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Summary

In January of 2012, a permanent Site Specific Intensive Monitoring (SSIM) station was established at Dividing
Creek, in Downe Township, Cumberland County, New Jersey. This SSIM location is a part of a larger monitoring
scheme entitled the Mid-Atlantic Coastal Wetlands Assessment (MACWA). The major goal of MACWA SSIM is
to provide long term monitoring data to aid land managers in the conservation and protection of wetlands,
especially from the threats of sea level rise due to climate change. Several permanent fixtures were installed
at the Dividing Creek SSIM station including surface elevation tables (SETs) and permanent vegetation plots.
These fixtures were monitored from 2012 to 2013, along with a suite of other metrics including water quality,
surface elevation, and plant biomass. Two years of data, is inadequate to make conclusions about long-term
trends, but preliminary data reported here suggest that between 2012 and 2013 the marsh platform
increased in elevation at SET benchmarks. At least 3 years of data is needed to determine whether this
represents a trend or reflects the inherent natural variation. Additional sampling years will be needed to
elucidate trends in physical, chemical and biological relationships and to assess stressor-response relationships
in the tidal wetlands within the Dividing Creek watershed, as compared to other SSIM stations.
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Site Specific Intensive Monitoring of
Coastal Wetlands in Dividing Creek New
Jersey Watershed, 2012-2013
Introduction
Coastal wetlands are a hallmark feature of the Delaware Estuary and are critically important for both
ecosystem and human health. The ecological and economic services that are directly or indirectly furnished by
tidal marshes are myriad: flood protection, nursery, forage and nesting habitats for fish and wildlife; as well as
water quality improvement, carbon and nutrient sequestration. In the freshwater upper estuary, marshes act
as the "first line of defense" for water quality improvement, temperature abatement, and recreation for urban
communities. In the lower estuary, expansive salt marshes surrounding the Delaware Bay help to sustain
vibrant recreational and commercial fisheries and afford increasingly vital flood protection for coastal
communities. Sitting at the nexus between land and sea, all of these tidal wetlands are in the coastal hazard
area where they are subject to considerable direct anthropogenic alteration such as development, dikes,
bulkheads, mosquito ditching, and roads, all of which are exacerbated by shifting climatic conditions, rising
seas, sinking lands, and amplifying tidal ranges.
Despite their significance at the ecosystem scale, the environmental integrity of the tidal marshes of the
Delaware Estuary is only beginning to be assessed. Available data suggest that these wetlands continue to be
lost and threatened by continued development and conversion, degradation, sea level rise, sudden marsh
dieback and a host of other factors. From 1996-2006, the estimated loss of tidal wetlands across the Delaware
Estuary was 3% (Partnership for the Delaware Estuary 2012).
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In order to fill gaps in our understanding, the
Partnership for the Delaware Estuary, along with
collaborating institutions in the area, devised a
short and long term monitoring program that
would provide data on the condition and resilience
of tidal marshes in the Delaware Estuary. The MidAtlantic Coastal Wetlands Assessment (MACWA)
program studies wetlands in the three states along
the Delaware Estuary's salinity gradient: New
Jersey, Delaware, and Pennsylvania. The over

Figure 1. Diagram of MACWA tiers.

arching goal of MACWA is to supply coastal

managers with data to provide better wetland protection by understanding the stressors for particular
wetland complexes. Data from MACWA can also be used to determine which conservation or management
practices can yield the most effective restoration outcomes.
The MACWA consists of a 4-tiered strategy to provide rigorous, comparable data across the Mid-Atlantic
region: examining wetlands from the landscape level to site-specific studies. Two of these four tiers consist of
active wetland monitoring—the Rapid Assessment Method (RAM, Tier 2) and the Site Specific Intensive
Monitoring (SSIM, Tier 4). Tier 1 consists of satellite imagery or landscape analyses, and Tier 3 is cross over
among between various tiers (Figure 1). As of yet, RAM has not been completed in the Dividing Creek
watershed, but a SSIM location was established in 2012.
SSIM seeks to track changes in wetland health and function at fixed locations over time, providing insight
into cause and effect relationships between various stressors and wetland condition. Because it seeks to
examine changes at specific locations, SSIM
methodology requires the installation of
permanent fixtures that aid in our ability to return
to exact locations, and to monitor characteristics of
the marsh that are usually difficult to study. These
fixtures include surface elevation tables (SET)
designed to track elevation changes due to shrink
and swell of the marsh platform; permanent
vegetation plots, designed to observe changes in
plant communities at precise locations; and
Figure 2. SSIM sampling lay out along the main waterway.
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vegetation real time kinetic (RTK) GPS transects (accurate ±2 cm), designed to track vegetation distribution
changes at specific elevations (Figure 2). Along with monitoring these fixed features, other metrics are also
monitored which consist of additional physical, chemical and biological variables, such as water quality and
biomass measurements. These variables in association with permanent fixtures are collectively referred to as
a MACWA “station.” Understanding changing relationships among key ecoregion features aids in our ability to
decipher stressor-response relationships in wetlands across SSIM stations in the region, and offer insights into
how landscape and climatic changes are affecting wetland health and their many ecosystem services.

Site Description

Dividing Creek is located within Downe
Township, Cumberland County, along the
Bay Shore of New Jersey. From 1996 to
2006, salt marsh loss was estimated at
3.4% along the Bay Shore, representing
some of the higher rates of marsh loss in
the estuary (Partnership for the Delaware
Estuary 2012). To the east, the next largest
watershed is that of the Maurice River.
Dividing Creek, along with many of the
adjacent watersheds, are renowned in
South Jersey for their abundant blue crab
populations, making these areas popular
with recreational crabbers. Dividing Creek
meanders for approximately 21 km (~13
mi) from its headwaters, which is about
2.5 km (1.5 mi) north of Lores Mill, New
Jersey, to its confluence with the Delaware
Bay (Figure 3). Although the New Jersey
Bay Shore does not have intense
development or urbanization, agricultural
Figure 3. Map of Dividing Creek. Purple box outlines SSIM study area; red point
and arrow indicate its confluence with the Delaware Bay; blue point and arrow
indicate the region of its headwaters. Green box in inset shows the location of
the enlarged area in New Jersey.

9

fields and water retention systems are common near the headwaters of Dividing Creek.
Most of the length of Dividing Creek consists of emergent estuarine and intertidal wetlands, much of
which are partially drained or ditched (National Wetlands Inventory, USFW). Vegetation communities in these
areas consist of expansive stands of salt marsh cord grass (Spartina alterniflora) with mosaics of marsh hay
and salt grass (Spartina patens and Distichlis spicata, respectively).

