MARINE ECOLOGY PROGRESS SERIES
Mar Ecol Prog Ser

Vol. 166: 73-81, 1998

Published May 28

Variability of stable sulfur isotopic ratios in

Spartina alterniflora

Judith M. Stribling"*, Jefirey C. Cornwell?, Carolyn Currin®

'Department of Biological Sciences, Salisbury State University, 1101 Camden Avenue, Salisbury, Maryland 21801, USA
2Horn Point Laboratory, Center for Environmental Science, University oi Maryland System, PO Box 775, Cambridge,

Maryland 21613, USA
*National Marine Fisheries Service, 101 Pivers Island Rd, Beauforl, North Carolina 28516, USA

ABSTRACT: The sullur stable isotopic composition of Spartina alterniflora in a low salinity tidal creek
syslem was related to differences in porewater sulfur chemislry deiermined by salinity, hydrodynam-
ics, and season. The extent of porewaler sulfide accumulation, the reoxidation of sulfide minerals, and
sulfate limitation of sulfate reduction were importanl processes controlling the 84S of the sulfur avail-
able for plant uptake. The influence of sedimentary sulfate reduction rales on S. alternitlora 84S was
demonslrated in the comparison of 2 sites with similar sullate supply but differing hydrology; plant 3*'S
values were heavier where sediments were more oxidized relalive to plant 'S values from a fre-
quently tlooded marsh with more reduced sediments. The role of sulfale supply in determining S.
alterniflora 'S values was apparent in the comparison of 3 sites with similar hydrology but differing
salinity; shoot 8*'S decreased with increasing salinity. In low salinity marshes, oxidation of stored sul-
fide minerals in winter and spring led Lo lighter shoot §'S values, while sulfate depletion in late sum-
mer was associated with isolopically heavier shoot sulfur. Variability on spatial and temporal scales in
sulfur stable isotopic composition of S. alterniffora has implications for the use of its §**S values in stud-
ies of trophic dynamics in estuarine marshes. The sulfur chemistry of Lhe marsh sediments and the sam-

pling season may both influence the stable isotopic signature of this important primary producer.
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INTRODUCTION

Studies of trophic dynamics in estuaries have been
enhanced by the use of stable isotopes of carbon and
sulfur (Peterson el al. 1985, Pclerson & Howarth 1987,
Sullivan & Moncreiff 1990). Characteristic differences
among the stable isotopic signatures of the major pri-
mary producers arise from isotopic differences in the
carbon or sulfur sources of the plants, or irom differ-
ences in isotopic fractionation during uptake. Estuar-
ine primary producers vary in sulfur stable isotopic
composition because salt marsh macrophytes derive
much of their sulfur nutrition, at least indirectly, from
isotopically light hydrogen sulfide produced via micro-
bial sultate reduction, whereas phyloplankton use iso-
topically heavier seawater sulfate.
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Implicit in this methodology is the assumption that
the isotopic composition of each of the primary produc-
ers is relatively constant, both among different groups
of live individuals and between live and detrital forms
of the same plant (Stephenson et al. 1984). Recent
studies have shown this assumption to be questionable
for carbon (Fry & Sherr 1984, Stephenson et al. 1984,
Zieman 1986, Goering et al. 1990, Benner et al. 1991,
Simenstad et al. 1993, Zohary et al. 1994). The stable
isotopic composition of sulfur in primary producers is
variable as well. In a short Spartina alterniflora marsh
in Massachusetts (USA), live, dead and senescent
plant 8*'S values ranged from -9.5 to +5.5 (Peterson et
al. 1986); differences of about 14 %. have been found
between live and standing dead S. allerniflora leaves
(Currin et al. 1995). The §*S of live S. alterniflora in a
Maryland creek encompassed a range of 12.2%. (Strib-
ling & Cornwell 1997). Understanding the causes of
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this variability is critical to the effective use of multiple
stable isotopes in studies of trophic dynamics.

