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INTRODUCTION 

This report is an extension of Part I of this document and contains 

data gathered during the summer of 1981 and fal1 of 1982. The purpose 

of the research was to continue the monitoring of plant communities and 

nutrients in plants at the Deal Island sites during the third and fourth 

years following management. The project had the following objectives: 

1) Measure plant density in permanent plots during the 3rd and 4th 

years following management. 

2) Measure plant biomass after three growing seasons following 

management. 

3) Measure nutrient concentrations in plant tissues after three 

growing seasons. 

4) Determine the response of D. spicata and ~. patens shoot nitrogen 

concentrations to the addition of nitrogen fertilizer in both 

managed and control areas. 

Before presenting results of the work it would be useful to summarize the 

original experimental design and results from vegetation studies that are present-, 

ed in Part 1. 

Experimental Design - Three areas were extensively ditched in 1978 and 

early 1979 using a rotary ditcher. Details of the procedures can be 

found in Lesser (1982). One area (Open Site) was coupled to the 

adjacent estuary to permit flushing during each tidal cycle. A second 
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area (Water Control Site) was similar to the Open Site except that the 

area was only partially coupled to the estuary. The purpose of this 

treatment, using water control structures, was to permit some tidal 

flushing while also maintaining water in the ditches. The third ditched 

area (Closed Site) was not coupled to the estuary and only received 

water from precipitation and during flooding events associated with 

high spring tides and/or storm tides. Two Control Sites were used. The 

original Control Site, used in 1979, was abandoned in 1980 because it was 

hydrologically very dissimilar to the three ditched areas. A more 

appropriate Control Site was selected in 1980 and used throughout the 

remainder of the study. 

Vegetation Sampling - At each site, permanent plots were established along 

three randomly chosen transects (Fig. 1). The transects were oriented 

perpendicular to the ditches and permanently marked plots (25 cm x 25 

cm) established at 0, 5, 10, 15, and 20 meters. Figure 1 is drawn to 

demonstrate that spoil, from the ditching, was always encountered 

between 0 and 15 meters and was found as far as 20 meters. Vegetation 

in the permanent plots was sampled monthly in 1979 and 1980. 

In 1979 and 1980, we also conducted monthly harvests of aboveground 

tissues of plants and collected plant litter at each site. The sampling 

design was similar to that shown in Fig. 1 except that three new 

transects were randomly selected at each site on each harvest date. On 

each sampling date, all live and dead plant material was removed from 

triplicate quadrats (50 cm x 50 cm) at 0, 5, 10, 15, and 20 meters from 

the ditch. In the laboratory, the samples were separated into live and 

dead components. Each component was weighed after drying and then 



Figure 1. 

3 

o 20M 

5M 

~~--------------------\r 

NO SPOIL 

Diagrammatic representation of sampling design used at each site. 

Three randomly located transects, each 20 meters long, were 

established p~rpendicular to a ditch made by the rotary ditcher. 

Permanent plots were established at 0, 5, 10, 15, and 20 meters for 

density studies. Spoil, shown as 'hatched areas, was rather uniform 

between 0 and 15 meters but was found as far as 20 meters from 

ditches. 
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analyzed for nitrogen and phosphorus. This procedure enabled us to 

monitor recovery of the vegetation as well as determine whether there 

were any changes in nutrient concentrations due to the different 

management procedures. 

Additional studies conducted in 1979 and 1980 included measure­

ments of litter decomposition and water quality analyses. Details of 

those studies are not reviewed in this report since they were- terminated 

after the 1980 growing season and results presented in Part 1. 
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SUMMARY OF RESULTS -1979 and 1980. 

1) Net aboveground primary production did not differ significantly when 

the 3 treated sites were compared to the Control. 

2Y Live biomass had, on the average, returned to pre-treatment levels at 

all sites by the end of the second growing season. Near the ditches, 

however, biomass was still significantly less than at distances of 5, 10, 

15, and 20 meters. 

3) Litter biomass had not returned to pre-treatment levels at any sites by 

the end of the second (I98 0) growing season. 

4) The two sites (Open and Water Control) that were coupled to the 

estuary were still undergoing changes in vegetation by the end of the 

second year. 

a) The Open and Water Control sites were dominated by Distichlis 

spicata by the end of the first growing season. Pluchea 

purpurascens, Iva frutescens, and Baccharis halimifolia began to 

colonize both sites during the first year and expanded their 

coverage during the second year. 

b) The Closed Site was dominated by Spartina patens· after the first 

year following management and there were no major shifts in 

species composition in 1980. 

5) Nitrogen and phosphorus concentrations of plant shoots increased 

significantly at all three treated sites and there were significant 

differences between sites. 

a) Concentrations of both nitrogen and phosphorus were highest at 

the Open and Water Control Sites, intermediate at the Closed Site 
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and lowest at the Control Site. 

b) Elevated levels of nitrogen and phosphorus continued during the 

second year suggesting that the response would be long-term or 

permanent. Additional data suggested that the changes in 

nutrients were caused by lowering the water table at the Open and 

Water Control Sites. 

c) By the end of the second growing season, nitrogen concentrations 

of litter had significantly increased. This response was due to live 

shoots; which were high in Nand P, ultimately becoming 

incorporated into the litter compartment. 

Clearly, two of the managed areas were still undergoing changes after two 

years and it seemed desirable to continue to monitor the sites. 
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METHODS - 1981 and 1982 

1. Plant densities in permanent plots. 

Permanent plots, initially established in 1979, were monitored again in 

19'81 and 1982. Similar to previous years, the number of live shoots of all 

species were counted in the 15 plots (25 cm x 25 cm) at each site. Triplicate 

plots were located at 0, 5, 15, and 20 meters from ditches at each site (Fig. I). 

Because seedlings of ~. purpurascens, .!.. frutescens and ~. halimifolia were so 

numerous in 1981 at the Open and Water Control site, aerial coverage (%) was, 
. 

at times, estimated rather than counting individuals. In 1982, the number of 

stems of each species was counted. 