Methods
SSIM metrics are summarized briefly here, and additional details can be obtained in the MACWA QAPP
(http://delawareestuary.org/node/199).
Surface Elevation Tables, Marker Horizons

On January 9, 2012, three deep
rod surface elevation table
benchmarks were installed at the
Dividing Creek study site. Surface
elevation tables (SETs)(three per
watershed) and feldspar marker
horizons (MHs; 3 per SET) were
installed in accordance with the
protocol established by Cahoon
(2002). Marker horizons allow us to
discern surface accretion, and are
used in conjunction with SET heights
to ascertain causes of marsh
elevation change including
subsidance. SET heights are the
cumulative height change of 9 pins
on a portable SET arm, which is
positioned on the benchmark.
Accretion is measured as the
distance from the top of the layer of
Figure 4. Site Specific Intensive Monitoring (SSIM) point locations at Dividing Creek in
Downe Township, NJ: permanent vegeation plots (PVs; groups of three) and random
edge plots (REs) distributed along shoreline of main water bodies.
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feldspar to the surface of marsh as seen from a core taken from a marker horizon plot. More detailed
methodologies can be found online at USGS Patuxent Wildlife Research Center
(http://www.pwrc.usgs.gov/set/). SET readings were taken May 31, 2012 (baseline); August 17, 2012;
November 14, 2012; May 29, 2013; and August 19, 2013. Accretion rates at the Dividing Creek SSIM station
were obtained on October 23, 2012; November 14, 2012; May 29, 2013; and August 19, 2013. A map of the
configuration of these fixtures can be found in Figure 4. The Academy of Natural Science of Drexel University
collected these data as a collaborating partner on this project.
Soil Quality and Biomass

Soil quality was sampled by removing a 15cm by 30cm deep cylindrical soil core. Cores were analyzed
for percent carbon, nitrogen, and phosphorous. Live roots were separated to obtain belowground biomass.
Organic material was calculated by loss on ignition. Aboveground biomass was sampled by clipping all
vegetation from the substrate surface within a ½ m2 plot. Cores were collected adjacent to aboveground
biomass plots in the vicinity of each SET-MH. Aboveground biomass and cores were collected August 15, 2012,
and August 17, 2013. The Academy of Natural Science of Drexel University collected these data. A more
detailed description of the methodology can be found in the MACWA QAPP.
Vegetation and Elevation Transects

Three transects were established that represent the gradient from the marsh edge to its interior in the
proximity of each of the SET and MH fixtures (Figure 2). A total of nine transects were assessed by storing
point data using Real Time Kinetic GPS, which collects precise latitude, longitude, and elevation data.
Dominant vegetation was recorded in a 1m wide belt along the transect, in association to these data so that
elevation changes can be correlated with changes in plant communities. Data were collected August 15, 2012
and August 17, 2013. The Academy of Natural Science of Drexel University collected these data.
Vegetation and Faunal Data in Fixed Plots

Nine 1 m2 permanent vegetation plots (PVs) and six 0.5mx0.5m quadrants for random edge (REs) plots
(Figures 2 and 4) were assessed on August 15, 2012, and July 9, 2013. The nine PVs are grouped transversely
across the three transects, so that PVs are triplicates within their proximity (“near”; PV numbers 1,2, 3, closest
to mouth or water edge; “mid”; 4,5,6; and “far”; 7,8,9, furthest upstream or from water). Therefore,
calculations were averages of PV values for a group (near, mid or far). PVs were marked with permanent PVC
markers. Percent plant species cover, species dominance, light obstruction, and average blade heights were
recorded for all plots (MACWA SSIM QAPP 2010). From these measurements, canopy closure (light in
kfc/blade height in cm), alpha diversity (Shannon-Weiner), and vegetation zone dominance scores (VZD; a
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novel method for estimating flood frequency using plant community structure, see Appendix B) were
calculated.
Data Treatment

Faunal data were also collected for vegetation plots where present. These counts included live mud snails
(Melampus bidentatus), ribbed mussels (Geukensia demissa), and fiddler crab (Uca sp.) burrows. For random
edge plots, bivalves (Geukensia demissa or Crassostrea viriginica) shell heights were measured. These data
were collected on August 15, 2012, and July 9, 2013.
A canonical correspondence analysis (CCA) was run on these metrics, as well as SET and accretion data,
which were introduced into the CCA as covariants. CCA is a multivariate comparison that allows us to discern
differences among years among the suite of SSIM variables since temporal data are currently too limited to
perform robust linear regressions. Here, the two years (2012,2013) were compared as independent samples.
From the CCA, an ordination plot was generated. The ordination plot allowed us to visualize correlations
among variables and the strength of any relationships.
Water Quality

Water quality consisted of a suite of metrics measured in grab samples and using a YSI meter. Samples
were taken from the main body of water at the SSIM station. Measurements include: total alkalinity, turbidity,
chlorophyll a, total suspended solids, soluble reactive phosphorus, nitrates/nitrites, total nitrogen, salinity,
dissolved oxygen, temperature, and pH. Water samples were taken June 15, 2012, and on several dates during
March-August, 2013. The Academy of Natural Science of Drexel University collected these data.

Results
Surface Elevation Tables (SETs) and Marker Horizons (MH)

Average SET heights were converted into average height change per SET (Table 1). Mean values per SET
were then compared and used to calculate cumulative height change (Figure 5). A linear regression of the data
produced a trendline with an equation of y(SET height) = 0.0165x – 677.12. This was a daily height increase of
0.0165 mm, or an increase of 6.02 mm/year for the total survey period (May2012-August 2013). Accretion
rates assessed with marker horizons (MHs) were measured as sediment accumulated above the feldspar
markers, and these were converted to cumulative changes in height (Table 2). Daily accretion rate was
calculated from a linear regression of height change, where y(accretion height) = 0.0088x - 357.93, or an
accretion rate of 3.23 mm/year (Figure 6). Shallow subsidence (MH minus SET) was -2.79mm, which was a
cumulative increase in elevation at SET benchmarks. Therefore, the net change in marsh surface elevation at
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the SET benchmarks was positive, and subsidence (sinking) was not evident at this site for the short duration
of this study. At least three years of sustained monitoring would be needed to ascertain if this is a true trend.
However, as shown in Fig 5 and 6 an atypical pulse of sediment appears to have been added by Hurricane
Sandy.
Table 1. SET heights for Dividing Creek. Data are given as the mean difference
in pin height between sampling dates, error values are standard error.

Date
5/31/2012
8/17/2012
11/14/2012
5/29/2013
8/19/2013

SET 1
0 (baseline)
-0.972 ± 3.77
10.1 ± 6.71
4.58 ± 3.85
1.52 ± 6.36

SET 2
0 (baseline)
-6.55 ± 4.07
-0.0556 ± 7.45
2.44 ± 8.58
- 3.50 ± 2.91

SET 3
0 (baseline)
3.61 ± 2.35
6.33 ± 2.36
1.36 ± 1.78
6.81 ± 2.51

Table 2. Marker Horizons Heights for Dividing Creek. Data are given as the difference in mean accretion
heights (mm) between sampling dates, Error values are standard error.