Plants isotopically resemble the source of sulfur
incorporated by their roots (Chukhrov et al. 1980); iso-
topic fractionation during the assimilation of sulfur is
only about +1.5%o {Trust & Fry 1992). Sulfur available
for uptake by Spartina alterniflora usually includes
both sulfate and sulfide. The relative importance of
each to the plant has not been clearly established,
although sulfide appears to be taken up preferentially
(Carlson & Forrest 1982). S. alterniflora is usually
depleted in 'S relative to seawater sulfale, and it prob-
ably derives much of its sulfur from sulfide, when it is
available, or from sulfale oxidized from sulfide in the
root zone (Fry et al. 1982). The sulfur stable isotopic
values and the relative abundance of sulfate and sul-
fide in marsh porewater can vary considerably, both
spatially and temporally.

Bacterial sulfate reduction in marsh sediments dis-
criminates against the heavier S isotope, with a frac-
tionation of as much as 70%. in the product hydrogen
sulfide (Goldhaber & Kaplan 1980). Rates of sulfate
reduction increase with increasing organic matter and
with waterlogging. In very reducing sediments, abun-
dant sulfide results in more isotopically light sulfur
available to Spartina alternifiora. On the other hand, in
well-drained, elevated marsh soils with deeper oxygen
penetration and low rates of sulfate reduction, the §S
of inorganic porewater sulfur should more closely
resemble that of surface waters.

Salinity may also influence the ™S of marsh pore-
water, as sulfate concentrations below 4 mmol I"! have
been shown to reduce sulfate reduction rates in marine
sediments (Goldhaber & Kaplan 1980). Low salinity
marshes with high organic inputs and poor drainage
should be most likely to exhibit such sulfate limitation.
Where sulfate is not readily replaced, fractionation
cannot continue. The §*S of the sulfide pool begins to
increase, eventually approaching that of the source
tidal water sulfate (Chambers & Trudinger 1979, Gold-
haber & Kaplan 1980, Peterson et al. 1986).

There may also be seasonal variability in the isotopic
composition of porewalter inorganic sulfur in temperate
marshes. Sulfate reduction rates in U.S. Atlantic coastal
marsh sediments reach a maximum in summer (cf. King
1988, Hines et al. 1989). In higher salinity marsh sedi-
ments, increasing sulfide concentrations from spring to
late summer should result in a decrease in the §*S of
the sulfur available to Spartina alterniflora (Carlson &
Forest 1982, Peterson et al. 1986). However, in lower
salinity estuarine marshes, sulfate limitation may gen-
erate a different seasonal effect on 'S values. Tidal
water sulfate availability may be greatly reduced in
spring, and sulfate resupply to reducing sediments dur-
ing summer may be limited as well.

The relationship between sediment sulfur chemistry
and the sulfur isotopic composition of live Spartina
alternifiora has nol been thoroughly investigated.
There is the potential for considerable variability in the
8%S of this primary producer due to differences in the
isotopic composition of dissolved inorganic sulfur
delermined by hydrodynamics and salinity. There may
also be substantial seasonal variability.

The objective of this study was to determine the rela-
tionship between porewater sulfur cycling and the §S
values of live shools of Spartina alterniflora. The work
was conducted in a tidal creek and embayment that
encompassed differing hydrological regimes and a
range of salinities. The features investigated related to
the supply and the demand for sulfate. These included
salinity, sediment texture and organic content, pore-
water sulfide concentration, and sulfate:chloride ratios
in porewater as an index of sulfate depletion. S.
alternifiora was a dominant species throughout the
salinity gradient, permitting the study of factors influ-
encing its sulfur stable isolopic composition within a
relatively small system. It is important to understand
the effects of these variables on the §*S of S. alterni-
flora if we are to successfully use multiple stable iso-
topic composition in studies of trophic dynamics in
temperate estuaries.