2. Plant Biomass 

Live vegetation and litter was harvested in August 1981 from 9 quadrats 

at each site. Triplicate samples were collected at 0, 10 and 20 meters from 

ditches. In the laboratory, D. spicata and~. patens shoots were separated and 

dry weights determined for each species. After drying at 60° C the dry 

weights of all live biomass was determined by summing dry weight values for 

D. spicata, ~. patens, and all other species. Litter was analyzed separately 

and dry weights determined. Nitrogen concentrations of D. spicata and ~. 

patens shoots were then determined using procedures described in Part 1. 

3. Nutrient enrichment study 

Several Investigators have suggested that primary production and 

nutrient assimilation by plants in estuarine wetlands is limited by nitrogen 
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even though interstitial water is very rich in ammonia (Valiela et al. 1982, 

Mendelssohn et al. 1982, Morris 1980, Mendelssohn and Seneca 1980). Mendelssohn 

et al. 1982) have recently reviewed the literature on this topic and suggested that 
:; 

nitrogen ,(ammonium) uptake is inhibited because of physiological stresses 

associated with waterlogged substrates. In particular, plants in anaerobic 

environments must overcome anoxia and the presence of toxic chemicals, 

particularly sulfides. In drained substrates, which occur near streams in natural 

wetlands, investigators (King et al. 1982) have found that plant growth is more 

vigorous and that there is more oxygen 'around the plant roots. Mendelssohn and 

postek (1982) have studied both streamside and high marsh forms of Spartina 

alterniflora and found that sulfides are converted to non-toxic iron precipitates in 

streamside habitats. 

The presence of elevated nitrogen in live shoots at the Open and Water 

Control Sites suggested that, following ditching, nitrogen was not as limiting to 

plant growth at those sites. We hypothesized that plants were able to assimilate 

more nitrogen because the substrates contained less moisture. Figure 2 shows 

substrate moisture data collected from the Open, Closed and Control Sites between 

May and August 1981. Clearly there was less water in the substrate near the ditch 

(0 m) at the Open Site and moisture content at 20 meters was at times also less 

during the growing season. The differences between substrate moisture content at 

the Closed Site and Open Site persisted throughout that three month period. In , 

1980, information was obtained which suggested that plants at the Open Site were 

more efficiently incorporating nitrogen into belowground tissues (Table 1). 
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Substrate moisture content at the Open, Closed, and Control Sites 

between June and August, 1981. All values are means (% of wet 

weight) +l standard error of the mean. 



Table 1. 

SITE 

OPEN 

CLOSED 

CONTROL 

10 

Nitrogen concentrations (%) of belowground rhizomes. All values are 

means of triplicate samples ±l standard error of the mean. Substrate 

samples were collected in 1980. In the laboratory they were washed 

and all live and dead rhizome material removed. Live and dead 

rhizomes were primarily ~. patens and D. spicata. 

DEAD RHIZOMES 

0.93 ± 0.11 

0.69 ± 0.04 

·0.75 ± 0.09 

LIVE RHIZOMES 

1.06 ± ·0.02 

0.98 ± 0.03 

0.99 ± 0.02 
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Dead and live rhizomes of D. spicata and §.. patens collected at the Open Site, 

had higher concentrations of nitrogen than rhizomes collected at the Closed 

and Control Sites. 

In 1981 an experiment was conducted to test the hypothesis that plants 

at the Open Site had elevated nitrogen levels because of increased substrate 

drainage and, consequently, were able to more efficiently assimilate nitrogen. 

Nitrate fertilizer was added to two randomly located experimental plots at 

the Open Site, two at the Closed Site, and one at the Control Site. Plot 

dimensions were 5 m· x 10 m and, at the Open- and Closed sites, were 

positioned with the long axis parallel to the ditch. The short axis of the plots 

were positioned between 0 and 5 meters and 15 and 20 meters at the Open and 

Closed Sites. Control plots, no fertilizer added, were located 15 meters away 

f['om each fertilized plot. The fertilizer was purchased from Sudbury 

Laboratory (Sudbury, Mass) and was mixed with estuarine water and applied 

-2 at ,a rate of 20 gN m on June n, 1981. Shoots of D. spicata and §.. patens 

were collected from the fertilized and unfertilized plots after 7, 14, 28, 41, 

and 53 days and analyzed for nitrogen content using procedures described 

in Part I. 
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RESULTS 

Live Biomass 

Shoot biomass data from the 1981 sampling are compared with data for 1979 
!7 

and 1980 in Table 2. There was a significant site. affects (F = lO.818, df = 3, Sig. 

level = O.OOOl) in 1981 but no significant differences between Open, Closed and 

Water Control Sites and all three sites had significantly less shoot biomass than 

what was measured at the Control Site (Table 2). There is no obvious reason for 

the high values at the Control Site although, by chance alone, the samples may 

have been collected in an area where net aboveground production was high. Since 

biomass was only sampled on one date in 1981, compared to monthly sampling in 

1979 and 1980, there would be a higher probability that, due to spatial heterogeneity 

alone, one sampling site could yield data that were higher. Although there were no 

differences in total live biomass between treated sites, species differences noted in 

1979 and 1980 (see Part I) persisted in 1981 (Table 2). There was a 

significant site affect on D. spicata shoot biomass (F = 5.463, df = 3, Sig. level = 
0.005) with shoot biomass of D. spicata being significantly greater at the Open (97.l 

g m -2) and Water Control (ll4.3 g m -2) Sites (Table 2). There was no significant 

difference between D. spicata at the Open and Water Control site compared to the 

Control Site (179.6 g m -2). There was also a significant site affect on ~. patens 

shoot biomass (F = 7.485, df = 3, Sig. level = 0.001). Similar to 1979 and 1980, 

S.patens shoot biomass was significantly less at the Open (18.6 g m -2) and Water , 

Control (I7.4 g m -2) Sites compared to the Closed (178.5 g m -2) Site. 

