
ABSTRACT 

JERNIGAN, LEON STACY, JR. Factors Influencing the Distributional Patterns 

of Juncus roemerianus in Two North Carolina Salt Marshes. (Under the direction 

of ERNEST D. SENECA). 

Zonation of salt marsh vegetation as it relates to physical and edaphic factors 

was examined at two Juncus roemerianus marshes along the North Carolina coast. 

Other objectives were to determine leaf longevity and to compare leaf density, 

biomass, and regrowth of Juncus at the two marshes. 

Juncus was found to tolerate broad fluctuations of salinity, tidal inundation, and 

redox potential. Soil pH and salinity did not appear to influence vegetational 

zonation. Tidal and groundwater influence were important because of their effect on 

sediment saturation. Measurements of redox potentials indicated that Juncus 

sediments were generally less reduced (55 mY) than Spartina alterniflora (-112 mY) 

sediments. The upper I <km portion of the root zones of both species was also 

approximately 50 m V less reduced than the lower 3<km portion. Higher levels of 

phosphorus found in the Spartina zone sediments was related to duration of 

inundation. Other nutrient differences found between zones at each marsh can be 

attributed to the differences in tidal regime. Juncus sediments were found to be 

coarser than those of Spartina. The most important factor affecting vegetational 

zonation appeared to be sediment saturation and its influence on other factors. 

Clip plot data indicate that the two marshes were similar in productivity. 



Redipping data showed the marsh with the lower salinities produced twice as much 

Juncus biomass and density data showed that it had 12% more stems than that of the 

higher salinity marsh. Spartina was the only significant invader of the Juncus clip 

plots. Even though Juncus grows year round, the greatest period of growth occurred 

between March and July. Dieback in Juncus leaves occurs before maturity and 

during periods of active growth. Juncus leaf longevity appeared to be related to time 

of initiation and was estimated to be 1.75 to 2.25 years. 
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INTRODUCTION AND REVIEW OF LITERATURE 

There are approximately 3,174,333 hectares of salt marsh in the eastern United 

States (Eleuterius, 1976). Much research has been done on the role of salt marshes 

in estuarine productivity (Nixon 1980), primarily on those dominated by Spartina 

alternif1ora. Juncus roemerianus marshes have not been as well studied. Of the 

83,572 hectares of salt marsh in North Carolina, 40,682 to 64,334 hectares are 

dominated by L roemerianus (Critcher 1967; Wilson 1972; Eleuterius 1976). 

Salt marsh vegetation is primarily dominated by a few species limited to the 

following genera: Spartina, Juncus. Distichlis. and Salicornia (Adams 1963; Cooper 

1969) and occurs in usually well-defmed zones. There is considerable disagreement 

in the literature regarding the environmental factors responsible for the zonation. 

Factors studied have included tides, salinity, water table, soil, elevation, precipitation, 

temperature, mowing, and ditching (Conard and Galligar 1929; Chapman 1938, 

1940a, 1 940b, 1960; Miller and Egler 1950; Stalter 1968). Hackney and de la Cruz 

(1978) concluded that salinity was not responsible for vegetational zonation in a 

Mississippi tidal marsh and suggested that inundation (as a function of elevation) or 

competition with other marsh species may account for zonational patterns. Other 

researchers have suggested the importance of frequency and duration of tidal 

inundation as factors controlling vegetational zonation in salt marshes (Johnson and 
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York 1915; Adams 1963; Mahall and Park 1976; Sapp et al. 1976; Seneca et al. 1985). 

Hodson (1971) believed depth of inundation rather than duration of flooding 

prevented invasion oflower elevations by Juncus. The importance of differential soil 

drainage in explaining vegetational zonation in salt marshes has been well 

documented (Nichols 1920; Penfound and O'Neal 1934; Chapman 1938; Penfound 

and Hathaway 1938; Reed 1947; Ranwell et al. 1964; Redfield 1972). Other 

researchers have used soil redox potentials (a function of soil drainage) as a measure 

of the anaerobic state of the sediments as it affects organic matter decomposition, 

nutrient availability, and sulfide inhibition (DeLaune et al. 1981, 1983, 1984; Ingold 

and Havill 1984; Jaynes and Carpenter 1986). More recent work has concentrated 

on competition as the controlling factor in vegetational zonation of salt marshes 

(Bertness 1988). The regulatory factors affecting vegetational zonation are not yet 

fully understood. 

The objectives of this study were: 1) to examine a variety of physical and 

edaphic factors that might influence the zonation which occurs between Spartina and 

JuncU$; 2) to compare two marshes with similar vegetational zonation but different 

tidal regimes; and 3) to determine leaf longevity and to compare regrowth after 

clipping, leaf density, and biomass of Juncus at the two marshes. 
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MATERIALS AND METHODS 

Description and Location of Study Sites 

There is considerable variability in size of sounds, tidal influence, salinity, and 

substrate composition within the North Carolina estuarine system. The southern 

portions of the estuaries are characterized by narrow sounds, Spartina alterniflora

dominated marshes, high salinities, silty substrates, and a tidal amplitude ranging 

from 0.3 to 1.5 m. North of Cape Lookout there is a general trend toward wider 

sounds, increased proportions of Juncus roemerianus marshes, lower salinities, sandy 

substrates, and a shift in the importance of tidal influences from astronomic to wind 

tides (Adams and Quay 1958; Funderburg and Quay 1959; Williams et al. 1966; 

Wilson 1972; Schwartz and Chestnut 1973; Cooper 1974; Riggs and O'Conner 1974). 

Two study sites, a northern one and southern one, were identified to represent 

the general types of estuarine-marsh systems within the state. Based on field 

reco~ssance, marshes of similar appearance with two zones of vegetation, ~ 

alterniflora and L roemerianus, plus an upland films taeda zone were selected. The 

northern marsh study site, located along the .Newport River near Newport in Carteret 

County (lat. 34° 46' N., long. 76° 45' W.) was characterized by lower salinities, 

narrow tidal amplitude, wind-dominated tides, and a more extensive f.. taeda zone. 
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The southern marsh study site located along Walden Creek, a tributary of the Cape 

Fear River near Southport in Brunswick County (lat. 330 58' N., long. 1'1' 59' W.), 

was characterized by higher salinities, broad tidal amplitude, and astronomic

dominated tides. 

Study Site Analysis 

Abiotic factors 

A transect of 5-cm PVC pipe wells was established through the three 

vegetation zones at each marsh site. The wells extended 40 em into the sediment 

(Figure 1) and were spaced 5 m apart, except in transition zones where the spacing 

was 2.5 m. The transect at Newport was 95 m long with 22 wells (6 in Spartina, 15 

in Juncus, and 1 in fimJ.s). The transect at Southport was 97.5 m long with 27 wells 

(6 in Spartina, 19 in Juncus, and 2 in films). Monthly measurements of pH, salinity, 

and water level were taken in each well at the high and low of a tidal cycle in each 

well. Isolated pools of surface water were sampled to determine pH and salinity at 

each ~nd of the transect at low and high tide. The pH readings were taken with a 

Fisher Accumet 640 pH meter and a polymer-body, liquid-filled combination 

electrode. Salinities were determined with a refractometer. Water levels were taken 

with a device constructed from PVC pipe, a 9-volt battery, beeper, wire, and stainless 

steel needles. 
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Figure 1. Design of the PVC pipe wells. 
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Fisher and Porter punch tapte level recorders were installed in estuarine waters 

at each marsh site to record tidal height every half hour for 13 months. 

Four redox sampling stations were randomly selected along the transects, one 

each in Spartina, Spartina-Juncus transition, Juncus, and Juncus-finua transition. 

At each station, monthly low tide redox potentials at seven depths (2, 5, 10, 15,20, 

30, and 40 em) were measured using a Fisher Accumet 640 pH meter, calomel 

reference probe, and five insulated copper wire probes with platinum tips. 

Construction of the platinum tip probes consisted of 1 m of 8 gauge copper wire, 1 

em of 18 gauge platinum wire, and several layers of heat-shrinkable insulation. Based 

on preliminary observations, the probes were allowed to equilibrate for 10 to 15 

minutes prior to reading. Other researchers have arrived at similar times for 

equilibration (de la Cruz et ale 1989). The redox measurements were averaged over 

time and probes for each of the four stations by two categories of depth, upper 10 

em and lower 30 em. The upper 10-cm depth was chosen as a natural break because 

it is the zone that often contains the greatest root concentration (Craft et ale 1988). 

Addi~onally, a similar sampling of the redox potentials of 12 marshes (including the 

two study sites) from Oregon Inlet to South Carolina was conducted within a three

day period as a point of reference for the present study. 

Fifteen soil samples, 30 em in depth and 8.5 em in diameter (10 in Juncus and 

5 in Spartina) were randomly collected along each transect. Nutrient analyses were 
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performed by the Soil Testing Division of the North Carolina Department of 

Agriculture using their routine methods. Additional analyses to determine total 

Kjeldahl nitrogen, % organic matter, and texture were conducted on samples 

partitioned into the upper 10-cm and lower 20-cm portions. Total carbon was 

determined by multiplying a conversion factor (0.45) times the amount of organic 

matter (Nixon 1980). 

Elevations of all sampling points (wells, plots, redox stations, and the 

recording gauges) were determined by standard survey methods and nearby known 

elevations. 

Biotic factors 

Ten 0.5-m2 clip plots were randomly selected along the transects in the JunCUS 

zone to estimate aboveground biomass. The plants were clipped at ground level at 

assumed peak production the flISt week in July (Seneca et al. 1976). The clippings 

were sorted into live and dead groupings, dried at 70° C for 72 hr, and weighed. 

These. same plots were reclipped 13 months later and clippings were treated the same. 

At each marsh a 0.25-m2 longevity plot was randomly established along the 

transect in the JunCUS zone each month fOJ': 13 months to determine leaf longevity. 

Within each plot the following data were taken: 1) number of standing dead leaves 

the month of plot establishment; 2) number of live leaves each month; 3) monthly 
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measurements of height (to the nearest 0.5 em) of ten young leaves and ten mature 

leaves which were tagged using numbered bamboo stakes and nylon string. Leaves 

between 10 and 30 em tall were considered young leaves and leaves greater than 50 

em tall with 1 em or more of dieback at the tip were considered mature leaves. 

Statistical Analyses 

Abiotic and biotic data were analyzed using the GLM package (Barr et al. 

