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~i~ on a Fraser River intertidal brackish marsh, Vancouver. Canada (49•‹110 N. 
+ . 

1 2 3 O  10' W). A reciprocal field Inkplant experiment was undertaken concurrent with the 

measurement 'of environm&td factors afTkliag plant growth (elevation, 'soil nutrients, salinity, 

pH, bulk density and sediment dmue) -to k t  the hypoth&that \, plant resource allocation 
\, 

varies with Jocal environmental conditions. 
\ 

L. 

Significant variations in bbmas and nutrient content were found at the. species' w p r  - 

q ~ d  lower elevation limits S. tamericonus had shoot densities and biomass at the 
" :* 

upper elevation. In contrast, S. &timus had greatest shoot densities qt its lowest elevation - 
but biomass was greater at high elevations. ~rowth '  rates per hour ,daylight were equivalent - 

- - 
within species suggesting that the greater exposure time in the high elevationscwas the 

primary cause of greater biomass pmdu&n in the high 'marsh environments. 

environmental fact~rs affecting plant growth included lower salinities in high marsh S. 

arnericcnrrs and greater soil nitrogen in bils of high marsh S. maritimus. The transplant 

experiment demonstrated that shoot heigh~ demity and biomass were determined by the local 

environment as these characteristics varied with transfer site. 
2 4 

-- - 

Plant structure in low marsh S. i%en-pSd high marsh S. mmitimiii Ed -the 

highest nutrient concentrations By mid-summer, biomass production of high marsh 

S. americlmur occurred more rapihly than nutrient allocation to shoots, diluting. nuaient 
F 

reserves in ?boveground srmcturesC 'A1 th appeared to occur in high marsh S. b 8 
rnarztimus. the greater nutrient reserves .in b e l o w g r o ~ ~  stmctures of these plants resultPd in - 
the production of more numtious shbts than in the low marsh. Nutrient accumulations , 

/were greatest in the high max& in both species. The increased accurhulation of nitrogen 

and phospiorus in belowground snuctures at the. end of the growing season suggests that 

hex elements were stored for rapid mobilization to shoots the following year. a 
d - - 

I conclude that high &OW marsh 5. &ericwm and S. -ti- - represent -- 
A - 

J-" L 

ecophenes; genetic divergence in response to lomi environmental amditioxs has not occurred 

The two pqulations of S. 

genotype with plasticity for 

meriuucrrs and S. ritoritirnus sampled represent a generalist 

these characters, 
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PART A 

GENERAL ~ T R O D U C T I O ~  



Theophrastus of Eresos (a 370-285 B.C) was convinced that 'species were unstable 

readily changeable (Radford et d. 1974). This was in contrast to the typological concept 

his mentor, Plato, who prop&d that individuals, including plants, were expressions of the 

- - 
and 

of 

same type. To Plato, the eidos (or type) Was real and the observed variation an illusion, - 
the result of imperfect manifestations of the idea implicit in each species (Mayr 1970). The 

father of modem taxonomy, Carolus pnnaeus (1707-1778), was influenced by Plato's 
J 

typological species concept and accepted the assumption that species were fixed entities with a 

finite number existing in the warld Lanneaus later realized that species were derived from 

other species through hybridization (Mayr 1970). Following Linneaus, other $xonomists. began 

to realize that species change and evolve from a common ancestor and species cannot be 

represented by a single specimen (Radford et al. 1974):, It was these ideas that Darwin 

built upon, laying the foundation-for the work -- of Turesson. . 

, .  

Variation 1 
+ . ,; 

n, vlant mvulations 
z 
11 - - 

! '  
Gote Turresso was one r 2 

erperimen~lg. He conducted 
I 

of the first botanists to examine variation in plant habit 

a series of garden transplant experiments whereby he 

uansplanredl mbrphologicallg different plants of Hierndm mbellmwn from different habitats 

lo a co* environment (Turcsson 1922). Some of these morphologically different prahts 

rerained 4eir differences af'ter transplanting and he concluded that these plan& .were -4 

geneticall/ different and their morphology was not primarily under environmental control. 

These &etically different plants were called ecotyper Alternatively.., plants within a species 
1 

that wire genetically similar but mof$ologically distinct in response to different 

enunrokental conditions Turesson called k h n e s  (Anderscm and Treshow 1980). The 
. n 

n o t m  & i t  ecctypes are adapted to their local environment has been developed since that 
r 

m e .  I 



The major pathways leading to variation among plant populations are illustrated in 
- -- -- - - -- - 

- 

Egure' f .  Biotic factozs may include such phenomena as competition and predation. Abiotic 

components of the local environment form the selection forces In general, a species gene 

pool is moulded by the forces of selection praduung a genetic composition that is adapted 

to the local environment. All individuals sharing the same genetic composition are genotypes. 

The genotype 4ictates 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 trade-offs of 

'resources between structures within the plant 

. The phenwpathway is compriN of the current environment acting on the genotype. 

Because the composition of the genotype and the physi_d environment exhibit spatial 

variation, different allocation strategies are selected for in different environments and hence. 
i 

rnorphofogid variation is observed. The phenotype is the product of the interaction between 

the genotype and the environment The genotype mn producc one of a range of phenotypes 

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

environment (Cox and Ford 1937). -nus, phenotypes are tactical solutions within a strategy 

that is set by a genotype (Harper 1982). All the naturally occuring phenotypes produced 

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

emtypes are genetically distinct populations *thin the genotype that are adapted m A e  1-1 " - 

environment The allocation strategy of the ecotype is d d e r  genetic control and not 

influenced by the environment 

Phenotypic modification mn 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 environment& conditions are not favourable for their expression Living 
1 

o r & i m s  may possess latent genes that become activated in envir that differ radically 

f r h  those in which the organism has evolved. Thus, a species to be highly 

u@form i r ~  one environment can become highly variable in anothe environment that is I radically different (Clawen and Hiessey 1958). n i s  variation can occur in the morphology, 

micmnatomy. phyiialogy and ecology of the piant 1 

Methods to determine if the observed variation is genotypic r phenoty-pid include field 

or garden tmm&mt experiments, gel electrophoresis, and plant t habitat type mrrellation5. 
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Figure 1 .  Model illustrating 'major pathways that cause variation in plant populations. 



useful as the field transplant method which may demonstrate that genetic variation is adaptive : 

morphology can be correlated with specific characteristics of the plant Gel etectrophoresis 

ma be used to obtain a preliminary estimate of-tke level of genetic variation in genotypes 
- 

between and within different populations - Ideally, both reciprocal field transphts and gel 

electrophoresis should be employed. . . 
This study focused on the abiotic portim of the pheno-pathway to examine inuaspecific 

and interspecific v-a t ion  in plant populations (Figure 1). Ailomtion patterns were mmsltred - - 

to determine if variation in resource allocation s&tegy represents different tactics by plants in 

differing environment. In addition, the geno-pathway was included-to determine if allocation - % 

patterns were genetically fixed. 

Extendinn the concept of innasDecific variation to nutrient allocation 

The majority of studies examining ecotypic variation in morphology have focused on - 

biomass allocation because it is the easiest plam variable to measure. But Turesson's ecotypic 

concept can and should be extended to nutrient and caloric allocation. These are more - 
important indicators of plant fimess thgn because they provide a bet,tez measure d -- - - 

the investment made by a plant for the construction of various plani structures. For 

example, caloric data allow one to distinguish among tissues with dissimilar energy contents 

per gram (Pitelka 1978). It seems likely that the energetic cost of producing such a highly 

differentiated. organ as a flower involves a greater cost than' is indexed by the biomass of 

that organ (McNaughton 1975). 
I, 

Ab- and Caswell (1982) showed that biomass aloeation is not a good indicator 

of allocation of mineral elements in Verbasnun thapsus and five Sdidago species. In ,plants 

with primarily carbohydrate reserves, however, biomass allocation is related- to nuuient or 

energy allocation. Hickman and PiteUra (1975) found that dry weight indicates energy 
- 

-- aTlocation patterns in populations of Lupinus nanus, L. variocdor, L. arbweus and Pdygonum 

+ern. The u& of biomass as an indicator of energy or nutrient allocation appears to 



\ 

A research site to - test - for in@spe@ficC variation of r e s o w c e ~ & s h a u l ~  of- 
\ 

a strong, simple local resource gradient Strong gradients produce 'abrupt changes in 

vegetation or physical characteristics and simple gradients allow fm interpretation of 

plant-environment interactions with the potential of determining exact causes. The 

environmental factors that influence plant habit -me more evident if they vary in a cyclic, 

predictable manner. Population differentiation is most likely to o c w  where grdwing 

conditions differ from place to place in a predictable fashion (Davy and Smith 1985). The 
- - 

mnfounding effect of in&fipedfic competition can k eliminated if large, monoqmific stands 

of a test species are selected. Furthermore, clonal species are desirable because they are 

long-lived. genetically-uniform and the clone has .been exposed to selection p r v e s  for many 

years. 

Genotypic and phenotypic differences within populations growing across ecological 

gradients should be found at the extremes *of the gradient where environmental and hence, 
a 

selection differences may be greatest If variation is found at these locations, sampling along 

the gradient will detect the presence or absence of clinal 

Intertidal wetlands: the natural laboratory 
- ----- 

Intertidal wetlands present examples of communities 

variation. ,. 

developed' in response to local 

ecological gradients. In these environments, allocation strategies may be influenced by nutrient 

availability and other restraints of the physical environment to plant physiological processes.. 

Specifiqlly, elevation and the tidal regime limit the time available for nutrient uptake and 

metabolism. As well, the tidal regime may influence soil nutrient content or availability - 
resulting in a heter@eneous environment that varies in a predictable fashion. Therefore, f 
species occupying large elevation gradients in wetlands provide an opportunity to examine 

population differentiation, d&be various investment patterns, and determine a y  association of 

these panems with particular environmental 
- 

In marsh environments along the east 

S w i m  uitcrniJm have been described: a 

fomi (de Lame d 1978. Valiela et al. f/ 

conditions. - 

and Gulf coasts of North America, two forms of 

tall creek bank form and a short high marsh 

1978b. Gallagher et al. 1980, Reidenbaugh 1983): 

6 I 



This variation in shoot height is now gerierally regarded as non-genetic on the basis of 

Aiong the wpt  - -  coast of North America, C-mx fmbyci is dominag& ie intextirlal- 
I -? 

it toof has been rep6rkd to have a tall and short growth form (Eilen 1975. Jl(lerson 1975. 

Gallagher and Kibby 1981. Dawe and White 1982. 1986). Smythe (1987). howcuer; found 

that while distinct tall and sh~rt growth fonns were sometimes visible over dis!ance of - 4 - 
several meters, over tens of meters several intermediate shoot heights arumd The so-called 

r 

tall and short forms, thus, were the end points of a shoot height continuum. A reciprocal 

field transplant experiment of 12 Cwex lyngbyei populations in the Puget Trough indicated 

that variation in shoot height Was p r h a d y  ecophenic, although in rare cases, ecotypic 

-- variation was detected. Also on ,the Pacific coast, Seliskar (1985) found that Deschwnpsia 
9 

~ s p i t a r n ,  ~istichlis spicata. Grindelin integriflia, h r n e a  glauca and Sdicornia virgnica ail 

demonsbted morphological and anatomical variatibns that were not genetically fixed. - 
Variation in habit on extend to belowground structures. Root to shoot ratios are 

usually high in plants growing under harsh envirqnmental conditions ( ~ u c c r a  er d. 1967. 

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

appear to be an adaptive response by marsh plants to harsh environmental conditions such as 

low nitmgen availability, waterlogged soils, anoxic soils, periodic plant inundation, high toxin 

concentrations, and saline water (Hopkinson - - -  - -  and Schubauer 1984). These factors - g q  to - -- 

- deaease the effective uptake of water and nutrients by a unit of root ~&face. Each unit of 

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

under more favourable -qnditions (Shaver and Billings 1975). 
- 

Although a number of studies have examined ecotypic variation of biomass for marsh 

vegetation, few studies (Drifmeyer and Redd 1981, Gallagher el d. 1980. Broome er d. 1975) 

have extended Turesson's (1922) *typic qncept to nutrient allocation. Ewing (1982) 

presented data on the nutrient m n b t  of Scirprrs omericanur shoots collected horn high and 

low manh e?vironments in River marsh (Washington). An analysis of variance -on 

these data indicated that the low marsh had significantly higher 

copper (P < 0.08). I suggest that nutrient allocation is a charaaristic orchestrated by the 

plant in response to the relative action of environmental factors. NurrfWt alltxaljan should 



Kistritz et af. (1983) and Hdll and Yesaki (unpublished). p&de tbe only data on the _- . 
•’wsient €meit€ ef rnersh tregemim in B r i t i s h € o h i m & - ~ - m I  

between total aboveground aad belowground compartments in coastal mar% sedges, but did - 

not distinguish allocation to different structures Seasonal changes in bi6 and nutrient 

allocation should be considered for dl plant stnzcaues to determine if variation extends 
d 

beyond characteristics such as shoot height and flowering. , R 

uses of intrwecific- vmtion in cuastal marsh& 7 

The physical variables invoked as the cat& of morphological variation in shoot height 
P 

in wetland species include elevation, saliiiity stress, tidal energy, to* effects of a reducing 

environment (sulfide toxicity or anoxia), and soil mineral contenL partid& scarcity of 

available nitrogen or iron. As well, there appear to be interactio~ between several 

environmental variables that act to modify plant growth. 

Elevation 

Elevation relative to critical tidal levels has been used as a smogate for factors such 
u, 

as tidal exposure and soil redox potential. Surprisingly, studies ba t  accurately determined. 

inundationlexposure times dwng a e  j j r o ~ j ~ ~ ~ ~ d  related 3 to *tpsize Zi&f lo tbe  
found in .the literature. Instead, studies present percent exposure or submergence for an 

entire year. which is likely not the most sensitive measure for plan1 growth. The variation 
C 

observed between tall and qort  forms in some species may be a simple function of the 

amount of solar irradiance received during the growing season. Furthermore, submergence not 
I 

only decrqes irradiance received, but also rgrlts in sediment loading on shdts which 

further decreases the surface available for photosynthesis. Submergence decreases ,the 

the shoot until the shoot is completely submerged (Osrnond %t d. 1987). 
- 



t e & & L b h i a g e & f t e f i t t i e t t i k a ~  

that greater soil drainage and associated higher redox 

~ t e n t i a l  near creek banks by oxidiring potential soil - 
toxins, such as sulfide. This, in by affecting carbon , 

metabolism or indirectly by assimilation. W iegert 

et d (1983) found that of intermediate height 

S. alterniflaro caused a significant increak in mean shoot height and aboveground production 
- 

in a two year e x p e ~ h & t  Donovan and Gallagher (1985) fourid that salinity ands anaerobic 

conditions, independently and concurrently, decreased biomass and height of the  marsh grass 

Sporobulus vifginicus. k 

Salinity '\ j 

Adam (1963) and broome et al. (1975) observed that S. alterni om growth was - .  A, 
restricted by increased salinity. Nestler (1977) investigated the effect of hterstitial salinity as 

a cause of ecophenic variation in S. alternijwa Nestler found that growth was robust, in 

low saline areas acd weak in areas of high interstitial salinity. As well. height of 

S. alterni'flwo plants was a function of total dissolved salt concentrations of the underlying - 
substrate. De Lame et al. (1979) found that soil extractable sodium, magnesium and 

potassium expressed onha volume 

of salts was observed in the less 

Sail Minerals 

Gallagher and Kibby (MI) - 
_ the addition of nitrogen.. Valiela 

basis were directly related to plant yield No accumulation 

productive marsh areas. - 

suggested that the sueamside effect can be simulated by 

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 lzlarsh vegetation, consisting mainly of dwarf form S. - 
a l t e r a i m  into a sward approaching the biomass and morphology of the dl form. They 

conclude that the forms of S. alterniflaa we a response to nitrogen supply. 

, .  Broome et d. (1983) evaluated 

the growth and tissue conmuation of 

tk effects of nitrogen and phosphorus fertilizer on 

S. dterniflara There were only slight increases in ., 



growth when either nitrogen or phosphorus were applied alone but when applied tugether, 
- - - - i-- 

they acted ~ e r g & m l l y  to increa~e plant biomass (Broome et d. 19833. Despite the 

findings of this mudy, phosphorus @ seldom limiting in salt m a ~ h ~ a n d t h e b i ~  Lp 

assgcta-kxl with them, because l a r~e  reskrvm of phosphorus. much of it as phosphate, are 

qorbed in clay sediments or peat (Whitney et d 1981). 

i 
Some studies imply that the supply of available soil nitrogen does not limit plant * 

growth .directly but that nitrogen uptake and assimilation may be inhibited by the 

environmental conditions in the marsh. For example, Gallagher (1975) found that tall ' 

Spartinu uitert l i 'a did not respond to nitrogen - - fertilizer. De Laune et al. (1983) present- 

data suggesting that the short height form of Spartina alterniflcmz observed in inknd areas of 

Louisiana Gulf Coast marshes is caused by toxic 'concentrations of sulfide, a result of slightly 

lower elevation and subsequexk lower redox potential than the adjacent prodpctive streamside 

marsh. They speculated ,-@I& sulfide my limit growth by preventing 

root _development 

Adam (1963) reported that S. alternijlora - was restricted to the 

amounts of iron were available. In an d y s i s  of factors related to 

L 

nitrogen 

low marsh where large 
r, 

&ding crop, Nixon 

and Oviatt (1973) found that low iron availability contributed to reduced standing crop. In 

Georgia. Gallagher et d. ,(1980) found that mid-summer was a period of slow( growth Por 

both the creekbank and high marsh H t e r n i j w c t .  This coincided with the perioc-of-fow- 

iron availability and they suggested that .ircn may be limiting growth in the low marsh in 

. 'mid-summer. 

The work presented above demonstrates that the status of the knbwledge on the causes 

of intraspecific variation in biomass of intertidal plant species is scant Most of this work 

has focused on the measurement of height differences and total biomass, 'with. limitedaata 
- 

availabfe on other measures of plant fitness. Variation in resource allocation has not been 

examined to a-great eatent in hese eRvirs-a ye4 fkis r e p e n t s  a ~ le re  kqwlimt 

measure of plant fitness The objective of this mdy was to test for population 

differentiation in two coastal British Columbia sedges. Two species were sadied to obtain a 
some measure of b e t w e e m e  variation. I tested for biomass variation in 



Scirpus americcu~~(s Pers. Syn. and Scirpur pwftimus L var. pduiiaff l~ Nels. (nomcklature a 

P 

alloption. If Bere was in-fic variation, a secondary L & ~ ~ e t c r m i n ~  if ths , 
- 

- 

variation was under genetic control, influenced by local erivironrnentat conditions, or both. 
e 

s .  

These W e s  were selected because they are abuldant and show variation in shoot :+ - 
height across an elevation gradient . S. umerica i s  a rhizomatod -perennial sedge with * 

C I .  -- 
sharply triangdh culms 0.3 tb 1.1 m tall (~as& 1957) (Figure 2). Its inflorescence is a 

capitate cluster of 4 to 7 spikelets (Mason 1957), essentially sessile in a compact cluste~. ' t 

- - 
subtendeQ by a prominent green bract 20 - 1% mm long which appears like a continuation 

+ - A  

of the stem (Hitchcock et d 1969). s.-muritimus var. p n l u d w  is a stout rhizomatous , 

perennial sedge, 0.2 to i.5 m tall. reproducing vegetatively d d  sexually (Figure 2). The - 

rhizomes commonly bear fm tubers but have few secondary rpJets. Culms are sharply.. -- 

triquemm with several leaves distributed dong the stem- (Hitchcock et af. 1969) and arise 

from corms found 0.10 - 0.30 m below the marsh surface. The inflorescence is capitate 

with one to several elongated rays (Mason 1957). Spikes number 3-20 or more. a11 3sessile 

in a compact terminal cluster, OF the principal surpassed by one or more short peduncles . 
each b-&ng absubsidiary cluster. Scales are reddish brown to pale straw-coloured (Hitchcock -- 

et al. 1969). 
-- 

To meet these objectives, monaspecStc- s m d s  of S. ante~icartllf -and -S. muritimw-were - - 

sampled along an elevation contour near the upper an elevatioq excremes on the Sea 

Island foreshore n l a ~ ~ h  (Figure 3)- On the foreshore of Lulu Island, immediately to 

the south of Sea Island, S. americarw forms dense stands ,'along the' marsh littoral on 

. well-drained, silty-sand substrates of relatively low moisture content ' S. w i t i m u s  is fbund 

on siltier .sediments and at higher elevations (Hutchinson 1982). Sea Island was selected ' A 

because both species are found as large monospecific stands 'over an elevation gradient of 

about 0.5 m aiid. the site is accessible during all low tides. Monospvecific stands were - .  

sampled to elirninafe interspecific cpmpetition and the task of identifying- belowground 
- 

structures of different species. By sampling relatively dense stands in one environment 
- -- 

gotemid effects of uatiabie stem density were conttdkd m e  =vation extfemx wm 

selected because if there is variation, it is expected to occu at the elevation extremes. - 

S. &ti- &uld not be sampled at the upper elevation limit because of the presence of 



Figure 2. .Diagram of S. americanus (left) and S. rnar'timus (right) illustrating L infhcscences (i), shwts  (s). rmts (r), rhizomes (h) an corms (c). Modified from Hitchcock ; 
et al. (1969) and Mason (1957). 
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figure 3. Location of the study site. 



