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Abstract: The physical habitat of Juncus roemerianus was examined at nine sites along a salinity gradient 
in the Cape Fear River Estuary, North Carolina. Soil salinity, drainage, redox potential, pH, etevati(m, percent 
sand, percent organic matter, and above-ground plant biomass and height were measured at each site, and 
from these data, the habitat of Juncus roemerianus was determined. Atl parameters varied over the salinity 
gradient, with soils at upriver sites having a high sand fraction, low organic fraction, and highest redox 
potentials. Downriver. well-established marshes had tow sand fractions, high organic fractions, and lowest 
redox potentials. Canonical Discriminant Analysis indicated that each site was statistically different from 
other sites due to salinity, elevation, and percent organic matter. 

Mean standing live bion~ss was 688 g m .z. and, despite differences in physical and chemical factors 
among sites, biomass of Juncus roemerianus did not vary. Juncus roemerianus was found to grow equally 
well within a broad range of physical and chemical habitats but did not occupy the total expanse of its 
potential habitat at any one site. 

Extensive overlap in physical habitat occurred between Juncus-dominated communities and adjacent com- 
munities dominated by other species, especially in the more established marshes. However, Canonical Dis- 
criminant Analysis statistically separated short and tall form Spartina alterniflora, Distichlis spicata, Scirpus 
robustus, and Juncus roemerianus mJcrohabitats based on elevation and redox potential. Thus, we found 
zonation in tidal marshes of the Cape Fear River Estuary was based on abiotie factors, but we recognize 
the importance of plant species interactions and marsh position within the landscape. 

Key Words: zonation, tidal marsh, physical gradient, edaphic conditions, competition, Junc~s roemerianus, 
elevation, soiI salinity, Spm~ina alterniflora 

I N T R O D U C T I O N  

The vegetation of  tidal marshes is often subject to 
extreme and varying environmental  conditions. Con- 
sequently, tidal marshes are characterized by a low di- 
versity of  flora occurring in distinct vegetat ive zones. 
In the Southeast U.S., dominant  plants include smooth 
cord-grass (Spartina atternifiora Loisel)  and black 
needlerush (Juncus roemerianus Scheete), which are 
often found in dense monotypic  stands adjacent to one 
another (Adams 1963, Eleuterius and Eleuterius 1979, 
Stout 1984, V~'iegert and Freeman 1990). 

Early work on zonation focused on the apparent cor- 
relation of vegetative patterns to variations in the phys-  
ical environment.  Adams (1963) studied North Caro- 
lina marshes and reported that zonation was associated 
with a gradient of  edaphic factors related to tide and 
elevation. Salinity has also been cited as an important 

factor limiting distribution of  marsh species (Adams 
1963, Waisel 1972, Cooper  1982, Earle and Kershaw 
1988). Other workers  have reported that spatial pat- 
terns in their marshes  were influenced by  elevation and 
degree of  inundation (Zedler I977, Nixon 1982, Earle 
and Kershaw 1988); soil drainage and aeration (Men- 
delssohn and Seneca 1980); soil type and texture 
(Dawe and White t982); nutrient availability (Pidwir- 
ny 1989), and soil redox potential (Linthurst and Sen- 
eca 1980, Mendelssohn and Seneca t980, Mendels-  
sohn et al. 1981, Jernigan 1990). 

Changes in these physical  factors over  t ime can 
cause changes in vegetat ive patterns. DeLaune et al. 
(1987) suggested that increasing submergence and sa- 
linity in tidal marshes causes changes in distribution 
of  coastal plant communit ies .  Win--ten and Niering 
(1993) studied salt marshes in Connecticut 40 years 
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after initial work by Miller and Egler (1950) and re- 
ported changes in community composition due to sea 
level rise and a decrease in accretion. 

Biotic factors such as competition have also been 
cited as significant causes of  zonation (Adams 1963, 
Snow and Vince 1984, Covin and Zedler 1988), and 
transplant studies have confirmed the existence of  
competition in the marsh (Stalter and Batsot~ 1969, 
Bertness and Ellison t987, Bertness 1991). 