Date
5/31/2012
10/23/2012
11/14/2012
5/29/2013
8/19/2013

Elevation Change (mm)

10.0
8.0
6.0

SET 1
0 (baseline)
8.85 ± 1.95
18.3 ± 1.85
NA
30.4 ± 6.01

SET 2
0 (baseline)
4.83 ± 0.749
14.1 ± 3.69
27.3 ± 1.28
27.2 ± 4.02

Cumulative Elevation ∆
Linear (Cumulative Elevation ∆)

SET 3
0 (baseline)
4.77 ± 1.06
6.00 ± 0.906
15.3 ± 1.50
15.3 ± 1.62

y = 0.0165x - 677.12
R² = 0.573

4.0
2.0
0.0
-2.0
-4.0
-6.0
Date

Figure 5. Cumulative change in surface elvation measured with Surface Elvation Tables at Dividing Creek. Heights are
given as the difference in mean accretion height of all SETs among sampling dates, error bars are standard errors.
Arrow marks the approximate date of the landfall of Hurrican Sandy in New Jersey (October 29, 2012).
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12.0

Accretion (mm)

10.0

Δ Change (mm)
Linear (Δ Change (mm))

8.0
6.0
4.0

y = 0.0088x - 357.93
R² = 0.2289

2.0
0.0

Date
Figure 6. Cumulative height change assessed as surface accretion on marker horizons at the Dividing Creek SSIM
station. Heights are given as the difference in mean accretion height of all SETs among sampling dates. Error bars
are standard errors. Arrow marks the approximate date of the landfall of Hurrican Sandy in New Jersey (October 29,

Soil Quality and Biomass

These data are not currently available due to the amount of time needed to process and analyze
samples, but are forthcoming and will be furnished on the PDE website
(http://delawareestuary.org/Wetlands).
Vegetation Transects

The average orthoheights derived from RTK GPS for all transects at the Dividing Creek station was
0.558 m in 2012. Vegetation transects were used to create GIS contour elevation maps which can be used to
perform spatial analyses in GIS for plant community distribution. These maps and analyses are not currently
available as models are currently being constructed. Plant dominance along these transects as shown in Figure
7.
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2.46%

4.10%

1.64%

Spartina alterniflora

4.92%

Mix Distichlis spicata/Spartina alterniflora

5.74%

Distichlis spicata
Spartina patens

6.56%

None

74.59%

Mix Spartina patens/Spartina alterniflora
Mix Spartina patens/Distichlis spicata

Figure 7. Percentages of dominant vegetation type along all three RTK GPS transects near the Dividng Creek
SETs.

Vegetation and Fauna in Fixed Plots

Tables 3-7 contain mean values for various for measurements taken at fixed vegetation plots (PV) and
random edge plots (RE), including faunal data. Student’s T-tests were performed to contrast data from 2012
and 2013.
Table 3. Light availability in bioassessment plots at Dividng
Creek during summers of 2012 and 2013. ercent of light
penetration is given by light intensity at the bottom of the
canopy divided by the light intensity above the canopy.
Significant grater (p=0.001) light was attenuated (i.e., canopy
was denser) in 2013 than in 2012.

Plot
Area
near
PVs
mid
PVs
far
PVs
all
REs

Year
2012
2013
2012
2013
2012
2013
2012
2013

Percent Light Penetration
All Species
Mean (n=3)
SE
45.59
10.37
14.82
1.96
71.66
14.88
12.12
2.35
66.37
4.22
10.48
0.18
30.14
8.10
21.79
5.79

Figure 8. Assessing a permanent vegetation plot at Dividing Creek in
2013. Crewmember on the left is collecting light intensity data to
calculate light penetration through the canopy.

Table 4. Average blade heights (cm) in bioassessment plots at Dividng Creek during Summer 2012 and 2013. No significant differences were detected
between years.

Plot
Area
near
PVs
mid
PVs
far
PVs
all
REs

Year
2012
2013
2012
2013
2012
2013
2012
2013

“S.” = Spartina.

All Species
Mean (n=3)
SE
66.97
10.14
59.04
4.45
58.67
9.13
62.17
4.58
35.33
1.77
47.13
1.25
111.28
10.27
110.42
10.30

Blade Height (cm)
First Dominant Species
Species
Mean (n=3)
SE
S. alt. short
60.51
5.16
S. alterniflora
67.19
11.28
S. alt. short
58.67
9.13
S. alterniflora
62.17
1.78
S. alt. short
38.41
2.13
S. alterniflora
56.87
3.58
S. alt. tall
111.28
10.27
S. alterniflora
110.42
10.30

Second Dominant Species
Species
Mean (n=3)
SE
S. alt. tall
23.40
6.30
S. patens
39.63
0.00
NA
NA
S. patens
31.95
4.39
S. patens
42.01
2.26
NA
NA
15

Table 5. Percentages of the first two most dominant species found in each plot, followed by the diversity index and
mean VZD score (see App. B). No significant differences in these metrics were detected between years; p>=0.05.

Plot
Area

Year

near
PVs

2012
2013
2012
2013
2012
2013
2012
2013

mid
PVs
far
PVs
all
REs

Dominant Species, Diversity and VZD
Species 1

%

Species 2

%

S. alterniflora

84.44
87.18
100.0
100.0
36.21
35.77
100.0
100.0

S. patens
S. patens
NA
NA
S. patens
S. patens*
NA
NA

15.56
12.82

S. alterniflora
S. alterniflora
S. alterniflora
S. alterniflora
S. alterniflora
S. alterniflora
S. alterniflora

*29.6% of plot was occupied by Distichlis spicata

63.45
35.38

Diversity
0.266
0.25
0
0
0.471
0.672
0
0

VZD
1.24
1.36
0.674
1.19
1.98
1.92
0.408
0.612

“S.” = Spartina.

Table 6. Faunal counts in bioassessment plot groups: Guekensia demissa (ribbed mussel); Melampus bidentatus
(mud snail); and Uca sp. ( fiddler crabs). NS between years. No significant differences in these metrics were
detected between years; p>=0.05.

Plot
Area
near
PVs
mid
PVs
far
PVs
all
REs

Year
2012
2013
2012
2013
2012
2013
2012
2013

Geukensia demissa
Count
SE
9.00
3.06
10.67
0.88
11.67
7.26
12.33
4.41
0
0
4.67
3.71
10.33
7.87
0.33
0.22

Fauna
Melampus bidentatus
Count
SE
8.67
6.77
27.00
5.69
0
0
10.67
5.36
0
0
15.33
1.45
0
0
0
0.17

Uca sp. burrows
Count
SE
5.00
2.89
50.00
17.21
0
0
10.67
10.17
5.00
5.00
7.33
3.84
17.33
6.62
36.33
5.65

Table 7. Mean shell heights(mm) for live ribbed mussels (Guekensia dismissa) and oysters (Crassostria virginica) within random edge plotsduring
the summer of 2012.

