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REPORT SUMMARY

The Kirkpatrick high marsh consists of a sinple assemblage of
species well suited for research inta the effects of elevated
atnospheric C02Z2 on natural ecosystens. Three plant connﬁnities have
been selected for the placement of open top chambers for purposes of

raising atmospheric €02 concentrations and measuring net ecosystemn C02

‘exchange and photosynthesis. These comnunities contain only three

species: Spartina patens (C4), Scirpus olneyi (€3>, and Distichlis

spicata <(C4>.

Detailed wvegetational studies were carried out in the stﬁdQ area.
forty—five experimental sites were selected within the three
comnmunities and characterized for biomass, species composition, stem
density and leaf area. Standing live biomass was relatively uniforea

across comnmunities although the Spartina community had significantly

less leaf area than did the Scirpus comaunity. Below ground biomass
appeared uniform betueen these two communities. A vegetation map was

constructed for the study area and surrounding high marsh.

i
Previous ecolgoical and climatological work conducted on

Kirkpatrick high marsh was also revieuwed. The high marsh is only

irregularly flooded and sedimentation and nutrient exchange rates are

-
&

lower than those of the adjacent louw narsh. Heasuremnents o% standing

live biomass in the study sites agree with previocus estimates of

biomass.

élant "and soil uwater relations within the eéxperimental sites were



exanined. The Spartina community was found to be about & cm higher in

elevation than the Scirpus conmmunity with the nixed comnunity being
intermediate in elevation. Interstitial water salinity abouve 15 cwm
was uniforn across comnunities. Salinity declined with increasing

s0il depth and at a depth of one neter the Scirpus coemunity was about
three ppt less saline than the Spartina comnunity. These differences
uvere reflected in the predawn plant water potentials where Scirpus had

on average higher water potentials than did Spartina.
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I INTROOUCTION

The projected increase in ambient CO0Z2 concentration during the
next century could have profound effects on plant productivity and
therefore on the ecosysten dynamics dependent on production (Oechel
and Strain, 1385). Bazzaz et al. (1985) evaluated the uncertaintﬁ.in
predicting effects of increased C024on certain aspects of ecosvstém
and co&nunitv level processes. They concluded the current evidence
supports the view that: a. biomass will increase, b. community
composition will change, c. €49 species will compete less well than C3

species, d. the stimulation of vegetative grouwth will (esult in

increased reproductive output.

There are several problems with applying these predictions to
natural ecosystemns. One, is that long—-tera field tests of the effécts
of increased C02 on vegetation in situ are lacking. This is largé;v a
result of the cost and difficulty of conducting experimental studies
in the field. In addition, in generating test atmospheres of a gas
whose concentration is very low under normal conditions, it is almost

§
inevitable that the enuvironment of the ~p1ant' comunity will be

perturbed in ways which may confound our interpretation of the result

of cur experiments.

These problems are conpounded by the fact that there are a wide
range of responses of different plant specieé to C02 <(Bazzaz et al,
1985%)>. Interpretation of an ecosysten response‘uould be difficult in

a plant coanunity having a large number of splecies given our

Page 1



rudinentary knowledge of plant physiological and ecological responses

to elevated €02 in situ.

Tests nmust therefore be made in the field under conditions which
perturb ﬁiants as little as possible, and in communities which are
sinple encugh that the results can be interpreted. The experiments we
have initiated are being conducted in plant comunities consisting of
only three amonocotyledonous species. Two of these species form

rmonospecific connunties and together with the third species, they forea

a nixed coamunity .

This group of plaants is particularlv well suited for experiments

with elevated CO0OZ. One of the species (Scirpus olnevii? is a C3

plant, uhile the other tuo (Spartina patens and Distichlis spicatad

are 4 plants. C3 and CQispgcies respond in fundamentally different
ways to incrgased €az. Grquth of many C4 plants is not affected by
iﬁcreasing C0Z2 concentrations but grouth of €3 plants increases almost
linearly as C0Z increases. Thus, we begin with a relatively sinple

assemblage of plants which are expected to respond in ways that are

interpretable within cur currgnt bodv of knaowledge.