In 1981, there were no significant distance effects for total shoot biomass (F = 

0.692, df = 2, Sig. level = 0.692), shoot biomass of D. spicata (F = 1.436, df = 2, Sig. 

level = 0.258) or ~. patens shoot biomass (F = 0.171, df = 2, Sig. level = 0.894). 
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Table 2. 

SITE 

OPEN 

CLOSED 

WATER 
CONTROL 

CONTROL 

DISTANCE 

o METERS 

10 METERS 

20 METERS 

Site and distance effects on total shoot biomass, biomass of D. spicata shoots, and biomass 

of ~. patens shoots. Statistical analyses of 1981 data were made using SPSS Two-way (site, 

distance) analysis of variance.' Means were compared using Duncan's Multiple Range Tests. 

Values that share the Same superscript are not different at the 0.05 level of significance. 

Data for 1979 and 1980 are described in Part I. -2 All values are g m and 

comparisons between sites or distances are read vertically. 

SITE EFFECTS 

TOTAL BIOMASS D. SPICATA BIOMASS S. PATENS BIOMASS 

1979 1980 1981 1979 1980 1981 1979 1980 1981 

l80.0A 152.4B 145.4A 152.4A 42.8B 97.1 A 25.6C 67.2C 18.6B 

154.0B 210.0A 191.6A 33.2B 24.8C 7.3B 118.4A 183.1 A 178.5A 

164.4AB 140.8B 159.9A 144.4A 99.2A 114.3A 9.6D 24.8 D 17.4B 

88.8C 187.2A 435.9B 16.8B 76.4B 179.6A 46.4B 110.8B 255.7A 

DISTANCE EFFECTS 

1979 1980 1981 1979 1980 1981 1979 1980 1981 

153.6A 201.6A 245.9 A 92.8A 102.0A 130.4A 52.4AB 101.2A 99.8 A 

156.0A 163.6B 245.9A 92.4A 
'-'. 

72.0B 101.1 A 48.0AB . 88.8A 128.8A 

142.2A 170.4B 207.8A 76.8A 54.8B 67.3 A 56.8A 103.6A 124.1 A 
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Average shoot biomass (all species combined) was very similar at 0 meters (245.9 g 

m -2) and 10 meters (245.9 g m -2) in 1981 and only slightly, but not significantly 

-2 (Table 2), less at 20 meters (207.8 g m ). 

Table 2 only demonstrates that interyear variation was high. At this point, 
:/ 

we do not know whether the yearly differences were due to sampling, yearly 

variation in abiotic parameters (salinity, precipitation, frequency of flooding, etc.), 

recovery from management, or affects due to competition between species. 

Litter Biomass 

Litter biomass data for 1979-1981 are given in Table 3. The trend toward a 

yearly increase in litter biomass continued and there were no significant site (F = 

0.800, df = 3, Sig. level = 0.506) or distance (F = 1.872, df = 2, Sig. level = 0.176) 

effects by 1981. Litter biomass averaged 605.9 g m -2 for all sites. In 1979 and 1980 

litter biomass at 0 meters was significantly less than at 10 and 20 meters (Table 3). 

In 1981 there was still slightly less litter at 0 meters (502.9. g m -2) but that value 

was not significantly greater than at 10 meters (648.7 g m -2) or 20 meters (666.2 g 

-2) m . 

Shoot Density 

Throughout the study, there have been large inter- and intrasite differences 

in shoot density. Spartina patens dominated the Closed Site since 1979 and D. 

spicata was the dominant ,at the Open and Water Control Sites (Figure 3). 

Distichlis spicata continued to dominate the Open Site in 1981 and 1982 even though 

the average shoot density has changed dramatically to a range of 821-181 shoots m-
2 

in 1982 compared to 2203-304 shoots m -2 in 1981 (Table 4). 



Table 3. 

SITE 

OPEN 

CLOSED 

15 

Site and distance effects on litter biomass. Statistical analysis of 

1981 data were made using SPSS Two-way (site, distance) analysis of 

variance. Means (g m -2) were compared using Duncan's Multiple 

Range Tests. Values that share the same superscript, read vertically, 

are not different at the 0.05 level of significance. Data for 1979 and 

1980 are described in P art I. 

SITE EFFECTS 

1979 1980 1981 

205.2A 566.8A 681.6A 

193.6A 462.0B 630.1 A 

WATER CONTROL lI6.0B 375.6C 520.9A 

CONTROL 237.2A 589.6A 591.2A 

DISTANCE EFFECTS 

DISTANCE 1979 1980 1981 
(METERS) 

0 HO.OB 382.0B 502.9A 

10 198.4A 549.6A 648.7A 

20 249.6A 545.6A 666.2A 
, 
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Figure 3. Shoot density data for ~. patens, D. spicata, and.!.. frutescens at the 

Open and Closed Sites. Values for 1979 and 1980 are from Part I of 

this report. 
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Spartina patens continued to dominate the Closed Site in 1981 and 1982 (Fig. 3) 

and D. spicata also has continued to decline at all distances at the Closed Site 

(Table 4). Coincident with the decline in D. spicata and ~ patens at the Open Site 

has been an increase in the density of Iva frutescens. Iva was present at the Open 
;! --

and Water Control Sites in 1979, but did not appear in the permanent plots until 

1980 (Fig. 3). By 1982, .!.- frutescens density had increased to 261 shoots per m -2 in 

-2 one quadrat and an overall average of almost 80 plants m at the Open Site. Iva 

frutescens seedlings were found in the permanent plots at the Closed Site in 1982 

but there is no indication that it will become widespread. Baccharis halimifolia has 

become common at the Water Control Site (Table 4). 