Plot
Area
REs

Bivalve Shell Heights (mm)
All Species
First Dominant Species
Second Dominant Species
Count Height
SE
Count
Species
Height
SE
Count
Species
Height
SE
2012 65.00 58.20 26.98
64
G. demissa
65.03 26.96
1
C. virginica 37.70 0.00
Year

Figure 9. Assessing a random edge plot in 2013. Note the tall form Spartina
alterniflora that dominates shorelines edges in salt marshes.
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2.5

VZD Score

2
1.5

Near
Mid

1

Far
RE

0.5
0
2012

2013
Sample Year

Figure 10. Two year trend of Vegetation Zone Dominance (VZD) scores at PVs (near, mid, and far)
and REs. Lower VZD scores are communities whose structure suggest more tidal flooding.

A novel method was developed for MACWA to enable changes in dominant vegiation to be tracked over
time in relation to their position within the tidal zonation landscape. This approach is refered to asVegetation
Zone Dominance (VZD) and is described more fully in Appendix B. As seen in Fig. 10, the dominant vegetation
at Dividing Creek appears to shift
slightly toward species more typical of
higher marsh zones, possibly in
response to the increased elevation that
might have resulted from Hurricane
Sandy (Fig 5 & 6). More years of
monitoring are needed to confirm this
potential trend.
A canonical correspondence
analysis (CCA) was performed on the
vegetation data, which included group
wise VZD score, canopy closure, blade
height, canopy density and alpha
diversity (i.e. treated as independent covariables) constrained by the
environmental variables: cumulative SET
height and accretion rates. The red

Figure 11. Canonical correspondence analysis for Dividing Creek. Red labels are main
analysis variables; blue arrows are covariant environmental variables. Vertices of polygons
are labeled A, B, and C, for near, mid, and far, respectively, followed by the sample year.
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variable labels indicate the approximate direction of each metric's increasing values. The blue arrows indicate
the strength and direction of the covariant environmental variables' with the main variables (red labels). Each
polygon is one sampling year, with near (A), mid (B), and far (C) PVs. Differences between years are
highlighted by the shape of each polygon, and the distance between them. The vectors indicate which
sampling years (polygons) exhibit larger metrics with greater lengths. That is, in Dividing Creek, accretion data
in 2013 was greater than that in 2012 as concluded from the blue arrow for accretion.
Water Quality

The water quality within Dividing Creek appeared to be typical of large Bayshore tributaries of the
Delaware Bay, having relative high turbidity and spring algal blooms (e.g. Chlorophyll a highest in March).
Average water quality values are described in the following tables:
Table 8. Top row: average total alkalinity, turbidity, chlorophyll a concentration, and total suspended solids,
respectively; bottom row: soluble reactive phosphorus (mg/L and uM) nitrate-nitrite concentration, and ammonianitrogen concentration, respectively taken from the main water body of Dividing Creek on June 15, 2012. Error
values are standard errors.

Metrics
Value
Metrics
Value

Total Alk (mg/L)
82.1 ± 0.308
SRP (mg/L)
0.100 ± 0.0480

Turbidity (NTU)
32.6 ± 0.948
SRP (uM)
2.70 ± 1.55

Chloro a (ug/L)
27.2 ± 1.53
NO3&NO2-N (mg/L)
0.100 ± 0.00742

TSS (mg/L)
52.7 ± 2.75
NH3-N (mg/L)
0.200 ± 0.0445

Table 9. Average total alkalinity, turbidity, chlorophyll α concentration, total suspended solids respectively, measured
from water samples taken from the main water body of Dividing Creek on four occationsin 2013. Error values are
standard errors.

Date
3/5/13
5/29/13
7/9/03
8/19/2013

Total Alk (mg/L)
80.3 ± 0.250
83.5 ± 0.744
84.2 ± 0.641
96.9 ± 0.855

Turbidity (NTU)
53.8 ± 2.42
30.7 ± 3.49
42.2 ± 2.69
34.5 ± 2.27

Chloro a (ug/L)
68.0 ± 5.05
16.3 ± 1.38
40.4 ± 4.16
25.2 ± 2.16

TSS (mg/L)
81.4 ± 3.00
54.5 ± 3.62
64.7 ± 2.62
NA

Table 10. Average temperature, salinity (uS/cm and ppt), dissolved oxygen (percent and concentration), and pH respectively, measured using
a YSI meter from the main water body of Dividing Creek at four occasions in 2013. Error values are standard errors.

Date
3/5/2013
5/29/2013
7/9/2013
8/19/2013

TEMP (°C)
2.33 ± 0.0481
19.8 ± 0.366
30.1 ± 0.193
23.6 ± 0.102

SAL (uS/cm)
2.78E4 ± 4.51E2
2.73E4 ± 1.50E1
2.39E4 ± 2.16E1
3.08E4 ± 4.97E1

SAL (‰)
16.6 ± 0.290
16.8 ± 0.0112
14.4 ± 0.00840
19.1 ± 0.0147

DO (%)
84.3 ± 2.19
79.7 ± 3.88
80.5 ± 1.07
65.9 ± 1.64

DO (mg/L)
10.3 ± 0.255
6.54 ± 0.262
5.61 ± 0.0926
4.96 ± 0.100

pH
8.31 ± 0.0312
7.34 ± 0.0589
7.39 ± 0.0476
7.31 ± 0.0246
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Conclusions
With generous support for this project, a new wetland monitoring station was installed along Dividing
Creek, a proto-typical New Jersey Bayshore tributary dominated by coastal marshes. The two years of
monitoring that followed the installation also provided a comprehensive baseline site characterization of the
prevailing physical, chemical and biological conditions therein. Site specific intensive monitoring requires
several years of data to be collected to elucidate and make conclusions about trends in coastal wetland health
and function. Five years of data is the least recommended for these purposes, but only two years of data have
been collected at the new Dividing Creek station. Therefore, for trends analysis it will be extremely important
to continue to collect data for the next three years to fulfill the minimum requirement to discern whether sea
level rise and other changes might be affecting this system. Additional monitoring will also help to identify
other relationships by comparison to the broader MACWA dataset from other wetlands. For example, how
did Hurricane Sandy affect this station? How will increasing storm frequencies affect sediment loads, and
therefore accretion on the marsh platform? The differences seen in the 2012 and 2013 elevation and
vegetation data might have been Sandy related but we cannot be certain without sustained monitoring.
Between 2012 and 2013, there are some observable patterns, but given that there are only two years of
data, these patterns could change within another sampling year. Making definitive conclusions before
collecting at least three more years of data should be avoided, although this report will discuss these
important patterns in brief, especially in light of the goals of SSIM for the MACWA.
Because data is too limited to construct linear models, a canonical correspondence analysis (CCA) was
performed on data available. CCA is useful because it does not require many successive years of data to
highlight key differences between specific sample years. This is why a CCA was chosen to aid in the analysis of
the two years of data collected from the Dividing Creek SSIM station. Permanent plot data and SET-MH data
were utilized for the CCA, as water quality, soil quality, biomass, and line transect data are too sparse as of yet.
From the CCA, relationships suggest that the marsh platform at Dividing Creek increased between 2012
and 2013. The polygons in the CCA’s ordination plot show that in 2013 accretion rates were higher and the
trend for marker horizons supports this. Cumulative trends at SET benchmarks, an increase in surface
elevation of 6.02 mm/year. Shallow subsidence was -2.79 mm/yr, which suggests an increase in benchmark
rather than actual subsidence. Higher elevations, albeit subtle, can have large effects on community structure.
From 2012 to 2013, the permanent vegetation plots had more light penetration through canopies of Spartina
alterniflora (t-test p=0.001). This suggests that between those years, the marsh platform elevation likely
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became more optimal for S. alterniflora growth as light
penetration can be considered a proxy for robustness.
This may be driven by increases in tidal flooding or
perhaps by large sediment loads dropped on the marsh
after the landfall of Hurricane Sandy (Figures 5 and 6).
Vegetation Zone Dominance (VZD) scores at PVs
displayed no significant differences between years,
Figure 12. January 2012 SET installation at Dividing Creek.