Ue have proposed to examine six aspects of thé response of
vegetation and ecosystemns to elevated C0Z2. These include responses of
photosynthesis, biomass production, elemental composition, and: uater
balance of individual plants as well as relative species cogﬁdéitioﬁ,
and water and carbon balance of tﬁe entire plant coﬁnunitv. " Ue have

begun collecting baseline data for these studies while at the same

tine working to complete the laboratory and other physical conponents



of our experimental systemn. -~ Construction af the road and laying of
pouer lines to Kirkpatrick marsh was completed in Harch 1986.
Groundbreaking for the field lab took place in RApeil. The lab and
boardwalk were erected sinultaneously during April and HMay.

Uegetational surveys for experimental site location were also
initiated at this tiae. Qutfitting of the lab and the b@lacenént of
the first prototype chanber occured in June. Since then the work has

shifted steadily auay construction of the field site and towards

research.

In this report we give details of the plant communities we aré
studying. first we review previous ecolgical and climatological
studies conducted on the Kirkpatrick high marsh. Uhile ﬁ;ne of these
studies involved €02, they nonetheless constitute an important saurce
of background data for our work. Hext we present a detailed
exanination of the wvegetation on the high aarsh, tﬁe selection and
location of all experimental sites to be used in this studv' and soﬁe
specific characteristics of the uegetation at these sites, Finallv,
ue present preliminary data on plant and soil uvater relations in the
study area. A subsequent report in‘Septenbeﬁzuill deal uifh the opeh
top chamber design and testing for purposes of measuring net ecosystem

€02 exchange and photosynthesis.

Paace 3
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II THE KIRKPATRICK HIGH MARSH ECOSYSTEM

The Kirkpatrick high marsh has been studied by seuera} groups in
the past although none uere concerned with the effects of elevated
atmospheric €02. Ue include here a brief sumary of the relevant data
sets and conclusions reached by their authors. These data come from
published  and unpublished sources aﬁd provide an inportant data base
for comparative pu;poses- figure 1 is a map to locate the Rhode Riuver

estuary on the Chesapeake Bay and to indicate the 1location of the

study site within the estuary.

Nutrient Dynamics

The Kirkpatrick high marsh, as part of the Huddy Creek wuatershed
and estuary, has been cqnsidered within the ecosysterm levels studies

of Correll and co-uworkers (Correll et al._, 1977: Correll, 198%:

Correll et al.,v 1984; Higman and Correll, 1982; Jordan et al., 1983:
Jordan and Correll_, 1985). These studies focused on the movement of
nitrogen and phosphqrush fraorm wupland sources through different

vegetation types and ultinatglv into, the Rhode River via Muddy Creek.
= - -
The marshes along Muddy Creek are part of this nutrient flux primarily

because they receive and export autrients during periods of tidal

flooding. Hitrogen and phosphorus enter marshes as inorganic foras
e P
and are exported as organic species (Jordan et al., 1983>. The low

‘marsh is regularly flooded during the tidal cycle and hence has
considerable opportuni{v‘for nutrient exchange with river waters. The

high mnmarsh, houwever, is only infrequently flooded.  This allous

liited exchange of nutrients and may in part explain the generally
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louver productivity of high marshes relative to low marshes. Jordan et
al. (1983)> estimnated a net tidal exchange of -2.8 g =2 yr—1 N, +0.6
9 n-2 yr-1 P, and -57 g n-2 yr-1 C inte the high nmarsh ¢+ = net
import, — = net export). By conpariéon; the low nmarsh exchanges +«0.9

g n-2 yr-1 N, -0.6 g n-2 yr—1 P, and +11 g n-2 yr-1 C.

Jordan'and Correll (1985) analysed interstial water collected froea
an area in the high narsh'appkbxinételv 200 @ east of the- curréht

study site. Tuwo communities were sampled, one doninated by Spartina

and one dominated by Scirpus . Their data for interstial N and P are
reported iﬁ Table 1. The Spartina conﬁunifb was found tb have higher

levels of N and P both in the inorganic and organic forns than did the
Scirpus community. — Interestingly, they found no evidence for

seasonality in the interstitial nutrient concentrations as right be

predicted from seasonal pétterns of plant activity.

Clinatic Uariables

The Kirkpatrick high naﬁsh at the site stqdied by Jordan and
Correll is 47 cn above nean 1éu water. The mean tidal aﬁplitude for
the entire year at this site is 31 cm with a mean ﬂonthlv range fron
29 to 32 cn. ’ Fron’ tidal records nade at Contees vharf, Jordan
calculated thé frequency of tides sufficient to flood the Kirkpatrick
high marsh (Table 2). On éuefégévfor the year, about 1X of low tides
and 20¥% of high tides will flgod the narsh5r Buring September and-
October, the months with the greatéét tidal amplitudes, more than 30Z

of the high tides flood the high marsh.



