10% of Ca, Al, Fe and Cu was measured in live shoou, with "ToOLS
containing 60—70% of these elements. The rapid increase in the proporuon of Fe and Al
occurred in fall, declining thereafter to proportions similar -to roots, Cu had the least
seasonal variation as roots had 70—90% of Cu found in plam tissues of -low marsh S.

aﬂ‘lEﬂ canus. : : ' - -~
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S,

‘.Htgh marsh- S americanus . : . T e .

In plant tissues of high marsh S. americanus, only Na and K apgroached 50% in one
companment (anure 46). As aboveground shoots senesced Na moved into dead shoot tissue.

Over wmter rhlzomes conunuously had hlgher proporuons of Na and K’ than roots

Only 20—25% of other macro—nutnents (N, P,. C Mg) were in live shoots in July, and
similar ;o low marsh S. amer{canus. =10% Ca. Roots and rhizomes had equal proportions
of C, roots had greater proportions~ than’ rhiz;)mrﬁes ”fi)r. Ca and Mg and rhizomés had ;g‘;reate‘r'
proportions of N and P than roots. " o S

~ Live shoots contained less than 20% of Al, Mn and Zn accumulation .and evén a
smaller proportion of Fe and Cu.. Roots comained’75—85% of all Cu, and the’ majority of
Al, Mn and Zn. Only in autumn did rhlzomes have a greater proporuon of a trace metal

. and it was Fe.
Low marsh S. -maritimus

Live shoots represented the largést comp or N, P, Na and K in July (Figure

47). As shoots senesced; Lh; proportjén of Aliese elements increased in corms except for Na.

Na increased in dead shoots in au ant’An corms in'early winter when dead’ shoots were ™
removed from the marsh platform. At all other tinfes of the year, corms were the largest

compartment containing 50-75% of N, P, Na and K and roots had 25%.

Live shoots contained only 25% of C and Mg, and less than 10% of Ca. . In fact,
roots'were ‘the structure with the most Ca, the only macro—nutrient with this trend of

greatest proportion in a belowground Estructure

Whﬂe shoots had as much as 25% of Al and Mn accumulation, the shoot compartrncm»
rep}resemed less than 10% of Fe, Zn and Cu accumulann With the VexcepUOn of Zn,
which was parititioned equally between roots and corms, roots had the greatest proportion of
all trace metals. Furthermore, there was very litle change in the ‘proporLi'on of Zn ’in .rdols
and corms over time suggesting'little movement of these el‘e;nzr{ts between abovegroun?dl and

. p ' >
belowground - structures. : y
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« Middle marsh SV }ndﬂtimus - : o f . B ,f‘,,, o

The Telauve dnsmbuucm of elements in tissues Jf mxddle maxsh S manttmus dxffered B
" from that observed in the low marsh. Only Na and K aocumulatxon approached 50% of the ,
total ascumulauon in live shoots . (Figure 48). Live shoots oontmned ~25% of N and P ‘
accumulation but only 10% of C, Ca and Mg. Dead shoots mirrozed patterns observed for
live shoots for N, P,.C, Na and. K but the proportion of Ca and Mg accumulated in dead
-'shoots exceeded that measured in live shoots. Corms of rmddle marsh S. maritimus
contained the bulk of macro-nutrients, especially N, Ca, Mg, Na and K. In spnng T00tS

exceeded corms in Ca. accumulatxorL

Al and Mn accumulation approached 25% in live shoots, but less than 10% of
accumulated Fe, Zn and Cu were in live shoots. Similar to the'o'ther three sites, the
majority of  trace metals were in belowground" structures.  Except in fall, when corrns
increased in size, roots were the largest compartment, containing in excess of 75% of
accumulated Cu. Corms and roots generally had equlvalent proport:ons of other trace metals,

except in early spring (Apnl/May) when roots . contained the bulk of the trace metals.
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CHAPI'ERIV

DISCUSSION * ~ "

Low marsh S, amertcanu.s and S. martumus mvested ‘a greater proporuon of therr total

‘rnacro—nument pool into shoots oompared ) their oounterparts at hrgher elevauons :
'Comparmg the plants in all four environments, middle marsh S. manttmus Whrch 1s found at' '

the highest pomt sampled on the Sea Island marsh platform, had the lowest relatrve

- investment mto shoots Thus, plants at higher - ‘elevations ' were, more "conservative”™ wrth therr 7

inutnen}s made by plants in low elevations. Fust, the) belowground reserves of plants at the -

total nument pool and mvested least in shoot growth This does not ‘support the hypothesrs

of conservative allocation strategres at the low elevation envrronments.

-

Two' explanatjons are proposed to “account for’ the greater relative investment  of

tipper elevations may be so large that the exposure time in suymmer -is insufficient for these
plants to invest the maximum proportion of their reseurces to shoot growth. Second, a
decrease in the nutrient concentration of shoots concurrent with increased concentrations in

belowground -structures indicates re—translocation from shoots to belowground structures. It

' also. indicates some loss of n/utrients'from shoots due to leaching. Kistriz et al. - (1983)

found that large amounts of N and P were leached from shoots of Carex ‘lyngby.ei‘ during
spriné and early summer. Loss of minerals through leachates was not measured in this
study. S. americanus is found at lower elevations than Carex lyngbyei in the Fraser Rrver '
marshes and therefore subjected to longe; inundation periods. -~ This may result mw greater
nutrient losses from shoots of low marsh plants which compensate for thrs loss by
contmuously pumpmg nut:nents into shoots As a result, plants in low elevanons mvest a

greater proporuon of the total tissue nutrient pool mto shoots. ’ L

The second hypothesis exammed in this part of the thesis is conservation of searee
resources. The movement of N into belowground st:ructures supports the " hypothesis of
conserving scarce nutrients for re-alldcation. Soil .m’trogen levels were low in the Sea Island
marsh environmenis necessitating conservation of nitrogen. o

While it has been demonstrated that salt marshes.h’a\le abundant phosphorus supply l'or;
plant growth, little is known on the availability of phosphorus in brackish marshes. 8 Hall
and Yesaki (unpublished) measured phosphorus concentrations of 0.13% P clry weight (mean
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of 3 samples) in a S. maritimus _stand 1 km- north of the Sea lsla,ncLsan:xplm\vrsnec -
Phosphorus coneenuauons in a stand of Sczrpus valzdus was 0.10 % P dry wexght (meun of
-3 samples) These values fall in the range of phosphorus concentrauons presented by Allcn -

(1974) for mineral soils (range of 002 - 02% P). Although soil mtrogen and phosphorus |
tconcemratmns measured around the Sea Island bracklsh marsh were low in comparison to .
:Aother soils, it is not known at what level tI{ese elements become hmmng for growth in S‘
americanus and S. mantzmu& Without undiertakmg expenmenta] studies to delermme what
concentration. these elements become hmxung to plam growth (sensu Gerloff and Krombhom
1966), these elements _eannot be presented as lirhiting ih the "Sea Island marsh.