METHODS

Study site. The study was conducted in Monie Bay,
an embaymenl on the Wicomico River on the lower
Maryland eastern shore of Chesapeake Bay (USA).
We sampled 4 marsh sites, with limited additional
sampling at a fifth (Fig. 1); 4 sites are on Monie
Creek, the largest creek feeding Monie Bay, and 1
site i1s in Monie Bay itself. The first site, designated
'HWY’, is at the uppermost navigable portion of
Monie Creek, which is dammed above the site by a
highway culvert. This point in the creek has the low-
est salinity (O to 4 ppt), and low elevation; the marsh is
regularly flooded. The second sampling location
(‘DB’) has intermediate salinity (2 to 12 ppt). We sam-
pled 2 marsh sites at this location, a well-drained
creek bank levee (DB1), which is irregularly flooded,
and the low interior marsh behind it (DB2), which is
regularly tlooded. The fourth site (‘DQ’), is at the
southwestern end of Monie Bay, at Dames Quarter.
Salinity at this site ranges from 4 to 18 ppt. The marsh
is reqularly flooded and is in a high energy environ-
ment. The final site, that of limited sampling (‘BAY"),
is near the mouth of Monie Creck; its salinity is simi-
lar to that at DQ. A detailed evaluation of sediment
characteristics within the Monie Bay system was con-
ducted by Kearney et al. (1994).
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Sampling and analylical methods. Plant material:
Spartina alterniflora samples were collected in Febru-
ary, May, and September 1992 at each of the above
sites, with the exception of the BAY site, which was
sampled in August 1991. We sampled only live
(green) shoots growing in areas of similar density.
Plant height at peak biomass was similar for all 4
sites, ranging from 90 to 130 cm. For each sample, 18
pooled shoots were washed free of debris, rinsed in
deionized waler, dried at 65°C to constant weight and
ground in a Wiley Mill (1 mm mesh). We did not leach
plant material after grinding as is somelimes done to
remove free sulfate (not assimilated by higher con-
sumers). Carlson & Forrest (1982) found little differ-
ence between the 8*S values of free sulfate and total
or residual sulfur in S. alterniflora; free sulfate in the
plant also appeared to be derived from porewater
sulfide.

Soil: Soil from each marsh sampling location was
collected during the growing season for determina-
tion of texture (pipette method, Folk 1974) and of loss
on ignition (LOI) as an index of organic matter con-
tent. For LOI, dried samples were ashed for 6 h at
500°C.

Porewater: We measured porewater dissolved sul-
fide and sulfate and surface water sulfale concentra-
tions monthly from January to November. No porewa-
ter sampling was conducted at the BAY site. All water
samples were filtered through Whatman GF/F filters.
Porewater samples were collected using modified
Hesslein {1976) equilibrators. The equilibrators were of
plexiglass, 30 ecm long, with 5 round chambers of 4 cm
diameter and 12 ml volume. Porewater sampling was

thus integrated from five 4 cm deep sections centered
at depths of 3, 8, 13, 18 and 23 cm. These depths
encompassed the root zone of Spartina alternifiora,
which was concentrated between approximately 5 and
15 cm. Each equilibrator was initially filled with de-
oxygenated deionized water adjusted to the approxi-
mate salinity of the sampling site with NaCl. The holes
were covered with 0.2 ym polycarbonate membrane
and with 120 pm Nytex mesh to protect the membrane.
The equilibrators were submerged overnight in deoxy-
genated water that was bubbled with N then
deployed for 10 to 14 d.

For dissolved free sulfide determination, we sampled
water directly from the equilibrator chamber (Lambert
& Oviatt 1986) through a filter into diamine sulfide
reagent (Cline 1969) for colorimetric analysis. The
remainder of the sample was divided into aliquots and
stored frozen for subsequenlt sulfate and chloride
analysis, conducted using a Dionex ion chromato-
graph. The §S of porewater sulfate was determined
for samples from the 3 higher salinity locations (DB1,
DB2 and DQ) and from a subtidal creek bank near the
DB2 marsh. For this analysis, May and August samples
from pooled depths of 8 to 18 cm were frozen, thawed,
and filtered to remove precipitated elemental sulfur
formed by oxidation of sulfide. Although sulfide may
chemically oxidize completely to sulfate, in other work
on porewater from Chesapeake Bay sulfate-depleted
deep sediments, with sulfide concentrations of 2 to
3 mmol I'!, no detectable sulfate was present after
thawing and filtering (Cornwell unpubl.).