1 

o ~ e r '  species and was rampled at the mid-point of i ts elevation range. Therefa,  two 

high and low .marsh, while S. maritimus are labelled low and middle marsh (Figure 4). 
-- - - L-- -,. -- - - - -- 

- - /  

- 

Hypotheses relating resource allocation patterns to the lad environment were tested. - . 
A 

In this study, &e low lying foreshbre environment with the longer- inundaqp period was - 
t 

considered to be the stressed environment 'Resource allocation to major plant structures were 

determined for all phases of the ariuua.1 cycle. Allocation to reproduction was tested for 

sexual and asexual (vegetative) reproductive organs as separate compartments. From these 

data, some inferences about resource allocation strategies were elucidated 
12' . a- 

The central hypothesis of this study is that biomass and nutrient allocation pattems are 
- 

- a result of the species plastic response to the laal  environment Specifically, it is 

- 

hypothesized that plants in stressed environments put more effort into capturing and defending 
- .  - 

potentiaify a c e  resources @iomass and numents) and thus, adopt ccjnservative strategies. c 

This hypothesis leads to the prediction that nutrient allocation varies as a function of relative - * 

availability. Nutrients that are scarce are translocated and stored in' belowground snuctures 
'I 

during senesce'nce of aboveground shoots. It has been hypothesized that nitrogen conservation 

by Spartinu afternijlura suggests that primary prpductivity in salt marshes in eastern North 

. America are nitrogen l i m i t y f & k k s o n  and ~chuhauer 1984). 1 tested this hypothesis for 

nitrogen in the Sea Island marsh. 

A second prediction is that plants in, stressed environments will reduce resource - 
' allaauon to shoots and reduce sexual reproductive effofi Foreshore plants ompy a habitat 

L 
with a long i~undation period and thus, a greater proportion of time available for 

photosyntfiesis is devoted to Wtenance and giowth This results in a smaller inveswnt 7 
towards reproduction. Between species. the propo4n of resouras allocated to reproduction 

will be greater in S. americamcs than in S. S. maritimus occupies more severely 
. - 

reduced soils which stress the plant and ther 

towards maintenance and less to zeprocluction 

within each species, the root:s-cloot ratio will )k Eghest in the foreshore plants because they 

occup) the stressed environment I 
i 

/ 
An alternative hvpo!thesis (Hz) is /k9i 

B hypothesis was tested for bio- ztlI&%#k 

. .  - 
allocation patterns are genetically contro11ed This 

field transplant experiment 



Figure 4. C&m-aerial photograph of the study site indicating high and low marsh S. 
americ(u~us (aH, aL) and middle and low marsh S. maritimus (mM, mL). Scale 1:12.000. 



The concept of variation is the foundation for 9"s studc- In Part B. the site. 

intraspecific variation is extended to nutrient allocation. In Part E the results of the 

reciprocal mniplant experiment are presented to determine if the variation is genetically fixed 
\ 

Conclusions about the causes 'of variation, resource allocation strategies and suggestions for 



PART B 

THE PHYSICAL SETTING 



m ~ t i o n  of the Studv Site - .  

I The Fraser River is the largest river rqiching the west coast of 
' <  1980). It breaches the mountainous spine of western British Columbia 

Canada (Milliman 

and discharges into 

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

combined intertidal and supratidal area of about 1000 km2 during the 10,000 - 11,000 years 

since the disappearance of the lay Pleistocene Cordilleran Ice Sheet Tidal flats charatterize 

+ the narrow shelf between $e 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 d. 1983)., r 

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

3500 mJ s-I at Mission (70 krn upstream from the study site). Most of the discharge 
- 

' 
comes from melting snow and as a result discharge from late fall through early spring is 

generally less than 1500 m3 s-I, while during spring freshet (May through mid-July) flow 

averages more than 4000 m3 s-I ( M i l k a ~  1988). Flow dis&ibution is estimated at. 5% to -- - 

the North Arm. 5% to the Middle Arm (adjacent the study site), 80-85% to the Main - 
(South) Arm, and 5-1Wo to the small outlets such as Canoe Pass (Hoos and Paekrnan 1974) 

(Figure, 3). 

The Fraser River transports between 

of t h e  sediment discharge occtlring during 
- 

is sand. Suspended matter concentrations 

generally less than 50 mg 1 - I  and during - 
1980). 

12 and 30 million tons of sediment annually, 80% 

freshet About 40-60 % of freshet suspended load 

within the estuary during all these months are 

high tide often less than 20 mg 1-' (Milliman 

The tides in the Fraser River estuary are mixed with a stfong d i d  com&mnt -- 

I 

There is approximately a 2 week cycle in tidal ranges, and a seasonal cycle. The\ lowest 
I < 

tide occurs around midnight during the winter months and near midday during the 

At Point &kman (16 km north of the study site). the average tidal range i s  3.1 



extremes may be as great as 4.9 m at spring tides and as low as 0.6m at nap tides (Hoos 
-- 

-- 

and B- 1974). I;hKing -frfr&et- Row 3i anKe5Wy S i i T i 5 S e F R i v e r  

estuary is essentially fresh; except at Sand Heads and Elbow (Figure 3) during high tide, -. 
-- - - - - P - 7- - 

when a prominent salt wedge develops (Milliman 1980). 

Climate ,- 

Climatic data (1951-1980) &e available for Vancouver International Airpoq 1 krn from 

the study site. Mean daily air temperatures are 2S•‹C for J a n e ,  17.3OC for July, and - 

9.g•‹C annual. Jananuary precipitation is 130.7 mm rainfalt and 257 mm snowfall. compared to' 

320 mm rainfall in July. Mean annual precipitation is 1113 mm (Environment Canada, no 

date). 

Mean monthly temperatures and precipitation for the sampling 

Figure 5. ~emperatures during this period were similar to the 30 

precipitation was variable. The total precipitation of 817.4 mm for 

than 

1219 

Plant 

the long term mean because of the very dry summer. Total 

mm, some 106 rnm hrgher than normal. 

Communities 

'period are presented in- - -  A 

year normals but 

1985 was n w h  lowcr 

precipitation for 1986 was " 

The Sea Island brackish marsh represents about 9% of the 27 krn2 covered by tidal 

marshes in the Fraser Esftlary fYirmanaka 49755) and is ~ o r i s t i d ~  W h r  to other m a r  of* - + - 

the Fraser foreshore marsh. * The vegetation communities are generally discrete and of low 
4 

diversity (Figure 4). In the hig5- foreshore marsh, Typha latifdia is the dominant species 

with Cmex lyngbyei- Distichlis spicata dominant in the middle marsh. At lowcr elevations 

across the delta front, S. americanus and S. maritimus are dominant Small, isolated clones - 
of S. americanus are expanding at the seaward edge of the marsh. A survey of historical 

air photos showed that the S. americanus community has expanded some 400m seaward since 

the installation of the jetty in 1964. 
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Figure 5. ~ccordcd mean monthly air temperature and precipitation at Sea Island during the 
samplc period. July 1985 to Octobcr 1986 (* a), and 30 year normal (-0). 



M a d  Environments \ 
- 

- - - - - - - - i - -  --- --- 

The environmental variables that have been -shown to be associated with intraspecific 

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

interstitial salinity, soil chemistry (nitmgen,,carbon, pH) and sediment texture and bulk density 

to estimate drainage conditions 



hfATEB1AES AND METHODS - 
\ . 

- - -+ - -  

Sampling frequency 
, * 

Variables that have large 

was deterplined by the nature of the variable .to 

temporal variation, such as interstitial salinity and 

were measured at monthly intervals concurrently with vegetation sampling 

with season and was, measured quarterly, while site elevation, soil particle 

density, were measured at one point in tim e... 'le each of these -&ee "b 
with time, such change would not occw during this study unless a major 

occurred. 

At five points in each 

dumpy level and stadia1 rod 

to a control bench mark on 

be measured. 

soil nutrients, 

Soil pH Varies 

size and bulk 

variables change , 

flood event 

environment, marsh suiface elevation was measured with a 

divided into 0.01 m increments. Measurements were tied - back + 

the Sea -Island ,Airport jetty and adjusted to local tide datum 

(0.00 m geodetic = 2.63 m tide) (Western Canada Hydraulic Laboratories Ltd, no date). 

Length of daylight period was calculated for each month of the growing season with a 

computer program after the method suggested by Sellers (1x5). Total monthly exposure 
- - - 

hours to daylight was calculated for the mean elevation of each environment using the 1978 

tidal cyd; with a computer program provideCby Hutchinson ,(unpublished). 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 gro&ng season. 

Soil ParCicle Size Analysis - 

In July 1986 four soil cores, 0.10 m diameter and 0.40 

from. each site. Each core was divided into 2 equal depths, 

m in depth, were collected 
y p 3  

between 50-100 g of gxl , 4 

- - 4.- @ 

removed and air dried for panicle size analysis. A 10-20 grubiample of dry soil was - . -- 
passed through a 63 ~ l r n  sieve to remove &he sand portion, percent silt determined by a 

Micrometria sedigraph, and the clay portion derived by residuaL 
I 



Bulk Density' - 

The axe method was &d tn & m e  hullr density. F h  * - m e ~ ~  

with a pipe measuring 10 mm c;iiameter and 100 mm depth from each site on October 28, 

1986. Samples were oven dried at 105~C for 24 h. weighed (0.01 g) and bulk density 

calculated as g dry weight mm-3 (university of British Columbia Methods Manual 1981). 

Soil DH 

Soil samples 

axialysed for pH. 

dry soil mixed in 

pHlion meter. 

collected in July and October 1985, and February and July 1986, were . 
Samples were collected to a depth of 0.40 m, between 10 and 20 g of 

a soikwater ratio of 1:2 and pH measured using a Fisher' Accumet Model 

Interstitial salinity (parts per thousand, ppt) was measured in the field at monthly 

intervals during thd growing season and at bimonthly $tefials during winter. Four pits. 0.10 

m in diameter and 0.40 m deep. were excavated in each site and water allowed to fill each 
0 

hole. Salinity of water was. determined using a portable Y-S-I Model 33 salinometer wittrirt 

4 h of low tide. 

Soil nutrients 

For soil nutrient analysis, four soil cores 0.10 m in diameter and 0.20 m in depth 

were emacted from each environment at monthly intervals during the growing season (April 
1 

through October) and bimonthly in winter. To obtain a representative soil sample, each care 

was divided into eight equal sections from which a 10 g subsample without plant material 

was removed and air  dried 

IZkme~& M p e r  en 5-10 

to derive a measure of soil 
I 

indicate that a large portion 

available for plant uptake. 

Total C and Total N were analyzed on a Carlo Erba C-H-N - 

fertility and nitrogen. available for plant uptake. Ratim of 20:l 

of the soil nitrogen is bound in organic maner and not 

Ratios of 10:l suggest that most of the nitrogen is available far 



Data on soil nutrients are presented OR-a dry weight 

studia As well. De Lame e t .  (1979) 'determined that 

basis for comparison to other 
- -, - LpP - - -- 

soil nutrients expressed on a dry 

weight basis were not significantly related to bwth of S. alternijwa However, several soil 

nutrients when converten to a 'soil volume expression, (Mg m-3) were positively related to 

plant growth. Thus, soil nutrient concentrations - were convened to a volume expression using 

the bulk density measurements. 3 



RESULTS 

Elevation \ 

For S. americanw an elevation 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 high marsh 3.27 *' 

m (Table 1). Low marsh S$ maritimus was 2.82 m above chart datum, and the middle 

marsh 3.48 m, a -ifference of, 0.66 m. 

Exposure to daylight for a growing s&sona of April 1 to October 1 was calculated 

(Table 1). High marsh S. americam had 599 h more exposure &an low marsh and 
1 

gddle  T h  S. marititnus had 751 h more exposure' than lo&rnarsh. On a monthly basis. 

high marsh S. arnericar& averaged 100 hr more' exposure than low rnarsh. while middle 

marsh S. mnritimus had in excess of 125 hr greater exposure time than low rnarsh S. 

Bulk Density . 

All sites had bulk density values less than 1.0 Mg m-3 (Table 1). ' The highest values 
* - -- - - - -- - 

were in the S. americanus environments. Low , marsh S. mcrritimZIs soil had .similar bulk 

density to that -of S. americanus soil whereas rnid8le marsh S. maritimus soil had7the lowest 

density (d = 0.?0). 

Y 

Sediment Texture - 

a 

There 'were only small differences in the proportion of sand.. silt or clay witfi'depth in 

the Sea Island hbstrates (Table 1). High marsh S. americanus soils $had thc largest sand 

kaction (88%) compared to 1% 'sand in middle marsh ' S. mnritimk soil. Low rnarsh S. 

arnericanus soil and low w h .  S. maritimus soil had intermediate sa'nd c&tents (72% and 
- - - 

67% respectively). Middle marsh S. maritimus soil was mmpbsed of silt' (71%) and clay 

(28%), with a varying admixture of silt and clay at the three ~ t h e r  sites. . 
f 





Soil DH 

Soil pH did not differ with depth and thus seasonal variations are presented for each 
li 

site as the me& of both depths -*led (Figure 6). Although there were seasons1 

differenas between sites of S. americ~uu~s and S. maritimns there were no pifferenk 

between sites within each species. Jemporal changes in soil pH were similar for all sites. 

Soil pH values were greatest in July (pH 7.0 for S. umer~canus* and 5.2 for S. maritimus), 

In s.' umericanus soils. pH decreased from October on, reaching a low of 5.5 in F&ru+ry. 

S. -firnus soils had a minimum pH of 4.4 in 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). ere greatest in winter during low river flow and decreased in 

spring and summer River freshet 

S. americanus environments-had the lower salinities because of the close proximity of . 
* - 

the Middle Arm of the Fraser River. High marsh S. amencanus had much lower sumher 
I 

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

i~ mid-stfmmer. Winter &ini-ties in high and tow marsh S. amerimm were mesohatine. - 

Winter salinities for low and middle marsh S. maritlmus werk 12 p p ~  although the 

middle marsh had a December maximum of 23 ppt This December measurement was made 

during h e  day shortly after an ebbing tide whereas all other measurements for this month 

were at night several hours after an ebbing tide. Salinity measurements in these 

environments were as low as 9 ppt during the growing season but generally. remained above - 
10 ppt  There was no difference in .mean monthly interstitial salinity between low and 

middle marsh S. maritimus. 
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F~purc 6. Temporal change in soil pH (Ssc) for S. arnericanus, low (e----@ ) and high 
marsh (0-0). and for S: maritlrnus, low ( a----. ) and middle marsh (a---(-J ), 

i 



I 1985 / 1986 
Figufe 7. Monthly interstitial salinity (Gsc) for S. americanu. low (-------I and high 
ma+ ), and for S. mmttrmus, 1 f----------- + ) an3 rntddlc marsh 6- -) 



T h p  two rnvi rments  q j e d  for S. americams had rimilar &hl niaogea 
e 

- 

s mcentratjons and identical wasonal variations with distinct peaks in winter (Figure 8). Low 
4 

marsh S. maritimus had equivalent summ-en concentrations and these tevels re-ed 

mnstant throughout the year (Figure 9). Middle marsh S. moritimus soils had an order of 

, magnitude greater nitrogen than the three other sites The large variability of these - 
measurements masks any possible seasonal variations. 

Middle marsh S. m . t i r m  had an order of magnitude greater carbon than the other 
% 

soil nitrogen, carbon concentrations were highest during summer in 
- 

- sites and in contrast to 

this environment (Figure 

variations. 

Mean annual C:N 

9). The three other sites did not have any distinguishable seasonal 
- 

ratios were =10:1 for both S. americanur environments (Figure 8) 

and middle marsh S. maritimvt compared to 19:l for middle marsh S. mcYitimus (Figure 9). , 

Seasonal changer in C: N mirror the pattern seen i n  soil C content Low S. maritimus had 

very little seasonal change. Monthly values of middle marsh S. maritimu.s w e d  between 

10:l and 20:l with a pronounced increase in May. Low and high S. americanus had 
+- 

similar seasonal patterns, the lowest ratios ~awing in winter. Ratios during the growing 

seawn were approximiuly 10:1 except in July 1986 when they were mnch higher. 
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Figure 8. Soil nitrogen, carbon and C:N ratio for high marsh (-- ) and tow 
marsh (- - -) S. arnericanrts presented as perce'nt dry weight and in Mg m ' (kt=). 
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The elevations of the S. amencanus populations 
- - - - - - 

relative to c h k t i d e  -datum at Sea 

Island are similar to those' reported by Hutchinson (1982) for Lulu Island. Thus, the airport 

jetty does not restrict S. wnericanus to an elevation lower than that found under undisturbed 

conditions. The upper elevation limit of S. rnwitimus measured by Hutchinson (1982) at . 

Lulu Island was ca. 4.15 m which exceeds the elevation of middle marsh S. muritirnrrs in - 

this study by 0.65 m. At Sea Island, S. rnaritimus is found above 3.48 m c h m  but only 

as scattered clones amongst Cwex fyngbpi and Distichlis spicara. 
< . The implications of the elevation differences within species environments is that during 

the growing season, plants at upper elevations have a much longer growing season for 

photosynthesis and to accumulate biomass. In fall/winter. the longer submergekc timrj in 

Iow environments may lead to earlier senescence and subsequent flushing of aboveground 

material by ebbing 6des. 

.The decline in particle size as marsh elevation increased was a result of lower tidal 

energy regimes in these environments. The bulk density values in these 'environments do - 
brrespond to the geneml values presented by Haussenbuiller (1980) for soils with similar 

sediment textures, likely as a result of differential origin and a variable organic matter 

content However, the trend of greater bulk density in the coarse textured soils of S. 

americanus ,compared to the S. garitimus soils is similar. The high bulk densities of S. 

americanus and low marsh S. w i t i m u s  9 is a result of the large proportion of sand. 

Thus, bulk density decreases moving up in elevation on q e  marsh platform into a low 

-- 

not a 

- 
energy tidal environment (Table 1). 

The interstitial salinities in these environments can be categorized as mesohaline, 

(5.4 - 18.1 ppt, Cowardin et al. 1979). Freshwater discharge of the Fraser River influenced 
I 

interstitial salinity in S. americawenvironments. The low salinities of summer were a 

result of the dilution of tidal water by freshet discharge. Conversely, discharge is lowest in 

the Fraser River in winter. Hence, the higher measured at fhis time. The mark& 

decrease in salixiity 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 freshwam 



before peak discharge. q e  high marsh envirgunents would receive fleshwater only during 

7et k e~ vltdatien b~ *nity in ~ ~ ~ i m t c s e n v i r o n m e n t r i r i r ~ - - - -  

part ' a result of the airport jetty effectively cutting off these locations from the influence of 

.the Fraser River (Figure 4). In December 1985, middle marsh S. mon'timus was the only - 
environment sampled during the day and thus, shortly after an ebbing tide. All other - 

environkexrts were samsed at night several hours before or after high tide. The very high 

interstitial salinities measured in the middle marsh in December cannot- be, explained (Figure 

7). - 

me nitrogen concentrations measured in soils of S. amenpanus and low marsh S. 

mcuitimus are an order of magnitude less than the range given by Chalmers (1977, cited by s 

Pomeroy and Wiegert 1981) for nitrogen levels found in coastal marshes. This may be due 

to the absence of' a nitrogen source fort these environments. The low summer nitrogen levels ' 

may result from the uptake of nitrogen by plants for aboveground growth. Soil nitrogen 

levels measured in middle marsh S. matitimus stands are within the range presented by 

Chalmers (1977). 

The C:N ritio is. a useful indicator of the ai'i~ount of nitrogen ava i l ab l e3  plant 

uptake. Geierally, ratios >10 occur in soils where most of the nitrogen is bound in organic 
- -- 

forms and &us not available for plant uptake. DSpite the low concentration of total soil 

nitrogen measured in these environments, the low C:N ratios suggest that a large portion of 
- 

this nitrogen is avklable for plant uptake. Only lowmarsh S. maritirnus had C:N ratios 
- 

consistently near 20: 1. 

The higher pH measured h the soils of low marsh S. maritimur is probably related , 

to the slower decay and removal of organics in this environment compared to S. americanus 

environ!menu and middle marsh S. man.timvl p' hiher organic matter content w&>" 7 
reflected in the high C:N ratios measured in this environment 

Most physical characteristics of the two S. americanus environments were similar. The 

provided a good oppominity to conduct expe'iiments under field conditions wlere most 

variables are conmlled For S. maritimus however, edaphic amditions in the middle marsh 



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

of these environments: - - - - --- -- 



PART C 

BIOMASS ALLOCATION - 



pp p- - - - - A- 

Most of the data available on marsh primary produdon and biomass variation in 

North America are from the Gulf of Mexico and the east c o g ~ a f  &United States. In 

compa@son, there is a paucity of information for the smaller and more isolated west coast 

marshes. Despite the fact that >I00 "habitats" have been sampled in the Pacific Northwest - 

intertidal marshes, no detailed analysis of biomass @ocation has been made, and few studies 

relate production or standing crop to the environme of the site (Hutchinson 1986). - 

The objective of this section was to test the that plant bioma& al[ocation 

patterns areta response to the local environment environmental variables exarhd,were 

described in Part B. A second hypothesis tested ts in stressed environmenb 

should adopt conservative strategies, which includes ornass allocatien to shoots m d  

- reduced reproductive effort The stressed environments are those with ' longer tidal inundation 

periods. Thus, a gradient of increased diocation to shoots and sexual reproduction should be 

found with increasing elevatim, both within and between species. 