’ Similar 'to N, P concentrations in belowground structures ificreased during” shoot
senenscence. Lyﬂe . and Hull (1980a, 19'80@ -1980c¢) demonstrated that Vshoot growth in
Spartina altermﬂora was supported in early summer from belowground photosynthate and
earbohydrate reserves stored the previous wmter By conserving macro—numems Lhal a£
important for sho,otv growth, S. americanus and " S._ maritimus maintain a nutrient pool to. draw
upon in spring and perhaps early summer for shoot producﬂon When these shoots become -
‘1arge enough to. support themselves, then these- nutnents can be allocmed to rhizome groth |

and hence clonal expansnon . g?

Seasonal storage like  luxury uptake 1s essenUal tofhe success of . perenmal speues in
| -low—nument environments bemrrs‘e it buffers the plant from ‘day—to—day dependence on the
'enwronment (Chapin 1980) Chapin (1980) found that most spec1es re-translocated hﬁlf or
more of their muogen and phosphorus poolsﬂte "IQOLS, though some studres showed no
phosphorus translocation. 1. suggest that nmogen% and phosphorus were stored in belowground
structures beczuse they are important for plant maintenance and growth and to avoid -

dependence on the envrronment supplymg these elements.

1 _
Trace metals were always found m very high proportions in belowground_stuctures of -

S. americanus and S. maritimus at Sea Island, Only Mn was measured at high 7
concen_uau'Ons in -ab’oveground StTuctures. Conversely, Na and to some extent K, .accumulate A
in live and dead aboveground shoms “Both of these pétiems may Tepresgnl compartmentation
of elements that are not required in large quantities but cannot be prevenr.ed»from uptalge '
E since they are found in very high concentrations in the lpcal environment.  This tacﬁc has

demonstrated for Na in marsh plants (Rozema et af. 1985, Osmond et al. 1987). The
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*hrgh ievels of trace- metals in- belowgrormd stmctures of S memy
be requtred to prevent these elements from mterfermg thh plant metabohsm and

photosynthesrs 1n shoots _

4

Heathcote et‘ al. (1987) dcmonstrated expenmenta]ly that ﬂoodmg greatly mcreased the o

concentration of Fe and Mn in the root system of Carex flacca 7 Flooding also mcreased
the transport of Mn but “not Fe 1o shoots. A comparison of Fe and Mn concentrations of
the 4 sites sampled .at Sea Island based on a ﬂoodmg reglme are comphczted by the
-dlfferent,sorl textures and bulk densities. Middle marsh S. maritimus has the_sho_rtest

B flooding period but has the greatest silt and clay content and hence, the.pvc;drest. drainage.
It was in this environment that the greatest Fe concentratit_ms were measured in all

belowground structures.  The 'lowest Fe concentrations were measured in belowground

structures of high marsh S. americanus, an environment with a relative intermediate flooding

period ’blrt,;isandy soils that provide rapid Adrainage of water. There was no trend in Mn
- concentrations in shoots or roots at Sea Island that conformed to flooding and drainage -

regime.

Studies that have examined nutrient content of marsh macrophytes focussed on
aboveground -and belowgronﬁd structures as whole compamnents. 1 could not find dats in
~ the literature on the nutritional comtent of individual plant structures. Only live and dead

shoots were analyzed separately. ‘as in this. study Flowers are usually very small in marsh

plants and thus, the nutrient content of shoots is 1nd1cat1ve of the aboveground cornpartment.

Some studies have drstmgurshed between live and dead belowground tissues. Thus,

compansons with other studies are often restricted to these two large compartments As well, :

the bulk of the nument data available is on N and P concentratlon and ooczssmnally cznons

amertcanus stand along ‘the shores of Par Pond near Atken, South Carolina. The maxrmum 1

N concentration of 2.72% measured 4n mid-April was similar to that of hlgh marsh S - “’t

americanus at Sea Island (2.65% N) but much less than the maximum of 343% measured
for live shoos in the low tarsh envrronment, As well, Boyd (1970) measured a greater
-decline in N concentranons as, the shoots matured in Par Pond. Minimum nitrogen

concentration was 0.83% N at Par Pond compared to 154% (low marsh) and 1.18% N (high

S
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marsh) at Sea Island. Stmllar treﬁnds in P was found as w1th N, Ca_concentration at Par
 Pond was 34 times that of Sea Island S. americanus live ‘shoots. Maximum K at Par
Pond -was greater than at Sea Island but shoots in both locations had equivalent K~
ooncentIanons at other tlmes of the year. Mg concentIauons dunng the growing - 'season. were. ;
sxmtlar‘ between Par Pond and Sea Island, but the spring and fall maximum were greatest at

. Sea Island. The maximum Na. concentrations rneasured at Par Pond was 020% in 'mid-May

an order of magmtude less than minimum Na concentrations measured- at all Umes for live -

shoots of_ S. americanus in_the intertidal marsh at Sea Island g :
J - -

Ewing (1982) provided some results on the nutrient content -of S americanus -shoots. - |
from the Skaglt marsh. An analysm of vanance on his data found that low marsh shoots
had significantly htgher N, P and Mn concentratlons than hxgh marsh shoots (P ,5).'
- Zhis is in agreement w1th the results of this study but furt.her companson of datﬁom this -
study to Ewing (1982) is d1ftﬁcult ‘because he does not present any . information »on sampt g |

date. -

Lo~ bl

Although S. maritimus has a large bioge'ographtcal range and ecological }ampl'itude, only
Hall and Yesaki (unpublished manuscript) provide‘ data on the :nutritional content of .this
species. They - measured ‘N and P concentrations in live and dead aboveground and
.belowground tissues at the Musqueam marsh Just 1 km north of Sea Island. ~ Their mean
monthly N values rangmg from 3.15% in early May to 155% in September were sx;mlar o
the spnng/fall rneasurements of 3.20% and 1.37% N m low marsh S. maritimus and 3.30%
and 1.26%.‘ in_ the mlddle marsh at Sea Is(md Hall and Yesaki (unpubhshed manuscnpt)
reported P concentration_.in. live shoots as high as 0.54% in early . June which exceeded the
hi‘ghes‘t value fo 0.46% measured for shoots in me‘middte marsh in this study. Finally,
their values’ 6’f 45% C- throughout the g;owing season were consistently higher than’ that
'fmeasured m this study. Comparison of dead aboveground tissye nutnent concentrauons

between thls studv with that of Hall and Yesalo (unpublishe manuscnpt) found that they

measured greater C concenuauons but. similar N and P concentrations

-~ Hall and Yesaki (unpubhshed manuscnpt) dlsungutshed between live and dead
belowground tissue and . presented mean N, P and C concentratmns of total belowground hve

tissue for July - September 1980 as 1.60%, 0.21% and 45.8%, respecuvely. These values are

?