Surface water: Coincident with retrieval of the equi-
librators, we collected duplicate samples from the

Wicomico
River

Fig. 1. Monie Bay
and study sites,
HWY, DB1, DB2,
BAY, and DQ,
Maryland, USA
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Fig. 2. 'S of Spartina alterniffora shoots by sampling sile, with illus-
tration of salinity and loss on ignition (LOI) for each site. The BAY site

was sampled in August

surface water (approximately 5 cm depth) adjacent to
each marsh site (except the BAY site) for sulfate and
chloride determination. We also determined the §S of
sulfate in surface water samples from the HWY, DB
and BAY sites in August. Sulfate in porewater and in
surface water was precipitated as BaSO, (Hall et al.
1988).

Stable isotopic analysis: Analysis of the stable sulfur
isotopic composition of plant material and of BaSO,
samples was performed at Coastal Science Laborato-
ries, Austin, Texas, USA; accuracy was within 0.5%..
Sulfur isotopic data are expressed in con-
ventional & notation, relative to Canyon
Diablo troilite.

Porewater sulfate and chloride concentra-
tions illustrated the effect of the salinity gradi-
ent on the supply of sulfate. At the upstream
HWY site, porewater sulfate concentralions
were below 1.5 mmol I"! in all months except
July, whereas they averaged above 8 mmol I
for all months of the year at DQ. Values were
intermediate at the 2 DB sites (Fig. 3).

Mean annual chloride concentrations in porewater
(Fig. 4) represented salinities ranging from a high of
15.7 ppt at DQ to a low of 1.3 ppt at HWY. The mean
salinities of the DB sites were similar at 10.1 and 9.2 ppt
at DB1 and DB2, respectively. Seasonal variability was
marked at the 3 lower salinity locations; the lowest
porewater chloride concentrations were present in
March and the highest concentrations were present in
July at all 3 sites. On the other hand, porewater salinity
was relatively constant throughout the year at DQ, the
site in closest proximity to Chesapeake Bay (Fig. 4).

DB1

_
r\‘).hcn

RESULTS

-
hrd

Spartina alterniflora 5*'S

The %S of Spartina alternifiora in the 5
study sites ranged from +10.4 to -5.6%

(Fig. 2). The heaviest isolopic composi-
tions of S. alterniflora were found at the
DB1 site (mean 8.9%.), and the lightest at
BAY (-5.6%.). Treating sampling dates as
replicates, the variability in &S values
among the first 4 siles was strongly asso-
ciated with location (p = 0.02, Kruskal-
Wallis non-parametric ANOVA; Wilkinson
1990).

The &S values for samples collected
within each site were relatively similar;
however, there also appeared to be sea-

sulfate concentration (mmol L)

JFMAMJJASDO

|—e—3cm - 8cm — 13cm = 18 cm & 23 cm

Fig. 3. Porewater sulfate concentrations al 5 deplhs within the sediment.
Plant roots were concentrated at 8, 13, and 18 ¢cm depth (solid symbols)
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Sediments 300 300 DB1
250 2501
Based on LOT values, the BAY site was 200 200-
relatively high in organic matter, and it 150 - 150 | .
had the finest-textured sediments of any 1001 100
ol the locations studied (Table 1). The 50 50-
DQ site represented the opposite ex- 0 0 — — —

treme in both features. The HWY and

chloride concentration {(mmol L")

DB2 sediments most closely resembled 300 DB2 300
BAY in tcxlure and organic content, 250 250
whereas DB1, though fine textured, had 200 200
lower soil organic content (Table 1). 150 & 150
100 100
50 50