1982) primarily through t-tests, since most comparisons were pairwise. Significant 

differences between/among means were determined based upon an alpha level=0.05. 
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RESULTS 

Abiotic Factors 

The mean well water pH values (averaged over the 16 months for each well) 

ranged from 6.42 to 6.74 at the Newport marsh and from 5.68 to 6.78 at the 

Southport marsh (Figures 2 and 3). Surface water pH ranged from 5.49 to 7.50 at 

the Newport marsh and from 5.66 to 7.64 at the Southport marsh. Differences in 

mean well water pH between high and low tide measurements were less than 0.1 pH 

unit at each marsh (6.56 low, 6.59 high at Newport; 6.36 low, 6.41 high at 

Southport). The pH difference between the Spartina and Juncus zones was 

approximately 0.1 pH unit at each marsh (6.47 Spartina. 6.57 Juncus at Newport; 

6.58 Spartina. 6.44 Juncus at Southport). No significant pH differences existed 

between the marsh sites. 

Salinity 

.No significant differences in mean well water salinities (averaged over the 16 

months for each well) were detected between high and low tide readings at either 

marsh (Figures 4 and 5). 

The marshes exhibited different mean well water salinity patterns with respect 

to distance from open water. At the Newport marsh, mean well water salinity 
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Figure 2. Mean low and high tide pH of the transect wells at the Newport marsh. 
Standard error of the difference between low and high tide pH's = 0.01. 
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Figure 3. Mean low and high tide pH of the transect wells at the Southport marsh. 
Standard error of the difference between low and high tide pH's = 0.02. 
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steadily decreased as distance from open water increased, creating a significant 

difference in mean well water salinity between the Spartina zone and the Juncus zone 

(t.05 = 5.79, dJ. = 8.7), 15 + 1.1 and 8 + 0.6 parts per thousand (ppt), respectively 

(Figure 4). Average surface water salinities at each end of the transect parallel these 

zonal means, 17 + 2.5 ppt at the Spartina end and 8 + 2.2 ppt at the Juncus end. At 

the Southport marsh, mean well water salinity fluctuated between 15 and 23 ppt 

along the transect while surface water salinities averaged 20 + 1.5 ppt. No significant 

difference existed in mean well water salinity between the Spartina zone and the 

Juncus zone (Figure 5). Juncus was growing under higher average salinities at the 

Southport marsh than at the Newport marsh, 19 + 0.6 and 8 + 0.6 ppt, respectively. 

Water table 

Sediment saturation at the two marshes was similar. The water table remained 

very close to the sediment surface at all stations along the transect at each marsh site 

(Figures 6 and 7). A significant difference in mean well water levels (averaged over 

the 16 ~onths for each well) was detected between high and low tide measurements 

at the Newport marsh, mean difference of 1.6 + 0.14 em (Figure 6). Mean well water 

levels were significantly higher at high tide ~ at low tide at the Southport marsh, 

mean difference of 4.0 + 0.94 em (Figure 7). 

Mean depth to water table from sediment surface at high tide was greater in 
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the Spartina (-3.1 ± 1.1) than in the Juocus (-0.8 ± 0.5) zone at the Newport marsh, 

however, the opposite was true at the Southport marsh, Spartina (5.0 ± 2.0) versus 

Juncus (0.9 ± 1.2). 

Tidal repue 

The tides at the Newport marsh are primarily wind-driven with a tidal 

amplitude of 0.9 m. The mean high tide seldom exceeds the mean elevation of the 

marsh (Figure 8), resulting in very little flushing of the Juncus zone. 

The tides at the Southport marsh are primarily under astronomic influence 

with a tidal amplitude of 1.3 m. The mean high tide frequently exceeds the mean 

elevation of the marsh (Figure 9), resulting in periodic flushing of the Juncus zone. 

Since the tidal amplitude is greater and the mean elevation of the marsh is lower at 

the Southport marsh, it was flooded more frequently than the Newport marsh. 

Redox potentials 

The two marshes exhibited different patterns of redox potentials relative to 

distance from the open water. The pattern in the Newport marsh was an increase in 

redox potential between the Spartina station and the Spartina-Juncus station followed 

by decreases at the Juncus and Juncus-finua stations (Figure 10). The pattern in the 

Southport marsh was an increase in redox potential from the Spartina station 
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through the Juucus station followed by a decrease at the Juncus-fiIws. station (Figure 

11). The Southport marsh pattern was more typical of that found in other marshes 

along the coast of North Carolina (Appendix, Figures AI-A12; de la Cruz et al. 

1989). The data obtained from the survey of 12 marshes in three days (Appendix, 

Figures AI-A12) generally show Juucus to be less reduced than Spartina. Even 

though the graphs of the redox potentials of the upper and lower depth categories 

mirrored each other, the redox potentials of the upper 10 em were significantly higher 

than those of the lower 30 em at each of the four stations within each marsh. 

Soil nutrients 

The nutrient analyses produced many statistically significant zonal differences, 

but the one of most biological interest was the higher levels of phosphorus found in 

the Spartina zone at both locations (Table 1). Although the difference was significant 

only at the Newport site, NH4-N was higher in the Spartina than in the Juncus zone 

of both marshes. Sodium was higher in the Spartina zone than in the Juncns zone 

at Ne\\1>Ort, but the opposite was true at Southport. The latter pattern also occurred 

soluble salts. Both manganese and zinc were higher in the Spartina than in the 

Juncus zone. There was more humic mattet: (humic and fulvic acids) in the JunCUS 

than in the Spartina zone at both marsh sites. 
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Table 1. Means (± 1 S. E.) of nutrient analysis of soil samples from different vegetation 
zones at two marshes. 

Nutrient 

P mg/cdrn 
~ meq/lOOcc 
Ca meq/lOOcc 
M. meq/ 1 OOCC 
Na meq/ 1 00cc 
WtlVolg/cc 
pH 
BUfer Acidity 

meq/lOOcc 

Newport 

Juncus 
(n=10) 

10.5:1: 1.5 
1.1:1: 0.2 
4.6:1: 0.4 

13.7:1: 1.7 
22.0:1: 4.2 

0.6:1: 0.1 
5.6:1: 0.1 
2.1:1: 0.2 

• 
• 

• 

S .. of Calio .. 41.3 :I: 6.3 • 
meq/1OOcc 

CEC meq/lOOcc 43.4 :I: 6.3 • 

" BueSaL 93.6:1: 1.4 • 
Ua.mg/cdrn 2.0:1: 0.3 • 
Zamg/cdrn 1.5:1: 0.3 • 
C. mg/cdrn 0.3:1: 0.02 • 
Hame g/lOOcc 1.4:1: 0.2 • 
NB4-N mg/cdrn 18.5:1: 3.5 • 
Salable Salts 14.1:1:2.8 • 

mmho/cm 
S04-S mg/cdrn 1624.8 :I: 220.4 

Spartina 
(n=5) 

34.0 ± 4.2 
2.0:1: 0.1 
5.2 :I: 0.2 

17.9:1: 1.3 
40.0:1: 4.0 

0.6:1: 0.01 
5.6 :I: 0.2 
1.6:1:0.4 

65.0:1: 5.6 

66.6:1: 5.3 
97.4:1: 0.8 

7.3:1: 1.1 
5.1 :I: 0.6 
0.5:1: 0.04 
0.4:1: 0.05 

39.7:1: 2.5 
21.9:1: 2.0 

2125.2 :I: 94.5 

• indic~ significant zonal differences at the 0.05 level 
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Southport 

Juncus 
(n=10) 

10.7:1: 2.6 
2.1 :I: 0.1 
7.6:1: 0.4 

22.9:1: 1.0 
50.5:1: 2.5 

0.7:1: 0.02 
5.1 :I: 0.1 
3.1 ± 0.2 

83.2:1: 3.8 

86.3 ± 3.8 
96.4:1: 0.2 
12.0:1:1.4 
5.3:1: 0.6 
0.5:1: 0.07 
0.9:1: 0.1 

49.8:1: 6.0 
28.8:1: 2.5 

• 

• 

• 
• 

• 

• 

• 

• 
• 
• 
• 

• 

Spartina 
(n=5) 

19.4±2.6 
2.1 :I: 0.1 
6.5 :I: 0.2 

20.1 :I: 0.9 
41.4 :I: 2.3 

0.6 ± 0.02 
5.1 :I: 0.1 
2.4 :I: 0.1 

70.1 ± 3.3 

n.5:1: 3.4 
96.7 ± 0.2 
17.5:1: 1.9 
13.5 :I: 1.5 
0.9:1: 0.06 
0.4 :I: 0.02 

54.8:1: 4.4 
20.4 :I: 1.0 

3376.0:1: 145.9 • 2580.7:1: 136.0 



Soil carbon and nitroaen 

The Southport marsh had significantly greater amounts of soil carbon and 

nitrogen than the Newport marsh, but only in the Spartina zone (Table 2). 

Additional marsh differences detected in the partitioned sample analysis showed the 

Southport marsh to have a greater C:N ratio in the lower 20-cm portions of the 

Juncus samples (23.1 + 0.7) versus the upper 10-cm portions (20.4 + 0.4) and greater 

nitrogen concentrations in the upper 1O-cm portions of the Spartjna samples (7.4 + 

0.3) than in the lower 2O-cm portions (5.6 + 0.2 mg.g-1). 

No significant differences between zones were detected at either marsh with 

respect to soil carbon and nitrogen concentrations. 

Only two significant depth differences were detected within a zone at either 

marsh. Soil carbon and nitrogen concentrations were greater in the upper 10 em of 

the Spartina zone at the Southport marsh (Table 3). 

Soil texture 

The Newport and Southport marshes differed in all textural categories (sand, 

silt, and clay) within each zone (Juncus and Spartina) with two exceptions: 1) % sand 

in the Juncus zone; and 2) % clay in the Spartina zone (Table 4). 

Significant differences in all textural categories between the zones indicates that 

the Juncus sediments were coarser than those of Spartina (Table 4). 
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Table 2. Comparison of the two marshes by zone (]uncus. Spartina) with respect 
to mean concentrations (mg·go1) ± 1 S.E. of soil carbon and nitrogen. 