- . : . ﬁ
all higher than the corresponding values in this study for the same time of the year (low

120



. marsh 1,03% N, 012 % P, 3899% C mrddle -marsh - ‘IZS%N 0.23% P,JJ.AG%JZ). Thrpi
is in large part a result of the poolmg of live and dead belowground thsues in this. study

~ ~It may be that dead belowground tissue has very low oonoentratrons of these constrtuents / -
Gallagher and Plumley (1979) found that N, P, K and Zn conoentratrons of Dzstzclf?fs spkata
in Delaware all decreased with depth. They atuibuted this pattem o the. greater dead” trssue \

at depth which would have N removed from the dymg tu»‘sue by bacteria and K leached
when the mtegnty of the membranes is lost as cells senesce. At Sea Island, this would be

. Y

most prominent in the low mar_sh which has a very large dead belowground reserve.

Kistilz er al.  (1983) measured N and P concentrations in Carex Iymgbyei shoots on
Woodward Island marsh, 10 km south of Sea Island. _ They 'reported a maximm N =
c‘oncentrat.ion of about 2'5% (ash free dry weight) in May, which is iess than maximum N |

" concentrations measured: for shoots from all four envnronments in this study. P concentratlons
of C Iyngbyei was smular to high marsh S. americanus a.nd l_)v marsh 'S. maritimus but
less than low marsh S. amencanus and middle marsh S. maritimus, the 2 envuonments with

' the @ant tissues contammg the highest nument concentratrons C. lyngbyei seed heads had

g and P concentratlons s*umlar to seed heads in S. americanus and S maritimus,

KlSIIltZ et al. (1983) also presented data on N and P accumulatron in C. lyngbyei.

: The ‘maximum N accumulatlon of about 10°g N m? in C. Iyngbyel exceeded the N
accumulation of low marsh' S. americanus, but was eqmva.lent to hngh marsh S. americanus
and both S. maritimus envn_ronments._ Phosphorus aceumulatron in C, lyngbmhalf that
of high marsh S. americanus and both S. maritimus environments but equivalent to low
marsh S. americanusd’)' accumulation.  Total beloWground P accumulation of C. Iyngbyei was
similar to S. americanus and S. maritimus. C lyngbyet had N accumulation in belowground
structures eqmvalent to low marsh S. amencanus a.nd S marztzmus but much less than hlgh
marsh S amencanus and middle marsh- S. marmmu& Kistriz et al. (1983) suggested that
C. Iyngbyez is a very important component of the high nutrient value of the Fraser es&s&

*  and it appears that S americanus 'and S. mantzmus are equally as 1mportant_

Gallagher and Kibby (1980) measured the mean annual concentration. of severai metals
in live shoots of Carex lyngbyei,. Saltcorrua virginica, Juncus baltzcus and Potentdla paczﬁca.
Compared to the Sea Island data, al] of these specres had lower Cu concentration but greater
Zn concentrations. For Fe and Mn, S. virginica and C. Iyrigbyez had greater fncentrauons
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than -S:- amencanus and--S.- mantrmus but lower- coneen&atton&wer&foundﬂﬂ—l—balﬁm andi

P. paczﬁca. Dead J. balticus had greater metal concentrations than live shoots. a smular '
pattem 0 th1s study '

There is a plethora of data on the numtronal content of §. altermﬂora and a wrde |
range of values have been presented with no consrstent trends. | Thrs is in large part ~a '
" result of the d_ifﬁculti.esv involved. m sampling - all plant» structures as live arrd" dead, esp,ecially'
, belowground, and hence, nutrient - movement between plant structures is | often- d’ifﬁcult‘to o
determine.. As well, the large ecological amplitude of S. alternifiora would result in a lacge ™
va‘.‘riation in nutrient oontent;""*The wide ranng of ﬂuuiem values measured"'he—tvyeeh' and
. within specres at Sea Island and the variation 1n -S. altermﬂora preclude any detarled |
COmparisons. Some general comments -on -seasonal and spatial variation of nutrient

concentratron and aocumulatron are presented below. . x?

Drifmeyer and Redd (1981) measured Mn, Fe, Cu and Zn concéntrations in S.
balten;zﬂora in 6 locations in - the York River (Vrrgrma) and in 16 Atlant1c coastal marshcs
They found s fmﬁcant differences in all elements along a sahmty gradient of the York Rrver
but no correlation with salinity of river or interstitial water. They also found significant

. differences in Fe, Cu and Zn between 16 marshes but there was no consistent trend with

S

latitude. As in this study, dead shoots had hlgher concentratmns of metals than live shopts

Other variables, such as soil mtrogen, _may be correlated with plant nutnent content_

PRI

Compared to the Sea Island sedges S alterm'ﬂora had srmrlar Fe and Zn concer‘rtrau‘on’ -
for both live and dead shoots. - Mn concentratron of hve S. altermﬂora is equal to S. '
‘ marmmus but much less than S. americanus. Only deaa shoots in low S amerzcanw had
Mn concentrations greater than S. altermﬂora. The lowest Cu concentrauons at Sea“ Island
were measured in low‘.!S" ‘marmmus and these were equrva]ent to S. alterniflora.  Dead |
# shoots of S. americanus and S. marztzmus had Cu concentrations that were much higher than

measured in S. alternifiora.

Gallagher et al. (1980) presented 'concentratioh and accurnulau’onr data of several,‘ Con
nutrients for Juncus roemerianus and creekbank and high marsh . alternifira in’ Georgia.
Their values of rnaximum N, P and K in‘ early spring were much lower than those "of S. '
. americanus and S maritimus and did not have as large a seasonal variation. as measured in
Vanoouver. 'Ilns may be a -Tesult of the fact that the year long growing season in Georgra
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. result.s in the constant presence of photosynthenc tissue “vith a’low nutrient content as

| opposed to a decrduous habrt that requrres a large 1mt1a1 mvestment “for new growth
Concentratrons of Ca and Mg were equwaIent between this study and the one of Gaﬂag‘her
et al. (1980) there was little seasonal change in Ca and Mg concentratrons and they were
-equrvalent in the two regions. The pattern of Mn in' Georgia of summer minimum. and -
mcreasmg in fall was similar to that of S. americanus but' S. americanus had twice the Mn
concentration of S. altermﬂora and J. roemerianus. S “maritimus Mn concentrations . were |

~lower than those measured in the Georgla marsh plasts.