Tissue Nitrogen Concentrations 

As noted earlier, nitrogen concentrations in shoots were significantly higher 

at the Open and Water Control Sites and significantly less at the Closed Site in 1979 

and 1980. In 1981, that pattern continued as there were significant differences 

between the Open and Closed Sites for ~. patens (F = 15.394, df = 1, Sig. level = 

0.004) and D. spicata (F = 5.093, df = 1, Sig. level = 0.054). In 1981 there were also 

significant distance effects on ~. patens (F = 10.963, df = 1, Sig. level = 0.0li), and D. 

spicata (F = 21.373, df = 1, Sig. level = 0.002). 

Distichlis spicata and ~. patens shoots had significnatly higher tissue nitrogen 

concentrations near the ditches (0 meters) compared to 20 meters (Table 5). There 

were no significant differences for either species when data from the Control Site 

(Table 5) were compared with 20 meters at either the Open (F = 6.89, df = 1, Sig. 

level = 0.253) or Closed (F = 2.30, df = 1, Sig. level = 0.606) Sites. Both species had 

significantly higher tissue nitrogen concentrations at the Open Site. 



Table 5. 

SITE 

OPEN 

CLOSED 

SITE 

OPEN 

CLOSED 

CONTROL 

19 

Site and distance affects on the nitrogen concentrations (%) of D. 

spicata and ~. patens in 1981. Means, read vertically, that are not 

significantly different share the same superscript. Significance levels 

are, at least, at the 0.05 level. Site and distance affects for the Open 

and Closed Sites were compared using SPSS Two-way analysis of 

variance for site (Open and Closed) and distance (0 and 20 meters) 

effects. Data from all site and distance combinations were compared 

to means for the Control Site using one-way analysis of variance and 

T-tests. 

SITE EFFECTS 

D. SPICATA S.PATENS 

1.02 1.02 

0.84 0.67 

DISTANCE EFFECTS 

DISTANCE D. SPICATA S. PATENS 
(METERS) 

0 1.21 1.62 

20 0.83A 0.41A 

0 1.01 0.99 

20 0.68A 0.36A 

0.72A 0.29A 
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Nitrogen Fertilization Study 

1. Spartina patens 

There were significant site, distance, fertilization and time effects on the 
7 

nitrogen concentrations of ~. patens shoots when the Open and Closed Sites were 

compared (Table 6). Mean shoot nitrogen concentrations at the Open Site (1.34%) 

were significantly higher (Table 6) than at the Closed Site (1.03%). Nitrogen 

concentrations were also significantly higher at 0 meters (1.23%) than at 20 meters 

(1.13%) and concentrations at the fertilized sites were significantly greater (1.29%) 

than the mean of 1.07% at the non-fertilized sites. The significant yearday effects 

were due to higher concentrations (1.35%) on yearday 90 (28 days after fertilizer 

added) compared to very similar values on yearday 169 (1.16%), 176 (1.17%), 203 

(1.16%), and 2.5 (1.09%). 

There were significant 2-way interactions for 3 combinations (Table 6). 

Nitrogen concentrations were higher in shoots collected from the fertilized plots at 

both the Open and Closed Sites (Table 7). Significant site x time interactions were 

due to consistently higher nitrogen concentrations at the Open Site and higher 

values on yearday 190 at both sites (Table 8). Shoot nitrogen concentrations were 

also high on yearday 203 at the Open Site (1.42%) but on the same yearday had 

returned to lower values (0.90%) at the Closed Site. The significant fertilization x 

time interaction (Table 8) was due to higher nitrogen concentrations, with only one 

exception, in shoots at the, fertilized site and the higher values measured on 

yearday 190 (1.50%) at the fertilized site and yeardays 190 (1.16%) and 203 (1.28%) at 

the unfertilized site. There were no significant 3 or 4 way interactions (Table 6). 

Table 9 compares shoot nitrogen concentrations at the fertilized and 

unfertilized Control Site with concentrations at the two ditched sites. With only 3 
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Table 6. Results of analysis of variance on the nitrogen concentrations of §.. patens 

shoots. 

Sum of Mean Significance 
Source of Variation Squares DF Square F Level 

:; 

Main Effects 5.324 7 0.761 17.900 0.001 

Site (S) 2.921 1 2.921 68.758 0.001 

Distance (D) 0.231 1 0.231 5.435 0.0220 

Fertilization (F) 1.208 1 1.208 28.427 0.001 

Time (T) 0.833 4 0.208 4.901 0.001 

2-Way Interactions 2.714 15 0.181 4.266 0.001 

S xD 0.005 1 0.005 0.127 0.723 

SxF 0.224 1 0.244 5.753 0.019 

SxT 0.445 4 0.111 2.615 0.041 

DxF 0.003 1 0.003 0.070 0.793 

DxT 0.254 4 0.064 1.496 0.212 

FxT 1.754 4 0.439 10.321 0.001 

3-Way Interactions 1.293 13 0.099 2.341 0.011 

SxDxF 0.114 1 0.114 2.686 0.105 

.SxDxT 0.307 4 0.077 1.805 0.136 

SxFxT 0.313 4 0.078 1.841 0.129 

DxFxT 0.263 4 0.066 1.545 0.197 

4-Way Interaction 0.245 3 0.820 1.925 0.132 

Sx.DxFxT 0.245 3 0.820 1.925 0.132 

Explained Variance 9.581 38 0.252 5.934 0.001 

Residual Variance 3.314 78 0.042 

Total 12.896 116 0.111 



Table 7. 
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Comparison of site x fertilization and distance x site x fertilization 

effects on the nitrogen concentrations (%) of ~. patens and D. spicata 

shoots. F is the symbol for fertilized and NF for unfertilized plots. 

/; Values are mean concentrations ±l standard error of the mean. 