Juncus (n=10) Spartilla (n=5) 
Location 

C N C:N C N C:N 

Newport 146.9a* 6.8b 21.Sc 1l1.8d S.2f 21.7h 
±17.2 ±0.8 ±0.3 ± 6.6 ±0.3 ±1.1 

Southport 141.2a 6.3b 22.3c 138.7e 6.2g 22.4h 
± S.9 ±0.2 ±0.4 ± 3.9 ±0.2 ±0.3 

* Means followed by the same letter are not significantly different for between 
marsh comparisons. 
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Table 3. Comparison of two depth categories by zone (Juncus, Spartina) 
and location with respect to mean concentrations (mg· g.l) ± 1 S.E. 
of soil carbon and nitrogen. 

Juncus (n=IO) Spartina (n=5) 
Location 

Carbon Nitrogen Carbon Nitrogen 

Newport 

Upper 10 em 142.3a* 6.2b 121.Sc 5.6d 
±13.3 ±0.5 ± 9.9 ±0.2 

Lower 20 em 151.4a 7.4b 102.lc 4.7d 
±22.0 ±1.0 ± 4.4 ±0.4 

Southport 

Upper 10 em 146.8e 6.8f 157.4g 7.4i 
± 7.2 ±0.3 ± 2.5 ±0.3 

Lower 20 em 135.8e 5.9f 119.9h 5.lj 
± 9.7 ±0.4 ± 5.3 ±0.2 

* Means followed by the same letter are not significantly different for between 
depth comparisons. 
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Table 4. Comparison of the two marshes with respect to soil texture 
(I ± I S.E.) within a zone. 

Juncus (n=IO) Spartjna (n=5) 
Location 

o/oSaDd %silt %clay %sand %si1t %clay 

Newport 59a* 29b 13d 40f 40h 2lj 
±4.0 ±2.7 ±1.4 ±3.2 ±2.3 ±l.O 

Southport 6la 22c 17e 52g 27i 21j 
±O.8 ±O.8 ±O.6 ±2.4 ±1.6 ±O.8 

* Means followed by the same letter are not significantly different for between 
marsh comparisons. 
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Except for % sand versus % silt in the Sllartina zone at Newport, there was 

always more sand than silt and more silt than clay within each zone at each marsh 

site. 

Biotic Factors 

BiomMs 

Aboveground biomass determinations made from clipping standing-live and 

standing-dead leaves of JpnCUI did not differ significantly between the two marshes 

for live or dead leaves (Table 5). Biomass estimates obtained from reclipping 13 

months later however were significantly greater for the Newport site. 

There was no significant difTemwe in initial live and dead leaves at either 

manh (Table S and Figures 12 and 14). Averaging over the transect canceled 

individual plot difTereDCeI. The reclipping data, however, showed a significantly 

greater amount of live leaves over dead leaves at each marsh (Table S and Figures 

13 and IS). 

Initial biomass estimates were significantly greater than the reclip estimates for 

live and dead leaves at each marsh (Table 5). 

Other species invaded some of the clip plots after initial clipping. At 

Southport, Spartjna invaded 4 of the 10 plots and although not included in the reclip 

data, comprised 17 to 75% of the reclipped biomass of these plots. A small amount 

of A.sW: subulatus invaded another one of the Southport clip plots. At Newport, 
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Table 5. 

Location 

Newport 

Southport 

Mean biomass (g.m-i :t 1 S.E. of aboveground live and dead Juucus 
roemerianus at two North Carolina marsh sites taken during the first 
week of July 1984 (initial) and 1985 (reclipping). 

Initial Clipping Redipping 
(n=10) (n=10) 

Live Dead Live Dead 

894.0a· 846.8a 179.6b 81.Oc 
:t58.0 :t92.7 :t 13.0 :t 10.8 

759.6a 773.0a 86.8d 32.8e 
:t69.7 :I: 70.1 :I: 12.4 :t3.7 

• Means followed by the same letter are not significantly different for between 
marsh comparisons. 
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Figure 12. Live and dead aboveground biomass from initial clipping 
(July 1984) at Newport marsh. 
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Figure 13. Live and dead aboveground biomass from rec1ipping 
(July 1985) at Newport marsh. 
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Figure 14. Live and dead aboveground biomass from initial clipping 
(July 1984) at Southport marsh. 
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Figure 15. Live and dead aboveground biomass from redipping 
(July 1985) at Southport marsh. 
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only one clip plot was invaded by other species (s. altemitlora and Distichlis spjcata) 

and these species comprised only 4% of the rec1ipped biomass of this plot. 

Density 

Monthly leaf counts from the longevity plots revealed some differen~ 

between the two marshes as well as differen~ between the live and dead categories 

(Figure 16 and Table 6). Live leaf densities were consistently higher at Newport than 

at Southport based on following plots 1-5 at each marsh for a year (Figure 16). Live 

and dead leaf densities were also consistently higher at Newport than at Southport 

when all plots were considered (Table 6). At Newport, the dead leaf densities were 

significantly greater than the live leaf densities; at Southport. this comparison was not 

significant. 

Lonaevity 

Results of tagged young and mature leaves indicated differences in growth 

(Figures 17, 18, 19, 20, 21, and 22). Data in these figures are composed of 

cumulative numbers of young and mature leaves as influenced by mortality and are 

intended to reflect patterns of growth in height. 

Tagged mature leaves grew very little over the 16 months of study at either of 

the two marshes, although a slight increase in mean height oa:urred between March 
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Figure 16. Live leaf densities averaged over plots 1-5 for one year 
at each marsh. 
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Table 6. 

Location 

Newport 

Southport 

Mean standing live and dead leaf densities (leaves- m-2) ± 1 S.E. 
averaged over all plots for the entire study period. 

Live 
(n=130) 

664&. 
±18.S 

S8Se 
±14.2 

Dead 
(n=13) 

lOS6b 
±96.0 

Sl6c 
tS2.3 

• Means followed by the same letter are not significantly different for between 
or within manh comparisons. 
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Figure 17. Mean heights of young and mature leaves from longevity 

plots at the Newport marsh. 
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Figure 18. Mean heights of young and mature leaves from longevity 

plots at the Southport marsh. 
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Figure 19. Mean monthly changes in the amounts of live and dead portions 

of mature leaves at the Newport marsh. 
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Figure 20. Mean monthly changes in amounts of live and dead portions 

of mature leaves at the Southport marsh. 
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Figure 22. Mean monthly changes in amounts of live and dead portions 
of young leaves at the Southport marsh. 
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and July (Figures 17 and 18). Major changes in the amount of live versus dead 

material in a mature leaf began to occur in July (Figures 19 and 20). The maximum 

height of mature leaves at the Newport marsh was greater than that at the Southport 

marsh, 125 em and 118 em, respectively. 

Tagged young leaves exhibited a significant increase in height beginning in 

March and tapering off in July (Figures 17 and 18). The maximwn height (100 em) 

achieved by young leaves was the same at both marshes. Growth (positive mean 

changes in amount of green) ceased in July and the rate of dieback increased (Figures 

21 and 22). In addition to dieback occurring after cessation of growth, it was also 

observed to oocur during periods of growth. For example, leaves which had not 

reached maturity exhibited increases in growth and dieback during the same month 

(Figures 21 and 22). 

Leaves were initiated throughout the year and the time of initiation appeared 

to influence a leafs longevity. Leaves initiated after the period of rapid growth 

(March to July) do not mature and reach maximwn height as fast as leaves initiated 

just before this period. Some of the young leaves tagged at the beginning of the 

study were still alive after 12 to 16 months. Based on growth rates observed during 

the study, the average age of a young leaf at the time of initial tagging was estimated 

to be 1 to 3 months. In addition, the average observation period of tagged mature 

leaves that died during the study was approximately 8 months. By combining these 
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data for young leaves and mature leaves, a leafs longevity was estimated to be 21 to 

27 months (1.75 to 2.25 years). 

Species composition 

Although no effort was made to quantify the importance of other species 

present in the Spartina, Juncus, and finu.s zones, several times during the field study 

observations regarding the presence of other species along the transects were noted 

(Table 7). 
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Table 7. Species composition at the Newport and Southport marshes based on 
presence. 

Newport Zones· Southport Zones· 

Species S J P S J P 

Arundinaria &iiantea X 

As1cI subulatus X X 

Baccharis haJirnjfoIia X 

Borrichia frutescens X 

Distichljs spjcata X X 

lkx opaca X 

lkx yomitoria X X 

Juncus roemeriaous X X X X X 

I,irnoniurn carolinjanurn X X X 

Myrica cerifera X X X X 

Persea borbonia X 

fiJw 1acda X X X 

Quercus vir~njana X X X 

Sa1icomia europaea X 

Sci.rpus robustus X 

Spartina alterniflora X X X 

Spartjna patens X X 
• Zone Codes: S - SA alteiDiflora; J - L roemenaous; P = fa taJiIa 
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DISCUSSION 

Abiotic factors 

The data presented indicate that Juncus can and does tolerate a wide range of 

physical and edaphic conditions, many of which are related to soil drainage as a 

function of elevation with respect to the tides. These differences in tidal range and 

regime encountered at the two study sites produced dramatic differences in some of 

the physical and edaphic factors. 

The marshes were very similar in the range of soil pH values (6.4 to 6.7 at 

Newport and 5.7 to 6.8 at Southport) obtained during the study. The differen~ in 

pH (0.1 unit) detected between high and low tide measurements and between the 

Spartina and JunCUS zones at each manh is so small that it is unlikely to be a major 

factor affecting the zonation of Juncus or Sparlina. Hackney and de la Cruz (1978) 

reported a slightly broader pH range (5.3 to 7.S) for a Mississippi marsh, but found 

no relationship between pH and community type. Ungar (1970) states that soil pH 

appears to have little effect on plant distribution in certain halophytes. 

Soil salinity has received more attention than any other factor considered to 

influence plant zonation in salt manhes (Mahall and Park 1976). Even though 

neither of the marsh study sites showed a significant difference between high and low 

tide soil salinities, tidal influence played a significant role in detennining salinities at 
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the Southport site. High tide at the Southport site regularly flooded the Spartina and 

Juncus zones, while these two zones were seldom flooded at the Newport site. Soil 

salinities at the Newport site were more strongly influenced by groundwater from the 

fiJws zone. Researchers differ in their generalizations with respect to salinity 

gradients as one moves away from the seaward edge of the marsh. Some report an 

increase to a maximum at or just above MHW and then a gradual decrease (Kurz 

and Wagner 1957) while others report only a gradual decline (Ganong 1903; 

Penfound and Hathaway 1938; Reed 1947). My results suggest that soil salinity 

gradients are site specific. Since the Juncus and Sparlina zones at Southport were 

regularly flooded by the tides, soil salinities varied between 15 and 23 ppt and no 

significant differences between the zones were detected. Juncus is able to survive 

these salinities by transporting excess chloride to the growing leaves resulting in their 

progressive dieback (Hodson 1971). Similar fmdings were reported by Adams (1963) 

and Shiflet (1963). At Newport, the strong influence of groundwater from the fiJws 

zone and the lack of regular tidal inundation are probable explanations for the 

significantly lower soil salinities detected in the JunCUS zone. 