Many studies on factors determining vegetative dis- 
tribution in tidal marshes have been carried out within 
a single site and then used as a model to represent all 
marshes with similar species (Adams 1963, Hackney 
et al. 1996). However, the presence of  similar species 
does not necessarily indicate the same physical char- 
acteristics, hydrogeomorphic conditions, or species in- 
teractions. Physical characteristics of marshes may 
vary depending on marsh location (Eleutefius and 
Caldwell 1985) and age (Osgood and Zieman 1993). 

An example of  a widespread tidal marsh species that 
occurs in monotypic zones and also occupies a varied 
physical habitat is Juneus roemerianus (Eteutefius and 
Caldwell 1985). Stout (1984) described three types of  
habitats occupied by J. roemerianus commmfities in 
the northeastern Gulf  of  Mexico: 1) saline marshes 
with lktle significant dilution of  tidal waters, 2) brack- 
ish marshes where tidal waters are diluted before 
flooding the marsh, and 3) the transitional community  
between brackish and freshwater marsh. 

The purpose of  this study was to examine the phys- 
ical and chemical habitat associated with tidal marshes 
along a salinity gradient. The physical habitat of  Jun- 
cus roemerianus was described, including elevation, 
soil salinity, drainage, redox potential, pH, and texture. 
The physical environment was also compared with that 
of  adjacent plant communities to determine if  distri- 
bution of  J. roemerianus was controlled by tolerance 
to physical conditions. 
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Figure 1. Locations of study sites along the lower Cape 
Fear River, North Carolina. GPS coordinates for the study 
sites were: Site 1: 34°09.140'N and 77°56.611'W, Site 2: 
34°09.088'N and 77°55.822'W, Site 3: 34°06A20'N and 
77~55.490'W. Site 4: 34°05.096'N and 77°55.291'W, Site 5: 
34°03.197'N and 77°55.060'W, Site 6 (Fort Fisher): 
33°57.658'N and 77°56.493'W, Site 7 (Brunswick Town 
State Historic Site) 34°02.381'N and 77°56.645'W, Site 8 
(Sunny Point Military Ocean Terminal): 34°00.210'N and 
77°57.290'W, and Site 9 (Fort Caswell Baptist Assembly): 
33°53.596'N and 78°01.279'W. 

STUDY AREA 

The Cape Fear River flows 320 km southeast 
through North Carolina and drains 14624 km z. Salt- 
water intrusion occurs up to 32 km upstream (Giese 
et al. 1985). Nine sites were selected along a salinity 
gradient from the month to 20 krn upriver (Figure 1). 
Marshes along this gradient were selected that were 
characterized by stands of  Juncus rQemerianus adjao 
cent to U.S.G.S. vertical datum benchmarks (NGVD). 
Salinity ranged from 0.5 ppt at the upriver site to 35 
ppt at the mouth, and all sites had a mean tidal am- 
plitude o f  1.43 m (NOAA 1995). 

METH O D S  

A 100-m transect was established through the mid- 
dle of  each site° Every  10 m along the transect, a per- 
manent station was established for a total of  8 -10  sta- 
tions per site. For small stands of  J. roemerianus (sites 
1 and 2), stations were located every  five meters to 
attain 8-10 stations per site. 

The largest adjacent vegetative zone dominated by 
a plant other than J. roemerianus was selected, and a 
transect along the edge where these two zones met was 
established. Every  10 m, two stations were established, 
one meter within and one meter  outside of  the Juncus 
zone, for 8 -10  pairs of stations. 
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At each station (in both Z roemerianus and adjacent 
vegetat ive zones), soil salinity, drainage, redox poten- 
tial, and p H  were  measured once each season: late 
winter (March), spring (May-), summer  (July), and fall 
(September).  Elevation, percent sand, and percent or- 
ganic matter  were measured in July. Percent organic 
matter, above-ground biomass,  and plant height were 
also measured in July at Z roemerianus stations. 