Table 1. Interstitial concentrations of nitrogen and phosphorus from
two bhigh amarsh comsunities, the Spartina patens zone and the
Scirpus olneyi zone (from Jordan and Correll 1985).

Spartina ) Scirpus
——————————————— PP T

Phosphorus

P04 - P g.16  0.031

oge - p g.12 .03
Hitrogen

NH4 -~ H 2.10 0.a7

00N - N 1.26 0.84

Table 2. Percent of tides flooding the Kirkpatrick high marsh,
1970-1979 (from T. Jordan, unpublished datay.

Month X of %z of
Low Tides High Tides
Jaauary 0.5 9.9
February 0.6 9.7
March 1.0 15.0
fApril 8.2 13.7
May 0.4 21.7
June 0.4 23.7
July 0.2 20.5
Rugust 0.4 21.1
September 1.2 35.0
October 2.6 30.8
November 1.9 26.4
Decenber 1.4 11.9
All Months 0.9 19.8

| o PR T |



Seasonal weather recordé are available %or the study site from a
rneteorological station ca. 1 km north of Kirkpatrick‘narsh at the main
laboratory of the Smithsonian Environmental Reseach Center. Figure 2ZA
shows nean nonthly precipitation and figure 28 shous mean monthly
daytine and nighttime tenperature; for the periodb 1969-1979. Rhode
River salinity levels have also been monitored at Contees wharf but,

for reasons discussed later, these correlate poorly with - high aarsh

interstial water salinities.

The high narsh traps sed;nent from upland and tidal sources.
These sediments contribute nutrients and add to the accunulation of
peat characteristic of these aarshes. Uhighan <(unpublished) has
calculated sedimentation ratessoﬁ the high"narsh using dyed sand

plots. In the Spartina zone he found an $¢cunu1ation of 1.5 aea

sedinent yr-1 and in the ScirpussIva zone 4.2 na  sediment yr-1.

Hearby areas of lou marsh accunulated betueen 4.9 and 6.4 an sedinent

pir—1.

Uegetation Processes

The dynamics of litter decomposition on the Kirkpatrick high marsh
have also been studied. Uhighaa (unpublished) estinat?d turaner rates
of surface litter in the Spartina zone at 0.76 yr fron bio;a;S and
productivity. daté and 4.43 yr froa litter Bag experiments. fAn
analysis of nitrogen and carbon contents‘fron plant naterial recovered

fromn litter bags showed that Spartina litter is a relatively poor

substrate fdr dicrobial colonization and degradation (Fig- 3>.
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figure 2. Precipitation and tenperature data for the Kirkpatrick high

marsh, 1969-1979. A> Mean nonthly precipitation. B> Mean
nonthly daytine <(closed circles) and nighttineﬂ(open circles)
temperatures. Uertical bars indicate standard deviation. After

Higman and Correll ¢1982).
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fFigure 3. Change in percent ariginal carbon with nitrogen to carbon

ratio of Spartina patens litter. From B. Vhighan (unpublished).
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Hitrogen to carben ratio was initially rather low and increased slowly

with a decline in percent original carbon.

Productivity of the Kirkpatrick high marsh has been measured by a
number of workers. The nost complete data set uas that of Drake

€1976> for the years 1973 and 1974. ODOrake saapled living biomass in a

Spartina community and in a mixed Spartina, Distichlis, Scirpus
conaunity at frequent intervals between ﬂprilﬂand ODecenber. He found
a peak standing biomass in the Spartina comnmunity of approxinately 600
g -2 (Fig. 4A > and in the mixed conmunity of approximately 400 g -2
(Fig. 48>. The Spartina conmnmunity appeared to reach peak biomass
about three weeks later than the nmixed community, in mid Septenber

versus late August.

Page 11
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IIT DESCRIPTION OF EXPERIMENTAL SITES

fin understanding of the distribution and grouth characteristics of
the plant species present in the experimental area is of fundanental
importance to our study of the effects of elevated C02 on the
Kirkpatrick high marsh. In this chapter we present the results of our
survey of the high marsh in general énd the experimental sites in
specific. These data represént the first poiéts of a series that will

eventually provide a dynamic picture of the salt marsh ecosysten.