Livingston (1987) points out that field data taken at monthly intervals serve 

as good indicators of general annual trendS, however, high variability factors (e.g. 

salinity) cannot be realistically characterized due to the range of short term 

variability. Scattered, unpredictable rainfall may produce wide variations in soil 
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salinities from day to day as reported by Mahall and Park (1976). 

On the average, the water table remained very close to the sediment surface 

all along the transect at each marsh. Since high tide seldom flooded the marsh at 

Newport, the small difference detected between high and low tides may be due to 

measurement error. The Southport marsh, however, had a significantly higher water 

table at high tide due to the regular and frequent flooding associated with the high 

tides. The depth to the water table at the Southport site was more variable in the 

Spartina zone than in the Juncus zone because of the rapid drainage that occurs in 

the Spartina along the tidal gut. The water table at the Newport site, on the average, 

was higher in the Juncus than the Spartina due to the prevailing influence of 

groundwater from the landward side. Eleuterius and Eleuterius (1979) reported that 

exposure to dessication may be an important factor affecting zonation between 

Juncus and Spartina. Based on water table measurements, Juncus is no more 

exposed to dessication than Spartina at my study sites due to regular tidal flushing 

at the Southport site and a strong groundwater influence at the Newport site. 

o Chapman (1940a) felt inundation was the most important factor affecting 

vascular plant zonation in New England salt marshes, however, Eleuterius and 

Eleuterius (1979) were unable to show a clear relationship between tides and the line 

of demarcation between Juncus and Spartjna. Tidal regime was quite different at my 

two study sites. Since the mean high tide seldom exceeded the mean elevation of the 
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marsh at Newport, tides have little influence on salinity or water table. At the 

Southport site, high tides regularly exceeded the mean elevation of the marsh and 

exerted a strong influence on salinity and water tables. Another aspect associated 

with this frequency of flooding relates to potential for import and export. Due to the 

infrequent tidal flooding, opportunity for import and export from the Newport marsh 

is limited to storm tides, whereas frequent tidal flooding at the Southport site allows 

for regular exchange of materials. These import/export difTeren~ between the two 

marshes become more apparent with respect to the biotic factors discussed later. 

Redox measurements in natural systems seldom represent true redox potentials 

but they are reproducible and therefore useful (Stumm and Morgan 1970; Bagander 

and Niemisto 1978). Howes et al. (1986) found redox potentials to be the best 

indicator of aboveground biomass of Spartina alterniflora. Field studies have shown 

an inverse relationship between redox potential and aboveground production (Howes 

et al. 1981; Mendelssohn et al. 1981). It is logical to attribute the redox pattern 

observed at the Newport marsh to the freshwater influence from the landward end 

of the· transect in the absence of strong tidal influence. Figure 10 implies that the 

influence of freshwater tapers ofT as one moves seaward in the JUDcus zone. This is 

further supported by the salinity and water table data (Figures 4 and 6), which show 

an increase in salinity in this direction and a drop in the water table. Since redox 

potential is related to soil saturation, one would expect the JUDcus end of the transect 
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to have lower redox potentials. 

The redox pattern observed at the Southport marsh is more typical of that of 

other marshes along the North Carolina coast (Appendix, Figures AI-AI2). 

Freshwater influence from the landward end of the transect has very little influence 

on redox potentials due to the strong tidal influence. As one moves landward from 

the Spartina zone, the tidal influence on redox potentials is diminished and redox 

potentials increase as would be expected. The decrease in redox potentials observed 

along the Juncus-fiIma transition can be explained by the lack of vegetation and the 

beginnings of a drainage pattern along the forest edge creating wetter conditions. 

The lack of vegetation and shading that occurs along the forest edge would result in 

less water loss from the sediments due to decreased evapotranspiration. 

The upper depths of the redox profIles on the average were less reduced than 

the lower depths even though water table measurements show that. the sediments 

remain saturated throughout most of the year. The explanation for this probably lies 

in the distribution of plant roots. Since most of the roots oocur in the upper I 0 ~ 

evapotranspiration could account for the difference observed between depths. Also, 

transport of oxygen into the root zone via the plants is known to occur in Spartina. 

Howes et al. (1981) and de la Cruz et al.· (1989) found the root zone to be less 

reduced than the sediments below it or unvegetated sediments. 

The relative proportions of the major ions (Na +, cr, and Ca ++in the soil 
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solution of a salt marsh correspond to those expected in seawater (Adams 1963). The 

higher levels of phosphorus found in the Spartina zone sediments at both marshes 

could be attributed to more regular deposition of sediments (which would have 

adsorbed phosphorus). Other nutrient differences found between zones at each marsh 

can be attributed to the differences in tidal regime. The higher levels of NH4-N in 

the Spartina zone may be due to the lower redox potentials associated with this zone. 

Mendolssohn (1978) reported high NH4-H concentrations in short Spartina and 

related it to higher organic matter content leading to ammonification. The anaerobic 

conditions associated with lower redox potentials promote disappearance of nitrate 

through denitrification and prevent removal of NH4-H via nitrification. At the 

Newport marsh, sodium and soluble salt concentrations were higher in the Spartina 

zone than in the Juncus zone. The primary source for the sodium and soluble salts 

is seawater. Since the tides seldom extend into the Juncus zone at the Newport 

marsh, one would expect lower concentrations of these nutrients. At Southport, 

where both zones are frequently flooded by the tides, the concentrations of sodium 

and soluble salts were higher in the Juncus. An explanation of this may be related to 

the uneven topography of the marsh and the slightly higher elevation of the Juncus 

zone resulting in the tidal waters becoming' trapped in pockets and the sodium and 

soluble salt concentrations increasing due to evaporation. The higher levels of humic 

matter in the Juncus zone at both marshes may be related to the fact that much of 
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the energy ftxed in this zone is cycled in situ (Hackney 1977). 

Several differences existed between the marshes with respect to soil carbon and 

nitrogen. The greater amounts of soil carbon and nitrogen found in the Spartina 

zone at the Southport marsh suggest that this zone may be older than the Spartina 

zone at the Newport marsh. Craft et al. (1988) found greater amounts of 

macro organic matter in older transplanted marshes. The greater C:N found in the 

lower 20-cm portions of the partitioned Juncus samples at Southport is another 

indication that the Southport marsh may be older than the one at Newport. The 

greater concentrations of nitrogen in the upper 10-cm portions of the partitioned 

Spartina samples at Southport are probably related to decaying roots and microbial 

activity. 

The fact that no signiftcant zonal differences with respect to soil carbon and 

nitrogen were detected at either marsh reflects the similarity oftidal influence between 

zones at each particular marsh (i.e., regular flooding of both zones at Southport and 

infrequent flooding of both zones at Newport). 

'Within the Spartina zone at Southport two depth differences were detected: 

soil carbon and nitrogen concentrations were greater in the upper 10 em. Craft et al. 

(1988) found that macro organic matter content decreased with depth in natural and 

transplanted marshes. A possible explanation for the soil carbon and nitrogen 

differences in the upper 10 em of the Spartina zone may be related to macrofaunal 
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stimulation of below ground decomposition as a result of increased sediment oxidation 

near the surface. Bertness (1985) reported that fiddler crabs stimulate Spartina 

production by facilitating soil drainage which results in higher redox potentials and 

increased belowground plant debris decompostion. The concentration of nitrogen has 

been reported to increase during decomposition of marsh vegetation due to microbial 

proteins and exudates (de la Cruz and Gabriel 1974; Hackney and de la Cruz 1980). 

Some of the textural differences detected at the two marshes are related to 

their different locations with respect to the ocean and the influence of nearby rivers. 

The Southport marsh is located in a more dynamic setting (i.e., close to oceanic 

influence and the Cape Fear River). On the other hand, the Newport marsh is 

located in a more protected setting and the Newport River is not as dynamic as the 

Cape Fear River. But, when textural class category nomenclature is applied to the 

textural data, both Juncus zones would be sandy loams and both Spartina zones 

would be loams. 

The zones at each marsh differed in all textural categories and the data 

indicate that the Juncus sediments were coarser than those of Spartina. Since tides 

more frequently flood the Spartina zone, it would be expected to have fmer 

sediments. Also, the Juncus is an upland invader due to sealevel rise and its 

sediments would be expected to be coarser due to the mineral nature of upland soils. 

Intrazone textural analysis shows that generally there is more sand than silt 
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and more silt than clay. This pattern is what would be expected since heavier 

particles fall out of suspension first. Since tidal and storm flooding are of such a 

temporal nature little time is available for settling out of the fmer suspended particles. 

As reported by Stout (1984) the physical environment on either side of the line 

between Spartina and Juncus zones is not as distinct as the communities themselves. 

From the abiotic data presented in this study, what appears to be an important factor 

relative to vegetational zonation at one marsh seems to be unimportant at the other. 

One reason is the wide range of tolerance exhibited by both species to environmental 

variables studied. 

Biotic Factors 

The lack of difference in aboveground biomass of JuncuS between the two 

marshes indicates a similarity in productivity. Yet, reclipping data suggest that the 

Newport marsh may be more productive. Leaf densities (live and dead) were also 

greater at Newport. These greater leaf densities are probably a response to the lower 

salinities and lack of regular tidal flushing. The difference in dead leaf densities 

between the two marshes is related to the frequency of flushing associated with the 

different tidal regimes. The Newport marSh is not flooded as often and would be 

expected to have more standing dead leaves, since removal via tides is infrequent. 

Initial clippings showed no significant difference between live and dead leaves 
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indicating that Juncus leaves remain standing in the marsh until some infrequent 

event (e.g. storm) breaks them and removes them from the marsh. The greater 

amount of live leaves versus dead leaves in the reclippings from both marshes and the 

variety of heights suggest that the leaves live longer than 13 months and are initiated 

throughout the year. Biomass from initial clippings were significantly greater than 

reclippings, indicating that the biomass present at a given time represents more than 

one year's growth. 