~ -pp-p---p ~ 

MATERIALS AND METHODS . ~ - 

- - - - - - - - ----- A 

Sampling was from July 1985 to October 1986 at monthly intervals during the growing 
\ 

season (April to October) and at bi-monthly intervals during winter. At t6e beginning of 

each month four 0.25 m2 quadrats were located in each environment in reladvely dense 

monospecific stands. All aboveground material was clipped to ground levd, the number of 

live shoots and flowers counted, and the dry weight of live and dead abovepund structures 

. measured separately. S. maritimus' samples included dead aboveground tissue from the 

previous years growth and this was distinguished from dead tissue of the current year. 
9B 

For belowground biomass, a soil core 0.10 m in diameter was extracted From the 

center of each quadrat with a golf cup cutter. A study of 4 soil cores from each 

environment indicated that 97% of the belowground biomass for S. americanus was within 

0.40 m of the surface. whereas belowground biomass of S.. maritimus extended a depih of 

0.60 m. However, little belowground tissue of S. marit~mus appeared intact (i.e. live) below,. 

0.20 m TKus, soil cores collected from S. maritimus environments were divided into two 
-- 

sections. Belowground material in the -top 0.20 m was separkted into rwts, rhizomes and a 

corms but roots and rhizomes were pooled in lower sections. Each core was washed over a 

#43 (0.355 rnrn) sieve to collect belowground biomass. +me soil cores were soaked in tap 
- b ----- 

water overnight to looxn soil adhering to rook rhizomes and corms. All plant tissue was 

dried 6t 70•‹C for 72 h. 

Live belowgroudd biomass was not distinguished from dead Visual observation ' 

I$- indicated that live and dead belowground structures could be distinguished in some samples. 

For example, live rhizomes of S. americom were "fleshy" in appearance and solid* Dead T 

rhizomes were black, had a soft exterior texture and occassionally hollow. S. maritimus 

rhizomes were not as large and more difficult to determine as live or dead. Live coims of 

S.  maritimus were difficult to crack open and had a solid, white core. Dead corms 'were 

very soft. easy to break open ' and did not have the solid interior core. Roots of both S. 

Based on the difficulty associated with mots and the fact that some rhiiomes and c o r n  
? 

were in a "grey zo*" between live and dad, live belawground biomass was not 

distinguished from dcad using visual observation No attempt was made with a dye to stain 



, 1 - 
8 

plant tissue and separate live from dead. 9 .. 

minimum biomass because it is a simple method. to determine produc 
L - - - - - - - - - 

by others in marsh environments allowing for direct comparisons, (e.g. Schubauer and 

Hopkinson 1984, Ellison et al. 1986). Other more complicated but accurate techniques were 
w 

\ not ehployed because of the sampling strategy used in the study. For example, Dickerman 

el a f .  (1986) compared seven differen; techniques for calculating net annual aboveground 

produftion . with varying' sampling fequendes on Typha IutijWa They concluded that the , 

Allen Ctwe Method (Allen 1951) was inseqitive to sampling frequency, produced consistent 
L. 

results frdm year to and relates productivity to important aspects of population dynamics. , 

Because of the requirement for repeated measurements of individual shoots, the Allen curve 

method could not be used in this study which involved destructive sampling. Similarly, Shew - 

et a f .  11983) presented a modified Lornnicki method that gave the best prediction of 

primary production in marsh environments but it requires paired plots which were not 

established in this study. The Smalley method (Smdley 1959) could be applied to this study 
I 

if it is assumed that minimal plant material is lost via tidal flushing between sampling 

periods. Although most of the dead plant tissue remained on the stems of S. americanus 

and S. wit imus,  there is some uncertainty as to how much plant tissue was removed by 

tidal flushing prkluding the use of this method. 
- r-- - - -  

Mean monthly shoot growth rates (g m-2 h-I daylight of tidal exposure) were calculated 

for plants in each environment by dividing the difference in mean monthly biomass by the 
h 

h a 1  number of3 exposure hours 'for the month. A nggative- growth rate value represents the 

loss of live biomass by tidal export during this time period. Although biomass was not " 

measured in November, observation indicated that there was' no live aboveground material at 

this &e. This dcuhtion has two &jor assumptions. First that there is no shmt growth 

at night and second, no shoot growth when shoots q e  inundated by tidal waters. I found 

no studies in the literature that presented evidence for growth of S. americanus and S.  -. 
-tihw at night Both species, however.. may grow &der flooded conditions, especiaHy 

when ouly patt of b e  shwi is inundated However, it is not known to whgt extent growth 
T 4 

is reduced - when shoots are inundated. tAs well, there may be differences in. water turbidity 

between the four environments which would further complicate calculations of growth rates 



dkng tidal inundation For these reasons, growth rates were calculated only for the time 

(Willson 1983). was ted for each site for sexual (inflorescences and achenes) and 

asexual (rbizornes) 
- - 

The variation in plant bio- between environments-and plant structures were &ed 

using a sme-way analysis of variance and the Student-Newman-Keul's multiple range test 

(a = 0.05) (UBC ANOVAR, Greig and Osterlin 1978). 



RESULTS 

By November, all of the current years shoots were removed by tides and currents from 

the S. men'canus zone (Figure 10 Rwts and rhizomes remained intact below .the marsh I surface throughout the winter with an quai  biomass in eac cture (Figure 11). In the 

low marsh, the belowground structures averaged =1000 g m-1 ed to 2000 g m 2  in 

- 4 e  high marsh. Root growth in sprkg resulted in a maximuin in April of 26232178 g m 

in the high marsh. In comparison, maximum belowground biomass in the low marsh was 

, only lW193 g m-' and occu~ed one month later. The emergence of new shoots in spring 

brought about concomitant changes in belowground biomass. Shoots emerged in April in 

both environments but shoot growth was greatest and more rapid in the high marsh. By 

May, the high marsh contained 1815283 shoots m-' with a biomass of 1151 g m-I compared 

to only 991+50 shook rn-* with a mass of 2 9  g m-I in the low marsh. The dinerenccs . 
in aboveground biomass between the two environments is a function of the greater growth 

rates in the high marsh (compare 0.6 g m-2 h-I to 0.2 g rn h-lj  (Figure 12) and the 

greater exposure time (Table 1). 

. During the next two months, shoot growth continued as belowground biomass declined. 

By mid-summer, maximum shoot densities were 37972213 shoots m in the high rnarsh, with * 
one-half that in the low 'marsh (1545246 shoots m-'). A t  this time. almost 9% of high 

marsh stems flowered compared to 70% of sterns in the low marsh (Figure 10). Peak shoot 
% 

density coincide# with the peak in aboveground live biomass which was measured at 
S 

6 2 5 M  g m-2 in the high marsh and 316515 g m-2 in the low marsh. Shoot growth 

occurred at the same rate in both the high and low marsh environment during the month 

of July (1.2 g m2 h-l) (Figure 12). 

Belowground - biomass was lowest in midsummer at the tin& of p y k  aboveground 

growth and increased thereafter, pealung in September/October immediately llowing live shoot 
L 

-+ removal. Accumulation of dead shoot biomass generally peaked 1-2 after maximum 

five shoot biomass and equalled maximum live shoot birnnass in the low marsh. The loss 
1 

L 

of live. vts was difierent in the two environments The high marsh had the higher 
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Figure 10. Shoot dcnsity ( 2 s e )  and mean flowering frequency 'of high ( ) and 
low (- - ) marsh S. americanus. 



Uonth 

Figure 11. Biomass ( esc )  of photosynthetic shoots ( ). dead shoots (-  - - - -  1 , 
rmts (-- ) and rhizomes (---) of high marsh (a,b) and low marsh fc,d) 

-- - S. americanus. - s 
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Flgure 12. Mean absolute growth rates of low ( C 4 )  and high marsh (M) 
, S a m e r i c a m  Negative valucs indicate loss of standing crop by tidal removal. - 



maximum loss rate (-1.8 g /m-' h-'), the low marsh with a lower (maximum of -0.7 g m 

'Perhaps t8e best a x q a r h n  bhveea gfWifeffR1&~& if W aOfttRleRE €he &&e - - 

proportion of total biomass in plant structures Lhrough an annual -cycle {Figures 13). In hTgh 

marsh S. americanur, root biomass was >SOR, of to& plant weight in winter and during the - 

growing season, with slightly less biomass in rhizomes than roots Aboveground shoots ' 

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

Biomass trends in low marsh S. americanus were similar to this panern, with one - 
deviation (Figures 13). At the end of the growing season, there was a sharp increase in 

the proportion of-rhizo e biomass. This may be for lateral expansion in the low marsh G 
environment but is misleading because there was only 38a18 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 times except spring prior to aboveground shoot 

production. The pattern of 'abovegound biomass in the low marsh was similar to the high 

marsh, although the ' biomass in July represented 30% of the total biomass 

compared to 24% in high marsh. -- - 

-- - 

The pattern for S.  ma&imus was different from that of S. amencanus. in th•‹e S.  

w i t i m u s  s t a c k ,  dead shoots remained standing throughout the winter. especialty in the 

middle marsh (Figures 14a and 14~).  I 

Biomass of current year's dead tissue was equal in both environmenrs although the low 
C 

marsh was cleared of dead tissue faster 'than the middle marsh (Figure 14). In the low 
5 

marsh, dead aboveground biomass declined from 76%79 g m-2 in October to 156510 g m ' 2 

in December. In the middle marsh, dead shoot biomass remained near peak levels through . . 

December and did not decline to less than 20 g m-2 unfii Apni. By spring, most oP &e 

dead shoots were removed and the new shoots began to emerge concurrently in the low and 

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



Month Month 

Figure 13. Mean monthly relative biomass of high (a,b) and low (c.d) marsh S. arnericanus 
for photosynthetic shoots ( >, dead shoots (-----), roots (--) and 
rhizomcs (--): 



Frgure 14. EOITESS (ese)  of pfruttsyr~thctic &;fiwts ( ), 1985 dead sfim +--.a). 
1986 dead shoots (-- - - - -  ), roots (-- ), rhizomes (--- ), and corms ( .-...-.. ) of 
middle marsh @?I) and low marsh (c.d) S. maritimus. 



immediately thereafter, maximum shoot densities of 7w3 shoots m-2 in the low marsh and 
-- --- -- - --- -- - 

5 ~ ~ 1 8  shoots Gi in tk middle marsh occured in July (Figure 15) but shoot bi- 

peaked in AuguWScptcmber and was not significantly different beBwnxmhmmmk - @20&32 - 
- 

g rn-2 in ifie low marsh and 553f17 g rnW2 in the- middle-marsh). 

The low marsh attained a, greater photosynthetic biomass in 1985 but this trend was 

reversed in 1986. The 1985 maximum standing crop of 6 4 M 1  g rn-I in the low marsh 

- was not significantly different from the maximum standing crop of 553217 g m-2 meamred in 

the middle marsh in 1986. Maximum growth rates occurred in July m both eaviromeas, 

but the middle rnarsh shoots had a greater rate (compare 1.3 to 0.9 g m-I h-l) (Figure 16). - 
As live hoo t  biomass dedhed in September, dead biomass increased until there were no live 

shoots by @e beginning of November. The rate of loss of live shoots was greatest in the 

low marsh, where in October 3.2 g m-I h-I were removed compared to 1.4 g rn-I h-I in 

Whereas 70-90 % of S. mencanus s h h  flowered in the high and low p r s h ,  less 

than 50% of the S. muritimus 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 rnarsh. In the middle marsh, 45% of the shoots 

flowered in September 1985 but in 1986. only 35% of the shmts flowered and it was not 

mil Onober. In contrast pe& Rowering is &e 4& nimh was My for 1985 wtred 38% 

of the shoots flowered, yet virtually none of the shoots .flowered in 1986. 

Biomass of belowground plant structures for S. maritimus was significantly greater in 

the. middle rnarsh (Figures 14). Rhizomes comprised the smallest belowground compartment 

Within-site variation in corm biomass masked seasonal trends. Mean annual corm b i o k  

was 1926k62 g m-2 in the middle marsh and 13293+ 9 'g m-I in the low marsh. Raot 

biomass exhibited seasonal trends with minimum values in July. Root biomass of middle 

marsh S. maritimur peaked in April (1475t194 g m-') and at the end of the growing season 

(19332316 g m-'). The patam of root biomass seen in the middle marsh was not as 

evident in the low marsh, Although there was a distinct peak in low marsh root biomass 

m fall, there was no apparent Jsign of a spring growth of roots prior to the growth of 

aboveground structurts Rather, root biomass peaked in August (1286k135 g m-I) and . 
Ocrobtr ( 1 B W 4  g m->) in the low mar& environment 



J A S O N D J F M A M J J A S O  
Month 

Figure 15. Shoot dcnsity ( ~ s e )  and mean flowering frequency of rpiddlc marsh (----- 1 
and low marsh (............ . ) S. mar l f lm~ .  



- 

Figwe 14. Mem absotttte growth rates of low (w4) and high marsh (=-a) 
S. mantimus. Negative values' indicate loss of standing crop by tidal, removal. 



- 0 

/'* rl Although there yere large belowground reserves below 0.20 m (Figup 17). most mots 
L. I 

-- -- 
and rhizomes at the% depths re re -  mentea ~d-l@@'ve inrmsm were found These data - ,' 

are presented to show @at a large portion of the productivity of S. marltimus stands may 
- - -  - - -  

be found below 0.20 m, although this material seems moribound. -- - 
On August 4, 1986, S. maritimur was sampled at its highest elevation iimit along .the 

Sea Island dyke (Table' 2). Althoqgh stem densities in this high rnarsh envirdnment were 

less than half that of the low and middle marsh, these stems were much larger in size as 

evidenced by the two-fold increase in total shoot biomass. As well. 26% of the shoots 

flowered and a large portion of last year's shoot biomass remained on the marsh platform. 

Examination of the high marsh in October indicated that most of these dead stems from the 

previous year were washed away. Peak standing crop of 1461f150 g m-' of the hjgh marsh 

was three times that of low and middle marsh. Similarly. there were large differences in 

total below&ound :serves 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. maritirnus was less than 25% of total biomass (Figure 18). 
B 

In the middle marsh, photosynthetic tissue comprised only 11% of the total biomass in the 

summei- of 1985 but this increased to 17% in 1986, a reflection of increased shoot biomass 

in this season. Conversely, low marsh shoots comprised 2 2 4  of the total biomass in 1985 

and only 14% in 1986. Furthermore, whereas S. americaw shoots had a mid-summer peak 

- S .  rnaritimus shoots peaked in July and maintained that peak through September. A 

Beiowgroyd biomass proportions were similar in middle and low marsh S. maritimus 

(Figure 18). Corms made up more than 50% of total biomass during winter and 40-45% 

during summer. Middle marsh roots peaked in spring, much like S. americaw roots. bur 

low marsh roots showed continuous fluctuations. There was less than 5% biomass as 

rhizomes in both environments. 
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Month 

Figure 17. Total belowground biomass (Gse) of S. marlrimus law marsh (a) and 
high marsh (b) for 0 - 0.20 m (- -- -), 0.20 - 0.40 m (---- 
and 0 . 4  - 0.60 m (-------- ..-- 1 

1. 
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Figure 18. Mcan monthly relative biomass of biddle (a.b) and low (c,d) marsh S. rnar~limus 
for photosynthetic shoots ( ), current year dead shoo& (---4-). last year's dead 
shoo& (-----), roots (--). rhizomes (--- ) and corms (.---- 1. 

b 



It- was hypothesized that plants in the stressed. low elevation environments shodd adopr 

conservative allocation strategies and invest less into shoot biomass. These predictions were 

not supported by the findings of this study (Figures 13 and 18). Low marsh S.  americanus 

was at the lowest elevation but had the greatest investment into aboveground biomass (31%). - 

At the high end of the elevation gradient, middle marsh S. w i t i m u s  invested only 17% of' 

the total biomass into aboveground shoots in 1986, and 11% in 1985. Between these end 
\ 

points, low marsh S. maritimus invested a maximum of 2% of the total biomass into shoots s 

in 1985 and 12% in 1986. . Shoot biomass of high marsh S.  americanus 'represented 25% of 

the total plant biomass in this environment in both sampling seasons. ' It is unknown what 

proportion of plant aboveground biomass is lost by tidal export between sampling days. 
I 

Furthqrmare, the shoots at low elevations with longer tidal submergence periods are prone to 
/ 

&eater losses through leaching. Thus, comparisons between environments should be 

interpreted with caution. -+ -- 

- - 

The proportion of totaI biomass in aboveground structures of 15-36 % measured in this 

study is similar to that measured by Kisuitz er al. - (1983) for Carcx lyngbpi. Similarly. 

maximum'live aboveground biomass of S.  alternijlora was = 20% of total belowground 

biomass in Georgia but t 5W0 of the live belowground biomass (Schubauer and 
-- - -- - - - - -- A - - -  

Hopkinson 1984).- Ellison et al. (1986) measured ab&eground and belowground biomass of 

two height forms of S. alternijlwa in a mode Island marsh. Analysis of their data 

indicated that peak aboveground biomass of tail form represents =65% of total biomass and 

short form tepresents 72%. 

Reproductive effort (RE) was caicuiated for sexual and asexual structures (rhizomes). - 

There is some controversy as u, whether sexual RE should be calculated far total biomass or 

just aboveground 1983): The argument centers on the fact that perennial 

plants maintain a reserve that should not be included in the measurement 

of sexual P a  The data for S.. americamu and S.  mclritimus are presented for both 
6 

aboveground biomass i d  total biomass (Table 3). For S. merkanuc, high m h  plants had 
e- 





a greater investment in sexual reproduction than low marsh, espeaally in 1985 when a 
- - - - - - - - - - - - - 

maximum of 7% of aboveground biomass was inflorescences This finding supports 

h y g & & & - r e s e t K e e m e t t t t O d -  i ~ d ~ t l n g t t e -  

in both environment., however, invested ~ 1 %  of their total bio 
b 

to sexual reproduction 

Clones in both S. amen'canus envi)onrnents maintained an of their total 

I biomass as rhizomes. 

It can tie argued that allocation to sexual reproduction should~include shoot biomass in 

ameriwus because the sh'oot supports the flower. Based on 'thk aymption. .low mash 
< 

americansrs allocated 30% of the total biomass to &mveground savcuues compared to 24% 

the total biomass in high marsh plants 

Low marsh S. maritimur had ~ 1 %  aboveground biomass as flowers. The lower 
( 

investment into flowers measured the -na summer may have been a response to 
i environmental stress as this was a very dry summer, which may have increased soil salinilles. 

In the middle marsh, however, over 4% of aboveground biomass was allocated to sexual , 

reproduction in both years. By mmparison. high d h  S.  maritrmus had 2% aboveground 

biomass invested into sexual reproduction for the one time it was sampled (August 1986). 

This result also supports the hypothesis that allocation to sexual reproduction should be less 

in S. mmitimus when compared ta S. amencanus. S.  maritimus occupies the more severely 

reduced soils and a greater proportion of the resources should be devoted to maintenance. 

Clones in both S. maritimus environments maintained 40-50'31 of their total biomass as corms. 

Willson (1983) stunmarized patterns of reproductive al1oat.m and Iisrs-many stucbes that - 

found RE of annul and perennial plants much greater than lo%, w ~ t h  several species h a v q  

RE of ~ 3 0 % .  These values greatly exceed those measured in this study. Long-lived clonal 
, 

perennials are expected to devote more resources to growth than reproducbon. Rk of 

vegetative tissue in this study was similar to the. range of &80% presented by Witisor! 

(1983). 
h 

. Root to shoot ratios are generally' presented as the proportion of mean annual live 
- - 

bebwgottnd to abmqpmd -. in tkis sttdy, live and dead ~~ v m  

not distinguished and this ratio is presented as the mean annual total 

be1owground:aboveground biomass (Table 4). Since live and dead belowground biomass was 

not d . s h e d ,  &e belowground:aboveground trends are valid only if it is assumed 'that the 



Table 4. Total below to aboveground biomass ratios. 

S. maritimus 

Site Ratio 

L o w  

High 
'I 

('1 Low 

middle 

G ' 

biomass ,to depth of 0.6 m 



proportion of dead to live biomass is similar in all samples. This assumption can be made 
- - - - - - - - - - - -- ---. 

,t 

in S. unten'c4m(s environments where most of the belowground biomass appeared to be live. 

S. ?Fwmm&- 
. - 

h e w ,  ceataiwe a targe ~ t s d + c + & p m t ~ ~  - 

Hence, the higher ratia measured in the S. maritimus environments when compared to S. 

americo~us (Table 4). As well, the low marsh S. muritimw environment appeared to contain 

a greater proportion of dead belowground biomass than the middle marsh. These differences 

in belowground biomas negates comparisons between species and indicate that any other 
f " 

comparisons should be made with caution. 
! 