At each station, a 7.3 cm (dia.) × 20 cm sediment  
core was removed  at low tide. Holes  were covered 
with a ring to prevent surface water  f rom entering. 
After interstitial water  refilled the hole, water depth 
was measured to determine soil drainage, and salinities 
were recorded to the nearest 0.5 p p t  

Soil redox potential  was measured at low tide using 
a method similar to de la Cruz et al. (1989). A mini 
pH meter  and six plat inum tipped electrodes were used 
to measure  redox potential o f  the substrate at depths 
of  5 and 10 cm for each station~ Sediment  temperature 
was recorded at 5 and 10 cm depths. Sediment pH was 
also recorded within the first 5 cm at each station using 
the pH meter  and an Ag/AgC1 standard gel-filled elec- 
trode also calibrated in the lab with standard 7.0 buffer  
solution. Elevation was measured using a transit, ref- 
erenced to a U.S.G,S, elevational benchmark,  and re- 
corded in meters relative to mean sea level (MSL). 

At each station, two sediment cores were collected 
and homogenized.  From each sample, percent organic 
material  was determined by drying, then ashing in a 
muffle furnace at 600°C for 4.5 h. Percent  sand content 
was determined using the methods outlined in Folk 
( t974);  sandy samples were separated by dry seiving, 
and samples with more  than a few percent o f  silt and 
clay were separated by wet sieving. 

Above-ground live biomass  for Juncus was deter- 
mined during peak  growing season (July) by selecting 
six random 0.25 m 2 plots along transects. Plants were 
clipped at ground level early in July. Leaves  were then 
sorted into live and dead; leaves that were more than 
50% green were considered to be live. The live leaves 
were dried at 103°C and weighed. 

Statistical Analyses 

All statistical analyses used SAS version 6.0, and 
significance was determined at e~ = 0.05 (SAS Institute 
Inc. 1989). Principle Component  Analysis was used to 
determine if  correlations existed among parameters.  
Redox potential at 5 and 10 cm were highly correlated 
(r 2 = 0.92); therefore, Eh at 10 cm was removed f rom 
further analysis. Data were tested for normality (using 
PROC Univariate normal), and log and arcsin trans- 
formations were made where appropriate. Student- 
Newman-Keuls  tests were used to determine differ- 
ences between sites for each parmneter. Analysis o f  

Table 1. Habitat characteristics of marshes dominated by 
Juncus roemerianus. Values are the mean and standard de- 
viation from all sites combined. Ranges are in parentheses. 

Elevation (rn above MSL) 

Sand content (%) 

Organic content (%) 

Salinity (ppt) 

Redox potential (mV) 

pH 

Drainage (cm) 

0.68 + 0.13 
(0.27-0.92) 
65.9 ± 34 
(10.3-100) 
14.8 +_ 14 

(O.5-5O.7) 
17.3 + 9.3 

(0.5-38.0) 
117.2 + 164.9 

(-230.8-+510.5) 
7.00 +_ 0.55 
(5.72-8.93) 

11.92 ± 6.9 
(0-20) 

Variance fol lowed by pairwise comparisons (using Tu- 
key ' s  studentized range test) determined differences 
among  sites and seasons for individual variables. 

Multiple regression via the G L M  procedure deter- 
mined if  any of  the physical parameters  (redox poten- 
tial, salinity, drainage, pH, elevation, percent organic 
matter, or percent  sand) were related to biomass  and 
height of  Juncus roemerianus. 

Juncus roemerianus Compared  with Other Zones 

Analysis  of  variance and pairwise comparisons (us- 
hag Tukey ' s  test) were made between J. roemerianus 
and other vegetat ive zones by site and season to de- 
termine if  differences in variables occurred between 
zones. Canonical  Discriminant  Analysis  was used to 
determine i f  separation existed between Juncus roe- 
rnerianus and other vegetat ive zones. This separation 
was determined using the WiNs '  Lambda  multivariate 
test statistic. Canonical  variables were examined to de- 
termine which of  the parameters  measured (redox po- 
tential, salinity, soil drainage, pH, percent sand, or el- 
evation) were  most  important  in determining this sep- 
aration. (Mardia et al. 1979, Johnson 1994). 