Even though Juncus was observed to grow year round, as reported by other 

researchers (Eleuterius 1974; Williams and Murdock 1972), the greatest period of 

growth occurred between March and July. Both young and mature leaves exhibited 

increased growth at this time, however, the response in mature leaves was small. 

From July to the end of the year, young and mature leaves underwent a similar 

period of rapid dieback. Dieback begins at the tip of the leaf and progresses 

downward. Dieback was not solely limited to this time period and was even observed 

to occur during periods of growth. Since measurements were taken at monthly 

intervals, it is uncertain whether dieback and growth were simultaneous. 

Leaflongevity appears to be related to the time of initiation. Leaves initiated 

before the period of rapid growth (March 'to July) mature and reach a maximum 

height faster than leaves initiated after this period. In early spring temperatures are 

usually milder and rain and nutrients are more abundant, conditions which favor 
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growth. Post July temperatures can be extreme and often associated with droughts, 

resulting in higher salinities which reduce production. 

The results of this study were used to estimate a leafs longevity at 

approximately 21 to 27 months. Eleuterius and Caldwell (1981) estimated leaf 

longevity at 14 to 16 months, while shoot and rhizome longevity were estimated at 

approximately 3 years (Eleuterius 1975). This longevity coupled with the ability of 

a leaf to remain standing long after death, suggests that Juncus marshes contribute 

only sporadically to the energy budget of the estuary. In a study of southern Florida 

estuaries, Heald (1969) concluded that Juncus contributed very little to overall 

estuarine productivity. The rate of decomposition is the limiting step in the detrital 

pathway and Juncus decomposes more slowly than Spartina (McKee 1977). 

Reimold et al. (1973) found Juncus detritus production in Georgia fell between that 

of tall and short forms of Spartina. Because Juncus normally grows above regular 

tidal influence, high levels of dead Juncus biomass remain on the marsh, decompose, 

and are incorporated into soil organic matter in place (Williams and Murdock 1968; 

Stout i984). 

Even though salt marshes appear to be made up of monotypic zones, other 

species often coexist within these zones. Forty species of marsh plants were reported 

in a Juncus marsh in Mississippi, however most of these were incidentals (Hackney 

and de la Cruz 1982). Several species were observed within the zones at each of the 
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marsh study sites (Table 7). The presence of these other species was usually 

represented by only a few plants. Three of these species (Spartina alterniflora. As1CI 

subulatus. and Distichlis spicata) invaded the Juncus clip plots. The only significant 

invader of the clip plots was the Sa altemiflora which comprised an amount 

equivalent to 17 to 75% of the rec1ipped biomass of some of the plots at Southport. 

The plots that were most heavily invaded were the ones in depressions or near tidal 

guts suggesting that Spartina was able to out compete the JunCUS in the wetter, more 

saline sites once an opening was created by some form of disturbance. Whether or 

not Spartina can maintain this advantage or be replaced by Juncus remains to be 

seen. Hartman (1988) reports that when only aboveground plant parts are removed. 

patches revert to their original condition within two growing seasons. 
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SUMMARY AND CONCLUSIONS 

Zonation of salt marsh vegetation as it relates to physical and edaphic factors 

was examined at two Juncus roemerianus marshes along the North Carolina coast. 

Additional aspects of the study included determination of leaf longevity and a 

comparison of leaf density, biomass, and regrowth of Juncus at the two marshes. 

Results imply that Juncus can tolerate wide fluctuations in many of the physical and 

edaphic factors, several of which are related to soil drainage. 

Soil pH and salinity do not appear to be major factors affecting vegetational 

zonation. Soil pH differences were small and zonal salinity differences at the two 

marshes were contradictory. 

Tidal and groundwater influence were considered important with respect to 

their effect on sediment saturation. Tides were the driving force behind sediment 

saturation at Southport, but groundwater from the fimls zone was more important 

at NeWport. 

Generally, Juncus sediments were less reduced than Spartina sediments. These 

redox potential differences are a reflection of sediment saturation resulting from tidal 

frequency and duration of inundation. Also, the root zones in both vegetational 

zones were less reduced than the greater depths. Spartina is known to be capable of 
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pumping oxygen to its roots and this characteristic may be more prevalent among 

wetland plants than presently known. 

The most important abiotic factor appears to be sediment saturation, as a 

function of elevation with respect to tides and groundwater. Different degrees of 

sediment saturation account for many of the differences detected in the other abiotic 

factors. 

Juncus leaves were initiated throughout the year, but, the peak growth period 

occurs between March and July. Although time of leaf initiation affects growth and 

longevity, longevity was estimated to be 21-27 months. Leaflongevity, coupled with 

the characteristic of leaves remaining standing long after death, limit the export of 

organic matter from Juncus marshes, especially those marshes with infrequent tidal 

flushing. 

Juncus roemerianus marshes cover a large portion of the estuarine system 

along the Atlantic and Gulf coasts. The vegetational patterns in the estuarine system 

may be more strongly influenced by extremes in abiotic factors (i.e., storm tides, 

droughts, temperature) rather than averages. Further research should focus on the 

effects of environmental extremes on salt marsh vegetation. 
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Figure AI. 

Figure A2. 
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Redox potentials ofthe upper 10 and lower 30 em of sediment in four 
zones at Southport marsh (lat. 33° 58'N., long. 77° 59' W.). 
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Redox potentials of the upper 10 and lower 30 em of sediment in four 
zones at Stumpy Point marsh (lat. 35° 42' N., long. 75° 59' W.). 
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Figure A3. 

Figure A4. 
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Redox potentials of the upper 10 and lower 30 em of sediment in four 
zones at Sunset Harbor marsh (lat. 33° 55'N., long. 78° 12' W.). 
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Redox potentials of the upper 10 and lower 30 em of sediment in four 
zones at Pea Island marsh (lat. 35° 45' N., long. 75° 31' W.). 
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Figure AS. 

Figure A6. 
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Redox potentials of the upper 10 and lower 30 em of sediment in four 
zones at Bradley Creek marsh (lat. 34° 13' N., long. 77° 50' W.). 
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Redox potentials of the upper 10 and lower 30 em of sediment in four 
zones at Cedar Island marsh (lat. 34° 59' N., long. 76° 18' W.). 
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Figure A7. 

Figure A8. 
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Redox potentials of the upper 10 and lower 30 em of sediment in four 
zones at Newport marsh (lat. 340 46' N., long. 760 45' W.). 
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Redox potentials of the upper 10 and lower 30 em of sediment in four 
zones at Manteo Causeway marsh (lat. 350 54' N., long. 750 39' W.). 
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Figure A9. 

Figure AIO. 
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Redox potentials of the upper 10 and lower 30 em of sediment in four 
zones at Vandemere marsh (lat. 35° 12' N., long. 76° 40' W.). 
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Redox potentials of the upper 10 and lower 30 em of sediment in four 
zones at Oregon Inlet marsh (lat. 35° 46' N., long. 75° 33' W.). 
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Figure All. Redox potentials of the upper 10 and lower 30 em of sediment in four 
zones at Surf City marsh (lat. 34° 26' N., long. 77° 33' W.). 
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Figure A12. Redox potentials ofthe upper 10 and lower 30 em of sediment in four 
zones at Pungo Creek marsh (lat. 35° 37' N., long. 76° 37' W.). 
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Table AI. Redox potential means ± 1 S.E. (averaged over 5 probes for each 
depth) in Spartina at 12 locations along the North Carolina coast. 

Depths 

Location 2 5 10 X<lO 15 20 30 40 X,lO 

Bradley -81 -174 -181 -146 -190 -185 -182 -180 -184 

Creek :t29.8 :t18.1 :t17.2 :t17.1 :t19.2 :t17.9 :t17.6 :t17.S :t8.3 

Cedar -106 -86 -195 -129 -235 -263 -266 -269 -258 
Island :t19.4 :t44.7 :tS6.8 :t26.3 :tS7.0 :t48.3 :t46.3 :t46.4 :t23.0 

Manteo -- -- - -- -- -- -- - -
Causeway· 

Newport 38 -19 -183 -55 -189 -187 -200 -209 -196 
:t33.7 :t4S.1 :t13.S :t30.8 :t18.9 :t18.3 :t21.7 :t18.8 :t9.2 

Oregon 161 76 -3 78 -71 -65 -84 -94 -79 
Inlet :t19.7 :t2S.7 :tS8.8 :t30.S :t23.7 :t26.9 :t19.1 :t19.7 :tlO.2 

Pea Island -90 -85 -53 -76 -42 4 12 32 2 
:t8.3 :t18.S :t18.7 :t9.6 :t22.3 :t23.7 :t2S.8 :t22.0 :t12.4 

Pungo - -- - -- -- -- -- -- -
Creek· 

Southport -141 -192 -189 -174 -187 -188 -197 -186 -190 
:t32.4 :t18.S :t17.6 :t14.2 :t17.6 :tlS.8 :t9.4 . :tlS.2 :t6.9 

Stumpy -- - -- -- -- -- -- -- -
Point· 

Sunset 1 -112 -146 -86 -151 -148 -156 -157 -153 
Harbor :t37.0 :t20.1 :t23.2 :t22.4 :t20.8 :t18.8 :t17.6 :t 16.8 :t8.6 

Surf City 208 -27 -88 31 -90 -105 -107 -112 -103 
:t23.1 :t42.7 :t24.6 :t38.0 :t34.S :t2S.1 :t2S.3 :t2S.2 :t12.9 

Vandemere· - -- - -- - -- -- -
• No Spartma zone eXIsts at these marshes. 
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Table Al. Redox potential means ± 1 S.E. (averaged over 5 probes for each 
depth) in SpartinafJuncus at 12 locations along the North Carolina 
coast. 