J 

The highest ratios were foupd at the uppel elevation limits for each species and in 

fact, k1ow:above ratios increased consistently witd increasing elevation (Table 4). This does 

not support the hypothesis presented earlier that suggested that rmt:shoot ratios will be 

highest in the low elevation stressed environments. Although S. w i t m u s  is at higher 

elevations, the fine sediments in these environments impede drainage leading ' to low soil 

redox potentials. In environments with low redox potential. greater roo1 biomass is required 

to produce a unit of shoot biomass (Shaver and Billings 1975). While this explains the 

higher rootshoot ratios between species, it does not account for the uends within species. 11 
k 

may be that an environmental factor tkgt was not measured in this study is the cause of 

this pattern. One such example is hydroge'n sulphide which may be found in high 

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

literature. This again is a d eflection of the large, dead belowground biomass of S. mantimu 

which was included in the calculation Schubauer and Hopkmon (1984) found root:shoot 

ratios of 1.7:l for Spartim dternijkxa and 2.5 for S p t m a  cynmrcides in Georgia and they 

cite other studies that measured equivalent ratios. These values were derived from live 

biomass only which represented 20-2596 of the. dead belowground biomass compartment. 

Therefore, their root:shoot ratios would be similar to those measured a t  Sea Island if &i 

beiowground biomass was mid in the calculation Most of the belowground tissue of S. 

americarms appeared be live. Thus, the ratios of S.  arnerlcarw may be directly 

compared to Spartins d terni jba  In the Pacific Northwest Kistritz' et uf. (1983) measured 

total aboveground and belowground biomass of Carex lyngbyel. From their data, I talculated 

a &shoot ratio of approximatety 4:l for the month of peak biomaa (Juii.). This is 
I .  



similar to the values of $. americom~s and S. mcvitimus. a 

-- - - -- - - - - - -- - -- -- - --- -- - - -- 

Root:shoot ratios vaty widely in wetland plants, the differences due to the length of '  
- 

life of underground sys& and to differences in soil fertility (&rnard et d. 1985). For - 
I 

example, arctic plants typkatly have higher root:shoot ratios than temperate 'plan@ due to low 
I 

temperature (-d et d 1985). Chapin and Chapin (1981) repo&d values i f  09-3.2 for 

Carex aquutilis in experimental g d e n s  in Alaska. Grace and Wetzel (1981) noted a greater 

root growth in low nutrient level Typha stands. Similarly. Haines and I)UM (1976) and - 

Valiela er d. (1976) okrved  dm& root* production with increased nitrogen availability 
I 

for Spartim olternipcRa The high roocshoot ratio measiSred for S. amen'- compared to 
' 

thiese other studies is a response to long inundation in S. mericurtus environments which are 

at the lowest points on the Fraser Delta foreshore marshes. Therefore, in S. arnen'canus 

environments, greater belowground biomass is required to produce a unit of shoot biomass 

because of the very short , exposure h e .  

Seasonal Patterns 

S.' americanus and S. maritimus had a rapid growth of roots and rhizomes in spring, 

root growth for nutrient uptake and rhizome growth for clone expansion Belowground 

blornass was lowest in summer when resources were allocated to shoots and flowers. When 

abovegrohnd structures senesced, biomass was re-allocated to belowground structures, primarily 

rhizomes. Rhizomes of S. dternijma function as overwintering storage tissues and also 

increase in biomass in fall when culm mortality is highest and carbohydrae translocation to +* 

storage organs greatest (Lytle and Hull 1980). Seasonality of root biomass is related to 

availabiii~ and demand. for plant nutrients. In coastal marshes of Georgia, a large 

investment in root biomass. in winter enabled S. alternijwa and S.  c-des to take 

advantage of the high NH, concentration in the soil in early spring (Schubauer and 
41 

Hopkinson 1984). Corms serve the role of storage organs in S. maritirnus, rhizomes are 

Drtfy for done expansion 

S-nal f tuc~lado~of  bioM OF plant structures suggests that there is ahcation of 

r e s o w  between aboveground and belowground structures in S. americanw and S.  maritimus. 

The growth strategy of plants appears to differ in high and low This is 

evidmt when biomass allocation to 'each plant s m m  is compared between environments as 



4 

a relative measure of total biomass. S. mrvitimus had greater year to year variation 'in 
-- ---- - photosyiihetic bio- than S .  &ken'@ H O W ~ V ~ F ,  total aboveground b i o m s  (iin and 

I ' dead) of S. maritimus was similar for the 2 years sampled suggesting - - - that - this - -- - variation - - & 
be due to interclone sampling variability as the sampling scheme adopted sarnpkod different ' 

clones for ' each month. 

Similar seasonal patterns in aboveground and belowground biomass allocation were 
-.- 

observed by Kistritz et al. (1983) in Carex lyngbyei. Several studies examining Spmina 

alterniflwu report maximum belowground biomass in winter (Valiela er d. 1976, Smith el d. 

1979, Schubauer and Hopkinson 1984). Gallagher and Plumley (1979) m p u r e d  peak 
- 

belowground standmg crop of S. alterniflcya in fall but Hlison et d. (1986) found 

bel&ground biomass of S. cllrerniJwu was i 'd-summer with no ,secondary peak 

corresponding with the autumn dieback of abovegroun 3 parts. 

For S. americanrcs, growth rates during the growing season were similar between 

environments except d&g the month of May. During this period. high rnarsh plants 

accumulated biomass, three times as fast as those in low rnarsh (compare 0.6 to 

0.2 g m-2 h-I). T h ~ s  early season difference in growth rate combined with the longer 

exposure period at higher elevations - produced, the greater biomass measured in the high 

marsh. In spring, the warmer soil temperatures of the high marsh enhance shoot growth. 

In the low marsh, flmdmg by d d  tidal water limits shm grswth to the short exposure 2 .+ - -4 

time after soik have been warmed. 
B 

The muse of the greater biomass measured in low marsh S. maritirnus in 1985 cannot 

be explained without knowledge of what happened in early summer. In 1986, the higher " 

growth rate \ in  July in middle rnarsh S. maritirnus w e  offset by the\ August r a t s  which 

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

0.3 g m-2 h-' in the middle and low rnarsh. The data indicated that although plants at 

the higher elevations may have slightly higher growth rates at specific tim&of the yea;. the 

primary factor accounting for biomass differences between envirormenrs is total exposure time. - 

The high rates of ussue loss measured for low timus may be a resulr 

of the rapid decline for exposure hours for this environmen~ ConsequentIy, the longer 

submergence period leads to rapid plant senescence. Fl&ng of senescent shoots decreases, 

the integrity of these shoots to withstand flooding. ~ e n c e ;  they are slowly removed frorp , 



* 

the marsh platform. The middle manh has a rapid decline in exposure h o r n  but it ' , \ 

r ,  

period of complete removal of dead shoots - - - 

Ail aboveground prodlaction is exported from the S. americanus -unity in late fall/ 

early winter. The S. mcuitimtrs shoot biomass is eventually removed fIom the marsh 
- 

platform. Belowground production had sembul, peaks and this baterial must be transported 

somewhere. It may be allocated aboveground an'd then lost or lost as belowground biomass, 

either through grazing, dissolution, or e r ~ o n .  Valiela et al. (1975) reported that thec 

. amount of dead Sprutina alter~jlcra measured in autumn was substantially less than tke 

maximum amount of live biomass present earlier in the year. They suggested that part of 

the material 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 flush&. 

At Sea Island, bath lugh IW& S'. ~ r i ~  and middle marsh S. m t r i t i ~  had a similar 
L 

relationship between live and d q d  shoot biomass. ' The low marsh S. americanus had dead 

shoot biomass equivalent to that of live, 'whereas low marsh S. maritimus had much greater 

dead shoot biomass in Late auhunn compared to the maximum live shoot biomass recorded 

1 suggest that a laqe portion of the primary productihn of aboveground tissues in S: 

marrtimus were lost through several avenues during the season and therefore, not 'measured as 

dead material in late autumn. 
0 - 

Since belowground biomass was not separated i n b  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 
3 

this material either as dissolved material or by grubbing snow geese, which overwipter' in t.ti$ 

.Fraser River delta from October/November to April. Burton (1977) found that S, amen'canus 

and S. rnarltrmus comprised 76% of. food items identified in gizzards of snow geese ( ~ m e r  

caerulescens) grazing on the Fraser Estuary tidal marshes. He estirnatqd that 32% of the 
C 

tom standing crop of S. amencanus d n j  S. -mcvitimur may be removed Recent observations 
h" _-$A L 

b! Hutchinson [unpublished data) in &I$W qarshes of Sea Wand indicate chat there is nb 

di f f - ;~  kt j3dWgmd lmxrms ef S. 0merjcm;Ps in ~ = o s m e s  m e  m neas gmbbed 

b) geese. The December 1985 belowgmund biomass estimate m a y  therefore represent 

sampling variability. 



.. 
Shoot densities of both S. omenconus stands exceeded that of S. maritimvs As well, - -. - - - 

while flowering frequency of S. americanus was greater. S. mruitimus flowed were much 

larger (Table 5). Aboveground biomass of S. maritimus was comparable to that of high 

marsh S. americanq. with low marsh S. meridanus having the lowest biomamq For S. 

-timus, rshoot density peaked in July. declined therafter biomass increased. Therefore. 

competition between shoots for resources results in .the dev ment of tall shoors with wide 
b 

leaf .bases that leads to mortality of neighbowing shoots. .. 
Similar to * the fmdings of other studies that have sampled belowgiound biomass in 

@ 

marsh environments. total 'belowground biomass exceeded. aboveground biomass in both species. 

A comparison by plant structure indicated that anly S. maritimus rhizome biomass was less 
P 

than shoot biomass. ~hese"are thin, short rhizomes and thus have low total biomass. 

Biomass of roots was greater than rhizome biomass and in S. witirnus, corm biomass 
0 

I -w 
exceeded that of roots. Total belowground biomah of S. maritmw exceeded S.  amerrcanus 

but S. mn'canus had the greater rhizome biomass. 

The peak standing clop of 850 g m-.' of $. americarrus -in the Nooksack brackish 

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 maximum 

standing crop of S. americanus in the Skagit delta marshes equivalent ,to high marsh S. 

americanus at Sea Island - Moody's (1978) estimate of maximum standing crop of S. 

americanus at Brunswick Poini on the Fraser River *delta marsh (397 g m ') is comparable 

to low marsh stands at Sea Island The lowest aboveground standing crop of S. wmnu 

measured at -Sea Island was in @e middle marsh environment This value exceeded alb 

other measurements for this species in Pacific coast marshes. 

\ Only Disraeli and Fonda (1979) and Ogwang (1982) provide data on belowground 

b i o d f  S. americarius and their &timate corresponds to that of the high marsh in t h s  

study. No measurements. of the belowpound production of S: muritimus have been madc 

Carex ly@bpl the most common and widespread plant in Pacific coast marshes. 

Abovegrotlnd stand;le !kp ex& 1700 g rn-' in a "fmhW tmtiroiiftrmt at Qtmficum 
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S. umericdnus and S. -timus in this study and demonstrate that these two sedges can be - 
a a - a s c m i  B e I a - a o f c e i S m -  - -- 

marsh S. utnericru#cs and low and middle marsh S. maritimus, but is hqalf that of high 

marsh S. morftimus. Therefore, it appears that S. -timus may represent one of the most 

productive species in Pacific :coast marshes, epe&lly at its upper elevation limb. For 

comparison, total belowground biomass of h a u  memerianus is between 9-12.000 g m-2 In a 

tldal marsh in Mississippi (de la Cruz .and Hackney 1977). Similarly, belowground 
I .  

standing crop of Spartinu altepijlwa, (6,000 g m-') and S. c y l ~ ~ u r d d e s  (8,000 g m-I) 
\ 

(Schubauer and Hopltinson 1984) exceed S. americanus, 

The difference between maximum and minimum biomass is a crude indication of net 

annual plant production Schubauer 4 Hopkinson (1984) and Ellison et al. (1986) haye 

used this method for kiowground productivity estimates in wetland environments. Since live 
\ 

and dead klowground biomass was not distinguished in this study. the use of more 

complicated techniques for calculating production i s  precluded For Sea Island, production 

rncreased with elevation (Table 6). Low marsh S. r n a r i t ~ m  had the highest aboveground 
L 

production. and middle marsh S. maritimus the rgosf'belowground production. To@ / 

produnion was lowest in low marshy<COrUcs (1494 g m-'). increasing to 3036 g m-I 

tn middle marsh S. m~tlrrms\/y middle mush S. mOLitimvr had mlal productian values 

that approached those dterniflwa Generally. the production of the environments 

sampled in this 50% of S. afternijlara 
d 

' Low marsh S. mericnmrr plants had only 11% of their total belowground biomass 

below 0.20 m in depth compared to their high marsh counterparts which had up to 40%. 

Elltson et al. (1985) found decreasing penetration of S p v t r ~  afternijlwa roots and rhizomes 
.J 

into the marsh subsrrate with increasing tidal height in a &ode Island marsh. Similariy, 
I ,  Gdlagher (1974) found that 69% of belowground biomass of high marsh (negative redox) 

Sparma airernrjwa was in the upper 2.15 m of 0.35 rn Cora compared to onli 44% of * 

-el; &4 lbigh positive redox). In a greenhouse experiment Seliskar (1983) mnduded that 

more than 65% of the roo[ and rhizome biomass of Descahrnpu caesptm. Disfighlis 

sprcata, Gnndeka integriHip. and Sdicarnia- virginica in the upper 0.10 m of soil was 



latitudes. rbizomes are found at depth to protect h e m  from fmriagvintcr temperatures. 
- - -- -- - -- - - - -  - -- -- 

i 

Live belowground material is found near the suface where remineralization m d  supposedly 

ntteicm s& are greave but deep erm@ tu w o i d - c h m g r d o r ~ ~  SO - ges in 

microclimatol~ (Schubauer - and ~apkinson 1984). 

crlterniflwa high marsh compared to the streamside 

top soil layers where rainfall and tidal water keep 

(1976) reported reduction of root growth associated 

High interstitial salinities in 

may restrict belowgromd matter to the 

the - salinities -lowest Haines and Dunn 

with higher salinity in a greenhouse study. 

A combination of high interstitial salinity, low (negative) redox and microclimate restrict 

belowground' biomass to surface Iayers of the soil. B 

Gallagher and P M e y  (1979) proposed three types of pattern in macro-organic matter. 

.A Type I pattern has equivalent biomass at all depths, in contrast to a Type 111 which has 
4 

most of the belowground biomass near the surface. A Type I1 pattern has the majority of 

below$omd biomass in the middle tayers of the substrate. S. m e r i c o p s -  appears to tielong 

to the Type III category. In both the high and low environments, the top 0.05 rn of soil' 

contains roots, the rhizomes being 0.10-0.20 m below the marsh platform. S. w l f i m w  is , 
$ 

difficult to categorize bemuse of the large dead, belowground reserve. It does. however, 

'resemble a Type I1 or III pattern 
- - \  

Substantial interspetific" and inuaspecific variation in biomass allocation 

mericanus and S. marithus. For 3. americanus, high marsh clones had greater stem 

densities and biomass. The high shoot densities measured in high marsh S. americanuimay 

produce tall shoats 'through competition :f(light. In S. m u r i f i m ~ ,  tall plants. at higher 

elevations have broad leaves which shade out neighbouring shoots. Therefore, in these 

environments, there is a lower shoat density than in the low marsh where shoots are no1 as 

tall and hence,' not as. leafy. Furthermore, the lack of difference in shoot biomass between '- 
-- - 6 

the low and middle marsh environments of S. maritimus may be due to samplmg above and 

below the elevation markers established .at  the beginning of the sampling period. Thc first' - 

months of sampli& were done below the elevation markers in th; .middle rnarsh environrnen~ 

and most likely at q,n elevation similar to that of the low &dh.  During the second 

summx of sampling, most of the middle rnarsh samples were collected' at or above the 

markers and therefore at a higher elevation @an the low marsh. . Hence the greatq biomass 

in the midiUe IMIS~ than in the low marsh. From the c d d t i o n s  involving - relative 
- \ -'. 

- - 4 



bio& and growth' rates, it appears that these difference were ii response to exposure time 

Recipromi t m s p b t  experiments were uqlertaken as a further test to" determine 
f 

if this variation is under genetic mmol  par^ 



PART D 

NUTRIENT ALLOCATION ,, 



The objective of' this chapter was to extend the ancept of @aspecific vabtion 

measured for biomass to nutrient allocation. Nutrient analy~es were undertaken because they 
- - 

provide*a better measure of the investment made by a m t  for the construction of various . 
plant structures. Two groups of nutkents were monitored The macro-nutrients (N. P. C, 

1 
H, Q, Mg, K, Na) are'important 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 

s m l  quantities ana q.n  b~ deleterious when present in high concentrations. Seasonal 

ch nges in .the movement of nutrients between different plant smctures were determined on a P J  k concentrgtion and an accumulation basis. The proportip of tal nutrient pools allocated to 

different plant structures i'ndicated if plants in a particular environment were conservative with 
6 

their resources. a 

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

which nutrients decrease in live shcrots in autumn, concurrent with an increase in belowground 

structures, suggesting storage? Convexly, nutrients that accumulate in aboveground shoots are 

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

environments. More' !iqpecifi,dly, is the spendthrifi S. americaw (complete shoot -loss) more 
- 

likely to relocate nutrients to rhizomes than S. mmitimus, which maintains dead aboveground. 

material as possible storage reserve? Answers to -these questions will indicate if the relative 

'allocatim beheen below and abovegrcund structures is similar in different environments. 

Finally, are there consistent trends in the accumulation of selective, nutrients in sbecific plant 

s&mres? If &, this may suggest corniamnentation of thw elements to prevent interference r 

of metabolic processes. .. -Y4- . 3 .  " 

dOrn these questions. Ule following hypbtheses were developed and tested in light of 
1 .  nutrient allocation 'strategies. 

k 
H , :. The hypothesis, of conka t ion  of respurces. 

b 

Plants in stressful environments undertake more extensive aid  intensive setquesteiidg of 

numenrs. even tliough there may be no differences in nutrie~lt availability. Once these 

nutrients have been sequestered, I hypothesize that plants in stressfrrl environments should be 



conservative by storing nutrients By extension, plants occupying stressed environments should 
- - - - - -- -- - - --- - - - - - - 

atIocate a O C a d e r  pr6&rtion of-their r m u n x s  to aboveground shook 

- - - - - - - - - -- 

H,: Nutrients -that are scarce (e.g. nitrogen) should be stored in underground structures at the 

end of the growing season. 

In situations where a large effort has been made to acquire nutrients. the +plant should 

store those nutrients for immediate use the followiag spring and to avoid tiependence on - 
external sources to supply 'those nutrients. 

These data provide a measure of plant nutrient conservation or loss and insight into 

nutrient allocation strategies of plants-& different e n v i y e n t s ,  By incorporating the data on 

spatial and seasonal variation of environmental in Part ,B, the cause of any. 
1 

--- - 
observed variation was determined, * - 



- ~- ~ ~ 

-- 
METHOW A N D  MAT- - ,  - .- -. - - 

The plant material collected for biomass determination * ( ~ a r i  C) -titub 'the sample 

for nutrient measurements. Sanyiea were analyzed for the 13 month period, July 1985 to 
i . 

July 1986. (The overlap of July proAda some indication of year to year variation of 

nutrient content. ' pour samples were collated from each of the four environments at 
\ 

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

structures analyzed were photosynthetic tissue, inflorescences, ftmding dead shoots, roots, 

rhizomes and corms. 
*'. 

4 .  

A subsample of plantbmaterial ' was washed to remove all sediment and ground in a 

Wiley Mill to pass a t 8 0  mesh sieve. Fy C, H, and N determination, 1-3 mg of tissue . 

was anzlysed *in a Carlo Erba C-H-N Elemental Analyzex. Between O.2W h d  1.000' g of 

< . molybdenum blue method (Watanabe and Olsen 1965) i n  a Bausch ahd Lomb Mini 

' Spectronic 20. A Varian Model 1475 Atomic Absorption Spectrophotometer was used to , 

determine Na and K by flame emission, Ca and A1 by atomic absorption spectrophotometry 

using a nipous oxide acetylene flame to suppress ionic interference, and Mg, Fe, Mn, Cu 
- 

and Zn by atomic i&rption spectrophotometry using an air acetylene flame. The product 
% 

of biomass and nutrient concentration was used, to derive nutrient accumulation. '. 
, All samples were calibrated using 3 reference standards for the calibration curve. 

i 

Macro-nutrients were P wred to 0.01% and micro-nutrients to 1 ppm. Significant 

diffefences in nutrient concentration and accumulation between sites and plant structures were - 
revealed by an analysis of vdriance and Student-Newman-Keul's multiple range test (UBC 

ANOVAR.. Greig and Ckterlirf'l978) "with a 95% codfideke level. Concentration data were * 
analyzed after square root arcsin transformation (Sokal and Rolf 1981). 