although the means varied from 1.3 in 2012 to 1.5 in
2013. REs, however, were marginally significantly

different between years (p=0.06). So, between 2012 and 2013, data indicates that Dividing Creek experienced
cumulative increases in marsh elevation, and with vegetation responding to this increase, without additional
monitoring years we will not be able to discern whether the 2012-2013 period (i.e., Hurricane Sandy) was
typical or atypical.
Many marshes along the Mid-Atlantic suffer from subsidence, or landmass sinking; this characteristic,
coupled with decreasing sediment loads from anthropogenic or natural causes, reduces the marsh’s ability to
maintain its platform with increasing sea levels. At the time of this report, NOAA predicted that at Cape May
sea level is rising approximately 4.06±0.74 mm/yr. Given this estimate of sea level rise, from 2012-2013 the
Dividing Creek benchmarks increased in elevation at a deficiency of 1.27 mm/yr. The next three sampling
years will be very important to confirming this trend, as well as making conclusions about other cause and
effect relationships that will be monitored at Dividing Creek. More accurate sea level rise data may also be
collected specifically at Dividing Creek, which would improve the resolution of this elevation deficiency
estimate.
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Appendix A

Appendix A – GPS Coordinates , Sampling Dates (Tables A-1, A-2) and Line
Transect Data (Table A-3)
Table 11. Permanent vegetation (PV) plot locations and sampling dates for the
Dividing Creek SSIM station, New Jersey.

Plot
Area

Dates Sampled

PV
Number

Latitude

Longitude

1

39.22583

75.10728

8/17/2012 7/9/2013

2

39.22601

-75.10728

8/17/2012 7/9/2013

3

39.22620

-75.10729

8/17/2012 7/9/2013

4

39.23302

-75.11661

8/17/2012 7/9/2013

5

39.23321

-75.11630

8/17/2012 7/9/2013

6

39.23341

-75.11598

8/17/2012 7/9/2013

7

39.23918

-75.10452

8/17/2012 7/9/2013

8

39.23899

-75.10451

8/17/2012 7/9/2013

9

39.23879

75.10449

8/17/2012 7/9/2013

near

mid

far

2012

2013

Table 12. Random Edge (RE) plot locations and sampling dates at the
Dividing Creek SSIM station, New Jersey.

Dates Sampled

RE
Number

Latitude

Longitude

1

39.22501

-75.10927

8/17/2012 7/9/2013

2

39.22844

-75.11196

8/17/2012 7/9/2013

3

39.23290

-75.11159

8/17/2012 7/9/2013

4

39.23544

-75.10763

8/17/2012 7/9/2013

5

39.23675

-75.10293

8/17/2012 7/9/2013

6

39.24059

-75.10650

8/17/2012 7/9/2013

2012

2013
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Table 13. GPS coordinates of line transect RTK points. Included data are orthoheights (plus standard deviation), dominant and subdominant species
observed, as well as sampling data and time.
Date/Time

Latitude

Longitude

Ortho Ht.