SITE x FERTILIZATION EFFECTS 

TREATMENT OPEN CLOSED CONTROL 

S. PATENS 

F 1.25 ± 0.04 LOS ± 0.06 1.07 ± 0.05 

NF 1.1S± 0.06 0.97 ± 0.02 0.95 ± 0.03 

D. SPICATA 

F 1.54 ± 0.07 1.42 ± 0.06 1.53 ± 0.11 

NF 1.31 ± 0.06 1.26 ± 0.05 1.29 ± 0.07 

DISTANCE x SITE x FERTILIZATION EFFECTS 

OPEN CLOSED 

o METERS 20 METERS o METERS 20 METERS 

S. PATENS 

F 1.49 ± 0.09 1.49 ± 0.06 1.17 ± 0.06 1.00 ± 0.09 

NF 1.27 ± 0.09 1.06 ± 0.07 0.99 ± 0.03 0.94 ± 0.04 

D. SPICATA 

F 1.64 ± 0.11 1.53 ± 0.07 1.39 ± 0.10 1.45 ± 0.06 

NF 1.33 ± O.OS 1.29 ± O.OS 1.33 ± O.OS 1.lS ± 0.05 
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Table 8. Mean nitrogen concentrations(%) for S.patens shoots for site x time and 

fertilizer x time interactions. 

SITE 

OPEN 

CLOSED 

TREATMENT 

FERTILIZED 

UNFERTILIZED 

YEARDAY 

YEARDAY 

169 

1.29 

1.04 

169 

1.30 

1.03 

176 

1.25 

1.09 

176 

1.41 

0.93 

TIME 

190 

1.60 

1.17 

TIME 

190 

1.50 

1.16 

203 

1.42 

0.90 

203 

1.04 

1.28 

215 

1.22 

0.96 

215 

1.19 

0.99 



... 
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Table 9. Nitrogen concentrations (%) in ~. patens shoots in fertilized (F) and unfertilized (NF) plots at the two 

treatment Sites and Control Site. All values are means ± I standard error of the mean. Results of statistical 

tests (T-tests) for each yearday are also provided for within treatment comparisons. All values, read 

vertically, with a superscript A are not significantly different from the fertilized Control Site and values with 

superscript Bare not different from the unfertilized Control Site. 

YEAR DAY 
DAYS SINCE START 

169 
7 

176 
14 

190 
28 

203 
41 

215 
53 

SITE DISTANCE TREATMENT 
(M) 

OPEN o 

OPEN 20 

CLOSED o 

CLOSED 20 

\'-, 

CONT~OL 

F 

NF 

F 

NF 

F 

NF 

F 

NF 

F 

NF 

1.65± 0.06 

1.19 ± 0.09 

1.35 ± 0.02 

0.96 ± 0.03 

1.13 ± 0.10A 

1.10 ± 0.04 

1.07 ± 0.45A 

0.85 ± 0.02B 

1.23 ± 0.09A 

0.82 ± 0.02B 

1.59 ± 0.06 

0.99 ± 0.06B 

1.68 ± 0.05 

0.75 ± 0.02 

1.29 ± 0.01 A 

1.05 ± 0.06B 

1.09 ± 0.05 

0.91 ± 0.05 

1.30 ± 0.03A 

1.07 ± 0.04B 

1.82 ± 0.24 

1.45± 0.06 

1.51 ± 0.11 

No Data 

1.41 ± 0.11 

1.17 ± 0.04 

1.24 ± 0.22A 

0.84 ± 0.02B 

1.06 ± 0.09A 

0.89 ± 0.06B 

1.77± 0.11 

1.17 ± 0.18 

1.45 ± 0.26 

1.31 ± 0.08 

0:88 ± 0.14 

1.08 ± 0.06B 

0.66 ± 0.11 A 

0.97 ± 0.02B 

0.83 ± 0.07A 

1.07 ± 0.07B 

1.22 ± 0.06 

0.95± 0.05B 

1.47 ± 0.11 

1.25 ± 0.12 

1.15 ± 0.03 

0.89 ± 0.03B 

0.93 ± 0.02A 

0.84 ± 0.08B 

0.93 ± 0.08A 

0.89 ± 0.06B 
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exceptions, shoot nitrogen concentrations were significantly higher at both 0 and 20 

meters at the Open Site compared to fertilized and unfertilized plots at the 

Control Site. With only two exceptions (0 meters on yearday 203 and 20 meters on 

yearday 215), concentrations were also higher in fertilized plots at the Closed Site 
!i 

but on only two instances (yearday 176) were concentrations significantly higher 

than those measured at the Control Site. 

2. Distichlis spicata 

All main effects were. significantly different when D. spicata nitrogen 

concentrations were compared at the Open and Closed Sites (Table 10) and the 

patterns were similar to those described for ~. patens. Nitrogen concentrations at 

the Open Site (1.49%) were higher than those measured at the Closed Site (1.34%). 

Nitrogen concentrations were higher near the ditches (1.45% at 0 meters) than at 20 

meters (1.37%) and shoots at fertilized sites had higher nitrogen concentrations 

(1.53%) than shoots collected from unfertilized plots (1.28%). 

Two, 3- and 4-way interactions were much more complex and all but four 

were significant at the 0.05 level of significance. Shoots at the fertilized plots 

were higher in nitrogen at both the Open and Closed Sites (Table 11) but shoot 

concentrations at the unfertilized Closed Site (1.32%) were not very different from 

those measured at the fertilized Closed Site (1.42%). Site x time and fertilizer x 

time interactions are similar to those described for ~. patens as both fertilized and 

non-fertilized plots at both ,sites had higher concentrations measured on yeardays 

190 and/or 203 (Table 11). A similar pattern was seen when distance x time 

comparisons were made (Table 11). Shoot nitrogen concentrations were higher at 

yearday 190 at both 0 and 20 meters and, in most instances, concentrations were 

higher at 0 meters. 
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Table 10. Results of analysis o~ variance on the nitrogen concentrations of II spicata 

shoots. 