RESULTS 

Soil characteristics o f  Juncus roemerianus co mmu -  
nities are summarized in Table 1. Sites, originally se- 
lected along a salinity gradient, were arranged accord- 
ing to mean salinity on all figures. The mean elevation 
for Juncus roemerianus was 65 cm with most  stations 
within 0.6 to 0.8 m above msl  (Figure 2). Even  with 
this narrow elevation range, we found significant vari- 
ation among sites for elevation (F = 25.86, d.f. = 8/71, 
P < 0.0001). In addition, a Student-Newman-Keuls  
test showed that elevation was the same at all sites 
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except  site 1, which was significantly lower. Sites var- 
ied considerably with respect to percent sand (F = 
47.33, d.f. = 8/71, P < 0.0001) and organic matter  (F 
= 51.59, d.f. - 8/71, P < 0.0001). 

Percent sand generally decreased over  the gradient 
(Figure 2), with sites 1, 2, and 7 grouped together with 
a very  large (>95%)  sand fraction. Sites 3, 4, 5, and 
8 were also grouped together with a low sand fraction 
(<30%) ,  containing a large amount of  silt and clay. 
Percent organics varied inversely with sand content 
(Figure 2), with sites 1, 2, 6, and 7 having the lowest  
values compared  to sites 3 and 4, with 8, 9, and 5 
intermediate. 

There  were also significant differences among sites 
(P < 0.0001) for all parameters that had been mea-  
sured seasonally. Sites 1 and 2, which consistently had 
the lowest  salivSties, also had the highest redox poten- 
tials (Figure 3). Downriver  sites (5 to 7) had the great- 
est salinifies. Sites 3, 4, 6, 7, and 9 had the lowest  
redox potentials. Drainage was less consistent, but the 

Sites 
1 2 3  4 6 8 7  9 5  

600, g 8 
400 

200 g 
E o 

@ -2oo 
e~ 

w -400 
B 

0 ~ .  

2 -  

6 ,  

g 8i 

"o t4 i 

2O 
B 

5- 
5 

AD 
C 

D 

° I t  
C C C E~B 

'tl 
A - -  

c c  

1 
&C A 

10 15 20 25 

Sal in i ty  (ppt . }  

I 

30 

Figure 3. Annual means of Juncus roemerianus marsh soil 
characteristics along a salinity gradient. Values are mem'~s 
and ranges. Values with the same letters are not significantly 
different accordLng to Student-Newman-Keuls tests. 

sites with greater sand content typically had greater 
soil drainage (Figure 3). 

Mean biomass was 688 g m -2 and did not vary sig- 
nificantly over  sites (F = 137, d.f. = 8/45, P < .2342), 
but showed wide variation within sites. Height  did 
vary  significantly over  sites (F = 8.49, d.f. = 8/45, P 
< 0.0001), with the tallest plants found at sites 1 and 
3 (Figure 4). 

Multiple regression of  the dependent  variable bio- 
mass on the elevation, percen t  organic matter, and per- 
cent sand content showed biomass  weakly correlated 
(r 2 = 0.21, F = 8.0, P < 0.0001) with these parame-  
ters. Only percent sand was significantly correlated (F 
= 42.79, P < 0.0001) with biomass.  Height was cor- 
related with the parameters  measured  @2 = .61, F = 
47.83, P < 0.0001); height was negatively correlated 
with elevation (F = 163.53, P < 0.0001), salinity (F 
= 86.56, P < 0.0001), redox potential (F = 19.78, P 
< 0.0001), and percent sand (F = 15.05, P < 0.0001); 
and height was posit ively correlated with percent or- 
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Figure 4. Biomass and height of Juncus roemerianus dur- 
ing peak growing season along a salinity gradient. Values 
are means and ranges. Values with the same letter are not 
significantly different. 

ganic matter  (F = 43,25, P < 0.0001) and pH (F - 
6.57, P < 0.01). 