Porewater indices of sulfate demand 0 0 —

JFMAMJJASON

JEMAMJJASON

The sampling sites differed markedly

[-e-Scm -+ 8cm -+~ 13cm -= 18cm -8 23cm

in sulfate depletion (based on sulfate:
chloride ratios) and in sullide concentra-
lion of porewater. Mean sulfate:chloride
ratios for May to August were lowest at
HWY and DB2 in sub-surface sediments (Table 1).
Both sites showed very rapid sulfate depletion early in
the season (Fig. 5). The DB1 and DQ sites had similar,
higher sulfate:chloride ratios during the growing sea-
son. Periods of extensive sulfate depletion were exhib-
ited at all 3 lower salinity sites, whereas at DQ, the sul-
fate:chloride ratios dropped substantially only during
July (Fig. 5).

Porewaler concentrations of dissolved sulfide at the
HWY site never exceeded 500 pmol 1!, and levels
were extremely low at the DBI1 site as well, with con-
centrations below 100 pmol 1I"! in all months except
September (FFig. 6, Table 1). On the other hand,
porewater sulfide concentrations at DB2 exceeded
1000 pmol 1! almost throughout the growing season,
and they averaged near 1500 umol 1! from May to
September in sub-surface sediments (Fig. 6).

Table 1. Sediment characteristics at 5 localions in Monie Bay,

MD, USA. The S values (%) for solid phase inorganic sulfur

(8 to 10 cm depth) are from Cornwell et al. (1990) and from

Kearney et al. (1994). Values for porewater chloride (mmol

1), sulfide (pmol 1'!), and sulfate:chloride are means for lhe

months from May to August, for deplhs below 3 cm. LOL loss
on ignition (%4); S/S/C: sand/silt/clay (%)

Site Solid phase Porewaler

LOL  s/s/c §MS € ISH SOyl
HWY 226 1/59/40 2.4 34 1053  0.010
DB1 16.1  0/59/41 -2.5 176 21.5 0.029
DB2 26.4 0/55/45 -11.1 169 1338.5 0.013
DQ 7.6 76/7/17 215 1273 0.034
BAY 220 1/34/65 -22.4

Fig. 4. Porewaler chioride concentrations at 5 depths within the sediment.
Plant roots were conceniraled at 8, 13, and 18 em depth (solid symbols)

Both the HWY and DB2 sites exhibited relatively
early onset of sulfide production, with the highest con-
cenlrations recorded in July. Conversely, sulfide levels
at both DQ and DB1 did not peak until September, at
about the time plant senescence began (Fig. 4).

Sediment, surface water and porewater 3*'S

The stable isolopic ratios of the solid phase inorganic
sulfur of Monie Creek sediments derive {rom the condi-
tions during deposition of iron sulfide minerals and thus
provide a record of the sulfur stable isotopic composition
of sulfide produced at each site. These values decreased
with increasing salinity, from a high of +2.4%. at the
HWY site to -22.8%. al the BAY site marsh.

Values for surface water sulfate at the downstream
BAY site were indistinguishable from the §S of sea-
waler (+21.0%.), but they increased upstream, and the
HWY site may have been slightly enriched in *S rela-
live 1o seawater (Table 2). There was a negalive corre-
lation with salinity in the sulfur stable isotopic compo-
sition of surface water and sediment inorganic sulfur at
the HWY, DB2 and BAY sites (Fig. 7), 3 sites with simi-
lar hydrodynamic features, organic content, and sedi-
ment texture (Table 1).

The DB2 site exhibited the heaviest 8*S porewater
sulfate values in both May and August, and DB1 and
DQ the lowest. In Augusl, the porewater sulfate §%S
value was 10% higher at the DB2 site than at the more
oxidized DB1 site. Values increased over the growing
season; for the DB2 intertidal and subtidal sediments,
August S values lor porewater sulfate were 7 or 8%
higher than thosc for May (Table 2).
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DB1

Differences in the &S values of

0.06

0.05-
0.04+
0.03
0.02
0.01-

Spartina alterniflora collected from DB1
and DB2 (Fig. 2) can be related to the con-
trasting sediment processes at these sites.
The lighter sulfur stable isotopic signa-
tures of S. alterniflora at the DB2 site
were associated with greater production