Il

Accumulation patterns and levels were different than concentration. " Nitrogen‘

accumulau'on in photosynthetic tiésues of S. americanus and S. maritimus exceeded the short

-form S alternifiora.  Tall form S. altermﬂora had N accumulation levels of about 13 g m L

(Gallagher et al. 1980) which «was equivalent to S. maritimus (12 g N m2), the highest

measured at Sea Island. Maxnnum P accumulation in S americanus and S maruzmus was

equivalent to short form S. alternifiora but only 20% of that measured in J. roemerianus and
tall form S. alterniflora. The Ca accumulation in S. americanus ‘and S. maritimus of only 1

g m? was much less than either height form of S. alternifiora (5 and >20 g m? for shor

and tall form, respectively) and of Juncus (10 g m?). For Mg, Gallagher er al. (1980)
measured maximum accumulation in August of about 1 g ﬁrz for short S. 'alterniﬂom and ~
Juncus but 4-5 g m? in tall S. alternifiora. ’;f’ire maxrmum Mg accur'nulationdin S.
americarzufl and S. maritimur was measured in late surnm’ezr and was intermediate to that of
Georgia. " The~K accumulation levels of 8-10 g m-? measured in low S. americanus and "
both S. maritimus envrronments was slightly  less than the maxrm,um of 15 g m? in tall S.
alterniflora and Juncus Potassrum accumulation in high marsh S. amencanus (20 g K m 2)
exceeded all of these values. Mn accumulation in Juncus was three times that of S.
americanus and S. maritimus. low marsh S. americanus-'had equivalent mammum to tall S.

alternifiora, with a maximum of 01 g Mn m Short form S. alternifiora had maxrmum of

0.05 g Mn m'. as did hrgh marsh S. americanus and middle S. maritimus,

Few studies have undertaken nutrient analysis of”belowground/ structures. Those that
have are restricted by two flaws; the pooling of different belowground structures or the long
interval between analyses. To compensate for such different sampling schernesfcomparisdns '

were made on mean annual concentrations of various nutrients.
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De la Cruz and* Hackney (1977) found no sxgmﬁmt dxff_etences J:LN.,B ancL H . - ;
concentration of fotal belowground materials wnh depth in a Mississippi Juncus roemerianus
marsh. | ealculated mean -annual ‘concentration for the four depths they sampled 0-0.4 m) )
of 0.76% . N 016% P and 575% H Their N and P. values were less than 'S. americanus
and S. marmmu.s TOOts and rmzomes espectally the P levels, ‘while H concentxatnon was®
within the range of values presented in this study. They found that roots had hlgher N
. and P concemIaUOns compared rhizomes. At Sea Island, thizomes of S. americanur _had
greater N and P concentrations  than roots but 100ts of S. maritimus had greater or

.eqmvalent ooncentratlons of N and P to rhtzomes and corms.

Gallagher and Plumley (1979) measured the mineral composmon of belowground
Macro-organic matter in a stand of Distichlis spicata in Delaware in February, June and
November. Peak N concentration was in June (1.25% N) which was within the range of
values measured' at Sea Islaxid but the P levels measured in/ D. spicata were much less than |
S. americanus and S. maritimus. Potassmm ‘concentrations of D. spicata ‘was similar io roois -
of S. americanus and . all belowground structures of §. maritimus but was much lower than
the K concentrauons»of S. americanus thizomes. By contrast, S. americanus ;Tools had much
higher Ca concentrations than D). Spicaza, but all other structtxres of S. americanus and S.
maritimus had Ca concentrations equivalent to D. spicaté. Mg concentra\tj‘ons' were all similar
berweéen S. americanus, S maritimus and D. spicata. l:or trace 'metals Ghuagher‘artd A
Plumley (1979) reported Mn and Cu : concentrations in D: spzcata that were very low. in
comparison to S. amencanus ‘and S maritimus, especially the rools Zn ‘concentrations were

o o

~equivalent in all species and belowground structures.

Hopkinson and Schubauer (1984) provide one of the few studies that analyzed"llvc-
belowgrountl structures separately from dead. They found that the mean annual - N
‘concentration of live roots in S. alzerniﬁora in Georgia‘was 0.50+0.04% N compared o
'A 0.4320.09% N irl live rhizomes. Both of these values‘ are less Lh‘an the N concentrations
nieasured for S. americanus and S. maritimus at Sca,lslaltd. The requitement 10 ,producc
new shoots quickly in sprmg in the temperate environment of Sea. Island ma) requxre a high
nutrient reserve to mobilize nutrients 1o aboveground structures much quicker than would, be
accomplished if the nutrients had to be taken up from the soil. Also, the soils at Sea

Island -have very low mg§gen concentrations and it may be necessary for plants to store
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nitrogen and not- fe/I} on a supply from the Iocal environment.  Hopkinson and Schubauer

(1984) -did - not measure dead belowground tissue and thus a companson cannot. be made of -
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o ~ CHAPTER I
' INTRODUCTION

Variation in morphology or- allocation patterns may reflect modiﬁdetion by the habitat.

- If there is little habitat mod:fimnon of morphology ot allocation pattems it -indicates that ~

thase characters may be geneUmlly controlled. The transplant expenments of Turesson
demonstraLed geneuc variation among plant populations on a -scale” of kﬂometers 0 hundreds |
of blometers and he argued, on r.he basis of functional design, that this variation was
adaptive (Waser and Price 1985) Bradshaw (1959) found mtraspemﬁc differentiation- over |
much shorter dwtances (several meters in Britain) . and Waser and Price (1985) found
fine-scale adaptation (1 m) in Colorado populations - of the perennial herb. Delphmzum nelsonii.

4

The results of Part C demonstrated that there is variation in blomass allocztxon in S.

" americanus and S. maritimus over a distance of 100 m and acress an elevauon gradient of
0.50 m. High marsh S americanus had greater stem densities and greater above- and
belowground biomass. Stem densities in S. mantlmus were greatest in the low marsh but
these shoots were smaller than those in.middle marsh and hence, had lower -biomass. Is ',
this variadon genetim]ly*ﬁxed or does it reﬂect plastic respgnses to environmental influences?
In order to answer this question, shoot-dedsi_ty and biomass were measured for _S. americanus
and S. maritimus in a reciprocal field transplant- experiment. Belowground biomass 'was also
measured to ensure that any aﬁparent differences were not the result’ df variation in

belowground biomass reserves.
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- CCHAPTER I -~ - -
. METHODS AND MATERIALS

Remprocal planungs between hlgh and low ma:sh sites (S americanus) and between
-_mgh “middle and low marsh sites (S. marmmus) were set out in ‘the spring of 1986 For
S. marmmus the three 51tes selected mcluded the sites used in the ‘biomass study® (low and
middle) and the true upper elevation ' limit ) A-binomial notation is used to label Uansplants.
'The_'fuﬁt letfcer denotes the donor site, and'rt,he second letter the site -of transplantation ’Thc'
natural ponulation is denoted by a single fetter. L M, and H represent low, middle and
| high, respe(:ﬁ‘vely.' All treatments and controls cons1sted of 10 cores, 0.10 m in dxameter and. _
020 m in depth, planted in 2 x 5 rows with soil from the local envnrgnmem placed
N between pots. Cores were placed' in plastic pots. 0.155 m in diameter, the.extra space
‘between the soil core and pot filled with soil without rhizome material. At the base of
each pot were four 15 mm x 15 mm holes to allow drainage. For comparison with the
local population, the results were converted to g m?, Since there was gnom for root and

rhizome growth, pot diameter, rather than core diameter was used as a conversion factor.