Juncus roemerianus Compared  with Other Vegetative 
Zones 

Spartina alterniflora was the dominant  vegetation in 
the adjacent zones, except at site 3 where Distichlis 
spicata Greene dominated the adjacent area. At site 4, 
S. alterniflora initially dominated the entire adjacent 
zone. However,  in spring, Scirpus robustus Pursh in- 
vaded about half  of  this zone and became the dominant  
adjacent flora for the remainder  of  the study. 

Elevation was significantly lower for S. alterniflora 
than J. roemerianus at the two sites furthest upriver 
(Site 1, F = 9.04, P < 0.0076; Site 2, F = 144.8, P 
< 0.0001). There was also a significant difference be- 
tween Juncus and Distichlis stands at site 4 (F -- 9.34, 
P < 0.01), with Distichtis being significantly higher in 
elevation (Figure 5). 

Redox potential was consistently greater in Juncus 
soils vs. Spartina soils (Figure 5). Sites that showed 
significant differences (P < 0.05) between stands with 
respect  to redox potentials were upriver sites (1 and 
2), which corresponded to the significant elevation d i f  
ferences. Pairwise comparisons revealed no significant 
differences in salinity or percent sand content between 
Juncus roemerianus and stands of  adjacent vegetation 
at any site (all P values >0.05).  

CanonicM Discriminant  Analysis  revealed separa- 
tion (P < 0.0001) between Juncus roemerianus and 
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Figure 5. Pairwise comparisons of physical characteristics 
of stands of Juncus roemericmus and adjacent stands of veg- 
etation. All adjacent stands were dominated by Spartina al- 
terniflora except site 4, which was dominated by Distichlis 
spicata. Values are means and ranges. Pairs indicated by an 
* are significantly different (P < 0.05). 

Spartina alterniflora for  all seasons. When Spartina 
a#erniflora was separated into short and tall forms, 
there was significant separation of  the two height 
forms and Juncus based on elevation and redox poten- 
tial. When Distichlis spicata and Scirpus robustus 
were added, there was significant separation (Wilk's  
Lambda  = 0.417, df  = 20/1848, P < 0.0001) of  the 
different vegetat ive zones (Figure 6). The first two ca- 
nonical variables were responsible for 90 . I% of  this 
separation. 1"he first canonical variable (CAN 1) was 
responsible for 67.1% of  the separation, with elevation 
as the only highly weighted variable (standardized co- 
efficient o f  1.26) The highly weighted variable in the 
second canonicN variable (CAN 2) was redox poten- 
tial, which had a standardized coefficient of  0.997. 

D I S C U S S I O N  
Physical Habitat  o f  Juncus roemerianus 

Juncus roemerianus occurs over  a wide range of  
physical  and chem.ical variables. In Mississippi marsh-  
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Figure 6. Separation of vegetative types and relative po- 
sition of each species along canonical axes. Values are class 
means. Heavily weighted variables were elevation in CAN 
1, and redox potential in CAN 2. 

es, monotypic stands of Juncus have been found to 
occupy a variety of marsh habitats that have significant 
differences in salinity, organic matter, percent sand 
content, soil water content, and nutrient concentrations 
(Hackney and de la Cruz 1978, Eleuterius and Cald- 
well t985). The ability of this species to occupy a 
variety of soil types allows for its wide distribution in 
tidal marshes in the Southeastern United States. 