0.00

DB2

of hydrogen sulfide, which is depleted in

0.06

33, The sulfur pool available to S. alterni-

sulfate:chioride

0.05 4
0.04+
0.03
0.02
0.014

flora at the DBI1 site, on the other hand,
was more readily replenished by advect-
ing surface water, as evidenced by the
porewaler sulfate §*S values (Table 2),
and by the minimal sulfide concentirations

0.00

at this infrequently flooded site (Table 2).
The difference of 8.7% between the

-~ 3cm -e- 8cm —— 13cm -4 18cm -5 23 cm === SEAWATER

mean &S values for plants from these

Fig. 5. Porewater sulfate:chloride molar ratios. Plant roots were concentrated

at 8, 13, and 18 cm depth (solid symbols)

DISCUSSION

Hydrodynamic differences among sites were mani-
fested in the organic content of the sediments and in
porewalter sulfide concentrations and degree of sulfate
depletion. The influence of hydrodynamic flushing on
these parameters is demonstrated in a comparison
between 2 sites of similar salinity: the well-drained
creekbank site DB1 and the low, irequenlly flooded
DB2 marsh. The DB2 sediments were enriched in
organic matter relative to DB1 sediments. The former
had a much earlier onset and longer duration of sulfate
depletion (Fig. 5} and far higher concentrations of
porewater sulfide (Fig. 6).

Table 2. Sulfur stable isotopic composition (%} of porewater
and surface water sulfate. Duplicate samples were analyzed
for surface water

Site 1S

Porewater

May DB1 +21.5
DB2 +24.4
DB subtidal +22.9
DQ +21.1

August DBt +22.2
DB2 +32.2
DB subtidal +30.2
DQ -

Surface water

August HWY +22.5; +22.6
DB +21.8; +21.6
BAY +21.0; +20.7

2 sites indicates that hydrodynamic
cffects on porewater sulfur chemistry had
a substantial influence on the S of S.
alternifiora in this system. This pattern
has also been observed in higher salinity
marshes in North Carolina and Massachusetts. In
North Carolina, S. alterniflora from sandy sediments in
a transplanted marsh had &S values ca 10%. heavier
than the &S values from a natural marsh with finer
sediment texture and higher organic content (Currin et
al. 1995). In Massachusetts, short S. alterniflora %S
values from an interior marsh were lighter than the
values for tall S. alterniflora along a creekbank (Peter-
son et al. 1986).

However, flooding regime and sediment geochem-
istry did not completely determine the sulfur isotopic
composition of Spartina alterniflora in Monie Bay. The
HWY, BAY and DB2 sites were comparable hydrody-
namically, with low rates of flushing, fine-grained,

Table 3. Reported values for §'S (%) of Spartina alterniflora
shoots. Except where noted, + values are standard deviations.
With the exceplion of Deegan et al. (1990), Cornwell et al.
(1990}, Deegan & Carritt (1997) and this study, all studies
were conducted in high salinity (>20 ppt) marshes

Localion (USA) S Source

Georgia 0952 Peterson & [Howarth (1987)
Louisiana 5.6 Deegan et al. (1990)
Maryland 23+3.8  This study

Maryland 1.6+52 Cornwell et al. (1990)
Massachusetts

Short form -3.6%5.0 Peterson et al. (1986)

Tall form -3.3+3.3 Peterson et al. (1986)
Massachusetts 3.5+ 6.6 Deegan & Garritt (1987)
Mississippi 1.4 = 2.2 (SE) Sullivan & Moncreiff (1990)
North Carolina 0.0 Carlson & Forrest (1982)
North Carolina -9.6 Currin et al. (1995)

Texas 4.5, 3.5 Fry et al. (1982)
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Creek support this model. In addition,
the &S values of S. alterniflora in the
hydrodynamically similar HWY, DB2
and BAY marshes decreased as salinity
increased (Fig. 7). The §%S values at
DB1 were heavier than those at the
similarly well-drained but higher salin-
ity DQ sile; the 8*S values at DQ most

sulfide concentration (umol L)

3000 DB2 o 3000 ba
2500- 2500
20001 \ 2000-
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1000 \ 1000-
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closely resembled those from other
high salinity marshes.