Sd. Height

8/17/2012 9:02

39.23151969

8/17/2012 9:10

Dom Spp

Subdom Spp

-75.11408938

0.931

0

39.23227511

-75.11507243

0.4325

0.0101

S. alterniflora

8/17/2012 9:13

39.23228298

-75.11509436

0.7975

0.0092

-

8/17/2012 9:14

39.23230069

-75.11511828

0.8957

0.0101

S. patens

8/17/2012 9:14

39.2324296

-75.11530294

0.7414

0.0088

S. alterniflora

8/17/2012 9:15

39.23248373

-75.11538775

0.6051

0.0082

S. alterniflora

8/17/2012 9:16

39.23248641

-75.11540981

0.7423

0.0087

S. alterniflora

8/17/2012 9:18

39.23248881

-75.1154724

0.9148

0.0097

D. spicata

S. alterniflora

8/17/2012 9:19

39.23254343

-75.1156622

0.7422

0.008

S. alterniflora

D. spicata

8/17/2012 9:20

39.23257251

-75.11573206

0.6873

0.0091

S. alterniflora

8/17/2012 9:23

39.23275054

-75.11603643

0.5417

0.0095

S. alterniflora

8/17/2012 9:25

39.23284423

-75.11631686

0.4902

0.0114

S. alterniflora

8/17/2012 9:26

39.23295414

-75.11658096

0.4395

0.0107

S. alterniflora

8/17/2012 9:29

39.23308316

-75.11677743

0.4805

0.0087

S. alterniflora

8/17/2012 9:30

39.23311396

-75.11686668

0.2535

0.01

S. alterniflora

8/17/2012 9:32

39.23314321

-75.11708561

0.348

0.0094

S. alterniflora

8/17/2012 9:45

39.23304614

-75.11720304

0.1807

0.0113

S. alterniflora

8/17/2012 9:51

39.2328658

-75.11698063

0.1753

0.0094

S. alterniflora

8/17/2012 9:55

39.23271104

-75.11682054

0.5336

0.0113

S. alterniflora

8/17/2012 9:56

39.23264473

-75.11664581

0.4963

0.0091

S. alterniflora

8/17/2012 9:56

39.23263258

-75.11659671

0.2207

0.0107

S. alterniflora

8/17/2012 9:59

39.2325327

-75.11630083

0.4605

0.0106

S. alterniflora

8/17/2012 10:01

39.23245388

-75.11602839

0.5754

0.0111

S. alterniflora

8/17/2012 10:02

39.23244043

-75.1159341

0.6121

0.0134

Mix S. patens/S. alterniflora

8/17/2012 10:03

39.23233425

-75.1157832

0.6965

0.0103

S. alterniflora

S. patens

8/17/2012 10:03

39.23232791

-75.11571126

0.6627

0.0098

D. spicata

S. alterniflora

8/17/2012 10:04

39.23233986

-75.11565441

0.7619

0.011

D. spicata

8/17/2012 10:05

39.23221488

-75.11545591

0.8827

0.0091

Mix D. spicata/S. alterniflora

8/17/2012 10:05

39.23212514

-75.11534328

0.9281

0.0114

Mix S. patens/S. alterniflora

8/17/2012 10:07

39.2320354

-75.11524791

0.5337

0.012

S. alterniflora

8/17/2012 10:10

39.23175913

-75.11532588

0.4934

0.0114

S. alterniflora

8/17/2012 10:11

39.23180216

-75.1154096

0.8973

0.0114

Mix D. spicata/S. patens

8/17/2012 10:12

39.23185516

-75.11552469

0.8885

0.0104

Mix S. alterniflora/D. spicata

8/17/2012 10:13

39.2319027

-75.11560544

0.8628

0.0106

D. spicata

8/17/2012 10:14

39.23206713

-75.11591922

0.7068

0.0114

S. alterniflora

8/17/2012 10:15

39.23217664

-75.11617683

0.6021

0.0109

S. alterniflora

8/17/2012 10:17

39.23230748

-75.11649869

0.5227

0.0117

S. alterniflora

8/17/2012 10:20

39.23242431

-75.11673117

0.5913

0.0125

S. alterniflora

8/17/2012 10:21

39.23253001

-75.11696214

0.2326

0.0132

S. alterniflora

8/17/2012 10:23

39.23260495

-75.11719524

0.4738

0.0121

S. alterniflora

8/17/2012 10:25

39.23274431

-75.11740867

0.2131

0.0112

S. alterniflora

8/17/2012 10:27

39.23281037

-75.11758353

0.3755

0.0149

S. alterniflora

8/17/2012 10:52

39.22716918

-75.10815463

0.6162

0.0089

-

-

S. alterniflora

S. alterniflora
S. alterniflora
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Table 13. Con’t I.
Date/Time

Latitude

Longitude

Ortho Ht.

Sd. Height

8/17/2012 10:55

39.22707853

8/17/2012 11:34

Dom Spp

Subdom Spp

-75.10868296

0.3712

0.0111

-

39.22693194

-75.10867859

-0.0243

0.007

S. alterniflora

8/17/2012 11:35

39.22695012

-75.10861841

0.5213

0.0079

S. alterniflora

8/17/2012 11:35

39.22695717

-75.10859454

0.6598

0.0083

S. alterniflora

8/17/2012 11:36

39.22696657

-75.1084504

0.7707

0.0082

S. alterniflora

8/17/2012 11:36

39.22697758

-75.10829419

0.7289

0.008

S. alterniflora

8/17/2012 11:37

39.22698241

-75.10826319

0.7603

0.008

S. alterniflora

8/17/2012 11:37

39.2269915

-75.10820441

0.6316

0.0087

S. alterniflora

8/17/2012 11:38

39.22699629

-75.10796315

0.7812

0.0094

S. alterniflora

8/17/2012 11:38

39.22701189

-75.10790635

0.6488

0.0086

S. alterniflora

8/17/2012 11:39

39.22702354

-75.10778176

0.702

0.009

S. alterniflora

8/17/2012 11:40

39.22703061

-75.10757439

0.6141

0.0113

S. alterniflora

8/17/2012 11:44

39.22715376

-75.10867289

-0.1018

0.0082

S. alterniflora

8/17/2012 11:45

39.22716004

-75.10861875

0.4918

0.0076

S. alterniflora

8/17/2012 11:46

39.22715739

-75.10858409

0.7365

0.007

S. alterniflora

8/17/2012 11:46

39.22716136

-75.10845098

0.746

0.0078

S. alterniflora

8/17/2012 11:47

39.2271698

-75.10834108

0.7517

0.0077

S. alterniflora

8/17/2012 11:47

39.22719941

-75.10817573

0.5637

0.0072

S. alterniflora

8/17/2012 11:48

39.22720158

-75.10816798

0.3565

0.0088

S. alterniflora

8/17/2012 11:48

39.22721729

-75.10809329

0.8301

0.0076

S. alterniflora

8/17/2012 11:49

39.22722428

-75.10807308

0.8132

0.008

Mix D. spicata/S. alterniflora

8/17/2012 11:50

39.22730931

-75.10782415

0.7833

0.008

S. alterniflora

8/17/2012 11:50

39.22731085

-75.1078028

0.5348

0.0075

Mix D. spicata/S. alterniflora

8/17/2012 11:51

39.22731054

-75.10779383

0.6506

0.01

S. alterniflora

8/17/2012 11:51

39.22730884

-75.10775734

0.8601

0.0078

S. alterniflora

D. spicata

8/17/2012 11:52

39.22733822

-75.10763213

0.8746

0.0092

D. spicata

S. alterniflora

8/17/2012 11:53

39.2276048

-75.10776703

0.7994

0.0103

S. alterniflora

8/17/2012 11:55

39.22758183

-75.10778903

0.8422

0.0095

Mix S. alterniflora/D. spicata

8/17/2012 11:55

39.22756885

-75.10784154

0.8876

0.0092

Mix D. spicata/S. alterniflora

8/17/2012 11:56

39.22751283

-75.10814739

0.9566

0.0089

Mix D. spicata/S. alterniflora

8/17/2012 11:57

39.22748483

-75.10842682

1.0061

0.0082

Mix D. spicata/S. alterniflora

Few S. patens

8/17/2012 11:57

39.22746785

-75.10855163

1.0138

0.0081

S. alterniflora

D. spicata

8/17/2012 11:58

39.2274629

-75.10874032

0.4805

0.0072

S. alterniflora

8/17/2012 11:58

39.22745736

-75.10875881

0.2767

0.008

S. alterniflora

8/17/2012 11:59

39.2274435

-75.10878952

-0.0997

0.0077

S. alterniflora

8/17/2012 12:40

39.23969474

-75.10559943

-0.0447

0.0121

S. alterniflora

8/17/2012 12:41

39.23970874

-75.10552124

0.7335

0.0126

S. alterniflora

8/17/2012 12:42

39.23970668

-75.10546068

0.6904

0.0089

S. patens

mix D. spicata/S. alterniflora

8/17/2012 12:44

39.23970714

-75.10543006

0.7231

0.0101

D. spicata

Few S. alterniflora

8/17/2012 12:44

39.23972739

-75.10530502

0.5412

0.0143

S. alterniflora

Mix S. patens/D. spicata

8/17/2012 12:45

39.2397517

-75.10522041

0.6803

0.0132

Mix S. patens/S. alterniflora

Salicornia virginica

8/17/2012 12:46

39.23979006

-75.10516156

0.6511

0.0121

S. alterniflora

few S. patens/Salicornia virginica

8/17/2012 12:47

39.2397817

-75.10477281

0.5341

0.011

S. alterniflora

8/17/2012 12:48

39.23979125

-75.10464831

0.4052

0.0108

S. alterniflora

8/17/2012 12:49

39.23976054

-75.10436931

0.5666

0.0102

S. alterniflora

S. patens, Few D. spicata
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Table 13. Con’t II.
Date/Time

Latitude

Longitude

Ortho Ht.