We found that stands of Juncus roemerianus in 
North Carolina marshes also occur over a wide range 
of physical and chemical variables, including salinity, 
elevation, percent sand content, percent organic matter, 
redox potential, and soil drainage (Figures 2, 3, and 
4). Significant differences in soil organics, elevation, 
and sand content were found between Juncus marshes 
along the salinity gradient. Variations in these physical 
characteristics may be due to factors including marsh 
age or maturity mad physical setting within the land- 
scape (Redfield 1972, Osgood and Zieman 1993). Al- 
though marsh age is not known in this study, recent 
activities such as dredging in the Cape Fear River have 
allowed for salt intrusion further upriver. This increase 
in salinity has led to establishment of Spartina and 
Juncus marshes further upstream where bald cypress 
(Taxodium distichum Richard) was once dominant 
(Hackney and Yelverton 1990). The two sites furthest 
upriver are likely younger than the other marshes stud- 
ied and have not had an opportunity to accumulate 
sediment or organic material. Osgood and Zieman 
(1993) studied barrier islands of Virginia and reported 
that sediments of younger marshes were coarser and 
had a greater sand content and a lower percentage of 

organics than older marshes. They also found that 
younger marshes had higher redox potentials, which 
was attributed to better drainage and a steeper eleva- 
tional grade that older sites. The stands of Juncus roe- 
merianus at the upriver sites (1 and 2) as well as Site 
7 (Sunny Point) occurred as narrow bands along the 
river's edge. The marshes at sites 1 and 2 occurred on 
a steeper elevafionat grade than the other sites, with 
significant differences in elevation and redox potential 
between vegetative zones (Figure 5). The vegetation 
in these areas was exposed to regular inundation by 
twice-daily tides and better drainage (Figure 3), which 
may prevent buildup of fine grained sediment and or- 
ganic material. In the majority of the other sites (3, 4, 
5, 8, and 9), the stands of Juneus were located in ir- 
regularly flooded, protected embayments. These well- 
established marshes have accumulated more sediment, 
and as a result, the finer grained sediment content was 
significantly greater in these marshes. 

Despite differences in physical characteristics, Z 
roemerianus achieved similar biomass throughout its 
range. Although differences in plant height were de- 
tected between sites, there were no significant differ- 
ences in standing biomass for any of the sites along 
gradients of salinity, elevation, redox potential, or per- 
cent orgardc matter (Figure 4). Similarly, Christian e t  
al. (1990) found no differences in growth of Juncus 
along gradients of hydroperiod and salinity. 

While there were no significant differences in bio- 
mass, we found a negative effect of sand content on 
biomass and height. We also found a negative effect 
of redox potential on height. Smart and Barko (1978) 
found that Spartina alterniflora and Distichlis spicata 
grew best on silt and clay soils with low biomass on 
sandy soils. This difference in growth was attributed 
to nutrient limitations of growth in sandy soils. In this 
study, plant height was negatively correlated with el- 
evation and salinity. S. alterniflora also has its taller 
height forms in zones of lower elevations and lower 
soil salinity then the short form (Adams 1963). Al- 
though the height differences shown by Juncus roe- 
merianus are not as apparent as in S. alterniflora, the 
effects of inundation and salinity are similar. 

Zonafion 

It has been well documented that distribution of 
vegetation in the tidal marsh is dependent on species' 
varying tolerance to physical factors. (Adams 1963, 
Cooper 1982, Earle and Kershaw 1988). Hackney et 
al. (1996) found distinct differences in some physical 
characteristics that could be used to statistically sepa- 
rate vegetative zones. We found similar differences be- 
tween vegetative zones in the lower salinity marshes 
studied. In the marshes with the lowest salinity (sites 
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1 and 2), the narrow bands of Juncus were found 
growing at significantly lower elevations than the ad- 
jacent stands of  Spartina alternifora. Redox potentia|  
in the Juncus zone was greater in these areas. The 
Juncus at these upriver sites may be restricted from 
the lower intertidal zone due to inundation. At site 2, 
a stand of  Juncus roemerianus was observed along the 
river's edge in the high intertidal zone shoreward of  
an area of  bare sand~ indicating that Juncus was re- 
stricted from the lower elevation by inundation. In the 
spring of  1994, Spartina a#erniflora established in tiffs 
bare area. The Spartina grew vigorously but did not 
invade higher elevations occupied by Juncus. 