Soil cores with emefging shoots were taken on March 29 (S. americanus) and March
30 (S. marmmus) and transplanted 1o new sites or in situ to serve as conwols. S.
americanus was harvested on Aug 2, 1986 and S. maritzmus the following day providing each
species with 126 -growmg_days but variable exposure to sunlight (Table 8). The number of
live shoots and flowers W'ere. counted, shoot height measured and dry weight of shoots ‘a‘nd'
‘ flowers measured for each“pot, Belowground plant tissue ‘was washed, separated into roots
thizomes and .corms and weighed. -All plant’ material was oven dried at 65-75°C for 72
hours. Biomass reeults are _presented as a proportion of rhizome or corm biomass 10 account

- for variations in belowground biomass between cores and environments. . ;

i Significant differences between treatments were determined by a one-way nnalysis of
variance and Student-Newman-Keul’s multiple range test (@ = 0.05) (UBC ANOVAR, Greig
and Osterlin 1978). "

¥
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Tablec 8. Exposurc hours of -transplan# sites. -

Site Total ~Exposure Hours % Exposure
S. americ'anus}

low marsh 916 46
high marsh 1348 68
S. maritimus

low marsh ‘ 976 49’
middle" marsh 1500 76
high niarsh . ,1.590 80
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" CHAPTER I

- RESULTS
Comparison of ‘ransplants to_local population

Shoot growth' of all transplants lagged behind the local populations (Figure 49). Based' -
on this obser\iation, transplants were not harvested - until one month after maximtxm shoot -
blomass of the natural populauon& Furthermore shoot density and blomass (hve aboveground
and total belowground) were less for transplants than the local populauon at harvest (Figures
50, 51). ‘

For S. americanus, the transplants had about half the biomass‘ of the local vpepula'u'o_n‘
(Figure 51). An exception was root biomass of low marsh transplants which was equivaicm
to the biomass of the low marsh popﬁlation Sir’rtilarly stem number was much less in
. transplants than' the local. populauon and no shoots in the LL treatment flowered comp,ucd

to 47% of the natural low ma,rsh residents.

For several plant structures of S. maritimus, there was no‘signiﬁcanl difference bctwccn'
low and middle marsh environments both in transplants and the local population (Figure'52).
High marsh had greatest root biomass but least corm biomass and rhizomes were so few

that differences between environments were not evident (Figure 53).

Stem numbers of S. maritimus in L imd_ M marsh environments were greater than 1n
LL and MM, rcspectively, but were equivalent between H and HH (Figure‘52);
Abm}eground biomassﬁ of the natural popplation was .greater than transplants in. all
environments. HH and H had the /lo/w,e):t stem densitjes but greatest. biomass and hence, the.'
largest shoots. Again, a similar tend of increasing aboveground biomass with increasing

elevation was evident.

" Since biomass of all botted plants was significantly less than the local poi)ulatjon, this
indicztes- that there was supt)ression of growth due to excavation and re-planting or that the
plant.é Were. root bound, There was evidence .of -Toots and‘rt;izomes filling the pots, the
rhizomes in some pots growing completely around the perimeter. All comparisons were made
to contro] treatments and it is assumed that plants in all pots received equivalent “transplant .
shock". ‘
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Fxgurc 49. Photograph of low marsh S. americanus showmg that they lagged behmd the
natural population in shoot growth (June 3, 1986).
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._americ Transpl: .0 L S

There were sigmificant differences in root and rhizome - b:omass%maentheiou;%aﬂ—
,u;flsplants (Figure 54). LH showed a- décrease in root biomass but ‘no significant difference
- in :fxi;ome biomass. T’here\”were sxgruﬁmnt ‘increases in root dnd rhizome biomass in HL.
@Ssuming that all cores taken from 6ne environment began th§ason with the same |
_belowground biomaés TeseIves, an increase in root or thizome biomass may representv ihc

growth of new tissue indresponse to locating in a new environment. . . .

There was no significant difference in stem ‘density betweén LL and LH,',b,.u,t_,,stem,'
“number of HL was significantly higher than HH' and LL (Figﬁre 55a). When the data wefe
}n,verted to stem: number ‘per unit weight of “thizome, ,thQCSe differences disappeared (Figﬁrc
55-b).' Stem number of LH was intermediate of LL and HH‘ and the higher mean stem
ﬁﬁx,z’lber per gram rthizome of HL was not significantly different from HH v'NciLhér' LL or

HL flowered but flowering frequency of shoots -in the high marsh envifonments were similar.

There were significant differences in mean stem wéight .pé'r gram rthizome (Figurye‘55d)." S’
When low marsh plants were moved to the high marsh, more stem biorﬁass’ was produced |
per unit‘ thizome. Conversely, high marsh planfs showed a decrease in stem biomass when
moved to the lb\;v marsh. Both HL and LH Tepresent intermediates o LL and HH. HH
rhizomes produced 1 g aboveground for every gram of rhlzome compared to 04 g in- LI: T

(anure 55d).

Stems produced froin LH rhizomes were similar in mass to hfgh marsh controls (Figurc
55). The stem weight of HL was significantly less from HH but not LL. - Thus, HL put

out more shoots but they were smaller

3

Height distribution vaned greatly between the 4 sets of transplants (anure 56) as did
mean shoot height (Table 9). There was no dlfference in shoot height between LL and LH -
whereas HL shoots were shorter than HH. All 4 sets of transplants had ‘sinvlivlar‘heighl’
frequency distributions (Figure 56). | T | -

~v
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 Tablc 9. Shoot height of transplants (n=total shoots in 10 pots, ktlsc).

L

Specics -

- S. americanus

S . maritimus

. Treatment .

™SLL
LH

HH
HL

~LL
- LH

MM
ML

HH
HL

53
74

218

27
2]

48
66

42

57

Hcigh: .(ckmr)
53 (3)
56- (3)

63 (2) -
44 (1) B

52 (6)

560 ) ‘
54 (19) B

74 (4)
50 (3)

81 (9)
54 (3)
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»Htghmagshooreshad sxgmﬁmnﬂymorerootbronmssthan lowormxddiem:sh
(Figure 57). There was no significant difference in rh1zome biomass between any treat.ments

of S marittmus. ‘Middle and high marsh plants had a gr_eater live ‘corm biomass than those

of the low marsh.