- - - 

- For S. amcricamrr. nuuient .mncenwtions were higher in all plant struct& in the low 

marsh s t rumes  than in the high marsh. For S. man'timus, plants in the middle marsh had 

'higher nutrient concentrations than those in the low marsh. However. nutrient accumulation 

was greater in the higher elevation environments for both species Bemuse of these 

consistent -trends. the data are graphed to present the nutrient content of different plant 

structures from one environment on a single graph. Mean annual nuuient concentration of 

each structure is presented in Table 7 for comparison between structures and 

environments. 
8 

Significant seasonal differences in nutrient concentration were detected in virtually all 

plant structures and all 13 nutrients; only C did not vary with season. The analysis of 
, 'nutrieit stocks showed that there were significant seasonal changes for all elements measured. 

including 6. The seasonal patterns are discussed below by nument 

Flowers in S. w i t i rnus  environments were sparse and li material was available Tor ' * "  
analysis; they are omitted in the description below. Generally. inflorescences from both the 

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

Nitrogen 

Shoots in 'high and low marsh S. americanw had maximum N concentrations in June 
v ' P  _-A- * 

(Figure 19). Maximum N concentrations in Qowers were similar to that of shodts. mad 
shoots increased in N concentration as the growing season brog*essed. Rhizomes from both 

environments had higher N concentrations- during winter when ther,e was no aboveground 

growth; N rhizomes. was lowest in July at the time of p e a  aboveground 

biomass. 

'There was no significant difference in N concentratibn of S.  marlrimus shoots. but 

there were differences in the timing of maximum con&ntration (Figure 19). Middle marsh' 

shwts had peak N ~ o n c e ~ ~ a t i e n  in June (3.3% N). coppar& to My (3.20% N) in the 4w 
' 

marsh. Dead photosynthetic tissue from S. maritirnus environmenk had a maximum N 

co~centration 'of about 1.5%. The N concentration of belowground structures in the low. I 

I 

h 
*' 
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Figurc 19. *Nitropcri conccntrat~olis (x  + lsc) in inflorcsccnccs' f- - - ), pJw1~nynl)lcll~ 
8 - 2  

sl~66ts ( + )P d c a d * s h o o ~ ~  ( A - - - - -  ), r y ~ s  (-- ) r h ~ r ~ m c ~  ( zg-r) :C , 
and corms ( -........ ..-.. ) or low marsh .(%+ b) and. high marsh [r, d)  -S.  urnrrrcunu~ arid l o w  

' 1 

. n1arsi-i (c. f )  and httl~lco.marsh (g, h )  S- n~nrrrrrnrr~ a , - %  

? l  l yl 
. . 



marsh was 1% .N with no significant seasonal variation. 
- - - 

- -  - -  -- 
-- 

the highest mean anmud N cwctntratioo (1.48% N) but 
LT 

- 

0. 
t 

'+ 

ntration of N in corms was -1.072, the lowest of belowground structures in this 
0 

I 
. 

I .  environrnht (Table 7). 

1, C 

h 

Peak N accurnulation'~ in photosynthetic tissue was in J d y  for all four environments 
1 _. 

i .- 
% * (Figure 20). Low & S. americanus showed a second peak in October which coincided- 

with the secon# ,biomass peak in this environment (Figure 12). Nitrogen accumulation in 

dead' shoots showed a similar pattern to live shoots, only it lagged behind by a two month 

interval. ' 

S. americanw rhizomes and S. maritimus corms showed clear seasonal changes in N 

' accumulation. Accumulation increased in fall, maintained that level through winter .and began 

LO decline in spring with the growth uf new shoots. Roots of both' species had large 
\ 

- fluctuations throughout the year but exhibited a similar Seasonal pattent .. 

. 8 

Phosphorus - qcentrations i n ' s .  qmkrictznz& $hotosyn*etid tikud pealred in ~ a y  (~igure  
- C  9- - 

21) attaining a v$ue of 0.36% P in -the low marsh'and 0.42% P in thechi& marsh. As 
:, 8 - a .  

with N, then: was no. $gnifIcantb differeha in P &nce&ation-nt inflarescenosand shoots. - - 
0 ' L  

. I *  - 

. ,  , ;* 

- Dead s h d s  had a much lower P concentration man live shoots, although, &re. $as , a  sharp 
I \ . * " u - '  

increase in @ low marsh* S. mqri r iwm dead sh& in Qctober. Phosphorus concentrations 
b . *. t 8 ,  

in r o k  and rhizomes yere lowest in sununer, a trend most promine& in- the -<OW 

Rhizornp k both eh4ronmenk hid ccm$stent& .higher P dn&ntra t iw than roo6 an 



). d a d  - = ~ i & c  20.   can' nitrogen accumulation - in photosynthetic shoots ( 
shoots ( ------ ), roots ( - - ), rhizomes ,( --'- ) and "corms ( ..,....- t::-- ) . ' . 
or low marsh (a) and high marsh (b) S,  amerrcanus and low mars$ (c) 'and middlc9 marsh 
(d) S. maritimus: . 





. j 

Phosphorus amtent of belowground stnrcturcs from S. mcvitimLLS environments had a 
-- - - - -- - - ---- - - -- -- - 

greater flu&ati& &an, that of N. General& mts had the highkt mean mud P 

concentrations, rhizomes Be low&t gnd ccgmg w c ~  interme&e (Table 1), 
, 

of P in roots from, bo$h environments was highest in winter. Thcre was no signifiwt 

difference @ P concentration over the year in low marsh S. moritimrrr corms. 

Seasod changes in P accumulation in live and dead hoots was similar to that OP N 

(Figure 22). Accumarlatioll peaked in July in live shoots and in October in- dead shoots. 

Accumulation in belowground structures was variable. Although there was no consistent treml 
t 

in low marsb S. u m e r i c ~ ~ ~ ~ ~ ,  roots and rhizomes of high marsh S. americanus showed 
- - 

highest accumulations in Flointer, declining rapidly in spring similar to the declining' P 

concentrations in these tissues. Roots and corm$ of S. maritivius had large fluctuadons 

between winter haximum and isummer minimum levels. t 
Carbon 

Carbon concentration was! mnsrant throughout the sampling period in all structures and 
D 

in all enyiroriments (Figure 23). Thus, biomass changes were the muse of accumulation 
* r, 

changes between months (Figure 24). Shoo$ had the highest mean annual C, concentrations 

with equivalent levels measured in S. w i t i m u s  ckms (Table 7). Rooti and rhizomes had 
! 

similar concentrations and lower conceritrations than all shc tyes .  Middle marsh S. rnarttlmus 
- <  - -  - 

L .  ' - 
corms and low marsh roots. had no significant seaso&.-variation in C accumulation. Same 

i 

belowground struFtures had in spring and/or fallQFigure 24). . - 
- - ,  

' 8  
I 

1 

Live shoots 

of about 7.0% in 

5-6 %, with little 

4 \ t 

, , 
! -. 

showed the greatest seasonal variatibn ' in H concentration with a maximum * 

June (Figure 25). ' Belowground structures had H concentrations between 
, . ' 

-% 

variation throughout the ykr .  .- Rhizomes from the low marsh S. 
6 ' .  . 

americanus a d  S. w i t i m u s  had no signifi&t p'sbnal variations in H concentration. 
, .- 

* a  / .  
Like C, H acairqulation "was caused by biomass variafion. Live shoots had kxirnurn 

H a m u a l t i o n  in July and dead shoots in October (Figure 26). Belowground structures . 
from all- envi~nmend had distinct in fall and spring and these we:e greatest in S. 

Z 
> . , 

mruifimus. 



Month, , 
P . s 

. Month 

Figure 22. Mean phosphorus accumulation in photosyn&etic 1, dead f 
shm& ( - ----- ). roots ( -- ), ,rhizomes ( --- and c o r n  ( c............-- 1 
o f  low marsh (a) and high marsh (b) S. am'ericanw md low marsh ( c )  and pliddle' marsh 
(d) S. mon'rimus . 





Month Month 

. Figure 24. Mcan carbon accumulat~on in photosynthcw shooh ( - ). dcad 
s h ~ t s  ( - - - - - -  ), roo& ( -- ). rhizomcs ( ---- ) an t j  corm\ ( ..--.......... 
of low marsh (a) and high marsh (b) S. americanus and low marsh (c) and m~ddlc manh  
(d) S. marlrimus. 
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~ i ~ u r e  26. Mean hydrogen accumulation in phomynlhetic shoo15 ( ), dead 
shwts  ( - - - - --  ), roots ( -- ), rhizomes ( ---- ) and mrms (........-..-..* 
of low Marsh (a) and'high mar* (b) S. amencanus and low' marsh (c) and middlc marsh 
(d) S: maritrmus. 



1n' contrast-to N' and- P cummation w h i d ,  decreased -as the plane qufured, Ca 
- 

- - - -- ppLp - - - - - - - - 

conccntrktion in shbb showed bale change throughout -thi year (Figures 27). Dead shoots - ' .  
had higher lCa conckntrauons than live -shoots in t h r ? e A ~ v i r ~ c n t s ,  inneasing -from 

Z 7 .  

rnid-&nrner to fall in S. m n w m  but -remaining constant in S. n u v i r i ~ l r  In low marsh 
, 

S. mar~tirnus. Ca concentration of dead s h o t s  was equivalent ro that of live shoots and a 

t r 

remained w t a n t  throughout the Gowin& S~~SOII. 

+ 
Roots ii high marsh S. americanus had small changes in Ca mncentration during the 

year. but low marsh roots had a nfarked increase in Ca concentration in December 

(rnaxjrnum of 2.08% Ca), declining. thereafter to- 0.75%. - ~ h i z o m & . o f  low S. urneriqmis had 

no significant seasonal v&tion. 

In S. marimus, had &e highest' Ca ,concentrations 

mid-summer and winter maximums of 0.5W in the low marsh 

marsh. Minimum, Ca Gcenuations in roots were measured in 

Corms and rhizomtk had much lower concentratiohs (Table 7). 

at all times with a .D 

a&- 0.40% in the middle 

fall in both environments. , 

Accumulation of Ca was greater in dead shoots than in live shoots especially in S.  

marrtlrnus environments (Figuke 28). Calcium accumulation was greatest in roots in all 

environments, peaking in October and April in S. mericamg and August and April in S, . 
marmmus. Only rhizomes in low marsh S. arnericanus had a seasonal change in Ca 

concentraticm peaking in October concurrent with the sharp increase in Ca concentration. 

-- * 
Magneslum b 

-- - ~ 

Magnesium concentrations in shoots were highest at the beginning and end of the 

growing season in. S. americanus and low rnarsh S. w i t i m u r ;  (Figure 29). Middle marsh S. 

marlamus shoots had a mean a n n d  Mg concentration- of =0.26% 

season. with a maximum of 0.47% in May., Inflorescences and 

seasonal pattern and had a h@er ~g concentration than photosynthetic tissues. 

1 

conmuation and generally had an equivalent Mg concentration than aboveground structures. * 
High marsb S. americanur mots had no significant seasonal variation but roots in S. , 

martrums had low cancentrations -of Mg , in early summer and fall. 
. %  \- 

a 
- 85 
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Month 

Flgurc 27 Ca lc~um conccntrations (i t lsc) In ~nflorcsccnccs ( -  - -). pt~olrnytiLhct~( . 
shoots ( ). dcad shmts ( - - -  - - -  ). r rmb  ( - - ). rhliornc5 ( ----- 
and corms ( .-.-........... ) of ~ O W  marsh (a.  b) 2nd high O ~ ~ I P ~ ~ C ~ I I U \  and l o w  
mar5h (c,  r) and rn~ddle marsh (g. h )  S. marltimu.\ 



J A S O N D J F M A M J J  
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t -  - 

1 
Month Month 

t 

F~gute 28. Mean calcium accumula;tion in photosynthetic sht)ots ( 1, dead 
shoo& ( - - - - - -  1, roots ( - - ) rhizomes ( - -  and corms ( ......----- 1 
of IOH. marsh (a) and high marsh (b) S. amerrcanus and low marsh (c) and middke marsh 
(d) S. marrttmur I . I  
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D J F M  

- F ~ g u r c  29. M a g m l n n ~  ionccnbauons  (i t lac) In ~ t l f l o r cwcn~cs  (- - -). p h o t ~ n y n ~ l ; c t ~ c  
shmts ( ). dcad shmls ( - - - ---  ), roct~s ( - - ), rh~ ron i c \  ( ---- ) 
and _corms ( .. ....... ..... ) of low marsh (a. b) and high marsh (c. tl) S. amc.rrranu.\ and ,  low 
mars? (c, f) and middlc marsh (g, h)  S. n1arilrnlu.t. 



-tinno -'in erith a rapid:- i n~ -win t e r -Amlml l l l t beasa - -  

the'reafter, peaking in April/May- In S. -timus, corm +d marked seasonal changes in 

Mg ampnulation phicularly in the middle 'marsh. Accumulation in roots of middle marsh 
t 

S. maritimus was hirnilar to that of corn  but the maximum accumulation was a W e d  in 

April. Rhimo& in low and middl; maish en&onmcnts had two small peaks in August and 

AprWMay. AIl dpealr; of Mg accumulation in belowgxound Wctures were a result of 

biomass changes Mg concentrations in klow&ound struEtures were -similar throughout the 

year. 

- 
Polasslum , 

Photosynthetic ,tissues of S. americanus and S. m h r n u s  (Figure 31) .had ,significantly 
-C- 

higher concentrations of K than inflorescences and dead shoots. but all above&und structures 

had I;eak K concentration in July. Belowground structures of -both species had constant K 

conpmrations throughout the year. S. ameriwnus rhizomes in both environments had 

significantly higher K &ncennations than rooF The highest K mncentrations in belowground 

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

The greatest K accumulation was in photosynthetic. tissues in July in all environments 
- - - - - - - -  

(Figure 32). Dead shoots had a much lower maximum K accumulation in October. There 
0 

was little seasonal variation in K concentrations of belowground spuctures and thus the few , 
3 

peaks that occured in accumulation can be attributed to biomass v'i6ation. ' 

-- -3 
> 

S d u m  

,There' was no &pistent seasonal patterns in Na wncennations bemeen similar structures - - 
from different environments. Sodium .concenuation of high and' low marsh S. ame'ricanus 

14 . 
shoots decreased fmm May to July and &en increased from July to October (Figure 33). 

The Na concentration. of inflorescences ,and dead shoots was significantly l& than in -- 
photosynthetic tissues. Sodip  'concentrations of roots and rhizomes of S. americarucs were , -- ' . A 

also' much less than live shoots Rhizoples had significantly higher concentrations compared 

to roots and had distinct peaks in July and December in the low marsh. 
3 



Month Month 

Figure 30. Mean magnesium accumulation in photosynthetic shoots ( 1, dead 
shmts  ( - - - ---  ), roots ( -- ). rhi=zomes_. ( ---- ) and corms ( .............. ) 
of low marsh (a) and high marsh (b) S. americanus and low marsh fc) an$ middle marsh 
(d) S. rnaril1rnu.s. 

e - 
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f - i g m  31. f+'obssium conccntratibns (i, + Isc) in inflorcscc~lccs (- - -). photosynthetic 
shoots ( ). roots ( - - ). rhizorncs ( --- 
a;ld corms ( .... . .......... ) 

and high marsh (c. d) S. aineridanus and low 
1 C .  0 a d  
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Figure 32. Mean potassium accumulation in photosynthetic shoots ( ), dead 
shmts ( ------ , 1. roots (-.- ), rhizonles ( ---- ) and corms ( ..........--.- ) 

o f  low marsh (a) and high marsh (b) S. amerrcanus and low marsh (c) and middle marsh- - 
(d) S. maritimus. 



Month Month . 

f'igr~rc 33. Scxliuni co~~ccn~rations (i r lsc) in inflorcsccnces (- - -1, photosynthctic 
$.~OC~LF (-- ). dcml shots ( - - - ---  ), roots ( - A  -), rhizomes ( ---- 
arid mrms (......- ..... -.. 1 

) o r '  low tiparsh (a, b) and high marsh (c. dJ S.  onzericanus and low 
rliarsh - (c, I) and middle marsh (g. h)  S. maritimus. ' 

. - 



. 3 
'2 
*, T h m  21 was .. little conespondena in Na ancentration of abovegmdd - st&ctures k ~ c q n  

-$. - - I 

lew x d  middie & S .  -*ti- (~isUre-33)- Whereas middle hard-  shoots had only - *. 

one. - peak in May (4.61% - - - Na). - -- low - marsh ---A. shoots had a peak in May (4.55%- N:) and a 

s&nd peak in &&er (4.868.Na). sbnih to S. cmerica& shoots As well. in the 
' 

-24.. " 
- .  

middle marsh, Na conm+tibns of hfl%tescences - .  and - dead shoots were less than that of - 
- shook ~nfloresce'nces and dead shoots fmm @e low marsh had maximum Na mneenmtions -- \ -  

equal to that of shoots but at other times of. the year had lower Na concentrations. 
> 

Belowgiound .structures of S. maritimtrs had Na concentrations an order 'of magnitude less , . 
C 

..than in phdtospthetic tissue and generally showed no seasonal pattern. C o q  and rhimmcs . ,  

rhizomes had higher':mii'ean annual Na concentrations than roots -(Table 7). 
e 

\ 
- I 

~ h d a f  'to K, live sh&ts bf S. cmericanus had the greatest acdumulation of Na. the 

% exception being middle marsh S. -rimus (Fjgure 34). In thisenvironment and in- low,', 
t I 

mash S. wi t imus,  dead shoots had equal or greater Na aceumulatim- -Dead S. arnetic~nus - 

shoots had much lower accumulation of Na than live.\Shoots. Sodium accumulation inQ S. 

americaw %elowgrpund structures was relatively constant\throughbut the ytar. B ~ '  ,' contrash 

c~~ and roots of middle .marsh S. muritimus had g r e a t h T q  ac~urnulation in winter. li?. 
\ 

the low marsh, c o r n  had large fluctuati s and roots had u p  accumulation in -  August Y' 
and February. 

. A - - 
- --  - - ~  -- -~ - . .Ahmirium - - - 

.c , 

Aluminum concentrations were highest in--dead shoots and lpwest in photosynthetic 
- L  

tissues in all environments (Figure 35). The t e p r a l  pattern of A1 concentration in 

abovegound &&es of ~.(&ricnrw was 'similar in low and high marsh environmenb. . 
Maximum concentrations w e r h e a w e d  in September, the structures of low marsh' plants 
P- - 
having significantly higher levels of A1 than high marsh. - 

P 

S. americanus roots and rhizomes had contrasting seasonal patterns. Roots had ' 

h 

significantly higher levels of Al with distinct peaks in August and- February. The lowest 
I 

concentrations of ,.&in roots in fall coincided with the highest levels measured -irr- r b o m l i  - - 

and in ahv&ound sbu3u.r~~ -- - 

- 

Middle marsh S. mari~tikus shoots had the highest concentration of A1 in shook from ; 
-, 

the four environments ( ~ i b l e  7). The highest mean monthly /U mncqmation measured was 
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Figure 34. Mean sodium accumulation in photosynthetic shoots ( >Fa~~de$ .. 6 

8 .  shools ( - - - - - -  ). roo& ( - - ), rhizomes (---- ) and corms '( .---g-==--*--. ') 
oi low marsh (a) and high marsh (b) S.  americanus and low marsh (c) and middle - - qarsh 
(d) S. rnarifirnus. z., 

-- 



conccnlrations (i * Isc) ill inflorcscc~iccs ( - - -). phct~osl.'r,t h c t ~  
dcad shmtq ( - - - - - -  ). TIHIIS ( - --- }. r l 1 1 1 o 1 i n  ( 

- -  ) or low marsh '(a. 1)) awl high ~ilarsli (c. (1) S. ur~irrrt.onu.~ ; ~ n d  l o w  

Frgurc 35.  Aluntinuni 
S~CY)LC C , >. 
arid corms ( .-.---.--..- 
marsh (c .  f)  and rnicldlc marsh (g,  h )  S. ntarlirntus. . 



in  July 1985, the measurements made h e  following year w n g '  mtkh iower (Figure 35). 
- -- . --- 

' Dead rhmts i n c r p d  , in  Al Fntcnt  as t h e m / i n g  season progressed and generally had the 

mest a r n m  fdhmscmces kid very low At concernations of c t e r  Xlb p p  

There was no si-jjfican t seasonal 

marsh S. maritimus. 

Roots from low and middle 

with' maximum levels measured in 

change in A1 concentration of live and dead shoots in low 

marsh S. maritimus had the highest concentrations of A1 

winter (Table 7, Figure 35). Rhizomes in the low mark 

and corms in the middle marsh .dm had winter maximums in A1 concentration. 

Aluminum accumulation in aboveground structures was Beatest in dead. shoots but these 

levels were much less than in belowground compartments (Figure 36). There was no 

co&istent trend in belowground Al accumulation between environments. Low marsh S., 

amerlcanus rhizomes peaked in October compared to late winter 6 r  rmts in 'this 

environmenL in high marsh S. umericanus, rhizomes had no seasonal' variahon but roots 
- . 
had iwo marked peaks. one in August and a second in late winter. F& S. maritimk, 

3 

corms in both environments had clear peaks but the timiqg of these pe;tks-was different 

Marimurn A1 accumulation was in September in the low marsh and December in the middle 

marsh. Roots in low marsh S. maritirntcs had several peaks throughout the year, the highest 

occuringo in August, compared .to April'in the middle manh. These patterns of A1 . 
acprnulation were similar to those of A1 amnuation. - 
- 

The "pttem of Fe concenuation in aboveground and belowground strucrures of S. 

americanus and S. mczritimus (Figure 37) mirrored that of Al. Highest concenuations were 

rncisured ar the end of the growing season and in dead-shoots. 