Uegetation MHap of Kirkpatrick High Harsh

The vegetation of the study area was initially napped by analysis
of an aerial photograph of the nmarsh. Becausé the definition of this
photograph was not high enough for a detailed nmapping cof the
comaunities, and because changes_in the vegetation may have oaccurred
since the photograph was taken in 1984, thévuegetatioa was surveyed in
the field. This was done bﬁ establishing a 10 x 10 neter grid over
the entire study area. The exact position of the comnunity
boundaries, as well as the location of the boarduwalk and the 45
experimental sites, was then nagbed-uithin each 10 x 10 mneter square.

Figure § shous the map of the Kirkpatrick high marsh obtained fron

this analysis.

The three comaunities included in this study are: Spartina (€4),

Scirpus (C3>, and mixed Spartina, Scirpus, Distichlis <(C3/C4>. The c4

community farms a continuous stand along the south border of the

Aboardualk, the C3 communitysoccurs as two connected stands bissected
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by the bdérdualk, and the ni*ed conﬂunity formns stands along three
sides of the boerduelk V(figf S). In the aixed community  three
associations haueﬁﬁeenf arbitrarilv distinguished, each association
characterized bv‘ a different dominant species. The Seirgus Sfah&s
outside the/;tedyferea‘eke subdivided into areas of tall ‘édd~ short

.Figure S also includes the other plant connun1t1esﬁy

grouth forns;f°f

present in the high marsh, the boardualk laboratorv, and pOSltloﬂ of

the 15 experineqtal sites in each of the thrée comnunities. A

Selection ofeExgerinental Sites

The area: auallable for the locat1on of’ experlnental sitesi,was

initially defined< bv the ,positlon of the boardualk - This area -

Vextended approxlnaﬂ! v 10 n 1nto each connunltv on elther side of the,

boarduwalk.

f 1 5 - border adJacent to the boardualk and a 2 v border‘

from the edge‘of 4 h/connuqltv uwas con51deredv\gqa0allable5 fqregﬁiteff

placenent-

Experineeta1 :;ifegxﬁefe_né£710cated randonly uité;n tﬁe7eua£1e51e
area. Tuwo prioe‘6ea$idéfé£;;ﬁ%:ié%lheeced si{erlecaéien-‘ First,‘it'
was desireable {;ﬁﬁieihize?{ﬁe eoeeibiliiy‘of ceﬁtaﬁiqeﬂfen of air in
contrgol sites b; ﬁpi;’ {%ﬁe :teeaféd V"":i:har-nber's.‘~ This was done bpi
establishing a ﬁ{eiﬁe;fsiﬁistance f;% ‘§iteA’$eperetion, therebu
preventing sites fron beieg locatedtxaineeiiy' next td‘-oee @nother.f

Second, within the nixed'connunitﬁ we sought to minimize the hetueen

'site variation in Scirpus stém densities.

Minimun - distance for site separation was calculated by estimating

v



the total area available within each community (ie. area accessible
fron‘ fhe boardualk minus borders> and then calculating the number of
sites that could be located in that area given different betueen site
distances. Site separation of 2.5 »n was found to allow 20 sites to be
placed in the snallest community (the C3 commuaity), so this distance

was taken to be the mininmum distance allouwable betueen any tuo sites.

In order to obtain data oa the variatien in nucsber of Scirpus

stems anong experimental sites in the aixed community, transects were

run between S/6/786 and 5/19/86. Results shouwed a range in densities
at that time from 80 to 262 stems m—2. Regions along these transects
showing extrene values in sten densities were excluded feom

consideration for site location. Thus, the actual area of nixed
Vcohﬁunitv auaiiable for site placemnent wvas smaller than the total

accessible area.

Location of expérinegtal sites in each qonnuni%v was then made

randoaly along.arbitrarilv established transect lines at intervals of

2.5 n b;’greater where available area permitted.

Description ?f FExperimnental Sites

‘Each site was assayed for species conmposition, stem density,
standing live biomass and standing live leaf area. In each comnmuni ty

destructive harvests were made ocutside of_, but in close proximity to,
the experimental sites. from these harvests relationships were

established betueen stem density, dry weight, and leaf area for each

species. This allowed biomass and leaf area uithin the experimental

5
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sitgs to be estimated non—destructively. = It uaé_a primacry concern of
ours throughout this study to disturb the experimental sites as little

as possible.