, ‘There were clear differences in corm nunlber between eni_'i;onments and in the m§e of
the low marsh, wi_thin environment. LH had the fewest corms and the lowest corm weight
(Figure 58). Cores of the LL and LM treatments had a similar number of - corms to HH .
and HL but were less than half the mass of the HH and HL corms. The middle marsh ’
had the greatest number of corms of the three envuonments but a similar total biomass to
those. in the low marsh. Overall, corm number and mean corm weight was not mgmﬁmnﬂy
different between treatments from the same native environment. On]y LH had corm number
significantly different from the other treatments taken in the same native environment (Figure
"58)_. Aboveground measurements of S. maritimus nansnlants were standardized on corm
number and weight L

7 ~ Stem n'ur_nber of lbw marsh cores decteased when .moved to higher elevations ‘(Figure
59). By contrast, stem numbers inereased when rno)ved"‘from Vmiddle or higb marsh =
en_vironmentse to low marsh. When shoot: number was “standardized with corm nurnber, it wae
evident that no cores ‘produced a 1:1 shoot:corm ratio indicating that not all corms ‘produced
a shoot (Figure 59). As well, ini no instance was sh‘oot number of a treatment significantly
different frorn its ebnt:ol. HL pro?luced morie shoots per cofm than LL or ML, As a
final comparisqn, shoot number was presented for a unit weight of live corm (Figure 59).

There were no significant differences between any controls and treatments.

v

There were no significant differences in mean shoot Weight b_etween treatments frbm the
low marsh (Figure 60). Shoot weight of ML and HL was significanily less than shoots in |
their respective native environments. Furthermore, mean shobt weight of Iv_IL_and HL was
not signiﬁmmly differenct than LL. There w‘ere 1o, significant differences in stem wefgbt ‘per‘
Lmn weight corm (Figure 60). 7 | o

The heightv distribution for the S. maritimus treatments is presented in Figure 6. The
- frequency distributions of low marsh cores were similar for all 3 teatments. In the case of

A
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the middle and high marsh cores, rtheir height dmmbuuonshmeg 't_oWards the short height

classes when moved to the low marsh. These trends are evident when examining mean
shoot height (Table 9). Mean shoot height of low marsh cores was equal. ML and HL -
had similar shoot heights .to that of LL and these were much smaller than their controls.
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CHAPTER IV

‘DI487CIW’ISSI’6N ] o -

- The reaprocal u'ansplam expenments suggest that the morphological dxfferences measured-

for §. amencanus and S. maritimus are not genetically ﬁxed. Plants moved into new

- environments grew as well as the residents suggesting that there was no local adaptation and

that these plants 'respon,d plastically to- their "environment. There. .can be considerable

| interelationships between the plasticities of different characters; plasiticity of one -character can |

'allow stability of another (Bradshaw 1965). The plasticity of a species must Lherefere only

be conmdered in terms of the plasticity of individual - characters (Bradshaw 1965). In this

study, plastlcnty was measured for shoot height, density, welght and flowering frequency.

The ecophenic variation in S. americanus and S. maritimus is parallel to results -
reported by other authors for other marsh species. It is now established that the height
forms of S. altermﬁora are under envuonmental mﬂuence (Shea et ql. 1975, Vahela et al.

1978). leewnse/SSellskaI (1985) found that Dmsm cespttosa Distichlis spicata,

Grindelia integrifdlia, Jaumea ‘carnosa, and Salic virginica all demonstrated morphomet.rig

~ plasticity. Smythe (1987) found ‘that only seed germination time was genetmally fixed

(ecotypic) in populauons of C. lyngbyei from three Pacrﬁc Northwest marshes with different -

salinity regimes. Characters such as shoot height, shoot number and biomass were ecophenic.

S. americanus cores froni the high marsh moved into the low marsh responded With

_increased root and rhizomes production. Cores moved from the low marsh to the high

marsh, showed a decrease in root biomass and no change in rhizome biomass. This

conforms with the hypothesis of high root:shoot ratios in harsh. environments and may be a

. response of moving from the stressed low marsh environment (lon'g‘ indundation period), where

high root:shoot ratios are required, to the high .marsh environment  where high root
production is not necessary. Thi> 'nterpretation is supported by the 'transplants using high -
marsh as donor. This trend of h'igh root:shoot ratios in low elevation environments
measured for the transplant expenmenl contradicts the findings of the field survey (Part C).
This pattern assumes that all pots eanct;ed from the same environment eemamed me same
amount of belowground biomass at the start of the field experiment. This ‘asS'umn'ptjon
canno: be conﬁrmed and it may be that mean belowground biomass was not equxvalcm

between treatments when these cores were taken The dlfference meastired al the end of

A
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‘ "ikthe experiment therefore, may be an- artifact ofmthLoriginaLdifferences.

- S. maritimus soxl cores (rluzomes and corms) moved from low to hlgh envuonmems

showed increased aboveground ‘biomass . productlon. Conversely, plants moved from high to
\ low environments responded w1th the production of more shoots but they were smaller in
| height and thus, biomass. 'I'tus growth pattern is smxla: to - that found in the. field survey
(Part C). n the hlgh marsh, the maintenance of an erect form is important to prevent .
shading from - nelghbourmg' shoots, partlcularly in hlgh marsh S. maritimus: envuonments
where tall shoots have broad leaves. In the low marsh, low shoot density allows space for
many shoots’ because of greater avatlablhty of light during tidal EXposm'e but the long tidal

indundation period inhibits shoot elongation.

The results of LL, LM and LH of S. manumus were difficult to interpret as many

pots dld not produce shoots. This may be due elther fo the absence of any live corms
(Table 10) or the heavy shade produced by the substantial number of tall dead shoots in
the high marsh. Almost all of the corms of the high marsh do_nor sites (HH,HL) were live
'compared to less than 30% of corms with low marsh donor (LL,LM,LH) (Table 10);-

In S§. maritimus treatments there was no significant difference between the Uaﬂsplmm_
harvested from the low and middle marsh suggesting that the elevation dlﬂ"erence 'betWeen
these two sites was insufficient to produce variation. In fact, the variable m1c*otopog1'aphy in
these environments meant that many of the samples from the low and mlddle marsh were

collected at similar elevations.

It should be noted that there .were some differences in aboveground values between
treatments on the basis of "per pot™ measurement.  Most of these dlfferences disappeared
when aboveground data were nresented in terms of welght -per unit rh1zome (S. amerzcanus)

or corm wexght (S. maritimus). This demonstrates the importance of measuring belowground

biomass when conducung transplant experiments usmg a vegetative propagahon technique.