Restriction of  Spartina alterniflora to the regularly 
inundated tow marsh has been well-documented. Bert- 
ness and Ellison ( t987)  conducted transplant studies 
in New England marshes and showed that 5;. alwrni- 
flora was abie to grow vigorously along the entire 
marsh elevation gradient but was restricted from the 
high marsh due to competitive exclusion by Spartina 
patens Muhl. They  reported that the superficial rhi- 
zome and root mat of  & patens inhibited penetration 
and seedling establishment by & alterniflora. Distich- 
lis spicata may also restrict Juncus roernerianus f rom 
higher elevations. In the present study, Distichlis spi- 
cata occupied a region adjacent to Juncus at Site 4. 
The elevation of  this zone was significantly higher 
than that of  Juncus with some overlap (Figure 5). 

Zonation and monospecific stands o f  certain species 
do not always coincide with the apparent gradient of  
physical factors, and the presence of  certain species 
does not necessarily indicate the existence of  specific 
edaphic characteristics, Wiegei~ and Freeman (1990) 
reported that Juneus roemerianus dominates primarily 
where low interstitial salinity prevails. However, we 
found that salinity alone did not seem to limit distri- 
bution of  Juncus roemerianus nor was it responsible 
for zonation patterns of  Juncus and Spartina (Figure 
4). Interstitial salinity for both species ranged from 5 
to 25 ppt and was not significantly different for the 
two species at any location. 

Juncus roemerianus also has a wide range of  toler- 
ance to other physical factors measured, and we found 
that the physical characteristics associated with stands 
of  Juncus overlapped with other vegetative zones. Al- 
though the plants occur in monotypic stands with little 
or no mixing of  species, percent sand content, soil 
drainage, and pH were not significantly different be- 
tween vegetative zones at any of  the locations. In all 
marshes but site 2, we found considerable overlap of  
redox potential and elevation between zones indicating 
that abiotic factors may be partly responsible for dis- 
tribution patterns. 

While biotic factors were not examined in this 
study, the rote o f  these factors may help to explain the 

apparent overlap of  habitats. It has been suggested that 
plants may alter their environment to exclude other 
species (Howes et al. 1986, Bertness and Etlison 1987, 
Pidwimy 1989, Hackney et at. 1996). We found sig- 
nificant differences in elevation and redox potential 
between zones in some marshes. Statistical separation 
of  different vegetative zones occurred primarily due to 
differences in elevation (Figure 6), which may be con- 
trolled by the plants. Other biotic factors such as pre- 
emption (Grace 1987) and alteration of  microhabitats 
through mechanisms such as altelopathy (as summa- 
rized by Rice (1974)) have been documented in other 
habitats and may deserve further investigation in the 
tidal marsh. 

Describing the physical and chemical factors of  the 
tidal marsh can delineate the potential habitat of  a spe- 
cies, as long as biotic interactions do not exclude spe- 
cies. Van der Vatk (1981) and Mitsch and Gosselink 
(1986) maintain that distribution patterns in the tidal 
marsh are due to tolerance of  environmental conditions 
as well as competitive plant interactions. Current the- 
o ry  suggests  t h a t  the impor t ance  o f  compe t i t i on  
changes along environmental gradients. At the harsh 
end of  the gradient, such as the frequently flooded low 
marsh, species distribution is limited by tolerance to 
physical factors. At the benign end, such as the high 
marsh, interspecific competit ion is more important in 
determining distribution patterns (Snow and Vince 
1984, Pennings and Caltoway 1992). In general, J. 
roemerianus occupies a slightly different, but overlap- 
ping part of  the intertidal physical/chemical habitat 
than other species (Figure 6). The exact positions of  
boundaries between different vegetative zones, how- 
ever, are not clearly related to these variables (as there 
is considerable overlap between habitat occupied by 
different species), which may be due to short- and 
long-term physical changes as well as biotic interac- 
tions. 
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