, 
Iron concentrations were an order af magnitude greater in belowground s m c m e s  than 

aboveground and rmts had the highest concentrations. Roots and rhizomes of S. mericanus 

had lowest levels from October to December. b w  S. maritimus corms and middle marsh 

rh~zomes did not have significant -,;easonal variation in Fe concentratioa The hgh variation 

Beiowground structures 

of S. marrrtrnvr belowground structures masked any seasonal trends. . 

i ' 
had much greater Fe accumulation th*veground (Figure 38). 

arid maximum levels occur& at the time of maximum 33 concentration. S. americmw roots 
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Figure 36. Mean aluminum pccumulation in photosynthetic shook ( ), dead 
shoots ( - - - - - -  ), rcots (-- ), rhizomes ( ---- ) and corms ( *--.---.*-.*.+ 1 
of low marsh , (a)  and high marsh ' (b) S. americanus and low marsh (c) and middic marsh . 

.- (d) S. maritirnus. > . 
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Iatgt~rc 37. I ~ o n  conccnlratio@(i + Isc) in inflorcsccnccs (-' - -), photosythctic 
sfloors ( ). dead sllools ( - - - - --  ). r o o L ~  ( -- ). rhizomes ( ---- 

- 
and corms ( --------.----g 

1 
) of low marsh (a. b) and  high marsh (c, d) S. amencatuu and low 

inan11 (c,  T) and 'rn~ddlc~tiiarsii (g. h )  S. nta?ittrnus. 



- 

and rhizomes had 'greatest acs~mulation in August and AprWMay. For S. w i t i m u r ,  

akmniulation in roots .was opposite that of. corns. h w  mar&-%% - h a d F z t  values in 

fail and corms had' maximum values in spring. In the middle' marsh. Fe accumulation in 1 - 
-l 

- 

roo& peaked in April and in kcember in corms As with Al. Fe accumulation patterns - 
mirrored that of Fe mncentrations in these tissues. 

Manganese - - 
I 

-Manganese concentration of S. americanus aboveground suuctqes increased .d;rinp the 

g~&ng season (Figure 39). Live and dead shoots had similar levels in both the high and 

low marsh environments. Enflorescences of the low rnarsh had the lowest levels. Roots and 

rhizomes had much lower concentrations than aboveground s m c m e s  (Table 7). 

J 
Manganese concentration of-live shoots ,bf middle marsh- S. rnaritirnus 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 structues were in roots. greatly exceeding those of 

rhizomes and corms (Table 7 8nd Figure 39). I 

Manganese accumulation gptterns were variable between environments (Figure 40). lh 

low mush' S. americam, aboveground tissues had the greatest accumulation of Mn, with live 

and dead shoots having similar maximum levels and the timing of these maximums. RootS 

and rhizomes in this environmerk had maximum ~n accumulations in April. 

In high marsh S. imericanus. roots . 
m i d - s k e r  and l4priI. Rhizomes 'had a 

Aboveground accumulation was greatest in 

the greatest accumulatioa 

had the greatest accumulauon of Mn, peaking, in 

similar pattern but with lower accumulation levelg 

live shoots until October when dead shoots had 

Patterns of Mn accumulation in aboveground structures of S. mar~timus were similar for . 
1 

the two envirom'ents. Live shoots had the greatest accumulation levels until September1 - 
Ocwber when Mn accumulation increased in tead shoots. Belowground, roots had the 

geatest Mn accumulation. Since concenuation of belowground structures was constant 

throughout the ye&. the fall arid spring peaks in corms and roots was a result of greater 

biomass of these structures: 
3 



Month - Month , 

I 
0 

Figurc 38. Mean iron accumulation in photosynthetic shoots ( ). dead 
shoots ( - - - - - -  ), roots ( -- ), rhizomes ( ---- ) and' corms ( ........ ..--.- 1 
of low marsh (a) and high niarsh (b) S, orne~cclnus and low marsh (c) and middle marsh 
(d) S. ntarirlrnlls. 
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Flgurc 39. Mangancsc concentrations ( i 2  - lsc) in innorcsccrlrcs (-' - -). p l i o ~ ~ y ~ i ~ l r c t ~ c  
shoot< ( ), dcad shoots ( - --  - - - ), rmts ( - - ). rtl~rorncs ( ---- ) 
2nd corms ( ............ . ) or low marsh (a. @--an0 hrgh marsli (c, d) S arnrnruws and l o w  
marsh (c, 0 and middlc marsh (g. h )  S. n~arrlrmus. 
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Ftgurc 40. Mean mangame accumulation in photosynthetic shoots ( 1, dead 
shm& ( - - - - - -  ), roots ( - - ). rhizomes ( ---- ) and corns ( ...........-.. 3 
of low marsh (a) and high marsh (b) S. americanus and low marsh* (c) and middle marsh 
( d )  S. mirunus  

- 



Zinc 

Zinc concentrations in aboveground structures viere' similar in S. &ericonus and S. 
- - 

I 
lowkt concentrations measured in photosyntheti; tissue. Roots had the highest connntrations 

of the belowground strbctures with maximum levels during winter. S. mwitimvs corms had 

a sirnilax temporal pattern with roots but with Iower concentrationk. Low marsh S. 

mmitimus rhizomes and S. umen'canus rhizomes had no significant seasonal changes in Zn 

concentration Middle marsh S. -rimus rhizomes had highest levels in Septemberand 

February. . * 

6 

.i 
Zinc accumulation was grea'test in belowground plant StruCNreS in all environments 

' .  
(Figure 42). Live shoots had greater accumulation of oZn during the growing seasbn when. .  ' 

live shoot biomass exceeded dead shoot b i o d  S. arnericanus roots had much grcater Zn 
1 

accumulation than rhizome but the timing of peaks was similar in both strtlctures and in 

both environments. Peaks in late summer and again in early spring coincided with similar 

peaks in Zn concentration a d  biomass p&. For S. maritirnus, corms gcncrally had the 

greatest accumulation throughout the year, with highest levels in winter. Maximum Zri 

accumulation in middle marsh roots was equivalent to that of corms. 
4 

Copper 
- . - -  

S.  americanus and S. -.firnus adoveground structures had Little change _ip Cu 

. concennation during the growing season and these concentrations' were much lower than that 

* measured in belowground structures (Fi&res #3). S. arnericanus rhizomes and -S. maritrmur 

corms and rhizomes had Cu levels ,similar to - aboveground .structures and did not exhibit '., . 
seasonal changes. Roots had the hi@& Cu concentrations with rnaximuni levels in summer. 

16 Tnis pattern was not as cl& in w marsh S. mi f i rnus  rwts. 

Similar to the other trace m&s, Cu accunulation was greatest in belowground 

s h u m e s  when compared to abovegmund structures (Figure 44). As w e k  roots in all 

environments had the greatest accurpulation, peaking in mid-surnmer and spring. Furthermore. 

Cu ammulation in roots in July 1986 was much Iower than that measured in JuTy 1985 

because of the much higher Cu concentrations measured in July 1985. In convast to all 

- o h  metals, Clr accumularion id S. marjtimus corms was very low. 
- 
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Figure 42. Mean zinc accumulation in photosynthetic shoots ( . ), dcad . 
shoots ( - - - ---  ), roots (-- ), r h i m e s  ( ---- ) and corms ( .......... .... ) 

- of Iow marsh (a) and high marsh (b) S. americanus and low marsh (c) and middle marsh - 
(d) S. maritimus. 

\ 
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t;igurc 43. Coppcr coticcnlralions (s k lsc) in itiflorcscctrccs (- -, -), photosynthetic 
shoots (-). dcatl shno~ \  ( - -- - -- ). roo& ( -- ), rhizomcs ( ---- - and corms (.. ............. 1 

) of low n~arsh (a. b) and high marsh (c. cl)-S. am*ericonus and low 
marsh (c. r) and middlc marsh (g. h )  S. niaririmus. 
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. Figure 44. Mean copper accuniulatio~ in photosynthetic shoots ( - 1, dead c 

shoots ( ------ ), roots ( - - ), rhizomes ( ---- ) and corms ( ..%........... 
* 

1 
.- of low marsh (a) and high marsh (b) S. americanus and l o r m a r s h  (c), and middlc marsh 

(d) S. maritimus. 

- 

108 



T m  e DO r a1 and S~atial Changes in ~ u t r i e n ~  
- - - - - - - --- - - - - - - - - - - - 

At -the time of emergence, live shoots had high concentrations of N, P, Mg, Ca, 
& 

H. which subsequently declined, suggesting dilutfon of th& nutrients as plants mame. - 
ri -- 

Potassiym concentrations in live shoots increased during' the fmt half of the gr&ving &n, 
B L  

dedining thereafter. Conversely. Na and Fe concenmtions were highest in May, declined 

duing the -$xiod pf rapid shoot growth and increased after peak aboveground biomass was 

atbined. Carbon concentration was constant throughout the gKWhg seaso& whiIe Al, Mn, 

,had such large flumations that no trend was apparent 

wground structures Was similar within species but varied 

maximum N and P occured during winter, whereas S. 

I. mrvilimur had winter &ximuxns o A1 and 2h concentrations. Plants in all environments - 
had maximum Cu in s a f, belowground tissues of S. americam also had summer 

-- - $ 

maximum of Na concentrations. Elements at minimum concentrations in fall included Ca, A1 

and Fe in S. americanus and Ca and Mg in S. maritimus. High marsh S. arnericanus also 

had lowest Zn concentrations at the 'end of the summer. Seveql nutrients showed no 

seasonal variation in belowground structures: C H, K, and Mn in S. americaw and S. 
\ 

maritimus. M g ,  in ~y"&icanus environments, Zn in high marsh S. americahs ody, and N ,  

P. Na and Fe in S. w f t i m u s  environments. 

The absence of any seasonal variation in belowground structures of S. d t i m u s  was in 

large part a result of the large dead belowground biomass in these environments which was 

not separated from the live stiuctures. This may cover any potential variation in nutrient 
5 

concentration of live structures. Although live and dead belowground structures were not- 

distinguished for S. arnericanus, m&t of the belowground tissue in these environments 

appeared to be live. Nitrogen ang l? were elements that had .clear seasonal changes and 

appear to move between above and belowground structures. 

Examination of the nutrient accumulation data indicated that N. P, Mg, Zn and to 

some extent A1 and Mn had opposite trends between aboveground and belowground structures. 

These elemenrs decreased in senescing Iive shoots and- accurndated -in b e l o T g r M  structures. 

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, 
- 



b 

did not have any discernible relationship between aboveground belowground accumulation 

levels , - - 

Middle marsh S. moritimus had the greatest accumulations of all elements. and low 
- - 

marsh S. americanur the lowest Low marsh S. maiitirnw and high marsh S. americonus 

had intermediate levels. Thus, nutrient accumulation- inaeased with elevation at the Sea 

Island foreshore marsh. 

Nutrient Allocation Prmortions C 

- r ?  

The data on the proportion of nutrients allocated to different plant structures reprcscnts 

the proportion of the total tissue pool for that month in a plant structure. Generally, the 
I ,  

values given for shoots represw the maximum value measured over the entire s%mpling ' 

period This usually was for July. the time ofi peak nu&nt accumylation in shwe.  

Lav marsh S.  americamrs 

About $096 of 'the total tissue pool of N, P, Na and K is in photosynthetic tissue 

during peak summer growth (Figure 45). A small proportion of these elements remain in 

the dead snoot compartment at the end of summer, In autumn. h e  proportion in rh~zomcs ' 

shows a marked increase and exceeded,t&e proportion of these. elements in roots. 
n 

The proportion of C, Mg, Mn is only .252 in live shoots. As live shoot. 

- senesce, 'these elements accumulated in dead shoot tissiie suggesting that the) were not 

remwed from shoots. Any reallocation of these four elements in fall appears* to be mir 

rhizomes, as roots did not change appreciably in autumn. In spring. however. rmts had a 

greater proportion of these elements compared to rhizomes. 
- 

Less than 1W of Ca, Al, Fe and Cu was measured in live shoots, with roots 

containing 60-7m of these elements. The rapid increase in the proportion of Fc and A1 

m e d  in fall, declining thereafter to proportions similar -to roots: Cu had the kast 

seasonal variation as roots had 70-%I% of Cu found in plant tissues of h w  marsh S.  

gmericarrus. .- + _  
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F~gurc  45. M c a ~  proporlion of nutrient accumulations in photosynthetic shoots ( 1. 
dt;d sh& ( - - - - --  ). roots ( - - ) and rhizomes ( ----- ) in low marsh S. 
o m e r m n u  , 



-> 

t ,  . High m k  S. amen'cantts - -- -- - - -- - - -- - - - 

- 
In plant tissues of high marsh S. amer icuC4~,  only Na and K appmchttd JQ96 in me _ - 

compartment (Figure 46). As aboveground shoots senesced. ~a moved into dead shoot tissue. 

Over winter, rhizomes continuously had higher proportions of Na, and .K' than roots. 
- 

- - Qnly 20-2596 of other macro-nutrients (N. P,. %, Mg) were in live shoots in July, and 

similar p low marsh S. amen'cunus, AOg Ca. Roots and rhizomes 'had equal proportions -- 
of C, roots had greater proportiohs- than rhizomes 'for Ca and Mg and rhizomes had greater 

proportions of N and P than roots. 

Live shoots contained less than 2Wo of Al. Mn and Zn accumulation .and even a 

smaller proportion of Fe and Cu. Roots contained -75-8596 of all Cu, and the' majority of 

Al, Mn and & Only in autumn did rhizomes have a greater proportion of a trace metal 

and it was Fe. 

Low w s h  S. 3~an~timus 
i 

Live shoots represented the largest comp r N, P, N2 and K in July (Figure 

47). As shoots senesced; the elements increased in corms except for Na. 

Na inc~eakd in dead shoots in' au n corms in early winte~ when dead sh'oots were " 

removed from the marsh platform. At all other ti-s of the year, cprms were the largest 

compartment containing W75% of N, P, Na and K and roots had 25%. . 
Live shoots contained only 25% of C and klg. and less than 10% of Ca. In fact. 

roots were the structure with the most Ca: the only macro-nutrient with this trend cf 

greatest proportion in a beiowground 'structure. I _ 
While shoots had as much as 25% of A1 and Mn aocumulation, the shoot compartment 

represented less than 10% of Fe, Zn and Cu aaumulation. With the eiception of Zn. 

wlpch was parititioned equally between roots and corms, roots had the greatest proportion of 

all m c e  metals. Furthermore, there was very little change in the proportion of 2n 'in rook, _.-- 
and cobs over time suggesting' little movement of these elements between abo\leground and 
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Figure 46. Mcan proportion of nuuient accurnutations in photosynthetic shoots (-), 
dead shoots ( - --  ---  ), roots (--) and rhizomes ( ---- ) in high marsh S. 
amemanus. 
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Figure 47. Mean prop~rt ion of nutrient accumulations in phot6synthetic shoo~q ( )* 
dead shoots ( -- --- - 1, roots ( - . ), rhizomes ( ---- ) and 
corms ( .............. ) in low marsh' S. maritimus. 
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The ~ e M v e  distributibrl of elements in tissues - df middle marsh S. maritimus differed 
4 t 

from that observed i n  the low marsh Only Na and K accumulation approached 50% of the _ - 

total =umulation in live shoots (Figure 48). Livs shoots contained -25% of N and P 

ac;cumulation but only 1Wo of C, Ca Bnd Mg. Dead shoots mirrczed patterns-observed for 

live shoots for N. P,".C. Na 'and K but the proportion of Ca aqd Mg accumulated in dead 

'shoots excee-ded that measured in live shdbts. Chrms of middle marsh S. maritimus 

contained the bulk of rnacre,nutrients, especially N, Ca, Mg, Na and K In spring, roots 

' exceeded corms in Ca accumulation 

Al and Mn accumulation approached 25% in live shoots, but less than 1Wo of 

accumulated Fe. Zn and Cu were in livi shoots. Similar to the other three sites, the 

majority of pace W s  were in belowgrounds structures. Except in f@l, when corn 

increased. in size, roots wire the largest mmpamnent, containing in excess of 75% of 

accumulated Cu. Corms and roots generally had equivalent proportions of other trace metals. 

except in early spring (ApriVMay) when roots contained the bulk of the trace metals. 
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Figure 48. Mean proportion of nutrient accumulations in pholosynthctic shoots ( 
dead shoots ( - - - - - - ). roots ( - - ). rhizomes (----- ) and 
corns ( .............. ) in middle marsh S.  marilimus. 



Low marsh S. americaws and S. -timus invested a-greater proportion of thek total 
* macro-nutrient pool -into shoots' compared to their counterparts at higher elevations. -. 

- *- . 
Comparing the plants in all four environments, middle marsh S. Which. is found at 

the highest point sampled on the Sea Island marsh. platform, had the lowest ~ehtive 

invesunent into shoots. '&us, plants at higher elevations'were more "conservative" with their 
4. 

total nutrient pool and invested least in shoot growth. This does not support the hypothesis 

of conservative allocation strate&es at the low elevation environments. 

Two explanations are proposed to account for' the reiative investment of 

nutrienp made by plants in low elevations. First thdbelowground reserves of plants at the 

ripper elevations may be so large that the exposure time in summer ,is insuficient for these 

plants to invest the rnaximh proportion of their resources to shoot growth. Second, a . 

decrease in the nutrient-concentration of shoots concurrent with increased concentrations in 

belowground structures indicates re-transl&ticm from shoots to belowground structures. It 

also indicates some loss of nutrients from shoots due to leachipg. Kistritz et al. (1983) 

found that large amounts of N and P were lea&ed from shoots of Carex lyngbw during 

. spring and early summer. Loss of miner& through leachates was not measured in this 

study, S.  americanus is found at lower elevations than Crusx lyngbyei in the Fx'aser River 

. marshes and therefore subjected to longer inundation periods. This may result in greater . - 

nutrient losses from shoots of low marsh plants which compensate for this loss by 

continuously "pumping" numents into shoots. As a result, plants in low elevations invest a 

gealer proportion of the total tissue nutrient pool into shoots. 

The second hypothesis examined in this part of the thesis is conservation of scarce 

resources. The movement of N into delowground structures suppons the. hypothesis of 

conserving scarce numents for re-alldcation. Soii nitrogen levels were low in the Sea Island 

marsh environments necessitating conservation of nitrogen 

White it has been demonstrated that salt marshes Eave abundant phosphorus supply for 

plant growth. little is known on the avaihbility of phosphorus in brackish marshes. Hall 

and Yesaki (unpublished) measured phosphorus mncenmtions of 0.13% P dry weight (mean 



Phosphorus amcentrations in a 

3 samples). These values fall 

(1974) for pinerd soils ( q e  

concentrations measured around 

other soils, it is not known at 

americanus and S. maritimw. 

of 3 samples) in a S. mar&imus stand 1 km!-nurth oLthe -Sea I h &  samplingsit-- 
I 

stand of Scirpus validus was 0.10 6 P dry weight (mean* of 
- - 

- - - 

in the range of phosphorus mnce%tions presented by ~ l l e n  - 

of 0.01 - 0.2% P). Although soil nitrogen and phosphorus 

the Sea Island brackish marsh were low in comparison to 

elements become limiting for growth in S. 
t 

Without undbrtaking experimental studies to determine what 

concentration 

1966), these 

these elements become limiting to plant growth ( s e w  Gerloff and Krombholo 
h 

elements _ginnot be presented as liriziting ih the-Sea Island marsh- 

Similar ' to N. P concentrations in belowground structures iircreased during" shoot 

sedenscence. Lytle and Hull (1980a, 198Q&, 1980~) demonstrated that shoot gro.wth in 

Spartina dterniflara was supported in early summer from belowground ,photosynthate and 

carbohydr&e &serves stored the previous winter. conserving ma&-numens that a& 

important for shoot growth, S. americanus and S.- maritimus maintain a nutrient pool to. draw 

upon in spring and perhaps early summer for. shoot production. When these shoots become 

large enough to support theklves ,  then these. nutrients can be allocated to rhizome growth 

4 and hence, clonal expansion. W'S 
6 , -, s 

.&- ; - 
Seasonal storage, like luxury uptake, is essential t ~ " * e  success of perennial species in - 

low-nutrient environments becati32 'it buffers the plani frdm -day-today dependence on the 
- - i" 

environment (Chapin 1980). Chapin (1980) found that most species retranslocated hilf or 

more of their nitrogen and phosphorus pools t g - m t s ,  though some srudies showed no . *. " 
" y>,- ' 

phosphorus nanslcration. I suggest that nitrogeyand phosphorus were stored in belowground . , .+ 
smctures because they are important for plant mntenance and growth and to avoid 

dependence on the environment supplying these elements. 
x 9 

Trace metals were always found in very high proportions in belowground~ctures  of 

S. mencanus and S. mmitimus at Sea Island. Only Mn was measured at high 

concentrations in abveground structures. Conversely, Na and to some extent K. .accumulate 

't 

of elements that are not required in large quantities but &ot be prevented from uptake 
9 

since they are found in very 

den demonstrated for Na in 

high concentrations in 

marsh plants (Rozema 

the local environment This tactic has 

et al. 1985. Osmond et a(. 1987). The 



. . -high lmis of trace metais i n  b e h g ~ ~ ~ &  st~ctt~es- of S. -mneri- S. monmnusmay- 

be required 'to prevent thew elements from interfering with plant metabol&m and 
- - - - -- 

photosyn~esis - in shoots. - 
1 I 

Heathcote et al. (1987) demonstrated experimentally that flooding greatly incTeaSed the 

concentration of Fe and Mn in the root system of Cw~x JUCCCL Flooding also inaeased 

the transport of Mn but 'not Fe to shoots A comparison of Fe and Mn concentrations of 

the 4 sites sampled .at Sea bland based on a flooding regime are complicated by the 

.different soil textures and bulk densities. Middle marsh S. maritimus has the shortest 

flooding period but has the greatest silt and clay content aqd hence, the poorest drainage. a 

a 

It  was in this environment that the greatest Fe concentrations were measured in all 
e 

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

ruuctur& of high marsh S. mericanur, an &ivironment with a relative intermediate - f l d g  , 

period -but ,sandy soils that provide rapid drainage 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 m t e n t  of m h  macrophytes focussed on 
I 

aboveground and belowgrouild structures as whole compartments. I could not f i d  data in 

the literature on the nutritional content of individual plant structures. Only five ahd 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 indicative of the aboveground wapartment 

Some studies have distinguished betar& live and dead belowground tissues. Thus, 

comparisons with other studies are often restricted to these two large cx>mpartments. As well, 

the bulk of the nutrient data available is on N and P mncenmtidn and occassionally cations, 

with fewpata on uace merals. 