The field survey in Pan D demonstrated that there were significant differences 1n the
nutritional content of belowgrounrd stuctures from different environments. This was especi_ally
pronounced in S. maritimus where middle marsh plants had greater’ belowground nbttient "’;
reserves when compared to low marsh plants. * In a field - transplant ‘experiment conducted in

one growing season, these belowground reserves may mask any potential influences of the
. ‘ - -
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Table 10. Propomon of hve to dead corm biomass for S maritimus t'ansplanls (X#sc). Values
represent biomass per pot. : -

Treatment Live (g) Dead (g) ' % Live
S 314 (049) 871 (081 26
LM | 329 (0.53) Dg . 846 (080) 8
LH © 089 (0.16) 8.11 (1.32) 10
MM 1297 (0.61) 1.87 .(0.27) Y

ML | 9.30 (1.15) 522 (1.97) 64
HH C 967 (187) CWo7 (0490

CHL - 952 21) S0 1) 97

3
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environmernt The trends observed in this transplant expenment were srmrlar to 'that

measured in the field; “suggesting that~ cEanges in piant’ morpli IIogy were pnmanly mused by-
the local envrronment and not belowground nutnent reserves 7 It would be useful to analyse

- the belowground structures of the transplants to deterrmne 1f there were srgmﬁamt drfference

in the nutrition of the plants used in the tIanplant experrment.
Z,

" Variation in plant morphollogy may be a response to soil condrtrons m the pot and
not the local environment. For §. americanus, the soil characteristics were equivalent
between high and low marsh .environments, eliminating this* concern, Although the nitrogen

_‘ status vof' high- marsh S. maritimus soils is not known, soils from the middle marsh of S. -
maritimus had much higher nitrogen levels when compared to the f:)w marsh (Part B);
Thus, plants taken from the middle marsh and moved intp the low.marsh may be at an
advantage because of greater soil nitrogen. "It is not known how quickly .these soils _WOuld

- transform to a sfatus equivalent to the local environment. Seliskar (year)' conducted a -
rec’ipr'ocal ‘field transplant ‘experiment in Netarts Bay, Oregon and found that- there were -
differences in the nutrient status of soils from high and low marsh environments. By the

‘end of the summer, however, both native and foreign soils had equivalent nutrient
concentrations. The influence of varying belowground nutnent Teserves wrttun the plant,
érfferences in soil nutrient status and potential effects of transplant shock can be ehmmated
by conducting a transplant expenment for~ more than one growmg season, \1

1 conclude that there is ecophenic variation m S. amertcanus and 'S. maritimus. From

the data on growth rates of the natural populatlons substanUal exposure was determined to |

be the dominant envrrgnmental» influence (Part 0. There sl_rould be selection for hrgher

_ growth rates in the low marsh environment to overcome the longer submergence period. It

“appears as though piants in all environments haveeatiained maximum growth'_rates or that ”
growth rate is genetically fixed. - It may be, however, that low marsh S. ameriCanus and ' S.
maritimusha\‘ie ‘higher growth rates but these rates are reduced. 10 a rate equivalent to their
high marsh eounterparts by the slightly higher salinitjes in the low. marsh environments.
Some prelimjnary data‘ on growfh rates of transplants is presented in Table 11. High marsh

donor plants of S. americanus had slightly higher growth rates than in the low marsh, but -

there was no change in growth rate with relocation into a new environment For S.

??maritimus, only LH did not perform as well as the local plan's. This mayrbe a result of |
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o Table 11. Growth ratcs of- Lransplanis (i:.lsc_). S .
Site o Trcélmcn} " Growth - Rate
[ & R ‘ . -
S. amcricanus L : ‘ g : mg shoot/g thizome/h daylight
LL T 0.49 (0.10)
‘ LH o : : 0.55 (0.10)
HH o 067 (0.07)
"HL | 0.66 - (0.03)
: . : “\ L
S. maritimus - . : mg- shoot/g corm/h  daylight
LL | o 0.42 (0.22)
IM | 017 (0.07)
LH ' o 0.18 (0.10)
’ MM o 0.24 (0.07) -
ML - 2055 (0.11)
“HH S 05T (01D
HL p 0.53 (0.14)
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shading from Surrounding plants tﬁat"bcgan growing before. the,,,logL,,marsh,,,fo‘xeignm,:hegan,,,f_fii
shoot elonigation. There are no studies. irlluthe litel;;rure ‘that suggegied cxpo;ure tiﬁ;e as the 7
| pn’r‘naryv cause of variation in 'mOrphology ‘bf marsh plants. Thus, no comparison of growth |

‘rates can bé made. - | o

4
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I oonclude that there is populauon differentiation in S americanus and S. mannmus

‘and it is not geneumlly ‘fixed. The vanauon measured in shoot betght, ~density and total
bromass is -ecophenic, primarily under the influence of the local environment The data on
growth rates suggests that exposure time to daylight is the dominant envxronmemal vanable
mﬂuencmg pla.m morphology Eﬂers (1975) and Jefferson (1975) determmed exposure time -
for a growing season or monthly interval and related this measure to ehanges in plant
commuru'ty composition and community lomﬁonf No swdies in the literature have proposed
daily exposure time 1o daylight as the)primary‘muse of variation in growth and merphology
_of marsh plants, yet it is perhaps the dominant factor in all intertidal envirohments. AC')ther: '
environmerxtal variables that were" deemed important irrclude intersn'ﬁal salinity in S.
americanus stands and -soil nutrient status in S. maritimus. Both high sahmty and low soil
fertlity appear to retard plant growth at the low elevauon points of the two specres ~ Thus,
the two populanons of S. americanus and S. maritimus sampled at Sea Island represent a

“generalist genotype with plasticity for these characters.

Variation in nutrient content was also measured for plam.s at differeni points of an
?elévation gradient, but it was not determined \ifv this variation is primarily uxrder gen_eu'c_'v_.
environmental control. It appears; however, 0 be under environmental control in respo

changes in biomass production. In S§. americanus . environments, the féct,ors .that resulted in '
greater biomass production in the high marsh lead to lower nutrient concentrations because of 7_
dilution of current stored reeewes, In S. maritimus, althoogh the middle marsh pléms ‘h'ad‘
gr'eater/ production and therefore dilute nutrient reserves, the greater soil nitrogen levels in the
middle marsh environment lead to higher nutrient concentrations in plant structures of this
enn‘ronment. Nutrient accumulations in plant tissues was greatest in high marsh S.
americanus and middle marsh S. maritimus. Nutrient analysis on the plant material from

the reaproml transplant experiment would be a ﬁrst step m deriving the cause of

intraspecific variation in these species.

'Exposure time is the _driving - fo’rce 1 a continuous posmve feedback cycle producmg
'greazer plant blomass in envuonments with hlgh exposure times. Plants in high marsh -
enviromments with greater exposure ltme have greater time for photosyntnesis and' to
accumulate aboveground biomass. With greater aboveground biomass aocurnulated“durirrg the

year, more resources can be re-allocated belowground at the end of the growing scason; this

e
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leads to increased belowground reserves. The folloWing year, plams -in the higm mareh’ have

greater belowground reserve§" to allocate to aboveground growth ‘and a longer exposure time
tooaceagmﬂaecumulateabevegrouﬂdb:omass A&erseveraigromngseasonsﬂrehtgh
marsh will accumulate much more belowground blomass than the low marsh and hence,

[

- greater aboveground blomas&

Plastwrty in morphology is not a new phenomenon in plants. Bradshaw (1%5) noted

_ that adaptation by plasucrty is a. widespread and important phenomenon in plams Lhal has
been’ evolved differently in dlfferent species. Docs the vananon measured for S. amertcanus
- and S. maritimus represent various tacues) .pursued by the same’ genotype? Dlﬂcrcn(,es in the
invesfment of biomass aﬁd nutrients to different plant structures both within and beiween
species indicate the - employment of different -tactics. Plants at the low -elevations rd;idc
greater relative investments of biomass and nutrients into shoots at the time of maximum