Sum of Mean Significance 
Source of Variation Squares DF Square F Level 

Main Effects 4.204 7 0.601 28.980 0.001 

Sites (S) 0.656 1 0.656 31.659 0.001 

Distance (D) 0.176 1· 0.176 8.503 0.005 

Fertilization (F) 1.613 1 1.613 77.855 0.001 

Time (T) 1.586 4 0.396 19.131 0.001 

2-Way Interactions 6.444 15 0.430 20.733 0.000 

SxD 0.081 1 0.081 3.889 0.052 

SxF 0.245 1 0.245 11.826 0.001 

SxT 0.524 4 0.131 6.325 . 0.001 

DxF 0.005 1 0.005 0.255 0.615 

DxT 1.234 4 0.308 14.882 0.001 

FxT 4.418 4 1.105 53.302 0.001 

3-Way Interactiohs 1.075 13 0.083 3.992 0.001 

SxDxF 0.255 1 0.255 12.317 0.001 

SxDxT 0.466 4 0.117 5.622 0.001 

SxFxT· 0.197 4 0.049 2.379 0.059 

DxFxT 0.140 4 0.035 1.690 0.161 

4-Way Interaction 0.416 3 0.139 6.96 0.000 

SxDxFxT 0.416 3 0.139 6.96 0.000 

Explained Variance 12.140 , 38 0.319 15.417 

Residual Variance 1.616 78 0.021 

Total 13.756 116 0.119 
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Table ll. Two-way interactions for nitrogen concentrations (%) of Il spicata 

shoots. 

'/ 

Open 

Closed 

YEARDAY 

Open 

Closed 

YEARDAY 

o Meters 

20 Meters 

YEARDAY 

Fertilized 

Unfertilized 

I. Site x Fertilization Interaction 

Fertilized Unfertilized 

1.64 1.32 

1.42 1.26 

II. Site x Time Interaction 

169 176 190 

1.50 1.41 1.92 

1.34 1.33 1.43 

III. Distance x Time Interaction 

169 

1.41 

1.44 

176 

1.47 

1.26 

190 

1.76 

1047 

IV. Fertilization x Time Interaction 

169 

1.47 

1.38 

176 

1.64 

1.09 

190 

1.92 

1.25 

203 

1.52 

1.29 

203 

1.49 

1.32 

203 

1.20 

1.61 

215 

1.20 

1.31 

215 

1.14 

1.37 

215 

1.43 

1.08 
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Table 12 compares D. spicata shoot nitrogen concentrations at the Control 

Site with nitrogen data from the two ditched sites. Although there was a tendency 

fo!" nitrogen concentrations to be elevated in the fertilized plots, in only 5 

instances were the values significantly higher than those measured at the fertilized 

Control Site. Three of the higher values occurred at 0 meters at the Open Site and 

one at 0 meters and one at 20 meters at the Closed Site. There were also very few 

significant differences when the fertilized plots at the two ditched sites were 

compared to the unfertilized Control plot. In only three instances were 

concentrations higher at the Open Site (two at 0 meters and one at 20 meters) and 

only two instances (one each at 0 and 20 meters) at the Closed Site. 



Table 12. Nitrogen concentrations (%) of D. spicata shoots in fertilized (F) and unfertilized (NF) plots at the two 

treatment Sites and Control Site. All values are means ± 1 standard error. Results of statistical tests (T-tests) 

for each yearday are also provided for within treatment comparisons. All values with superscript A are not 

significantly different from the fertilized Control Site and values, read vertically, with superscript B are not 

different from the unfertilized Control Site. 

YEARDAY 169 176 190 203 215 
DAYS SINCE START 7 14 28 41 53 

SITE DISTANCE TREATMENT 
(M) 

OPEN 0 F 1. 78 ± 0.03 1.89 ± 0.05 A 2.39 ± 0.05 1.61 ± 0.12A 1.11 ± 0.03 

NF 1.39 ± 0.03B 1.07 ± 0.06 1.58 ± 0.06 1.71± 0.11 B 0.91 ± 0.04B 

en .,., 
1.38 ± 0.08A 1.69 ± 0.07A 1.78 ± 0.01 A 1.13 ± 0.03A 1.65 ± 0.09A OPEN 20 F 

NF 1.44 ± 0.08 0.97 ± 0.04 1.63 ± 0.05B 1.12 ± 0.11 B 

CLOSED 0 F 1.13 ± 0.07 1.66 ± O.04A 1.89 ± 0.01 A 0.92 ± 0.16A 1.41 ± 0.01 A 

NF 1.44 ± 0.28B 1.27 ± 0.068 1.19 ± 0.08 1. 71 ± 0.05B 1.13 ± 0.10B 

CLOSED 20 F 1.58 ± 0.13A '1.33 ± 0.09 1.64 ± 0.06A 1.13 ±o.06A 1.56 ± 0.01 A 

NF 1.33 ± 0.06B 1.05 ± 0.05 0.99 ± 0.078 1.40 ± 0.04B 1.15 ± 0.08B 

" 

CONTROL F 1.39 ± 0.08A 1. 78 ± 0.07A 1.99 ± 0.11 A 0.94 ± 0.30A 1.56 ± 0.06A 

NF 1.12 ± 0.058 1.43 ± 0.098 1.21 ± 0.098 1.64 ± 0.198 1.07 ± 0.098 
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DISCUSSION 

Years 1979 - 1982 

Live biomass and litter standing crop, although variable from year to year, 
!/ 

have returned to pretreatment levels at the three ditched sites (Figs. 4 and 5). 

With the exception of the very large value for total live biomass at the Control Site 

in 1981, there were no site differences when treated sites were compared. Given 

that there is intrasite spatial variability in shoot biomass, it seems likely that the 

high value from the Control Site was probably, by chance alone, due to the fact 

that we sampled only once in 1981 compared to monthly during 1979 and 1980. 

Differences, first noted in 1979, in species composition persisted through 1982. 

Spartina patens is clearly the dominant species at the Closed Site (Fig. 3) and there 

is no evidence that it will be supplanted by either .!.. frutescens or!!. halimifolia. 