Depths 

Location 2 5 10 X<10 15 20 30 40 ~10 

Bradley -51 -19 -43 -38 -62 -70 -84 -91 -77 
Creek :t20.4 :t31.S :t33.2 :tlS.9 :t32.0 :t34.9 :t29.1 :t30.3 ±14.S 

Cedar -132 -43 -70 -82 -113 -152 -170 -198 -158 
Island ±IS.6 ±21.S :t29.7 ±IS.S ±40.S ±43.S ±44.S ±47.0 ±21.4 

Manteo -- -- -- - - -- - - -
Causeway· 

Newport -80 -61 -71 -71 -65 -74 -113 -149 -100 
±31.4 ±28.4 ±42.6 ±IS.6 ±42.4 ±42.4 ±39.2 ±30.S :t19.4 

Oregon 182 151 -30 101 -97 -107 -103 -96 -101 
Inlet ±IS.0 :t20.9 ±30.9 :t3S.0 :t30.7 ±34.7 ±37.2 ±IS.S ±13.3 

Pea Island 219 68 -85 67 -68 10 25 50 4 
±21.2 ±44.S :tl3.S ±36.7 ±17.9 ±2S.4 ±lS.1 ±20.3 ±I3.9 

Pungo -- -- -- -- -- -- - - -
Creek· 

Southport -138 -150 -150 -146 -150 -142 -141 -141 -143 
:t 19.1 ±lS.6 ±17.4 :tl0.0 :t17.4 :t19.3 ±19.1 :t20.S ±S.S 

Stumpy 99 18 18 45 27 58 76 62 56 
Point :tS.S :tlS.S :t17.1 ±12.S ±21.S ±IS.S ±9.6 :t9.7 ±S.O 

Sunset 44 -33 -93 -27 -58 -51 -93 -121 -81 
Harbor :t26.S ±20.S :t34.S :t21.2 :t41.0 ±37.S ±34.7 ±26.S ±I7.4 

Surf City 93 -69 -84 -20 -64 -56 -61 -69 -63 
:t33.S :t28.S :tll.S :t26.4 :t24.4 :t24.9 :t24.9 :t2S.3 :tll.S 

Vandemere· -- -- -- -- -- - - -- -
• . . . 

No Spartma/Juncus transitIon zone eXists at these marshes . 
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Table A3. Redox potential means ± 1 S.E. (averaged over 5 probes for each 
depth) in JunCUS at 12 locations along the North Carolina coast. 

Depths 

Location 2 5 10 X<IO 15 20 30 40 ~IO 

Bradley -55 -75 -70 -67 -62 -48 -52 -50 -53 
Creek ±23.3 ±26.3 ±3S.3 ±IS.6 ±3S.4 ±31.7 ±29.7 ±32.8 ±14.9 

Cedar -22 -38 -20 -27 -20 -43 -98 -153 -79 
Island ±27.9 ±3O.3 ±32.4 ±16.3 ±34.9 ±34.8 ±39.1 ±34.0 ±20.2 

Manteo 131 105 86 107 46 -17 -50 -101 -31 
Causeway ±30.4 ±31.S ±28.2 ±17.1 ±21.8 ±32.2 ±33.3 ±31.1 ±16.7 

Newport 60 -102 -130 -57 -142 -140 -143 -143 -142 
±S3.9 ±21.S ±18.6 ±29.3 ±9.8 ±11.8 ±18.8 ±24.0 ±7.8 

Oregon 118 95 79 97 64 64 75 45 62 
Inlet ±l1.S ±IS.6 ±9.S ±8.1 ±16.3 ±21.0 ±10.9 ±26.9 ±9.2 

Pea Island 117 69 23 70 62 81 30 56 57 
±S2.3 ±22.4 ±3S.7 ±23.1 ±3S.2 ±23.2 ±IS.8 ±10.6 ±11.4 

Pungo 42 49 37 42 0 17 40 29 21 
Creek ±17.8 ±9.8 ±11.9 ± 7.2 ±18.3 ±14.4 ±16.6 ±IS.5 ±8.2 

Southport -78 -26 -24 -43 -35 -35 -43 -40 -38 
±28.2 ±33.7 ±36.9 ±18.9 ±42.S ±41.7 ±40.7 ±42.7 ±19.2 

Stumpy 148 116 110 124 111 95 84 54 86 
Point ±14.8 ±12.7 ±12.S ±8.1 ±8.0 ±10.0 ±16.3 ±19.0 ±7.S 

Sunset 40 33 27 33 42 36 -9 -35 9 
Harbor ±20.S ±29.1 ±2S.S ±13.6 ±20.0 ±27.0 ±24.1 ±30.3 ±13.8 

Surf City 90 -80 -117 -35 -115 -114 -122 -126 -119 
±16.4 ±23.7 ±12.8 ±26.0 ±12.2 ±IS.6 ±lS.9 ±14.0 ±6.7 

Vandemere 95 71 -10 52. -19 -48 -81 -82 -57 
±18.S ±9.9 ±17.4 ±12.1 ±l2.2 ±10.8 ±11.6 ±8.8 ±6.7 
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Table A4. Redox potential means ± 1 S.E. (averaged over 5 probes for each 
depth) in ~ at 12 locations along the North Carolina coast. 

Depths 

Location 2 5 10 X<10 15 20 30 40 ~10 

Bradley 11 11 -100 -26 -122 -131 -138 -139 -133 

Creek :t18.6 :tS6.S :t38.7 :t26.0 :t20.6 :t2l.S :t23.0 :t2S.7 :t10.6 

Cedar 139 154 138 143 110 80 22 -68 36 
Island :t30.1 :t38.7 :t28.3 :t17.6 :tIS.7 :t23.S :t18.9 :t29.8 :t18.7 

Manteo 181 92 2 92 -48 -76 -122 -121 -92 
Causeway :t16.1 :t8.0 :t10.7 :t22.9 :t19.S :t14.2 :t13.9 :t23.6 :tll.S 

Newport -23 -91 -140 -84 -137 -137 -145 -190 -152 
:t43.4 :t46.S :t26.7 :t24.8 :t27.9 :t30.8 :t36.1 :t3S.3 :tIS.8 

Oregon 92 89 6 62 -65 -61 -91 -44 -65 
Inlet :t24.1 :t16.1 :t14.8 :tIS.S :t29.8 :t2S.1 :t26.1 :t3S.7 :t13.9 

Pea Island 152 88 5 82 25 44 3 21 23 
:t62.7 :t64.0 :t38.S :t34.1 :t23.1 :t17.0 :t3l.4 :t29.8 :t12.4 

Pungo 10 36 -68 -8 -96 -123 -110 -98 -107 
Creek :t13.7 :t 16.1 :t2S.7 :tlS.7 :t2S.9 :t33.0 :t22.6 :tll.2 :tll.S 

Southport -39 -134 -139 -104 -148 -148 -164 -165 -156 
:tS4.3 :t 17.0 :tlS.8 :t22.0 :t19.S :t20.0 :t20.4 ±24.0 :t9.8 

Stumpy 55 90 85 77 101 105 77 -10 68 
Point :tlS.7 :t24.4 :t24.8 :t12.S :t22.4 :t20.9 :t13.4 :t23.0 :t 14.1 

Sunset 112 -4 -7 34 -26 -16 -25 -7 -19 
Harbor :tl0.7 :t26.2 :t34.4 :t20.2 :t38.S :t44.S :t40.2 :tS4.2 :t20.6 

Surf City 139 45 64 83 50 -23 -111 -141 -56 
:t 17.4 :t20.6 :t13.6 :t14.3 :t17.6 :t4.4 :tl0.8 :t9.2 :t18.0 

Vandemere 153 102 18 91 -60 -88 -118 -127 -98 
:tl0.S :t 19.0 :t37.8 :t20.1 :t12.6 :t10.4 :t 19.5 :t18.1 :t9.4 
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Table A5. Mean redox potentials i: 1 S.E. (averaged over 5 probes for each depth) 
at Newport in the Spartina zone. 

Depths 

MofYr 2 5 10 XC10 15 20 30 40 X>IO 

Dec/84 307 -71 -107 43 -115 -117 -119 -122 -118 
~88.2 t9.2 t8.S ~S6.2 t9.9 t9.3 ~9.6 ~IO.2 ~4.S 

Janl85 312 -53 -97 54 -113 -117 -124 -125 -120 
t27.0 t9.1 t9.4 t49.9 t6.9 t6.7 t6.3 t5.4 ~3.1 

Feb/85 70 -168 -195 -98 -205 -205 -207 -210 -207 
~68.6 ~6.6 ~4.4 ~38.3 t4.4 ~3.2 ~3.6 ~3.9 :l:I.S 

Mar/85 79 -125 -ISO -65 -154 -151 -15S -157 -155 
~62.6 ~S.9 ~9.S ~33.S t6.3 ~S.7 ~6.0 ~6.3 :1:3.3 

AprlS5 195 -60 -110 S -liS -119 -132 -137 -127 
:l:2S.6 :l:21.S :l:1O.S :1:37.6 ~10.7 ~1O.4 :l:S.6 :1:11.1 :1:5.1 

May/85 ISS 157 S3 143 23 -20 -74 -S9 -40 
:l:S9.6 ~3S.3 t2S.2 :1:20.1 ~26.6 ~20.7 :1:21.2 :1:14.6 :1:14.1 

Jun/85 304 225 -34 165 -81 -93 -121 -130 -106 
~SS.6 ~31.6 :1:16.4 :1:43.6 ~ 10.1 :I: II.S :1:10.4 :I: 11.4 :l:6.S 

JulIS5 269 140 73 161 -32 -76 -104 -123 -S4 
~22.6 ~42.9 ~4S.4 :1:30.3 :1:14.3 t4.9 :1:2.1 :1:2.7 :l:S.6 

Aug/S5 -39 -61 -127 -76 -145 -147 -148 '-159 -150 
:1:12.4 :l:lS.S tS.5 :1:12.4 :l:S.7 :1:4.7 :l:S.9 :1:5.4 :1:2.8 

Sep/S5 S 23 -36 -2 -106 -129 -152 -161 -137 
~IS.O :l:20.S t22.4 ~12.4 t21.2 ~20.S :1:19.0 :I: IS.I :1:10.3 

OcV85 -79 -38 -87 -68 -124 -136 -153 -158 -143 
~3S.3 ~34.0 :1:20.8 ~17.4 ~ 11.1 ~ 12.1 :1:13.0 :1:13.6 :l:6.S 

Nov/8S -75 -106 -136 -106 -139 -136 -143 -148 -141 
~18.9 ~13.8 t8.S ~IO.2 ~1O.1 t8.S ~9.5 :I: 11.0 ~4.6 

DeclS5 21S -5S -SS 24 -95 -99 -114 -115 -106 
~73.0 t14.9 t20.3 t43.9 t26,0 t24.4 ~26.1 :1:25.9 ~11.9 
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Table A6. Mean redox potentials ± 1 S.E. (averaged over 5 probes for each depth) 
at Newport in the SpartinaiJuncus zone. 