The relatively enriched *S values of
Spartina alterniflora from the low salin-
ity HWY site may result from uptake of
isotopically enriched sulfide produced
under conditions of sulfate depletion. In

- 3cm - 8cm —+ 13cm = 18cm —3"23(21]

porewater at the HWY site, there was

Fig. 6. Porewater sulfide concentrations. Plant roots were concentrated at 8, 13,

and 18 cm depth (solid symbols)

organically rich sediments, and the potential for high
rates of sulfate reduction. Nevertheless, the sulfur sla-
ble isolopic composilions of S. alternifiora from these
locations differed considerably, ranging from -5.6 to
5.9%.. Furthermore, the DB1 and DQ sites both had rel-
atively low organic content, lower sulfide concentra-
tions and sulfate depletion, and the potential for
enhanced flushing, due either to infrequent flooding
(DB1) orto very sandy texture (DQ). However, S. alterni-
flora [rom these 2 well-drained, more oxidized marshes
had very different §*'S values as well. Vari-

ation in the 8*S values of S. alterniflora

rapid sulfate depletion in spring and
temporal variability in sulfate:chloride
ratios (Fig. 5), suggesting that the sup-
ply of sulfate limited sulfate reduction
(Howarth & Teal 1979, Stribling 1994).
A short-term increase in sulfate:chloride ratios in
response to increasing salinity reflects very low rates of
sulfate reduction and is characteristic of systems that
are sulfate limited (Howarth & Teal 1979). Such a
response occurred at all sampling depths at the HWY
site from June to August (Fig. 5).

Salinity, as it determines porewater sulfate concen-
trations, may also influence the pattern of seasonal
variability in the 8*S of Spartina alterniflora. In high
salinity (20 to 30 ppt) marshes in Massachusetts and

within these groups can be altributed to the 2 10
differences in salinity regime. i 0 Surf. water

In high salinity marshes where new sul- _ c o Sediment | 7° »
fate is continually resupplied from surface } ¢ R 4 Spartina | | g
water, the sulfide pool has a relatively \:: 22 0 %g
light stable isotopic signature. However, % EE
under conditions of sulfate limitation in 2 o 2 0 $§
lower salinily systems, as the sulfate pool § 10 %_ g
is depleted by sullate reduction, porewa- 5 i ) e %
ter sulfide becomes progressively heavier ; 21 {5 E S
isotopically. The 8%S of Spartina alterni- 3 R (.2
flora in low salinity marshes should © 20 ‘?,30 &
therefore be heavier than that of plants .
growing in euhalinc marshes of similar 20 . : : : . 25
flood regime and sediment geochemistry. 0 2 4 6 8 10 12 14 16
Among the heaviest 'S values for S.
alterniflora reported in the literature are Salinity

values of 5.6%. (Deegan et al. 1990) and
8.2%o (Deegan & Garritt 1997), both from
low salinity (<15 ppt) marshes (Table 3).
The heavy &S values (X = 5.9%. WY,

Fig. 7. Surface waler sulfale, solid phase inorganic S, and Spartina alterni-
flora shoot 8™S as a funclion of salinity. The 3 salinities plotted, for each
function, represent mean annual salinity at the HWY, DB2 and BAY sites

(from low to high)
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North Carolina, the §*S of S alterniflora decreased
over the growing season (Peterson et al. 1986 and Cur-
rin et al. 1995, respectively) as it did at the higher salin-
ity DQ sile in this study. This is consistent with plant
uptake of isotopically lighter sulfide accumulating with
increasing sulfate reduction rates. However, this sea-
sonal pattern may not occur at low salinities. The S.
alterniflora S values at the HWY, DB1 and DB2 sites
increased between May and September (Fig. 2). There
are 2 possible explanations for the heavier September
values at these sites, both involving sulfate limitation
of sulfate reduction. If porewater sulfate became
strongly depleted as the growing season progressed,
as was the casc at the 2 DB sites, the potential for frac-
tionation via sulfate reduction would decrease and the
sulfide taken up by the plant would become isotopi-
cally heavier. Alternatively, in very sulfale-limited
marshes with low rates of sulfate reduction, so little
sulfide is produced that much of the sulfur taken up by
plants later in the growing season may be isotopically
heavier tidal water suifate.