Sd. Height

8/17/2012 12:52

39.23973292

8/17/2012 12:53

39.2396684

8/17/2012 12:53

39.23966666

8/17/2012 12:53

39.23966542

8/17/2012 12:55

39.23986546

8/17/2012 12:56

Dom Spp

Subdom Spp

-75.10400898

0.4365

0.01

S. alterniflora

-75.10377213

0.2784

0.0105

S. alterniflora

-75.10376062

0.3226

0.0114

S. alterniflora

-75.10369667

0.3783

0.0122

S. alterniflora

-75.10380358

0.2467

0.0117

S. alterniflora

39.23985487

-75.10395882

0.4736

0.0116

S. alterniflora

8/17/2012 12:57

39.2398135

-75.10425233

0.4979

0.0105

S. alterniflora

8/17/2012 12:58

39.23977976

-75.10454056

0.5946

0.011

S. alterniflora

8/17/2012 12:58

39.23980331

-75.10465891

0.5322

0.0115

S. alterniflora

8/17/2012 12:59

39.23982214

-75.10486763

0.4104

0.0111

S. alterniflora

8/17/2012 12:59

39.23983589

-75.10492698

0.4081

0.0141

S. alterniflora

8/17/2012 13:00

39.23984327

-75.10496031

0.5136

0.0103

S. alterniflora

8/17/2012 13:01

39.23981976

-75.10531358

0.6389

0.01

S. alterniflora

D. spicata

8/17/2012 13:01

39.23981447

-75.10533495

0.6317

0.0107

D. spicata

S. alterniflora

8/17/2012 13:02

39.23981379

-75.10554352

0.6523

0.0112

S. alterniflora

Mix S. patens/D. spicata

8/17/2012 13:03

39.23981503

-75.10565384

-0.2286

0.0115

S. alterniflora

8/17/2012 13:06

39.24003581

-75.1057765

0.176

0.0143

S. alterniflora

8/17/2012 13:07

39.24007468

-75.10562716

0.7329

0.0129

S. patens

S. alterniflora

8/17/2012 13:08

39.24009489

-75.10554384

0.7096

0.011

Mix S. patens/D. spicata

S. alterniflora

8/17/2012 13:08

39.24009864

-75.10548839

0.7452

0.011

S. patens

mix D. spicata/S. alterniflora

8/17/2012 13:09

39.24011231

-75.10539399

0.6578

0.0122

S. alterniflora

S. patens

8/17/2012 13:10

39.24012039

-75.10535984

0.604

0.0128

S. patens

S. alterniflora

8/17/2012 13:10

39.24013126

-75.10524305

0.5925

0.0139

S. alterniflora

8/17/2012 13:11

39.24012451

-75.10513239

0.5896

0.0109

S. patens

8/17/2012 13:11

39.24015524

-75.10495837

0.4497

0.0138

S. alterniflora

8/17/2012 13:11

39.24019081

-75.10489169

0.3741

0.0116

S. alterniflora

8/17/2012 13:12

39.24020972

-75.10483072

0.4379

0.0135

S. alterniflora

8/17/2012 13:13

39.24016189

-75.10449325

0.3688

0.0126

S. alterniflora

8/17/2012 13:15

39.24005384

-75.1042325

0.2794

0.0116

S. alterniflora

8/17/2012 13:16

39.24006042

-75.10398021

0.3631

0.0113

S. alterniflora

8/17/2012 13:17

39.24006504

-75.10422168

0.0609

0.0141

S. alterniflora

8/17/2012 13:18

39.24004894

-75.10381997

0.4423

0.0115

S. alterniflora

8/17/2012 10:19

39.23236682

-75.11663845

0.6568

0.0119

S. alterniflora

8/17/2012 13:20

39.24052476

-75.10355513

0.6289

0.012

-

S. alterniflora
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Appendix B

Appendix B – Vegetation Zone Dominance
Synopsis of Vegetation Zone Dominance “VZD”

Each plant species was assigned a score, based on its suggested proclivity for soil saturation. For this,
multiple sources were utilized including the USDA Plant Database's Wetland Indicator Statuses, and
Pennsylvania Natural Heritage habitat description reports (both available online). Scores vary from 1 to 4; 1
representing a location that is within regular tidal influence, and therefore flooded at least twice daily, and 4
representing the back levee of the wetland or its upland border. These scores were then proportioned to the
first three most dominant plant's estimated percent cover in each permanent plot, according to a dominance
scheme, where the most dominant plants take priority and less dominant plants act to add better resolution
to the scoring process. A sum of these scores is the total score, or the VZD score for the plot.
Introduction

One of the objectives of MACWA is to identify ways we can quantify the subtle changes within wetlands
over time in a reproducible and comparable way. A major source of change is sea level rise due to climate
change, which has direct effects on tidal marshes. Vegetation Zone Dominance (VZD) was designed to allow us
to track the frequency of inundation, a direct effect of rising sea level, at each PV based on the composition of
the plant community. It is well understood that certain plants occupy different areas along a hydrologic
gradient, where assemblages are considered uplands or wetlands. On a finer scale, however, specifically
within tidal wetlands, this gradation is also discernible—some plants occupy extremely saturated or frequently
to semi-permanently inundated habitats, whereas through competition or adaptation, others are found at
higher elevations, further from the water’s edge, in locations that may be temporarily or seasonally flooded.
In this methodology, we seek to take advantage of flood gradients to elucidate a plant community’s
relationship to the water’s edge with expected zone affiliations in the tidal frame. Permanent vegetation plots
of one by one meter were established and reassessed over consecutive years. By assigning numbers, or scores,
to these plots that represent the plant community, we hope to observe quantitatively any changes in the
communities' proximity to the water’s edge over time. This metric is designed to track how plant communities
keep pace with changes in sea level and land elevations, thus detecting cases where plant communities might
shift to wetter assemblages if a marsh is not keeping pace. More data collection is needed to fully evaluate
the utility of this new approach, and results included in this appendix should be interpreted as preliminary.
Floristic quality index (FQI; Swink & Wilhelm; see http://pleasantvalleyconservancy.org/fqi.html) was first
considered, because it was designed to allow researchers and managers to compare various plant
communities quantitatively. The focus of this index is quality, which for this sense is ultimately related to the
presence of invasive species (lower qualities) or rare natives (higher qualities). This index can also be described
as a measure of disturbance. Although this index is similar to what we sought to achieve, it does not share a
similar focus. It will, however, be used as a framework for our scoring system. In the FQI plants are assigned a
number (the conservation coefficient) that relates to the probability of its occurrence in habitats unaltered
since European settlement—larger numbers correspond to plants with more restricted distributions. Mirroring
this, in our scoring system, wetland plants were assigned numbers that correspond with its distribution along
a tidal flood gradient—larger numbers are those further from the water’s edge. Lastly, the FQI does not
include species cover. We incorporated percent covers in our study because our plots are of a small scale, we
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are investigating within larger wetland habitats, and the changes in dominant plant cover may be the most
important indicator of water level alterations.
A.