Sten densities fbr ‘Sggrtina and Distichlis wvere estinated by
subsanpling five 100 cﬁZAquadEats Qithin each site. Stem density for
a site is the mean of these five quadrats. Leaf area and biomass uere
then esiinated from 100 cné off site déééructibé’harugsts. Leaf area
uas neésufed with a Lf;CUR Li—3100 lééf aféa _néte;. The single
surface wvalues recofded by the leaf area qcter were nultiplied by tuo

giving total surface area.

ALl Scirpus sléns Qithiﬁ each siteiueée counted. ‘Forv8q§rgqs,
photosythetic sﬁrface afea uas‘ estinated‘ fron off-site destfuctiue
harvests by aeasuring stemn length (L) and stem width at‘théw£op Uty
and bottom Ub)> of the sten. Scirpus has a regular threersidgd: stem
“so that frea = 1.5LCUt + Ub>.  Stee -Beig”‘rﬂ'{{s and dgnsiiieg were
‘neasured'in 0.25 62 quadréts neér the‘ e;ﬁéfinental ysité; and these
data were used teo reiété Héééured Séirgﬁsvsten deﬁsities within sites

to leaf area and biomnass.

Treatnents were assigned to experinental sites after the amethads
of Hurlbert (1983).‘ Sites were first ’bi;cked’ in groups of three
uithin each connyﬁitv. Eacﬁ of thevthree'£reatnents uas then .assigned
réndbnly to one of the fh;ee sites uifhinwé blo#k. Treatnents were:
chanbers with eleuéted caz - <(e>, chagﬁers ;ith ambient C0Z2 (RAY, and

uhchanberedvcontrols «C>.



Considered together, the fifteen expericmental sites within each
community provide a detailed picture of each of the three plant
communities for a single point in time <(Fig. 6. Standing liwve
biomass is not significantly different among communities, being
betueen 300 and 400 g »—2 dry weight, but stem density and leaf area
do differ significantlv armnong all three comnmunities. Scirpus has the
louest stem density of 400 stens m—2 while Spartina has more than 4200
stens n—-2. The mixed comnmunity is siﬁilar to the C4 community with
3600 steas n-2. Total leaf area exhibits the opposite trend with
Scirpus having 4.5 a2 n—2 green tissue’and Spartina having 1.2 nZ n—-2.
The mixed coamunity is internediatefuith 2.6 n2 n~2;’ In the aixed
corvunity, C4 species make up 94X and 85%Z of the stens and dry weight
respectively but contribute only 69f to the tétal leaf area.

Differences betweeen species in leaf orientation anay help to
explain the differences ‘in leaf area us. dry ugight accunrulation.
fAirea of leaf surface for photosynthesis in Scirpus is wvertical which
means that although total surface area for interception of light is
high, the light interception per unit area is lou. Spartinaa and
Oistichlis have more horizontal leaves and higher per unit area light
intérception- Turitzin and ﬁrake '(1982), showed that the leaf
orientation in these plant communities has a large impact on the net
cormmunity carbon assimilation rate.

Sten density, leaf area, and dry weight data for indiuiduél'sites
are presented in Taﬁles 3-5. Uariétion‘is louest in the bure C3 and
C4 comnmunities. Scirpus stem density ranged from 337 to 617 stems «—2

in pure stands <(Table 3> and from 90 to 330 in the nixed community
§
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Dry Weight Stem Density Leaf Area
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Figure 6. Dry weight, stem density, and leaf area in the experimental

sites. Sp = Spartina community, M = mixed comrunity, Sc = Scirpus

comnmunity. Shaded area indicates fraction of the mixed cornunity
represented by Scirpus. Uertical bars indicate standard
deviation. ‘ '
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{(Table 3>. Spartina_ranged from 2,960 to 6,180 stems m~2 in pure
stands (Table 4> and from 0 to 5,460 in the mixed comcmunity (Table 5).
Uhere Spartina is absent or present in low numbers in the mixed
comnunity, Distichlis predominates, while the reverse is also true.

The leaf area and dry weight data shou similar patterns of variation.

Uithin the mixed comnmunity, Scirpus has far feuer stems n~-2 per

site than either Spartina or Distichlis. This imbalance is not so

extrene when considering leaf area or dry weight. Scirpus often has
equal or greater leaf area than the C4 'species (Table 9S).