Distichlis spicata dominated the Open and Water Control Sites between 1979 and 

1981 but by 1982 shoot density data from the permanent plots (Fig. 3 and Table 4) 

demonstrate that it and §.. patens have declined at the Open Site. Similar changes 

are ongoing at the Water Control Site (Table 4). At the Open and Water Control 

Sites, .!.. frutescens has become more abundant and B. halimifolia has become 

established and is widespread at the Water Control Site. If this trend continues, it 

seems likely that both D. spicata and §. patens will become subordinate species at 

the Open and Water Control Sites. 

Litter biomass returned to pretreatment levels at a slower rate than live , 

shoot biomass and only reached pretreatment levels in 1981 (Fig. 5). Within each 

site, recovery of the litter compartment was slowest near the ditches, particularly 

within the first meter (Fig. 6). From our earlier work on decomposition rates 

(see Part I) it was shown that litter decomposed slower at the ditched 



.Y 

31 

FB 
400 I 

I 
I 
I ,-, . 
I 
I 
I 
I 

0- OPEN I 
I 

o -CLOSED I 
1 

[J - WATER CONTROU 

a -CONTROL 
I - 300 I 

'" 1 
E I 

I (!) 1 - 1 
I 

(f) I 
I (f) 
1 <C 1 

::: 1 , 
0 pt 
CD 200 /1 -

/.&A -:;a~ 
LLI 
> / / - ./ ...J , 

A 
...J 
<C 

6 
I-

100 
.c 

1979 1980 1981 
Figure 4.. Average total live biomass of all species at the 3 treated sites and 

Control Site. Data are taken from Table 2. Values that share the 

same superscript, read vertically within each year, are not signifi- -'. 

canUy different. 

'f-: 

.... ~ . 



32 

700 o -OPEN A 
7 

• -CLOSED 
C -WATER CONTROL J'A 

600 • -CONTROL .A ---.L ... A 

/ - / pA 01 / E 500 , 
/ (!) / 

/B , - / , 
en / / en 400 , 
<t / ~ :E / I 

0 / / -m 300 / ' 
a: 1. 1 ,I 
ILl 1/ / l-
I- 200 ! ' - ./ 
--I , 

100 
rfo 

1979 1980 1981 
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sites. This lead us to speculate that the size of the litter compartment would 

ultimately reach a level that would be greater than pretreatment levels. Several 

years of additional data would be needed to test this hypothesis but we believe that 

it is an Jmportant issue because these wetlands are often burned. If the litter layer 

is thicker, the fires might be hotter and the resultant burn might be deeper into the 

peat, especially in sites where the water table has been lowered. This aspect on 

the study will be discussed further in the Summary and Recommendations section. 

In 1979 and 1980, we had determined that there were significantly higher 

concentrations of nitrogen in live shoots at the Open and Water Control Sites 

Was that pattern of long-term duration or only temporary? 

To answer this question would require several more years of data but our 1981 

measurements suggest that the pattern is long-term. Reasons for this are discussed 

further in the next section. Nitrogen concentrations were still significantly higher 

at the Open Site (1.02%) and lower at the Closed Site (0.76) in 1981. 

Fertilization Study 

The hypothesis tested was that plants at the Open Site would have 

higher shoot nitrogen concentrations following fertilization than plants 

at the Closed and Control Sites because the substrate moisture content 

had been lowered enough to make nitrogen more available. 

Our prediction was that plants in the fertilized plot at the Open 

Site would have significantly higher shoot nitrogen concentrations than 

plants at either the Closed or Control Sites. In addition, because the 
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the water table is lower nearer the ditches (see Part I) and the substrate 

contains less water (Fig. 2) we predicted that there would be a distance 

effect and that plants in fertilized plots near the ditches would have 

higher tissue nitrogen concentrations than plants located in fertilized 

plots ~O meters from the ditch. The following sequence was predicted in 

shoot nitrogen concentration in fertilized and unfertilized plots. 

(Open, 0 meters) > (Open, 20 meters) .::. (Closed, 

o meters) > (Closed, 20 meters) = (Control) 

With very few exceptions the predicted and observed results matched. 

Figures 7-10 are compilations of data for the 5 sample dates and 

demonstrate the changes that occurred in fertilized and unfertilized plots. In each 

diagram, points to the left of the center line indicate that nitrogen concentrations 

at the ditched sites were higher than at the Control Site. Values to the right of the 

center line represent nitrogen concentrations that were lower at the ditched sites. 

In each figure, an * appears next to the symbol when the mean for that site and 

sample date combination were significantly different from the Control Site. 

1. Spartina patens 

In the unfertilized plots, the highest shoot nitrogen concentrations were at 

the Open Site at 0 meters (Fig. 7 X Four of the five values plotted are to the left of 

the center line and each was significantly greater than data from the Control Site. 

In the fertilized plots, the array of data points for 0 meters at the Open Site was 

further from the center line (Fig. 8) and all values measured at the fertilized plot 

were significantly greater than concentrations measured at the Control Site. Shoot 

nitrogen concentrations increased an average of 40.9 ± 0.07% when fertilized 

and unfertilized plots were compared for the 0 meter distance at the Open 

Site. 
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Figure 7. Comparison of nitrogen concentrations (%) of §.. patens in unfertilized 

plots in the Open and Closed Sites with unfertilized plots in the 

Control Site. Significant· differences between the ditched Sites and 

the Control Site are indicated with a *. 
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Comparison of nitrogen concentrations (%) of !?. patens in fertilized 

plots in the Open and Closed Sites with fertilized plots in the Control 

Site. Significant differences between the ditched Sites and the 

Control Site are indicated with a *. 
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The same response occurred for ~. patens at 20 meters at the Open Site. In 

the unfertilized plots, four of the data points were to the left of the center line 

(Fig. 7) but only on two sample dates were the values significantly greater than 

those ~easured at the Control Site. Following fertilization,shoot nitrogen 

concentrations were always significantly greater (Fig. 8) and the average increase 

was 48.5 ± 26.0%. 