B.

Figure 1A. Diagram of plant zone scores for fresh water (A) and salt water (B) marshes.

Scoring Methodology

Plant species were assigned a score (see Figure 1A). These were based on the wetland delineation statuses
provided by the USDA and the U.S. Army Corps’ National Wetland Plant List, along with habitat descriptions by
Pennsylvania’s Natural Heritage for freshwater marshes (“Freshwater Tidal Mixed High Marsh” and “Riverbank
Freshwater Tidal Marsh”; see http://www.naturalheritage.state.pa.us/Wetlands.aspx) and community
descriptions by the Barnegat Bay Partnership for saltwater marshes (http://bbp.ocean.edu/pages/305.asp).
Dominance Score
To calculate the dominance score, the first two most dominant plants, as recorded proportions of
observed cover (cover/total observed cover of plot) are multiplied by their respective zone score (Score1). The
two most dominant plant species must fall within 20% of each other to be considered first dominant and
second dominant. Otherwise, the second or the third greatest plant coverage is considered the third
dominant.

Score1 =

(

observed cover1
total cover

)

* zone1

+

(

observed cover2
total cover

)

* zone2

Also, the dominant plants must constitute at least or approximately half of the total observed cover
(see special treatments below). Frequently, co-dominance occurs at each level. Co-dominance is defined for
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this study as two or more plant species with equal percent covers. If this is the case for second or third level
dominance, the proportions are added together and the zone scores are averaged between the two plant
species. Furthermore, if the third species falls within 20% of the first two co-dominant species, the third fulfills
the second level dominance and if a fourth is present, it fulfills the third level. If this is true for first level
dominance, however, each species then fulfills the role of either first or second dominant. These levels are
weighted equally, so no other special considerations need to be implemented.
Third Level Dominance Score
In order to summarize the potential effects of a third dominant plant, a third level dominance score is
calculated (Score2). To obtain this, the first two dominant species’ zones are averaged, and then subtracted
from the third dominant plant’s zone, summarizing the zone change. The third dominant plant cover is then
multiplied by the zone change.

Score2 =

zone3 -

(

zone1 + zone2
2

)

*

(

observed cover3
total cover

)

This aims to capture how the presence of a third dominant species may be useful in capturing where
along the marsh gradient the community may lay. Third level dominance numbers may be positive, zero, or
negative. As such, a negative third level score would indicate the presence of a species that is found typically
closer to the bank, thereby giving the community a score that is lower than just the dominance score.
Total VZD Score
The addition of the Dominance Score (Score1) and the Third Level Dominance Score (Score2) gives total
vegetation zone dominance score, hereby referred to as simply the VZD Score.
Total VZD =

Score1

+

Score2

Special treatments
Occasionally, the highest percentages listed do not account for a large enough portion of the total
observed cover. Such an error can cause spurious scores that are much lower than expected based on the
plants present. This error may be better corrected by establishing a “line” for dominance. That is, no species
can obtain first dominance unless it makes up at least or approximately half of observed total cover. A
community of dominance must be established if this is not met. Dominant species covers should be added
until this level is reached. For example, consider a plot with a total cover of 90%; where Typha angustifolia is
25%, Acorus calamus 15%, and Impatiens capensis 8%. The total first dominance cover is then 48% (more than
half of 90) and the three zones should be averaged. This plot's first dominant label would therefore be "TyphaAcorus-Impatiens." The next dominant would constitute the 3rd level not the second.
If the total observed cover recorded is much less than the gross or additive species covers, scoring over
estimates the proportion of each species’ cover. When this occurs, the first and second dominant covers are
added and used instead of what was recorded in the field. Third level dominance cover is not added because
although the discrepancy for first and second cover must be altered to make mathematical sense, there was
likely significant plant cover overlap within the plot. By not including the third level at least a notion of this
situation can be preserved while also avoiding a majority of the mathematical error that these records
produce. It is also important to note that the scores of monoculture plots are simply the percent cover
multiplied by the zone score. As there are no other dominance effects in play, this is inherent in the way things
are scored, so this does not represent a special treatment.
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Score Interpretation

Freshwater marshes VZD scores fall between 0 and 3.5; where 1 is the maximum extent of the riverbank
habitat. Half a meter from mean high tide theoretically delineates this limit. A score of 3.5 represents beyond
the back levee of the flood plain; plants at this point and beyond are some degree facultative or considered
upland species. Mixed marsh scores (<1.5) represent communities that mostly exist within regular tidal
influence, and higher scores (~1.5 to 3) are those that occupy the higher marsh. It should be noted that the
mixed high marsh is generally considered to be an area of poor zonation. Poor zonation may be in part related
to the multitude of competitive interactions within freshwater marshes. The most important interpretations
of these data should focus on scores that fall from 0 to ~1.5 due to this phenomenon. Scores from 0-1.5 may
represent communities consisting largely of Nuphar lutea, which opportunistically occupies muddy river or
creek banks; Nuphar lutea can withstand large tidal fluxes and uses asexual or rhizomatous reproduction to
colonize and recolonize these areas. These unique characteristics may make N. lutea the ideal plant to gauge
changing freshwater tidal marsh topography. Other Nuphar communities do exist outside of river or creek
banks—the species is very opportunistic. Other plants of interest that exist at the bank include: Sagittaria sp.
and Scirpus fluvialitis. Scirpus sp. are also thought to be opportunistic and can withstand tidal energy well
(which other high mixed marsh species may deal with poorly).
For saline marshes, VZD scores fall between 0 and 2.5; where scores of 1 indicate plants that are regularly
inundated by the tide. This area is largely dominated by high vigor Spartina alterniflora, whose rhizomatous
growth habits tend to create a natural levee that reduces flooding of plant communities behind it. Scores from
1.25 to 1.75 indicate that the plant community exists directly behind this front levee; these plants are adapted
to saturated and extremely haline soils. Scores of 2 and above represent the plant communities of slightly
higher elevations, where soils are less haline and flooding occurs less frequently. Although some zonation is
apparent in freshwater marshes, saline marshes are considered to have much more distinct zonation, despite
the dense monoculture stands of Spartina alterniflora. Zonation can be deciphered regardless of this due to
the growth form of Spartina alterniflora. The plant's phenotypic plasticity is a good indicator for zonation, as
well as its presence or absence.
Over time, scores may be seen as increasing or decreasing. Increasing scores indicate increasing average
group scores over time. This means that the communities are shifting to consist of more facultative or higher
marsh species, and likely shifting away from wetter habitats. Likewise, decreasing scores depict communities
that are shifting to more flood tolerant species representing toward wetter habitats.
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