Honetheless, Scirpus is neasureably smaller in the wmixed community
than in pure stands. At coaparable stem densities, mnixed community
Scirpus has about 1/3-1ess leaf area and biona#s than pure ‘stand
Scirpus (eg. Table 3, site 11 us. Table 5, site 12)>. This does not
appear to be the case for Spartina where leaf areas tend to be greater
at comparable stem densities in the mixed conmunity wvs. pure stands

although dry weights are virtually identical.

These d;ta describe the wvegetational coaposition of each site
during the latter half of June 1986. Sequentiai analyses of this type
will enable us to nonitor‘changes in species coapositionf and abouve
ground growth through time as they are affected by our experimental
treatnents. They will also allou us to interpret canaopy gas exchange

@

measurenents on a leaf area or biomass basis.
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Table 3. Uegetational characteristics of +the Scirpus olneyi <(C3)
community. Hean ( s.d.>, n = 6. E = elevated C02 treatment, A =

ambient C02Z2 treatmnent, C = unchanbered control.
Treatnent Site # Stem Density Leaf Area Dry Ueight
-2 (100> mZ -2 g -2
£ 1 4.83 5.18 <0.26> 358 €21.7)
6 5.16 5.549 <0.2?% 382 23.2>
7 3.77 4.04 <0.20> 279 az.o>
10 3.79 4.07 <0.20> 281 17.1>
14 4.12 1.42 <0.22> 30% 18.5>
A 2 3.46 : 3.71 <0.18> 256 (15.6>
4 3.81 4.09 <0.20> 282 17.1>
8 3.68 ' 3.95 (<0.19> 273 16.6>
12 4.92 B 5.28 <0.26> 365 (22.1>
15 4.67 5.01  <0.25%> 346 21.0>
c 3 6.17 6.62 <0.33> 457 (27.8)
S 4.23 4.54 <0.22> 313 19.0>
9 3.75 4.02 <0.20» 278 16.9
11 3.37 3.62 <0.18 250 1s5.2>
13 3.86 ' 4.14 <0.20) 286 17.49>
Table 4. Uegetational characteristics of the Spartina patens <Ca>
community. Mean ¢ s.d.>, n = 5. E = elevated C0Z treatment, A =
anbient C02 treatment, C = unchambered control.
Treatnent Site # Sten Density Leaf fArea Ory Ueight
-2 {(x100> mZ2 -2 g a2
£ 1 34.2 <12.81> 1.04 <0.39> 299 <110.2>
4 38.6 <(6.80> 1.17 (2.21)> 332 <58.5>
8 37.4 <10.95> 1.13 <€0.33> 322 <(94.2>
10 42.0 <9.03> 1.27 <€0.2?7> 361 (77.7?>
14 41.8 <(6.61> 1.27 <0.20> 359 <(56.8>
A 2 29.6 (7.16> 0.90 <0.21)> 255 (61.6)
S 61.8 <(14.62> 1.87 <0.449> 6531 <125.7%
9 44.2 <9.88> 1.34 <€0.30> 380 <(85.0
11 45.6 <(17.69 1.38 <0.27> 392 <(152.1>
13 40.2 <(5.26> 1.22 <€0.16> 346 <C45.2>
C 3 42.0 <6.49%> 1.27 <0.19> 361 (S55.4>
6 43.4 <(16.40)> 1.32 <0.49> 373 C141.0 _
7 48.6 14.79 1.47 <0.449> 418 <127.2> -
12 36.49 <(5.86> 1.11 €0.1?> 313 <S0.9
15

58.6 <(8.65)> 1.78 <€0.26> 504. (?49.1> -

[ P, £ ]



Table 5.