Ti& only publishld data on S. umericanur was provided by Boyd (1970) for a S. . w 
amencanus stand pong the shores of Par Pond near Aiken, South Carolina The maximum 

K qncentration *of 2.72% measured in mid-April was similar to that of high marsh S. . * ' 
. s;i" .. (2% *- 

cunericamrs az Sea Island (2.65% N) but much less €ban the maximum of 3.m iiieasured *- 

for live s4aots. in the low &rsh envirohent As well. Boyd (1970) measured a greater 

d&t in N concenmtions as, the shoots matured in Par Pond. Minimum nitzagen - - 

m&ntration was 0.83% N at Par Pond compared to 1.54% (low marsh) and 1.18% N (high 



marsh) at Sea Island Similar trends in P was found as with N. CP mncentration at Par 
- - -- --- -A 

/' 

&nd was 3-4 times that of Sea 1&d S. a m e r i c m  live 'shoots Maximum K at Par 

Pond-was greater than at SezcWand bw shoots in both iodons v l t -  ---'- - -  

concentrations at other times of the year. Mg concentrations during the growing 'season were 

similar between Par Pond A d *  Sea Island, but the spring b d  fall maximum were greatest at 

Sea Island. The maximum Na concentrations measured at Par Pond was 0.20% in mid-May. 

an order of magnitude less than minimum Na concentrations measure& at all times for live . - 
P 

shoots af i. amecicaw in- the intertidal 'marsh at Sea Island. 
d 

- 
Ewing (1982) provided some results on the nutrient content of S. americanur shoots 

from the Skagit ;nanh. An analysis of variance on his data found that low -marsh shoots 

had significantly hlgher N;-P and Mn concentrations than high marsh shoots (P 

Jhs is in agreement with the results of this study bui further .comparison af 'da 

study to Ewing (1982) is difficult because $e does not present any information on 

date., 

Although S. rnaritimus has a large biogeographical range and ecological amplitude, only 

Hall and Yesaki (unpublished manuscripf) 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 ~usquearn marsh, just 1 km north of Sea Island. Their mean 

.J 

monthly N values ranging from 3.15% in early May to 1.55% in ~ e ~ t e m b e r  were similar to 
* - 

the spring/fall measurements of 3.20% .and 1.372 N- in low &h S. maritimw and 3.30% 

and 1.26%. 1$- the middle marsh a t  Sea 1&d. .Hall and yesaki (unpublished manuscript) 

reported P concentration in live shoots as high as 0.54% in early June which exceeded thc 

highst value fo 0.46% measured for shoots in the, middle marsh in this study. Finally. 

their values bf 45% C throughout the gowing season were consistently higher than that 

measured in this study. Comparison of dead aboveground tiss e nutrient concentratioris 

between this study with that of Hall and Yesaki (unpublishe manuscript) found that they B' 
measured greater C concentrations but. similar N and P concentrations. . * 
; Hall and Yesaki (unpublished manuscript) distinguished between live and dead 

be~owground tissue and presented mean N, P and C concentfations of total belowground live 

tissue for July - September 1980 as 1.60%. 0.21% arid 45.84. respectively. These values are 
ii 

all higher than the axresponding values in #is study fol the same time of the year (low 
? 



marsh: la38 N, 0.12 % P, 38.998 C: middle -marsh : -LE% N,Q~~%~-QL%% -9.-ThL 
? 

is in large part a result of the poolhg of live and dead belowground'tissues in this study. 
- A' 

It may be that dead &ilowgiound tissie has very low m n a n t r a t i ~ ~ ~ ~ ~ t h & ~ ~ - ~ = ~ ~ -  
I 

~allagher and -plumley (1979) found that N. P, K and Zn concentrations of ~istich& spkuta 

in Delaware all decreased with depth. They attributed this pattern to the greater dea&'tissue 

at depth which would have N removed from the dying tissue by bacteria and K leached 

when the integrity of the membranes is lost as cells senesce. At Sea Island, this would be 
I 

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

  is mi et al. (1983) measured N &d P concentrations in Carex lyngbpi shoots on 

Woodward Island marsh, 10 south of Sea Island. They reported a maximum N 

concentration of about 2& (ash fi& dry weight) in May, which is iess thafi maximum N 

concentrations measured, for shoots from 3 1  four e m O i e n t s  in this study. P concentrations 

of C. lyngbyi was similar to high marsh, S. americaw and 13 marsh S. -timus but 

less tha; low marsh S. americluu~s and middle marsh S. w i t l m u s ,  the 2 environments with 

the @mt tissues containing the highest nuttient concentrations. C.  ' lyngbpi seed heads had 

5 and P concentrations Similar to seed heads in S. americanus and S. -timum ' 

Kisnitz et d (1983) also presented data on N and P a$urnulation in C. lyngbyei. 

The 'maximum N accumulation of about 10 g N m-I in C. iyngbyei exceeded the N 

accumulation of low marsh S. americanus, but was equivalent to high marsh S. americam 

and both S.  maritimus environments. Phosphorus accumulation in C. lyngbyei was half that 

of high marsh S. americanus and- both S. maritimus environments but equivalent to low 

marsh S. americanus P accqulation. Total belowground P . amida t ion  of C. lyngbyei was 

similar to S. americanus and S.  w i t imus .  C .  lyngbyei had N accumulation in belowground 
- - 

structures equivalent to low marsh S. americ- and S. rnaritihb but much less tban high 
? 

marsh S. americanvs and middle marsh S. w i t i m u r  - fistria el al. (1983) - 
C.  lyngbpi is a very imporrant component of the high nutrient value of the Fraser es 

I - 
and it appears that S. americanus 'and S. m - t i m u s  are equally as important .. 

in live shpots of 

Compared to the 

Zn concentrations. 

1) 

Carex lyngbyei, Saiicarnia virginicn, Juncus baiticus and Paen t la  k i j i c a  

Sea I h d  data, all of these s p i e s  had lower Cu ancentration but greater 

For Fe and Mn, S. virginicn and C. ly@bpi had greater 



P. ppcijca Dead I. bdticus had greater metal concentrations than live shoots, a similar , 

- - -- - L 

pattern to this study. 
. 

There 'is a plethora of data on the nutritional content of S. afternipwa and a wide 

range of valies have been presented with no consistent trends This is 'in large part a 

result of the dif%ulties involved in sampling all plant structures as live and dead, esp&ially 

belowgjiound, and hence, nutrient .movement between plant structures is often dificult to 

d e t e r m i n ~  As well, the large ecological amplitude of S. ufternipora would result in a la.gey 
- 

va4riation in nutrient content T h e  wide range of nutrient values measured between and 
- 

within spe,cies at Sea Island and the variation in S. afternifIora preclude any detailed 

comparisons. Some general comments on seasonal 'and spatial variation of nutrient - - 
concentration and accumulation are presented below. . 

\ r  -' 

Drifmeyer and Redd (1981) measured Mn, Fe, Cu and Zn concentrations ~n S.  
a 

aZterd$ora in 6 locations in the Yo& River (Virginia), and in 16 Atlantic coastal marshes. 
4 , 

They found 9 f i c a n t  differences in all elements along a salinity gradient of the York River 

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 wi* - 
I -  b 

latitude. As in this study, dead shoots had higher concentrations of metals than live shops. 
- - <-- -- 

s- 

Other variables, such as soil nitrogen, nray be correlated ~ i t h  plant nutrient content 
" * 

Compared to the Sea Island sedges, S. afterflora had sigilar Fe and Zn concentration 

for both live' and dead shoots. Mn concentration of live S. afterniflwa is equal to S.  , -. 3 

muritimus but much less than S. americanus. Only deaa shoots in low S. arnericanlw ,had ' 

Mn concentrations greater than S. dterniflwa The lowest Cu concentrations at Sea' Island 
-T- - . .e 

I 
were measured in low S. maritimus and these were equivalent to S. afternijloru Dead 

w;.hoots of S. arneiicanus and S. mbitirqus had Cu concentrations that were much higher than 

measured in S. alternijlwq 

Gallagher et a f .  (1980) presented concentratick and accumulation data of several 
' 

numents for hncus roemerianus and creekbank and high marsh S. dternijloic~ in Georgia. 
- 

*% 

Their values of maximum N, P and K in early spring were much lower than those of S. 
% 

americantts and S.  rnaritimur and did not have as large a seasonal variation. as measured in 

Vancouver. This may be a -result of the fact that the year long growing season in Georgia 
0 



- results in the 

ancentra tions 

- .  

- 

constant p e n c e  of photmynthetic tissue:,v;,4 a' nutrient content as 

deciduous habit that requires a large initial investment for new growth. 

or Ca and Mg were equivalent between this &dy m d  the one ofGdiagha - -- 

ef al. (1980). there was little seasonal change in Ca and Mg concentrations and they were 
4 

equivalent in the two regions. The pattern of Mn in Georgia of summer minimum and 

inereasin; in fil! was similar to that of S. americanus but' S. americanus had twiceme Mn 
-. , concentration of S. alternijwa and I. roemeriama. S. murithms k concentrations were 

. .  
'lower than those measured in the Georgia marsh p1;dts. 

Accumulation patterns and levels were different than concenkation. Nitrogen 

accumulation in photosynthetic tissue of S. amencanus ind S. w i t i m u s  exceeded the short 

f o k  S. oherniijorro. Tall form S .  ,after!nijwa had N accumulation levels of about 13 g m-' 

(Gallagher et af. 1980) which -.was equivalent to S. w i t i m u s  (12 g N m-2). the highest 
- 

measured at Sea Island Maximum .P accumulation in S. americanus and S. w i t i m u s  was 

equivalent to short form S. alterMJwa but only 20% of that measured in I. roemerianus and 

tall form S. alternijlura The Ca accumulation in S. americanus and S. maritimus of only 1 

g m-? was much less than either height form 

and tall form, respectively) and of Jlrm (10 

measured maximum accumulation in August of 

frrncus but 4-5 g rn-2 in tidl S. alternij'hra 

americanus and eS. maritimus was measured in - 

Georgia. W K  accumulation levels of 8-10 

of S. alternij•÷ora (5 and >20 g rn-l for shor 

g m-2). For Mg, Gallagher et al. (1980) 

about 1 g m-2 for short S. alterniJm and - 
- 

The maximum Mg a&dation in S. ' 
- 

2 late summer and was intermediate to that of 

g m-2 measured in low S. americanus and 

both S.  w i t i m u s  environments was slightly less than the maxim.um of 15 g m-2 in tall S. 

dternijwa and l n c u  Potassim accumulation in high marsh S. americam (20 g K m-') * 

exceeded all of these values. accumulation in Jlrncus was three times that of S. 

americanus and S. maritimus. Low marsh S. americanus had equivalent maximum to tall S. 

afternijwa, with a maximum of 0.1 g Mn m-*. Short form S. dternipwa had maximum of 

0.05 p Mn m-', as did high marsh S. americanus and S. wi t imus .  

Few studies have undertaken nument analysis of structures. Those that . 

have are restricted by ,two flaws; the pooling of different belowground structures or the long 

interval between analyses To co-inpensate for such different sampling schemes, - comparisons 

were made on mean annual concentrations of various nutrients. 



.De la CN and* Hackney (1975) found no  significant differences L N , J - a n &  L - - o  -- 

concentration of tot& belowground materials with depth in a Mississippi hncus roemerianus 

marsh. I calculated mean &mud concentration for the four deptks they sampTed fa-0.4- m) 

of 0.76% .N, 0.16% P and 5.75% H.  heir N and P v a l h  were less than S.  mericonur 
n - - 

and S. muritimus roots and rhizomes, especially the P levels, while H concentration wasa 

within the range of values presented in this study. They found that ioots had higher N 

and P concentrations compared to rhizomes. At Sea Island, rhhomes of S. umericanus >had 

greater N and P concentrations than roots but roots of S. w i t i m u s  had greater or 

equivalent concentrations of N and P to rhizomes and corms. 

Gallagher and Plumley (1979) measured the mineral composition of belowground 

rnacro-organic matter in a stand of Distichlis spicata in belaware I n  'February, June and 

November. Peak N comntration *was in June (1.25% N) which was within the range of 

values measured at Sea Island but the P levels measured ~n D. spicata were much less than 

S. americanus and S. m a n ' t i w  Potassium concentrations of D. spmta was similar to roots 

of S. americanus and all belowground struchnes of S. matit~rnus but was much lower than 

the K concentrations of SY arnericanus rhizomes. By contrast, S.  americanus ,roots had much 

higher Ca concennations than D. spicata, but all other structures of S.  amerrcanus and S.  

-timur had Ca conceneations eqNvalent to D. spicmo Mg concenuations were all similar 

betwgen S. americanus, S. maritimus and D. spicata For trace metals. GaUagher 'and 

Plumley (1979) reported Mn and Cu concentrations in D: spicata that were very low i n  

comparison to S. americami and S. maritrmus, especially the roots. Zn concenuahons were 

equivalent in all species and belowpound structures. 

Hopkinson and Schubauer (1984) provide one of the few studies thar analyzed llvc 
I 

belowgound structures sepmtely from dead. They found that the mean annual N 

concentration of live roots in S. afterniJwc1 in Georgia was 0.5&0.04% N compared to * 

0.4&0.09% N in live rhizomer Both of these values are less than the 5 concenuauons 

rdeasti~ed for S. umericnnus and S. marithaus at Sea Island The requikrnenr u, .product 

nen shoos quickl) in spring in the temperate environment of Sea. Island may require a high 

nument reserve to mobilize nutrients to aboveground structures much quicker than would, be 

accomplished if the numeats had to bk taken up from . the' soil. Also, the soils at Sea 
2 

Idand have very low n iww - concentrations and it may be necessary for plan& to store 



from the locd nitrogen and not iky on 
(1984) &8- not measure dead belowgrolmd , tissue and a comparison cannot be made of thus 

the N content of jive and dead tissues. 



PART E '  . *  .. 

. RECIPROCAL I ~ L D  TRANSPLANT EXPERIMENT 

- 



- - - - - - - - - -- - 

INTRODUCTTON 

Variation in morphology or allmtion patterns may reflect modification by the habitat 

If there is little habitat modification of-morphology ot #location patterns, it indicates that 

thtse characters may be genetically controlled. The 'transplant experiments of Turesson 

I demonsuated genetic variation m n g  plant populations on a scale of kilometers to hundreds 

of kilometers and he argued, on the basis of functional design, that this variation was 

adaptive (Waser and Price 1985). Bradshaw (1959) found intraspecific differentiation over 

much shoner distances (several me&; in Britain) and Wasel and Price (1985) found 

fine-scale adaptation (1 m) in Colorado populations of the perennial herb Delphinium nelsonii. 
e 

The results of Part C demonstrated that there is variation in biomass allocation in S. 

americanw and S. w i t i m u f  over a distance of 100 m &d amhs an elevation gradient of 
9 

0.50 m. High marsh S.  americanrrs had' greater stem densities and greater above- and 

belowground biomass. Stem densities in S. muritimus were greatest in the low marsh but 

these shqots were smaller than .those, in. middle m h  and hence, had lower .biomass. Is 

this variation genetically- fixed or does it reflect plastic responses to environmental influences? 

In order to answer this question, shoot density and biomass were measured for S. americantcs 

and - S. muritimvr in a reciprocal field transplant experiment Belowground biomass was alsb 

measied to ensure that any apparent differences were not the result of variation in 

belowground biomass reserves. 



METHODS AND MATERIALS 

Reciprocal plantings between high and low ma.nh sites (S. americanus) and between 

high, middle and low marsh sites (S. maritimus) were set out in the spring of 1986. For 

S. maritimus, the three sites selected included the sites used in the biomass study"1ow and 

middle) and the true upper elevation 'limit A- binomial notation is used to label transplants. 

The fmt  letter denotes the donor site, and the second letter the site of transplantation. The 

natural population is d txe td  by a single letter. 1 M, and H represent low. middle and 

high, respectively. All treatments and controls consisted of 10 cores. 0.10 m in diameter and 

0.20 m in depth, p.lanted in 2 x 5 rows with soil from the local environment placed 

between pots. Cork were placed in plastic pots 0.155 m in diameter. the, exua 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 wilh the 

local population, the results were converted to g m-'. Since there was room for root and 

rhizome growth, pot diameter, rather than core diameter was used as a c~nversion factor: 

Soil cores with emerging shoots were taken on March 29 (S. americanus) and March 

30 (S .  maritjmus) and transplanted to new sites or in situ to serve as controls. S. 

arnericanus was harvested on Aug 2, 1986 and S. maritimw the following d a y  providing each 

species with 126 growing days but' variable exposure to sunlight (Table 8). The number of 

live shoots and flowers were counted, shoot height measured and dry weight of shoots and 

flowers measured for each pot Belowground p l p  tissue was washed, separated into roots. 

rhizomes and corms and weighed. .All plant material was oven dried at 65-75OC for 72 

hours. Biomass results are presented as a proportion of rhizome or corm biomass to account 

for variations in belowpound biomass between cores and environments. ) 

Significant differences between treatments were determined by a one-way analysis of' 

variance and Student-Newmp-Keul's multiple range test (a = 0.05) (UBC ANOVAK, Greig 

and Osterlin 1978). 



Tablc 8. Exposurc hours-of transplan@ sites. 

Sj te 

S. arnericanus 

Total Exposure Hours % Exposure 

low marsh 

high marsh 

S. rnarifirnus 

low marsh 

middle ' marsh 

high marsh 



RESULTS 

Com~arison of ' t r m l m t s  to local mulation 

Shoot growth of all transplants lagged behind the local populations (Figure 49). Based 

on this observation, transplants were not harvested until one month after maximum shoot 

biomass of the natursel populations. Furthermore. shoot density h d  biomass (live aboveground 

and total belowground) were less for transplants than the local population at harvest (Figures 

50, 51). c 

For S. umericanus, the tra6splants had about half the biomass of the local population 

(Figure 51). An exception was root biomass of low marsh transplants which was equivalent 

to the biomass of the low marsh population. Similarly. stem number was much less In 

. transplants than the local population, and no shoots in the LL treatment flowered compared 

to 47% of the natural low mrysh residents. 

For several plant suuctures of S. maritimus, there was no significant difference between 

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. maritimtcs in L &d M marsh environmenrs were greater than in 

LL and MM, rtspectively, but were equivalent between H and HH (Figure 52). 

~bo\;eground biomass' of the natural ation was greater than transplants in all 

environments. HH and H had the stem densities but greatest biomass and hence. the 

largest shoots. Again, a similar trend of increasing aboveground biomass with increasing 

elevation was evident 

Sin& biomass of all potted plants was significantly less than the local population, this 

indicates that- there was suppression of growth due to excavation and replanting or that the 

plants were root bound, There was evidence ,of .roots and rhizomes filling the pots, the 

rhizomks in some pots growing completely around the perimeter. All comparibns were made 

to control treatments and it is assumed that plants in all pots received equivalent "uansplant 

shock". 



 re 49. Photograph of low marsh S. &neribtznrrr showing that they lagged heed the 
natural population in shoat growth (June 3. 1986). 



POPULATION TRANSPLANTS 

density (ax) and mean flbwering frequency of S. aqericanw transplank 
iwl .~o~ula t ion .  

Figure 50. Sh~wt 
comared to u,e 
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Figure 51. Aboveground and belowground biomass of S.  americanus transplants compared to 
the local populatiofi (Sse) .  



TRANSPLANT POPULATION 

Figure 52. Shoot density and biomass of S. maritirnus transplants compared to the local 
population (2se) .  ? 