Depths 

MolYr 2 5 10 X<IO 15 20 30 40 ~IO 

Dec/84 323 227 215 276 186 181 118 -54 108 
%27.2 %33.8 %19.3 %19.3 %20.7 %23.5 %24.2 %9.3 %26.7 

Jan/85 140 116 116 124 35 38 -33 -72 -8 
%11.1 %13.2 %38.5 %13.4 %11.8 %10.6 %15.4 %9.6 %12.1 

Feb/85 39 83 -8 38 -13 2 -119 -150 -70 
%25.2 %72.0 %19.9 %26.2 %11.4 %13.1 %8.0 %4.2 %15.7 

Mar/85 51 45 -18 26 -25 -4 -69 -102 -50 
%27.7 %69.0 %37.6 %26.9 %23.2 %25.7 %23.8 %14.8 %13.5 

Apr/85 82 62 40 61 30 33 -54 -88 -20 
%21.1 %23.2 %20.9 %12.5 %26.8 %30.5 %16.7 %11.9 %15.9 

May/85 103 86 68 86 111 93 23 -32 49 
%14.2 %32.6 %23.8 %13.8 %29.3 %24.5 %24.6 %14.4 %18.1 

Junl85 60 22 -20 21 2 21 -59 -86 -31 
%30.0 %19.6 %30.6 %16.9 %26.0 %19.1 %8.8 %13.3 %13.0 

JulI85 127 113 63 101 57 51 -6 - -51 13 
%30.8 %22.4 %27.6 %16.3 %32.4 %27.6 %22.0 %7.7 %15.1 

Aug/85 -84 -59 -83 -75 -103 -77 -99 -127 -102 
%18.5 %24.9 %35.8 %14.9 %33.4 %29.9 ±l5.3 %10.1 %11.8 

Sep/85 3 -48 -54 -33 -69 -76 -103 -133 -95 
%28.5 %45.5 %36.1 %21.1 %34.1 %29.4 %37.9 %23.8 %15.7 

OCU85 -25 -38 -72 -45 -74 -68 -96 -125 -91 
%29.7 %29.7 %27.6 %16.4 %30.5 %31.3 %29.0 %26.6 %14.4 

Nov/85 -29 -5 -63 -32 -68 -38 -92 -112 -77 
%25.1 %41.1 %36.7 %19.7 %35.9 %27.1 %17.7 %15.4 %13.2 

Dec/85 40 -16 -85 -21 -104 -62 -55 -102 -81 
%36.0 %28.6 %16.5 %20.3 %13.9 %31.8 %31.1 %22.0 %12.9 
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Table A7. Mean redox potentials ± 1 S.E. (averaged over 5 probes for each depth) 
at Newport in the Juncus zone. 

Depths 

MolYr 2 5 10 X<IO 15 20 30 40 X, 10 

Decl84 238 9 -61 62 -73 -83 -89 -86 -83 
±37.7 ±26.0 ±22.9 ±37.6 ±20.S ±20.2 ±18.8 ±IS.8 ±8.8 

Jan/85 83 -43 -71 -10 -79 -83 -91 -96 -87 
±12.9 ±16.8 ±7.S ±19.1 ±6.4 ±4.4 ±3.0 ±3.9 ±2.6 

Feb/85 6 -88 -114 -65 -124 -123 -136 -146 -132 
±SS.1 ±24.S ±24.6 ±24.4 ±30.8 ±31.6 ±34.9 ±37.5 ±IS.7 

Mar/85 -7 -96 -120 -74 -127 -132 -147 -152 -140 
±20.2 ±17.2 ±l1.S ±IS.8 ±8.9 ±6.3 ±6.S ±8.6 ±4.2 

Apr/85 6 -30 -78 -34 -85 -85 -99 -124 -98 
±26.1 ±29.1 ±22.1 ±16.6 ±20.4 ±21.7 ±17.1 ±16.2 ±9.S 

May/85 56 -44 -53 -14 -53 -52 -66 -95 -67 
±SO.O ±14.4 ±9.3 ±21.1 ±11.1 ±11.0 ±l1.S ±18.8 ±7.4 

Jun/85 -57 -87 -98 -81 -92 -96 -100 -101 -97 
±14.S ±14.6 ±10.4 ±8.S ±11.2 ±i1.0 ±11.1 ±9.8 ±S.O 

Jul/85 173 28 -13 62 -28 -61 -85 -83 -64 
±34.9 ±2S.7 ±19.4 ±2S.8 ±11.8 ±13.1 ±i1.3 ±i3.0 ±7.7 

Aug/85 33 -76 -102 -49 -108 -114 -134 -138 -124 
±3S.0 ±12.7 ±S.S ±19.S ±6.6 ±9.8 ±13.3 ±12.S ±S.8 

Sep/85 124 6 -99 10 -106 -111 -130 -142 -122 
±24.3 ±32.0 ±11.6 ±27.S ±14.7 ±19.S ±22.9 ±24.S ±10.1 

Oct/85 113 -68 -117 -24 -120 -123 -135 -143 -130 
±20.8 ±23.6 ±19.9 ±28.8 ±21.2 ±18.3 ±IS.3 ±IS.9 ±8.4 

Nov/85 -32 -96 -111 -80 -112 -119 -127 -132 -123 
±2S.1 ±14.0 ±10.3 ±13.2 ±10.S ±14.8 ±11.7 ±11.1 ±S.8 

Decl85 126 -61 -104 -13 -115 -112 -119 -121 -117 
±42.3 ±19.9 ±21.3 ±31.0 ±21.9 ±20.2 ±19.S ±IS.8 ±9.0 
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Table A8. Mean redox potentials ± 1 S.E. (averaged over 5 probes for each depth) 
at Newport in the ~ zone. 

Depths 

MolYr 2 5 10 X<10 15 20 30 40 ~10 

Decl84 142 15 -8 50 -3 -3 16 -9 1 
±29.3 ±6.0 ±8.1 ±20.0 ±9.6 ±9.8 ±1l.1 ±13.9 ±S.3 

Jan/85 -14 -34 -48 -32 -43 -43 -45 -114 -61 
±12.0 ±7.S ±4.3 ±S.9 ±6.2 ±9.2 ±IS.0 ±IS.8 ±9.0 

Feb/85 -106 -140 -117 -121 -117 -114 -150 -176 -139 
±7.S ±23.7 ±12.S ±9.4 ±9.8 ±13.3 ±18.2 ±17.S ±9.1 

Mar/85 -70 -92 -99 -87 -106 -105 -90 -188 -122 
±12.6 ±12.3 ±9.0 ±6.9 ±8.S ±12.8 ±18.1 ±3S.0 ±13.1 

Apr/85 -40 -54 -56 -50 -57 -67 -85 -100 -77 
:t:l7.3 ±24.0 ±28.7 ±12.9 ±32.3 ±30.1 ±40.3 ±33.7 ±16.2 

May/85 -26 -39 -34 -33 -30 -29 -44 -104 -52 
±12.9 ±11.3 ±10.6 ±6.4 ±10.7 ±13.2 ±30.3 ±23.6 ±11.9 

Jun/85 -81 -83 -84 -83 -82 -93 -84 -126 -97 
±l1.S ±7.3 ±10.7 ±S.3 ±11.1 ±22.3 ±21.0 ±20.8 ±9.S 

Jul/85 26 -35 -51 -20 -42 -40 -51 -85 -55 
±11.9 ±11.3 ±8.0 ±lO.S ±9.3 ±10.2 ±20.2 ±21.1 ±8.S 

Aug/85 -28 -72 -86 -62 -88 -98 -100 -132 -104 
±24.8 ±18.2 ±12.0 ±12.1 ±11.4 ±11.S ±14.3 :t:lS.l ±7.2 

Sep/85 62 -27 -69 -12 -77 -106 -100 -155 -110 
±3S.4 ±lS.S ±20.S ±20.7 ±19.S ±9.9 ±30.7 ±42.0 ±14.S 

0ctJ85 -38 -79 -96 -71 -100 -100 -123 -145 -117 
±23.6 ±19.4 ±20.4 ±13.1 ±20.S ±21.3 ±22.0 ±32.7 ±12.1 

Nov/85 -35 -76 -77 -63 -77 -80 -108 -148 -103 
±27.2 ±20.2 ±19.8 ±13.2 ±22.2 ±22.4 ±29.2 ±36.8 ±14.S 

Decl85 -25 -56 -58 -46 -63 -72 -92 -150 -94 
±22.1 ±20.2 ±22.1 ±12.2 ±22.8 ±19.7 ±27.4 ±24.9 ±13.4 
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Table A9. Mean redox potentials ± 1 S.E. (averaged over 5 probes for each depth) 
at Southport in the Spartina zone. 

Depths 

MolYr 2 5 10 X<IO 15 20 30 40 ~IO 

Decl84 -62 -119 -132 -105 -137 -149 -152 -151 -147 
:t IS.S :t13.S :tl0.4 :tl1.2 :tl1.7 :tl0.0 :t ll.3 :t 11.4 :tS.3 

Jan/85 -15 -127 -144 -95 -146 -155 -160 -157 -154 
:t32.4 :tl0.S :tS.4 :tlS.7 :tl0.4 :t6.4 :t6.0 :tS.9 :t3.6 

Feb/85 -42 -127 -138 -103 -157 -150 -149 -153 -152 
:t17.7 :t21.0 :t6.S :t14.4 :t12.4 :t6.0 :t7.0 :t6.2 :t3.9 

Mar/85 -39 -99 -111 -83 -134 -155 -152 -155 -149 
:t13.0 :t7.4 :t9.9 :t10.0 :tS.6 :tlS.l :t9.S :t9.6 :tS.S 

Apr/85 20 -77 -84 -47 -95 -114 -108 -110 -107 
:t19.3 :t16.6 :t16.6 :t1S.S :t1S.0 :t28.S :t22.S :t22.S :t10.S 

May/85 41 -53 -70 -27 -79 -99 -102 -109 -97 
:t6.2 :t1S.3 :t20.6 :t1S.4 :t20.7 :t22.S :t22.4 :t17.S :t10.0 

Jun/85 -13 -102 -114 -76 -126 -125 -124 -137 -128 
:t16.4 :t10.6 :tS.S :t13.S :t6.7 :t 11.4 :tll.9 :t10.S :t4.9 

Jul/85 -77 -101 -117 -98 -128 -135 -140 -137 -135 
:t 13.S :t14.4 :tS.l :tS.O :t 13.1 :tS.l :t12.S :tS.S :t4.S 

Augl85 -155 -195 -178 -176 -175 -177 -171 -174 -174 
:t21.7 :t6.S :t13.3 :t9.3 :tll.3 :t9.2 :tl0.6 :t 13.2 :tS.l 

Sep/85 -157 -199 -202 -186 -196 -200 -196 -195 -197 
:t 7.2 :t 7.9 :t10.1 :t 7.2 :t9.6 :t10.S :t 11.S :t9.3 :t4.S 

Oct/85 -147 -188 -191 -176 -190 -189 -187 -187 -188 
:tILl :tS.S :tS.9 :t 7.S :t7.2 :t 7.1 :t6.9 :tS.3 :t3.4 

Nov/85 -140 -179 -179 -166 -174 -176 -169 -169 -172 
:t6.4 :tS.S :tS.S :tS.9 :t7.4 :t 11.1 :t 10.S :t12.0 :t4.9 

Decl85 -10 -152 -179 -114 -178 -185 -188 -186 -184 
:t27.6 :t 7.0 :t13.2 :t22.1 :t 12.9 :t12.4 :tl1.7 :tl0.2 :tS.S 
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Table AI0. Mean redox potentials ± 1 S.E. (averaged over 5 probes for each depth) 
at Southport in the Spartjna/Juncus zone. 