S = Scirpus,

elevated C02Z2 treatment, 8 =

s.d.>, n = 5,
control.
Treataent Site Sp.
it
£ 1 S
mv
.
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1
0
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. P
1]
11 S
—..U
4]
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1
(4]
3] 2 S
1
4]
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o
g S
mU
o
12 _S
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1]
15 S
1
1]
C 3 S
1
4]
) S
mu
O
Xd S
—U
1]
ig S
mu
[}]
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—U

Sten Oensity
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(9.65>
(6.44>

o= N
2

N

as.60>
{2.86>

(]
ONOL OM

)

14.2?>

I
[l 1 =]

v
m—‘-‘Q-&-‘NO?)O‘\WN'\)U‘\N

<43.03>

[
N @

(7.00>
(3.35>

14.72>
(4.55>

=t (N
')

o5

<19.55>
<2.49>

5.17>
(7.66>

5.32>
<(9.9?>

o

N =t N
NQ-"Q\DNU'I:"OO\W-‘MON
A NMNORLUNDONDNOONOA

6.61)
<2.30>

N

W
DNW:&-‘COU‘\N

€28.71>
(7.66

€28.97>
(2.65>

L}
COONNG

22.6 €7.47>
2.2° -

24.8 12.11>

2.8 €2.5%
1.3
35.4 (17.60>

P -

Leaf Acea

mZ m—2

1.09 <0.19>
1.19 <0.4%>
1.93 <0.73
0.94 <0.12>
1.09 <0.72)
0.71 <0.32>
1.20 <0.15)
o

1.01 1.2
0.42 <0.0%>
4.42 1.12>
o ‘

0.68 <0.09)
0.29 <0.18)
0.73 <0.29
1.01 <€0.13»
1.42 <(0.649)
1.73  <0.51>
0.72 <0.09)
2.02 <0.90>
0.70 <0.28>
0.36 <0.05)
0.56 <0.13
1.35 <(0.68>
1.32 <0.1?7>
0.24 <0.13
1.51 <€0.89
0.64 <0.08>
0.53 <0.1?>
0.21 <0.20)
0.98 <0.12>
1.62 <1.33>
0.93 <0.87)
0.68 <0.09>
1.57 .39
8.34 <0.30)
0.80 <0.10)
1]

2.01 <0.66)
0.87 <O0.11)>
0.65 <0.31)>
0.25 <(0.23
0.52 <0.0?>
0.92 (<0.46>
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Uegetational characteristics of the mixed community. Mean ¢

S. patens, O
ambient C02 treatment, C =

= QDistichlis. £ =

unchanbered
Oy Ueight
g n-2
72 (9.3
219 (8z2.0
190 <72.1>
62 (8.0
201 <132.6>
69 <(32.0)
79 <10.2>
139 (165.5
27 (3.5
502 <¢395.5)
0
45  (5.8)
101 <(64.4>
95  (38.9>
66 <8.6)
260 <125.1)
120 <(51.00
4?7 6.2>
371 (166.2)
69 <27.9>
24 (3.1
164 (38.8)
176 <88.9> V
g (11.2>
86 (46.9)>
192 (115.7
42 (5.9
186 <60.8)
28 <26.7>
64 8.3
298 (244>
92 (85.8)>
45 (5.8
289 (246.2)>
34 <29.7>
52 <6.8)
c 5
262 <86.7) :
57 (7.4
228 111.49>
32 (30.0)
34 4.9
326 <161.9)




Prelininary data on below ground bionass for the Spartina and

Scirpus comnunities are presented in Table 6. Peat cores (6 cm ¥ 20
cn? uere taken from each comnunity avay fron the experimental sites.

Cores were cut into 5‘cn séctions; washed ffee of inorganic naterial,
dried and weighed. Ho effort was made to separate living and dead
naterial altﬁough qualitatiue exanination of the peat indicated the
great najority‘of_the bionas# to be living foots and rhiionesu These
data indicate roughly equal anmounts of belou ground biomass in the two
conmunities, each being ouér 30 tigés what is present aboue: ground.
fFrom this small sample it appears, hbueuér, that the carbon is
distributed différently below ground. Relatively «@ore biomass is
present at 15-20 cm» in the égartina connunitﬁ than in the Scirpus
comcmuni ty. -

Table 6. Belou ground biomass in »thg Sgar{iné‘ and Scirpus

comnmunities. Mean of two S cm X 20 cm cores.