In only one instance were shoot concentrations of ~. patens in the unfertilized 

plot at the Closed Site significantly greater than shoot concentrations at the 

Control Site (Fig. 7). In the fertilized plots at the Closed Site, shoot 

concentrations of S. patens were significantly greater on three sampling dates at 0 

meters (Fig. 8). A t no time were nitrogen concentrations at 20 meters greater 

than those measured at the fertilized Control Site. The average increase, when 

fertilized and unfertilized plots were compared, was 11.4 ± 8.6 and 14.2 ± 13.1% at 

the Closed Site which was similar to the response measured at the Control Site 

(14.5 ± 11.8%). 

2. Distichlis spicata 

The response of D. spicata was more variable (Figs. 9 and 10). An increase in 

nitrogen concentration, as predicted, occurred at 0 meters at the Open Site but the 

differences were only significantly different from the fertilized Control Site on 

two sampling dates. In the unfertilized plots there was no pattern 

when shoot nitrogen concentrations of D. spicata at 0 meters at the Open Site were 

compared to data from the unfertilized Control Site. Similarly, there was no 

positive significant response to fertilization for D. spicata at 20 meters at the 

Open Site or 0 and 20 meters at the Closed Site. 
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Figure 9. Comparison of nitrogen concentrations (%) of D. spicata in unfertilized 

. plots in the Open and Closed Sites with. unfertilized plots in the Control 

Site. Significant differences between the ditched Sites and the Control 

Site are indicated with a *. 
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Why was the responses of D. spicata so different from that of ~. patens? 

Spartina patens has a much shallower root/rhizome system than D. spicata. In 

1981, as part of another study (Whigham personal observation) we collected 

1/ 
substrate cores at the Open, Closed and Control Sites. The cores, collected near 

the plots used in this study, were washed and the rhizome biomass determined for 

D. spicata and ~. patens in 0-5, 5-10, 10-15, and 15-20 cm depth intervals. Figure 11 

shows some results of that study. At all sites, the rhizomes of ~. patens are found 

near the surface whereas D. spicata rhizomes occur through out the profile. 

Barber (personal communication) has also shown that ~. patens has a small 

rhizome and a very dense root mat near the surface. Since the plots were only 

fertilized once, it seems likely that most of the fertilizer was absorbed in the 

surface layers of the peat substrate where the roots and rhizomes of ~. patens were 

concentrated. The lack of any clear response of D. spicata may have been also due 

to increased moisture content in the deeper substrate where nitrogen fertilizer may 

not have reached or may not have been available due to anoxic conditions 

(Mendelssohn 1979, Valiela et al. 1978). What is clear from the study is that there 

was a distinct site response with fertilization affects being greatest at the Open 

Site. These data suport the hypothesis that nitrogen assimilation is primarily 

controlled by substrate moisture conditions. 
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Figure 11. D. spicata and ~. patens distribution (%) of rhizome biomass in substrate 

cores collected at the Open, Closed and Control Sites. Data are means 

of 9 samples for each depth interval shown. 
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SUMMARY AND RECOMMENDATIONS 

It is clear that the ditched areas have all recovered from the management 

activities. What is unclear, however, are several issues related to the long-term 

effectsf Our ("vidence shows clearly that the two sites that are directly coupled to 

the estuary are still undergoing changes in vegetation composition. It now appears 

that the Open and Water Control Sites will become almost completely dominated 

by.! .. frutescens and !!. halimifolia. Our data also indicate that shoot nitrogen 

. concentrations will continue to be elevated at those sites. The litter compartment 

has completely recovered to pretreatment levels at all sites and the data from 1979 

and 1980 demonstrate that litter may become enriched- in nitrogen and that the 

litter horizon will be thicker due to lower rates of decomposition. 

The two questions that seem to be of primary importance are: 1) Can 

vegetation changes at the Open and Water Control Site be reversed? This may be a 

very important question because if other areas begin to change following ditching, 

can the process be stopped and/or reversed so that the ditched areas remain open 

(dominated by marsh grasses) and more suitable for waterfowl and muskrat use; and 

2) If the trend toward increased litter biomass continues, is this a possible threat 

because the wetlands are frequently burned and a hotter fire (from a greater fuel 

load) can lead to a deeper peat burn and killing of the plants, particularly the 

shallow rooted Spartina patens? 

Like most studies, this one has provided answers to some questions and has 

created others. I recommend that several other studies, all small in scale and low 

in cost, should be conducted. The questions presented above need to be addressed 

and a framework for the research would be as follows: 
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1) Can the invasion of.!.- frutescens and g. halimifolia be reversed? 

A. Procedure: Convert 1/3 of the Open Site at Deal Island into a 

Closed Site and 1/3 into a Water Control Site. Establish 

permanent plots in each area and monitor vegetation in the plots 

each year for a period of 3-5 years. Once the manipulations would 

be completed, the study would only require 2 workdays per year to 

sample the plots. At the same time, plant tissues of the dominant 

species could be collected and analyzed for nitrogen content for 

very little cost. 

2) Will the litter layer continue to increase in size and will a deeper burn 

result in areas where ditched wetlands are coupled to the estuary? 

This would require a more detailed study but useful data could be 

compiled by continuing to sample the litter layer at the 3 Deal Island 

sites. This project would require 1 day of additional field work and 

several days of laboratory work. Should it. be found, with another year 

or two of data, that litter is still accumulating, then the issue of 

possible impact of fires could be addressed. 

3) Why does 1. frutescens and g. halimifolia invade some areas and not 

others? It would be important to know the germination requirements of 

both species. I believe it is particularly important to know the type of 

substrate that provides optimum germination sites (peat, clay, etc.) and 

what the moisture content needs to be in order for seedlings to become 

established. This information would be useful in making decisions about 

how far the water table can be lowered given the type(s) of substrates 

found in areas where ditching will be done. 
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This project would require both field and laboratory experiments. 

It could be a student project and might take 2 years. Cost would be 

minimal if funds could be obtained to employ a student from one of the 

Universities or the local Community College. Laboratory studies on 

germination ecology could be conducted in the winter and field studies 

during the spring and summer. 
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