Depths 

MolYr 2 5 10 X<IO 15 20 30 40 X, 10 

DecJ84 405 135 -73 156 -101 -113 -126 -132 -118 
:t27.4 :t80.0 :t20.3 :t58.8 :t12.6 :t 12.5 :t8.9 :t7.4 :tS.6 

Jan/85 302 2 -80 75 -78 -95 -103 -109 -96 
:t6.7 :t46.7 :t9.0 :t46.2 :t8.7 :tl1.4 :tll.O :t8.7 :tS.3 

Feb/85 101 -22 -54 9 -73 -80 -83 -92 -82 
:t4S.2 :t21.3 :t5.8 :t23.7 :t8.1 :t 7.3 :t6.9 :t9.1 :t3.9 

Mar/85 190 -52 -80 19 -86 -90 -105 -115 -99 
:t38.3 :t18.3 :t9.5 :t35.1 :t 7.3 :t5.4 :t5.3 :t5.4 :t3.8 

Apr/85 31 -7 -35 -4 -49 -55 -72 -76 -63 
:t33.1 :t29.0 :t22.5 :t16.9 :t IS.5 :t19.4 :tlS.1 :t16.3 :t8.1 

May/85 52 -42 -53 -14 -53 -57 -66 -83 -65 
:t32.2 :t19.9 :t14.7 :t17.8 :t20.9 :t 16.5 :tlS.2 :t17.4 :t8.S 

Jun/85 -48 -79 -86 -71 -83 -88 -86 -90 -87 
:t6.3 :t6.6 :t6.6 :tS.6 :t9.6 :t16.1 :tl0.4 :t9.9 :tS.S 

Jul/85 -37 -79 -75 -64 -79 -67 -72 -77 -74 
:t30.8 :t 7.9 :tl0.6 :t 11.5 :t14.0 :t9.9 :t9.5 :t9.7 :tS.1 

Aug/85 -122 -144 -145 -137 -139 -131 -133 -136 -135 
:t13.9 :t13.8 :t13.S :t7.9 :t12.8 :t12.8 :t12.3 :t12.3 :tS.8 

Sep/85 -110 -147 -151 -136 -152 -149 -150 -154 -151 
:t6.O :t6.6 :t6.3 :t6.O :t6.4 :t 7.S :t9.7 :tl0.9 :t4.1 

Octi85 -143 -169 -157 -157 -152 -153 -154 -155 -154 
:t8.4 :t6.1 :t 12.1 :t5.7 :t 11.9 :t 14.1 :t 15.5 :t16.0 :t6.6 

Nov/85 -41 -96 -107 -81 -114 -116 -117 -128 -119 
:t20.0 :t 16.8 :t12.3 :t 11.8 :t4.4 :t4.3 :t6.9 :tlO.2 :t3.4 

Decl85 75 -87 -111 -41 -116 -118 -129 -133 -124 
:t68.6 :t 11.9 :t 12.S :t31.0 :tl0.7 :t 13.S :t 12.6 :t 11.8 :tS.8 
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Table All. Mean redox potentials ± 1 S.E. (averaged over 5 probes for each depth) 
at Southport in the Juncus zone. 

Depths 

MolYr 2 5 10 X<IO 15 20 30 40 ~IO 

Decl84 148 119 117 128 149 142 118 99 127 
±22.S ±31.1 ±2l.9 ±14.2 ±26.4 ±26.4 ±40.2 ±36.9 ±IS.8 

Jan/85 193 141 98 144 14 48 43 26 33 
±39.0 ±13.6 ±2l.2 ±17.7 ±34.8 ±24.3 ±17.1 ±9.4 :tll.2 

Feb/85 193 144 88 141 60 81 103 63 77 
±IS.3 ±IO.6 ±36.8 ±17.1 ±46.8 ±17.2 ±4l.7 ±12.3 ±IS.7 

Mar/85 228 142 47 139 36 7 43 -7 19 
±16.3 ±2l.3 ±24.3 ±22.8 ±14.6 ±33.9 ±20.9 ±IO.9 ±ll.l 

Apr/85 162 75 65 101 66 65 76 56 66 
±2S.3 ±48.8 ±32.0 ±22.8 ±2S.3 ±22.2 ±22.0 ±20.1 :tIO.4 

May/85 107 36 27 57 15 24 15 -2 13 
±9.9 :t44.3 ±42.7 ±2l.S ±39.7 :t4l.4 ±39.2 ±34.8 :t18.O 

Jun/85 69 25 28 41 57 57 58 37 52 
±16.3 ±40.8 ±24.4 ±16.4 ±13.1 ±9.4 ±IS.2 ±17.7 ±6.8 

Jul/85 40 80 83 68 99 102 105 105 103 
±29.S ±12.2 ±13.2 ±1l.9 ±8.9 ±ll.l ±19.2 ±II.S ±6.1 

Aug/85 -83 -60 -37 -60 -42 -24 -31 -28 -31 
±16.8 ±29.3 ±27.2 ±I4.3 ±26.4 ±30.3 ±30.0 ±30.7 ±13.6 

Sep/85 -52 -75 -87 -71 -100 -96 -103 -106 -101 
±I8.0 ±28.4 ±24.S ±13.4 ±18.2 ±23.0 ±22.0 ±18.8 ±9.S 

0ctI85 -20 -34 -52 -35 -55 -48 -67 -76 -62 
±lS.4 ±41.1 ±29.9 ±16.7 ±29.4 ±34.2 ±32.I ±3S.0 ±IS.2 

Nov/85 -43 3 -10 -17 -20 -9 -13 -50 -23 
±4S.7 ±23.2 ±21.3 ±I7.9 ±30.2 ±3l.2 ±3l.0 ±28.7 ±I4.4 

Dec/85 208 56 -28 79 -58 -54 -62 -93 -67 
±34.1 ±42.9 ±21.S ±3l.7 ±12.3 ±19.7 ±20.7 ±22.S ±9.S 
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Table A12. Mean redox potentials ± 1 S.E. (averaged over 5 probes for each depth) 
at Southport in the ~ zone. 

Depths 

MoNr 2 5 10 X<IO 15 20 30 40 ~IO 

Dec/84 -14 -67 -92 -58 -92 -89 -109 -121 -102 
:t37.4 :t 16.B :t 10.5 :t 1 5.7 :t 10.6 :t 12.5 :t 11.0 :t9.B :t5.9 

Jan/85 -25 -74 -92 -64 -96 -94 -112 -130 -108 
:t13.7 :t32.B :t 13.6 :t 14.0 :t 14.B :t 13.6 :t9.9 :tB.1 :t6.4 

Feb/85 -25 -52 -57 -45 -55 -58 -92 -101 -76 
:t3.6 :t4.9 :tB.5 :t5.0 :t9.3 :t I1.B :t 17.5 :t 12.0 :t 7.6 

Mar/85 -72 -101 -125 -100 -129 -124 -153 -161 -142 
:tB.3 :t 11.4 :t 13.2 :tB.3 :t 13.9 :t 1 5.3 :t8.0 :t8.2 :t6.5 

Apr/85 21 -32 -43 -18 -62 -61 -93 -125 -85 
:t21.2 :t 19.8 :t 17.9 :t 12.9 :t 17.3 :t 15.6 :t 18.1 ±14.0 ±9.6 

May/85 65 -9 39 6 -59 -71 -88 -94 -78 
:t22.2 :t27.2 :t20.5 :t 17.2 :t 16.5 :t 18.2 :t 12.2 ±16.5 ±8.0 

Jun/85 -43 -90 -105 -79 -107 -103 -115 -113 -109 
:t 12.9 :t9.7 :t 10.2 :t9.2 :tl1.2 :t 13.1 ±17.7 :t 19.9 ±7.4 .-

Ju1l85 -22 -51 -68 -47 -95 -75 -88 -95 -88 
:t23.4 :t 15.4 :t IB.2 :tl1.5 :t17.1 :t 14.2 :t17.5 :t20.4 ±8.2 

Aug/85 -128 -149 -157 -145 -157 -159 -163 -169 -162 
:t 10.5 :t 17.9 :t19.3 :t9.3 :t 14.2 :t 14.3 :t 16.8 ±12.9 :t6.8 

Sep/85 -136 -150 -168 -151 -181 -193 -199 -206 -195 
:t 12.6 :t8.2 :t 14.0 :t 7.3 :tlB.3 :t20.0 :t25.2 ±26.7 ±1O.7 

Octl85 -138 -160 -163 -154 -163 -163 -183 -203 -178 
:t24.5 :t18.9 :t21.1 :tl1.9 :t22.6 :t23.7 :t26.3 :t23.7 :tl1.7 

Nov/85 -84 -100 -124 -102 -124 -134 -163 -159 -145 
:t 11.8 :t 16.2 :t 18.0 :1:9.4 :1:19.0 :t 16.0 :t 18.2 :t21.1 :t9.3 

Decl85 88 -122 -154 -63 -181 -176 -173 -170 -175 
:t 73.8 :t22.8 :t 14.9 :t37.6 :1:22.7 :t24.1 :t25.6 :t27.5 :t 11.5 
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