Oepth Sgértina SciEQUS

ce ' g n-2 b 4 g -2 b 4
0-15 9213 75.2 10288  90.6
15-20 » 3046 24.8 1070 9.4

¢ Total 12259 100 - 11358 100



IU UATER RELATIONS
Flevation

In a salt marsh, salinity and ancoxia of the so0il are two inportant
stress factors regulating the growth of the salt «~arsh species.
Salinity and anoxia are dependent on the frequency of flooding with
saline water and aoan the water table in the - soil. Flooded areas
frequently have a soil salinity which is about equal to the salinity
of the water with which it is flooded, while the salinity of less
frequently flooded parts of the marsh may deviate significantly froa
the salinity of the flood water because of evaporation of water from
the marsh, concentrating the salt in the s0il, or because of
precipitation, louering the salinity of the soil. The water level in
the so0il deteraines the anoxia, which in turn influences the chemical
properties of thg soil. Both the frequency of fioodfﬁg and the water
level in the sgil depend on the elevation of the marsh. It is
therefore important to knou whether there are differences in elevation

betueen the different coanunities.

The elevation of the soil has been neasured for all 45
experimnental sites relative to an arbitrary watermark on the
boardualk. The resulting data are shown in fig. 7. These results show

that the elevation of the Scirpus sites is oa the aue?age 6 cn.} lower

than the Spartina sites, with the elevation of the nixed comnunity
intermediate betueen the two monospecific communities. Further
neasuremnent within the study area nay provide information on whether

so0il elevation is a facter influencing the distribution of plant
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comrunities in the salt smarsh. The water table will be continuously
recorded at one point in the marsh, which, combined with the elevation
data, will provide information on the frequency and duration of

flooding and the height of the water table in the three communities.
Salinity

Because of the effects of drainage, elevation, tidal amplitude,
frequency ofﬁflboding, preqipitation, and euapqration, salinity in the
soil of tﬁe salt narsh can differ from place to place, from tiame to
tine, and;éan also vary uifh the depth in the soil. Soil ~saliﬁitu
influences the rate at uvhich plants take up water. Since deep rooting
plants nay be able to tap a relafiuely fresh water supply and_therebv
avoid extrene salt stress, it is neccessary to measure the salinity at
different depths in the‘soilé and to know the quqfing depth  of the
three sbecies. for neasﬁting the salinitv in the soil in the different
coﬁﬁunities, several setg’of wells have been placed in each community.
A set of uwells consists of four pipes {2cear ID}, inserted in . the marsh
to depths ofNIS, 30,‘50 and 100 cn. Six sets of uwells have been placed
in each comnmunity, u;thin the e*perinental sites intended for
destructi&e sanplingf The salinity of the water in the wells is equal
to the salinity of the soil layer into uwhich the bottom of the pipe is
inserted. The water in the wells is sampled yith a tube, and the
salinity is measured with either a refractoneter or an asnonet%r;
Initial results aré sgnnarized in fig. 8. These data clearly shoﬁ
that the saiinity in the soil decreases with increasing depth. At a

depth of 15 cm the salinity neasurgd was about 1S ppt in all three
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comaunities. The saiinitv at 100 cn is bhighest in the Spartina stand
and louwest in the Scirpus community. These results are complicated by
an app%rent division of the Scirpus community into two parts: an area
with a lou soil salinity in the uwells west of the boardualk ¢site 1; z
and 3) and another area with high soil salinity east of the boarduwalk
(site 7, 8 and 9>. i more extensive survey of the Soil salinity
within the Scirpus community mnay provide information on the extent of
“this division. Since the deepef soil 1euels ‘céﬁ be a Vgource for
relati(n:lyi fresh uater for dee; rooting spedies; the‘rooting depth of

‘the three test species will be conparéd by examining soil cores taken

from the three communities.

‘Plant Uater Potential

The' water potentiél of the three species wuas neasﬁréd at several
times duringia’ZQ hour cﬁclé with thé aid of‘ av pressure bonb-’ The
results of these neasurenenfs are shoun in %ig- | 9- Thé uaterr
potential of all species dro;; rapidly after dawn, reaches a ainicum
around " neon, and increases again during the evening and night. The
highest values were recorded just before daun. The nininum water
potential arocund noon, -24 to —-31 bars, did not seem to differ bétueen
the three species; At dawn and in the Ia;e evening the water potential
of Scirpus was higher than that of the tuo C4 species and the lowest
values were recorded for Sggrtina. Tﬁé uvater potential of éﬁgﬂiigg
tends— to be higher in the mixed community than in the pure Spartina
stand. TheSe water potegfials are inversely corrélated with the
rooting depth of these Speciés and the salinity on the soil:= water

-

potential is highest in the Scirpus community wvhich bhas theg highest.
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soil uwater potential and is presumed to have the deepest roots (DeJong

and Drake, 1981>.
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