. shoot biomass andnutriem accumulation.  This tactic is, in part, a response 10 tidal
inundation. A larger propomon of the nutrient pool is requ‘red in shoots to maintain pldrll '
physrologrcnl processes under stress and, in the S. maruzmus enwronmems low ‘soil ferulm
There may be a relanonshrp to the minimum amount of photosynthetic tissue required o
maintain plant growth with a reduced photoperiod and under more stressed conditions.
Furthermc)re increased plant leaching and the subsequent loss of dissolved substances at low
_elevations may result in these planr_s eonunuously "pumping” numean into shoots.  As a

“result. plants at low elevanons invest a greater proportion of numems into shooLs

No statistical . analyses were undertaken to determme 1f biomass allf)cauon is a good -
determinant of nutrient allomriorr The trends in biomass allocation of S. americanus and S
maritimus were similar to that of nutrient allocation; plants in low elevations invesied a
greater proportion of their biomass and total Lissde nutrient pool to shoots. Thus, for S
americanus -and S. rna‘ritimus, biomass all'oceti'on appears 10 be a good predictor of nutrient

allocation. ) o ‘ , (‘,

Hickman and Pitelka (1975) found that dry weight’vis related 1o nurriemdr energ'y"
allocation in planr_s,:"’ wir.h.primarily carbohydrate reserves. _Lyde and Hull (1980a, 1980b,
1980¢) presented eviderrce that marsh iplants' such as "Spartina alternifiora conain carbohydrate
reserves in belowground structures. Their. studies demonstrated that matre culms of tall
Spartirza- d!tem{ﬂora stands supplied' photosynthate for grain produeﬁon and for carbohydrate

e
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\h : : .
- accumulation in rhizomes which may be available for ’re-zgrowr.h me;,,fqumjpﬁngJLxﬂe -
and Hull 1980a) ~Until vegetatwe shoors became ‘energetically mdependent someume m June
(Lyt.le and Hull 1980b) carbohydrates in the rhizome supplied carbon for slrucuxral o
development (Lytle and Hull 1980c) Between August and October, the: soluble cmbohydrate
"“content of rhziome increased sharply in tall stands of Spargina altermﬂora but drd not -
lncrease in short-form until mid-October, the time of senescence (Lytle .and Hull 1980c)
] KJSIIIIZ el d. _(1983) _suggested a cycle of carbohydrate mohrhzauon between roots,’ rhizomes
and shoots of Carex Iyngbyei based on-the results of other studies which found such a
.mrbonhydrare cycle in plants' growing in environments with short.growing periods rapid growth
rates and overall adverse envrronmental conditions. These conditions are found m S. v
g armericanus ‘and S. maritimus environments suggestmg that these sedges like Spamna \ .
altenuﬂora and perhaps Carex Iyngbyei, have large carbohydrate reserves This would support

the notion that blomass allocation is eguivalent to nutnent allocation.

it is intriguing 1o speculate on the absence of genetic drvergence in S. a{nen'canus and
S. maritimus.  Two points can be made about the traits exammed. FII'SL a small number
of traits were studied and thus conclusions can only be drawn about these specrﬁc trans It
may .be that several traits not studled here are in fact gen‘:gmlly fixed. Secondly it may

Y

be that the traits under examination were not heritable.

There may be abundant géne ﬂow between populations which prevents genetic _‘
dlvergence "Gene ﬂow can be estimated by the amount of sexual reproduction taking place'
and in the environments of Sea Island, the absence of seedhngs\ﬁr\ggesr_s low gene ﬂow and B
rare estabhshment Lhrough sexual reproduction. The low effort measured for sexual
reproducuon in these species may be another mdlczhon of very little gene’ flow Lohg‘ lived
. plants in mteruda] environments . that are capable of vegetsze reproducuon do not require /
* sexual reproduction to mai‘n'tain, “the population. This small invesrrnent into sexual ‘
reproduction, therefore represents the producu'oh of achénes for the possible colonization” of
new. marsh envrronmems angd- possrblv for small addmons to the gene pool. It is not
-known, however 1f these speces are obhgate out—crossers and Lhey may have tlTe capacrty to’
Oproduce achenes wn.hour extemal femhmuon. While this would produce seedlings, it would
not change thé éene pool. | Funhermore ‘the populations. sampled may be the product of .a

common gene 'popl ;har has. not dlverged‘ appreciably in_the "absence of succesful

L -
> ,

- . , ’ -
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ﬁestabhshment of off-sprmg from sexual repraduction. There may be" wealt select.we forces
actmg in the Sea ‘Island envxronment or spec:es may be selected for ﬂerubnlnty of morphology

I propose the followmg scenario as an explanauon of phenotyptc variation in §. 7
americanus xand S. marzttmu& Hrstorloa.l aerial photographs of this study snte \mdmte ‘that
these clones were ot . present some 25 years ago. and hence, they are young clones ‘
Sediment accreuon butlds up the marsh platform and these plants colonize and expand -into
 the new envuonments leadmg to . moTe rapxd sediment accretion.©  Plants in the htgh marsh
u provrde seed or rhrzomes for the colomzauon of the low marsh and once estabhshcd. prohﬁc
vegetatrve reproductron allows for cornplete dommance of these newly formed envnonments
‘ Alt.hough S. maritimus is not a colonizer of - new ‘environments, il- is found only in anoxnc
sediments. The S.. marmmus envrronrnent is homogeneous with | only elevauon and soil |
:nMents varymg and ‘these increase plant biomass. Thus, there is selecuon for a gcnotypc'
that can withstand anoxic conditions and, exposure and soil nitrogen dete,rmme the height,
biomass and nutrient content of the plants in a particular environrnenL There has not _been

. ample time" for genetic divergence. : B

A pnrne area for future study is to determine if variation in nutrient allowtlon 15

under envrronmental or geneuc control, or -both. Second it should be determmed if any

var;auon is ecoclrnal The traits exarruned can' be expanded to tnclude physxologtcal
,.’,eharactensum (eg aerenchymatous USsue) and gel electrophoresxs should be undertaken . o

"deterrmne the level of genetic var;tauorL

‘ Al the ’ecststem level, future studres should cegler on .nutrient pathways between thc
i marsh 'and. estuary. It appears that although a large&

elements in aboveground stems are .re-allocated to belowground structures during senescence,
all - four environments lose nutrients through senescence and tidal export of aboveground - shoots.
and the loss of“ helowground biomass to grubbrng geese Presently the late of “this matcrtal
mnnot ‘be determined. Some of the plant rnaterial - may decompose i Si; thercby provxdmg

nuirients to local ‘plants, -or it may be exported o0 the estuary pnmanly as dtssolvcd material,

This study\czn be succeeded by a- stud\ that elucidates the dlrecuon and magmtude of thesc '

’ _pathways. | : - . &

¥ -
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