L 



Population ' lransplants 
.. b 

'Figure 53. Belowground biomass (Sse)  of S.  rnurilimus tranplants compared to t$e local 
population. 
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'T~i i l l~~lanB Q $. arneric -- 
- - - -- 

There were significant differences in mt and rhizome bw-.k+-& - 

transplants (Figure 54). LH showed a dwease in root biomass but 30 significant difference - 

L 
in r k o r n e  biomass Tbere were significant increases in root d rhizome biomass i n  H L  "g 
Assuming that all cores taken from one environment began the A s o n  with the m e  

belowground biomass reserves, an increase in root or rhizome biomass may represent the 

growth of new tissue in'%epnse to locating in a new environment 
- 

There was no significant difference in stem 'density betwetn LL and LH .but stem 

number of HL was significantly 

c&verted to stem number per 

higher than HH and LL (Figure 55a). When the data we& 
0 

uilit weight of '-rhizome, -these differences disappeared (Figure 

55b). Stem number of -LEI was intermediate of LL and HH and the higher mean stem 

number per gram rhizome of HL was not significantly different from HH. Neither LL or 

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

There were significant differences in mean stem weight pkr gram rhizome (Figure 55d). 
' 

W e n  low marsh plants were moved to the high marsh, more stem biomass was psoduced 

per w i t  rhizome. Conversely, high marsh plank showed a decrease in stem biomass when 

moved to the low w h .  Both HL and LH represent intermediates to 'LL and HH. HH 
- 

rhizomes produced 1 g aboveground for every gram of rhizome compared to M' g in LL -- 

(Figure 55d). 

I 

Stems produced from LH rhizomes were similar in mass to high marsh controls (Figure 
& 

55). The stem weight of HL was significantly less from HH but not LL. Thus, HL put 

out more shoots but they were smaller. 
I 

Height distribution varied greatly between the 4 sets of transplants (kgure 56) as did 

mean shoot height  k able 9). There was no difference in shoot height between Lb and LH 

whereas HL shoots were shorter than HH. All 4 sets of transplants had similar height 

frequency distributions (Figure 56). - 



~ i g y r ' c  54. Root and rhizomc biomass of S. americanus transplants @kse). 
1 



TREATMENT TREATMENT 
Figure 55. Shoot number and shcmr. weight of S. arnerlcanu transplanLs presented as ni and 
sundardized on a g-I rhizome b a s s  (ikse). 
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Figure 56. Heighl distribution of S. arnericanus transplants. 



Table 9. Shoot height of transplants (n=tml shoots in 10 pots, &se). 

. - d 

- a .  

L 
- - Species - 

--? 
Treatment n Hciph: (cm) 

S. arnericanus . --? LL 53 53 (3) 

S. rnaritimw 

MI, 66 



(Figure 57): There was no signi3cant difference in rhizome biomass b e k n  any treatments 

of S. w i t i m u s .  Middle and high maish plants had a greater live corm biomass than those 
v of the' low marsh. 

There were clear differences in corm number between environments and in the case of - 
= the low marsh, within environment LH had the ewest corms and the lowest corm weight 

(Figure 58). Cores of the LL and L.M treatments had a similar number of corms to HH - -  

and HL but were lw rhan half the mass of the HH and HL corms. The middle marsh 

had the greatest number of corms of the three environments but a similar total biomass to 
1 .  

those in the low marsh. Overall. corm number and mean corm weight was not significantly 
* 

different .between treatments f roa  the same native e'nvironment Only LH had corm number 
i 

significantly different from the other treatments taken in the same native environment (Figure 
4 

58). Aboveground measurements of S. w i t i m u r  transplants were standardized on corm 

nunibkr and weight 

Stem number of low marsh cores decteased when ,moved' to higher elevations (Figure 

59). By contrast, stem numbers increased when moved' from middle or high marsh 

environments to low marsh. When shoot, number was 'standa~dized with corm number, it was 

evident that no cores prduced a 1:l shoot:corm ratio indicating that not all corms produced 

a shoot (Figure 59). As will, in no instance was shoot number of a treatment significantly 

different from its control. HL prduced more shoots per corm than .LL or ML As a 

final comparison, shoot number was presented for a unit weight of live corm (Figure 59). 

There were no sigriificant differences between any controls and ueatments. 
i 

5 

There were no sigmfiant differences in mein sh&t weight between ueatments from the 

lob marsh (Figure 60). Shoot weight of ML and HL was significantly less than shoots in 

hexr respective native environments. Furthermore, mean shoot weight of ML- and HL was 

not ~gnificantly differenct than LL There were no, significant differences in stem wei& per 

unit weight corn (Figure 60). 

. < 

The height dlsmbution for the S. maritirw treatmenrs is presented in Figure 61. The 
, ' frequency disqibutions of low marsh cores were smilar for all 3 treatments. In the c& of 



Treatment 
Figure 57. Bciowgrountl biomass of 5. r&ririrnus transplants (Gse). 



Treatment 
Figure 58. Mean corm number and weight of S. maririrnus transplants (Sse). 



L H ,  MM 
' Treatment 

Figure 59. S ~ e m  number per pot per corm and per gram corm of S .  marlt?mu~ transplan~5 
(Qse) .  - > 



LM LH MM ML HH 
Treatment 

Fqwc I&. Mcan stem wugbr and slem wctght per gram corm in S. mizririmtts ~msph~ts  
(i.? SC). 



k 

the middle and high marsh ares, their height distribution shifted towards the short height 
-. - _i - - 

classes when moved to the low marsh. These pends are evident when examining mean 

s W  height (Table 9). Me;tn shoot height of k+w eem was &. W. IM& fit - 

u' 

bad similar shoot heights to that of LL and. these were much smaller than their controls. 



- - - - - - -- - - - - -- --- 
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The reciprocal transplant experiments suggest that the morphological differences measured 

.for S. arnericanus and S. muritimus are not genetically fixed. Plants moved into new 

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

-.b 

% that these plants respond plastically to their environment. There .can be considerable 

interelationships between the plasticitia of diTferent characters; plasiticity of one -character can 

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

be considered in terms of the plastiaty of individual characters (Bradshaw 1965); In this 

study, plasticity was measured for shoot height density, weight and flowering frequency. 

The ecophenic variation in S. amen'caw and S. maritimus is parallel to results 

repOrted by other aurhoxs for other marsh species. It is now established that the height 

forms of $. dterniflwa are under edvironrnenral infl;ence (Shea e i  d .  1975. Valiela et d. 
/ 

(1985) found that cespitw, Distichlis spicata, 

-cmnosa, and all demonstrated morphomeuie 

plasticity. Smythe (1987) found that only seed germination time was genetically fixed 

(emtypic) in populations of C. lyngbyei from thre; Pacific" Northwest marshes with different 

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

S.  americanus cores from the high marsh moved into the low marsh responded with 

increased root and rhizomes production. Cores moved from the low - marsh t~ the high 

marsh, showed a decrease in root b i o q s  and no change in rhizome biomass. This 
\ ?  

' 

arnforms with the hypothesis of high root:shoot0 ratios in harsh environments and may be a 

response of moving fiom the messed low m a n h  environment (long indundation period). where 

high root:shoot ratios are required, to the high marsh environment where high root 

production is not necessary. This nterpretation is supported by the transplants using high 

m h  as donor. This trend of high root:shoot ratios in low elevation environmenw 

measured for the tr&splant experiment canuadicts the findings of the field survey (Pan C). 
m 

This pattern assumes that dl pots exmxeb from the same envirowrtent mmkeci tke same 

amount of belowground biomaSs at the start of the field experiment This assumnption 

canno: be confumed and it may be that mean belowground biomass was not equivalent 

between treatments when these cores were taken The difference m e a s ~ e d  at the end of 



7- 

'Q-the experiment therefore, may he an artifad- of theoriginal differences. - -  

S. w i t i m u s  soii cores (rhizomes and corms) moved from low to high environments 
- - - - -- 

showed increased aboveground biomass producti6n. Conversely, plants moved from high to 
- 

low environments r v n d e d  with the prdiuction of more shoots but they were smaller in 

height and thus. biomass. This growtb pattern is similar to -that found in the field survey 

(Part C). fin the high marsh, the maintenance of an erect form is important to prevent 

shading from *neighbowing shoots. particularly in high marsh S. maritimw environments, 

where tall shoots have broad leaves. In the low marsh, low shoot density allows space for 

many shoots because of greater availability of light during tidal trcposure but the long tidal 

indundation period inhibits shmt elongation. 

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

pbts did not produce sh& This my Be Xue either to 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 donor sites (HH,HL) were live . 
compared to less than 3096 of corms with low marsh donor (LL,LM,LH) (Table 10). 

'2" 

1 

In S. witirnus treatments there was no significant difference between the transplants 

harvested from the low and Addle marsh suggesting that the elevation difference between 

these two sites was insufficient to produce variation In fact, the variable micxotopography 

these envirohmene meant that many of the samples from the low and middle 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 thkse differences disappeared 

when aboveground data were ?resented in terms of weight per unit rhizome (S. merieonur) 
4 

or corm weight (S. muritimus). This demonstrates the importance of measuring belowground 

biomass when conducting transplant experiments using a vegetative propagation technique. 

The field survey in Part D demonsnated that there were significant differences in the 
t 

nutritional content of belowground structures from different envkinrnents. This was especially 

pronounced in S. muririmus where middle mkrsh plants had greater' belowground nutrient Ti 

reserves when compared to low marsh 

one p e g  season, these belowground 
& 

plants. ' In a field 

reserves may mask 

tran@-ht experiment conducted in 

any  potential influen& of the 



Table 10. Proportion of live to dead corm biomass for S. marititnus tTansplanls (Ertsc). Values 
represent biomass per pot 

Treatment Live (g) Dead (g) 'f;, Live 

LL 3.14 (0.49) 8.71 (0.81) 26 

q- I 

LM 3.29 (0.53) 8.46 (0.80) , 28 



S 

environrnerit The trends observed in this transplant experiment were similar to %at 

* , measured in the field, !&@Sting that ciiAhg33 i n p = t  1 B ~ & 5 5 o g y w e f F p ' i ?  caused by 

the local environment and not belowground nutrient reserves. Ii wodd be &ful to analyse 
- - - -1 - - _ 

the belowground structures of the tranqhants to determiie if there were.\~ignificant difference 

in the nutrition of the plants used in the tranplant experiment 
L: 

Variation in plant morphollogy may be a response to soil conditions in the pot and 

not the local environment For S. americanus, the soil characteristics were equivalent 

between high and low marsh .environments, eliminating this. concern. Although the nitrogen ' .  
status of high, rnarsh S. wi t imus  soils is not known, soils from the middle marsh of S. 

LA 

rnaritimrcs had much higher nitrogen levels when cum@ed to the low marsh (Part B). 
w 

4 I 
Thus, plants taken from th'e middle marsh and moved i n k  the low &h may be at an 

- 

I .  

advantage because of greater soil nitrogen. It is not known how qllickly these soils wodd 

- transform to a sram equivalent to the, local environment S e w  (year) ' conducted a 

reciprocal 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 an4 foreign soils had equivalent nutrient 

concentrations. The influence of varying belowground nutrient reserves within the plant, 

differences in soil nutrient status and potential effects of transplant shock can be eliminated 

by conducting a transplant experiment fore more than one growing season. 
\ 

1 conclude that there is ecophenic variation in S. americanus and S.  rnaritimus. From 

the data on growth rates of the natural populations, substantial exposure was determined to 
, 

be the do&ant environmental influence (Part C). There should be selection for higher 
I 

growth rates i;l the low garsh environment to a v e r c o m e ~ ~ ~ l o n g e r s ~ ~ - - I t  

' a p p k  as though piants in all environments havetattained maximum growth rates or that .- 
growth rate is genetically fixed It may be, however, that low marsh S. americanus and S. 

wi t imus  haie higher growth rates but these rates are reduced to a rate equivalent to their 

high rnarsh counterparts by the slightly higher salinities in the low marsh environments. 
6 -  

Some preliminary data on growth rates of transplants is presented in Table 11. High m h  

there was no change in p w t h  rate with ielodation into a new environment For S. 

$-J 
maritimur, only LH did not perform as well as the local plants. This may be a result of 





shading from surrounding plants that began growing before the low marsh foreignusbegani- 
3 

shoot el~gation. There are no studies in the iiterature that suggested exposure r ime as the 

primary cause of variation in morphology of marsh plants. Thus, no c~mparison of growth 
- 

h 

rates can S made. - 



PART F 

CONCLUSIONS 



I amdude that there is population differentiation in S. americanus and S. -firnus 
- - - - - --- - 

and it is not genetically fixed. The variation measured in shoot h@f density and total 

biomass is ecophenic, primarily under the influence of the local envirwnment The data + on 

growth rates suggests rhat exposure time to daylight is the dominant environmental variable 
6 * 

influencing plant morphology. Eilers (1975) and Jefferson (1975) determined exposure time 

for a growing season or monthly intend and related this measure to changes in plant 

community commition and mmmmity location. No studies in the literature have proposed 

daily exposure time to daylight as the primary cause of variation in growth ,and morphology 

of marsh plants, yet it is perhaps the dominant factor in all intertidal enhrohments. Other 

environrnend variables that were deemed important include interstitial ,salinity in S. 

americanus stands and soil nutrient status in S. maritirnus. Both high salinity and low soil 

fertility appear to retard plant growth at the low elevation points of h e  two species. Thus, ' 

the two populations of S. americanus and S. wi t i rnus  sampled at Sea Island repiesent a 

generalist genotype with plasticity for these chtiracters. 

Variation in nutrient conte; was also measured for plants at different points of an 

r elevation gradient, but it was not determined -if this variation is primarily under genetic 

environmental contrd. It appears, however, to be under environmental contTol in 
/ 

changes in biomass production. In S. ameri~anus~ environments, the factors that resulted in - 
greater biomass production in the high marsh lead to lower nutrient concentrations bemuse of 

I L 

* 

dilutim of current stored reserves, In S. maritimus, although the middle marsh plants had 

greater 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 

environment Nutrient accumulations in plant tissues was greatest in high marsh S. 
'I 

amerlcanus and middle marsh S. maritimur Nutrient analysis OQ the plant material from 

the reciprocal transplant experiment would be a first step in deriGg the cause of 

intraspecific variation in these species. 

Exposure time is the driving fdrce a continuous positive feedback cycle producing 

greater plant biomass in environments with high exposure rimes. Plants in high marsh 

mvimmems with greater exposure time have greater time for photosynfiesis add' to 

accumulate aboveground biomass. With greater aboveground biomass accumulated ~ during the 

year, more resource can be r&allocated belowground at the end of the growing wason; this 



L I 

leads to increased be low ground^ reserves. The following year. plants in ?.he high, marsh have 
- - - -- -- - -- - -- - 

greater belowgrougd resew$ tb allocate to aboveground growth and a longer exposure time 
-4 

€0 otlce agaift accnnrulste @vegmd b&. After s+vmaf grewing !xwx& €kit high 
" "&h will accumulate much more belowground biomass than the low marsh and bence. 

greater aboveground biomass 6 

&isticity in morphology is not a new phenomenon in plants. Bradshaw (1965) noted 
* 

that adaptation by plasticity is a widespread and important phenomenon in plants that has 

been- evolved differently in different species. Does the variation measured for S .  amerrcanus 

and S. maritimus represent various tactia pursued by the same genotype? IMTercnces in b e  
2 

investment of biomass and nutrients to different plant structures both within and berween 

species indicate the employment of different tactics. Plants at t&J~!uelevations made 

greater relative investments of biomass and nutrients into shoots at the time of maximum 

shoot biomass aqd nutrient accumulation. This tactic is. in part, a response to tidal 

inundation. A larger proportion of the nutrient pool is reqqred in shools to muntain plant 

physiological processes under sness and, in the S. w i t ~ m u s  environments, low soil feruhty. 

There may be a relauonship to the minimum amount of photosynthetic tissue required to 

maintain plant growth with a reduced photoperiod and under more stressed conditions. 

Furthermore, increased plant leaching and the subsequent loss of dissolved substances at low 

-elevations may result in these piants continuously "pumpingw nuuients into s b t s .  As a 
t 

r e s u l ~  plants at low ievations invest a greater proportion of nutrients into shook,. 

a No statistical analyses were undertaken to determine if biomass allmtion 1s a good . 
determinant of nutrient allmtion. The trends in biomass allocation of S. amencanu, and S .  

maritimus were similar to that of nutrient allocation; plants in low elevations invested a 

greater proportion of their biomass and total tissue nument 'pool to' shoots. Thus, lor S .  

amer icaw and S, w i t i m u s ,  biomass allocation appears to be a predictor of nuuicnt 

alhation. b 4 
?' 
h 

Hickman and PiteIka (1975) found that dry weigh( is related ro nurrieni or energy 

allocation in plants with primarily carbohydrate reserves. . Lytle and Hull (1980a, 1980b, 

1980c) presented evidence that marsh such as *Spurfrm dterniflwa conrain carbohydrate 

reserves in belowground strucnues. Their* studies demonstrated that mature culms of tall 

S w i m  dterMflwa stands supplied photosynthate for grain production and for carbohydrate 
. 

, 



and Hull 1980a). Until vegetative shoots became energetically independent -etime in June 

(Lytle and Hull L980b). carbohydrates in the rhizome supplied carbon for stnrctural 
, * 

development (Lytle and Hull 1980~). Between August and October, the soluble &hydrate 

-content of rhziome increased sharply in tall stands of S p @ a  dterniflwa but did not 

increase in short-form until mid-October. the time of senescence (Lytle and Hull 1980~). 

Kistritz et al. (1983) suggested a cycle of carbohydrate mobilization between 'rmfs,' rhizomes 
7 

A d  shoots of Curex l y n g b p i  based on athe rffults bf other 'spldies which found such a 

carbohydrate cycle h plants' growing in environments with short -growing periods, rapid &wth 

rates and overall adverse environmental conditions. These conditions are found in S. i 

' .  

amer~canus md S. rnaritimus environments suggesthg that these sedges, like ~ ~ i n a  

nlrrmniflwa and Carex lyngbyei. have large &bbhydrate reserves. This would '8upport 
i 

the notion that biomass allocation is eql_livalent to nutrient allocation. 

I t  is intriguing to speculate on the absence of genetic divergence in S. apzericam and 

S. mariitirnur. ' Two points can be made about the Baits examined FirsL a sinall number 
B 1 

of traits were studied and thus conclusions can only be drawn about these specific traits. It 
I 

may be that several naits not studied here are in fact gen&(.tically fixed. Secondly, it may 
I L 

be that the traits under examination were not heritable. 

There may be abundant gene flow between populations which prevents genetic ' 

dwergence. Gene flow can be estimated by the amount of sexual reproduction' taking place 

a and in the environments of Sea Island, the adsence of seedlings%@ests low gene flow and 

rare 'esrablishment through sexual reproduction The low effort measured for sexual 

reproduction in these species may be another indication of very little gene' flow. Long lived 

plants in intertidal environments that are capable of vegetative reproduction do not require 

sexual reproduction to maintain -the population This small investment into sexual 
\ 

, -. reproduction, therefqre, representi the production of acheqes for the possible colonization' of 
* 

- new rxgsh environments at$ arbdpcssiiblv for small additions to the gene pool. It 1s not 

-knou% howevdr, if th& rpeoes are obigate out-crossers and they bay h v e  fie-Xapadty to 
i t7 - produce achenes. without externat fe'hilization. While this would prpduce seedlings, it would 

- not change the &ne pool. , Funhermore. -the populati?~, sampled may be the product of a 

common gene 'pool that ha- dot diver*ed appreciably in the -absence of sucasful 
.* , _ i.% I 

< 



acting h the !%a .Island environment or species may be selected for fle~bility of morphology. . 
.- 

I propose the following sceriario as an explanation of phenotypic variation in S. 
\ 

americmiw *\and S. mq.ritimux3- ~istodcal  aenal of this study site indicate that 

, these 'clones were not .pr&dt some 25 years ago. and hence. they are young clones. 
1 

Sediment ac&etion builds up the rnarsb, platform and these plants colonize and expand into , -- 
the new environments leading to more rapid sediment accretion. Plants in the high marsh 

8, - 

provide seed os rhizomes for the- colonization of the low mar& and - . 
vegetative reproduction allows for complete dorninkce of these newly 

Although S. rnaritimus is not a colonizer of new environments, it, is 

sediments. The S. maritirnus environment is homogeneous with only 

that can withstand anoxic conditions 

biomass and nutrient contmt of the 

I , .= ample time for genetic divergence. 

once established prolific 

formed environments 

found only in anoxic 

,eleiation and roil 

plant biomass. Thus, there is  selection for a gcnotypc 
, . 

and, exposure and soil nimgen determine the heigh~. 

plants in a particular environment - .  There has nor k e n  

- ,A $-e & for future study is to determine if variation in nutrient allmuon IS 

.a,5 \ 

, upder enviromrntal o r  genetic control, or both. ' Second, it should be determmed I I  any 
3 .  

.-, varjation is enxlinal. The naits e h n e d  can be ex'pqded to mclude physiol&ical 
d 

. r' 2 . 
.i . '~h~pcteristics (e.g aerenchymiiious tissue) and gel electrophoresis should be undertaken to 

* 

,determine f i e  level of genetic vadation 

At the m y s t e m  level, future studies should on numen1 pathways berwcen thc 

rL marsh and estuary. It appears d a t  although a' of nitrogen and peihaps other1 - 

elements in aboveground stems are' redlocated to belowgropnd smctures durlng senekence. 
', . 

dl four envirpnments, lose nutrients through senescence ' A d  tidal expon of aboveground shoob 
* .  * 

and the loss ~f'belowground biomass to grubbing geese. Presen.Lly the Sate of this material 

&mot 'be determined Some 'of the plant fnaterial .may decompose tn ,  sltu, thereby providing 

nurrients to local plants. .ix it may 'be exported u, h e  estuary primarily as dirsolyed merial .  

This stud\ can be skceeded by a study that eluci+tes* the direction and magniiude of these 
a 

pathways. ' 
- ,  
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