The lighter 8*S values for Spartina alterniflora in
winter and spring at thec HWY and the 2 DB sites are
also indicative of a seasonal effect related to low salin-
ity. When tidal water sulfate concentrations are re-
duced by increased freshwater input, a major source of
sulfate available to new growth in the spring may be
newly oxidized sulfide. Iron sulfide minerals stored in
marsh sediments begin to be chemically oxidized in
winter (Kaplan et al. 1963). With active plant growth,
chemical oxidation is supplemented by oxidation by
roots of marsh plants (cf. Teal & Kanwisher 1966,
Howes et al. 1986, Ernst 1990). Spartina alterniflora
has been shown to enhance the production of sulfate
from iron sulfide minerals (Howarth & Teal 1979). As
there is little {ractionation associated with sulfide oxi-
dation (Toran & Harris 1989), early spring sulfate
derived from sulfide oxidation will be isotopically
lighter than summer porewater sulfate derived from
tidal water inputs.

CONCLUSIONS

In this study, 8S values of live Spartina alterniflora
growing in poorly drained, organically rich sediments
(HWY, DB2, BAY) were lighter than values for plants
growing in irregularly flooded or sandier sites (DB1,
DQ). It appears that the sulfur isotopic composition of
S. alternifiora shoots depends strongly on the degree of
accumulation of porewater sulfide, which is deter-
mined by hydrodynamic flushing and rates of sedi-
menlary sulfate reduction.

For localions with similar sediment and hydrody-
namic characteristics, salinity was negatively corre-

lated with the §*'S of Spartina alterniflora. Heavier iso-
topic values occurred at lower salinities. Sediments at
those locations showed evidence of sulfate limitation,
which would result in the production of an isotopically
heavier porewater sulfide pool.

Seasonal variability was also found in the sulfur iso-
topic values of live Spartina alterniflora shoots be-
tween winter/spring and late summer. At higher salin-
ity, S. alterniflora shoot %S values decreased over the
growing season, reflecting the accumulation of isotopi-
cally lighter sulfide. However, for plants growing at
lower salinities, shoot 8*'S values remained steady or
increased over the same period. Light early-season
8%S values at these locations were linked to the reoxi-
dation of sulfides in the absence of substantial tidal
water sulfate. Heavier late-season values were associ-
ated with sulfate depletion and the resulting increase
in the &S of sulfide produced in the absence of
replenishing tidal water sulfate.

This study has identified a number of factors that
may be responsible for variability in sulfur stable iso-
topic composition of Spartina alterniflora. Further
investigation is needed to establish the time required
for the plant sulfur to respond to sediment sulfur vari-
ability, the importance of sequestering of sulfide (and
sulfate) within plant tissues, and the relative impor-
tance of sulfate and sulfide in plant uptake, and to
provide a detailed characterization of the stable iso-
topic composition of porewater sulfate and sulfide
pools.

The 16.3%. range in values of Spartina alterniflora
8*S within the Monie Bay system exceeds the range
of variability of S values reported for live shoots of
this species in other study locations. Variability in iso-
topic signatures of S. alterniflora of almost this magni-
tude was also found in Massachusetts (Deegan & Gar-
ritt 1997) among marshes with a very wide salinity
range (0 to 30 ppt). Lower salinity systems certainly
merit further study with respect to their diversity of
chemical environments and the impact of their sulfur
chemistry on the isotopic signature of primary pro-
ducers.
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