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Submerged sediments represent an important component of near-shore coastal systems. Soil
scientists have begun to study subaqueous soils from a pedological perspective, and conceptual-
ize these soils as organic or mineral materials, having the ability to support rooted plants, which
are submerged by estuarine, marine, or lacustrine water for a period of time such that their
pedogenesis reflects an environment dominated by submergence. The objective of this study
was to describe and classify subaqueous soils of a shallow, mesotidal, Maine estuary and identify
the relationship between soil properties and landscape position. A detailed bathymetric map
was created for the study site using a fathometer, Global Positioning System (GPS), tide gauges,
surveying equipment, and Geographic Information System (GIS) software. The bathymetric
map was used to identify the slope for each landscape unit and the mean water depth above
each landscape unit. Slopes in the study range from 1 to >25%. Water depths above the soil sur-
faces are between 0.1 and 21.0 m at mean sea level (MSL). Soil samples were collected to depths
between 1.0 and 5.5 m below the soil surface using a bucket auger, McCauley peat auger, or
vibracoring device. Seven soil landscape units and 10 soil map units were differentiated from
one another according slope class, geomorphic position, depositional environment, and soil
characteristics. Most of the soil parent materials in the estuary are fine-textured sediments. This
work is the first estuary soil survey completed in Northern New England.

Abbreviations: AVS, acid volatile sulfides; CC, coastal cove; CCD, deep coastal cove; CH, channel; CRS,
chromium reduced sulfides; CS, channel shoulder; estuary edge; FMT, fluvial-maritime terrace; MS, mussel
shoal; MSL, mean sea level; OM, organic matter; RES, recent estuary sedimeng; S, sands; SCC, shallow coastal
cove; SFD, submerged fluvial delta; SES, submerged fluvial stream; SiCL, silty clay loam; SiL, silt loam; SL,
sandy loam; SM, submerged marsh; TC, total carbon; TE, terrestrial edge; TIC, total inorganic carbon.

estuary studies include investigations of vegetation and faunal

Estuarine environments occupy the boundaries between ter-
restrial and marine systems and are located at the confluence
of fresh and salt waters. These ecosystems provide habitat for
mammals, birds, fish, invertebrates, and a variety of plant spe-
cies. Housing and business development along estuarine shores
and recreational and economic activities within estuarine waters
can have major impacts on the estuarine system. Potential impacts
include eutrophication, increased turbidity, and habitat loss (Short
and Wyllie-Echeverria, 1996; Roman et al., 2000; Deegan, 2002;
Hughes et al., 2002; Keats et al., 2004). Changes in the environ-
ment, such as sea level rise, also have an impact on estuarine envi-
ronments (Stevenson et al., 1986; Koch and Beer 1996;). Erosion
and submersion of tidal marshes and shorelines are two conse-
quences of rising sea level (Ward et al., 1998; Simas et al., 2001)
that may lead to the deposition of mineral and organic material
into estuarine systems.

Scientists from a broad range of disciplinary specialties have
studied estuarine and coastal ecosystems. Examples of previous
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interactions (Heck et al., 1995; Mattila et al., 1999), hydrol-
ogy (Fitts, 2002), vegetation assemblages (Odum et al., 1974;
Fonesca et al., 1982, 1998), and descriptions of the physical
substrates in estuarine environments (Timson, 1976; Shipp et
al., 1985). However, until recently, soil scientists rarely studied
the sediments of estuaries.

In the last decade, the USDA’s definition of soils changed
to include environments that are permanently submerged (Soil
Survey Staff, 1999). Since then, some soil scientists have stud-
ied the sediments of shallow subtidal lagoons and described
them from a pedological perspective. The pedological approach
involves characterizing the physical (color, texture, compress-
ibility), chemical (pH, salinity, sulfides, cation exchange),
and biological (plants and animals) properties of the benthic
substrates and describing them using the terminology com-
monly used for soils. Once the benthic materials and underly-
ing sediments are described as soils, investigators can identify
the relationships between the soils and their position on the
landscape (Demas et al., 1996; Demas and Rabenhorst, 1999,
2001; Bradley and Stolt, 2002, 2003). An understanding of
these relationships enables land managers to identify the best
location for specific land uses (e.g., shell fish production, dock
placement) and to better predict the potential impact of pro-
posed changes (e.g., dredging, marina development) on sub-
aqueous soils and the ecosystems they support. This study is
an investigation of the relationship between soil properties and
landscape position, slope class, and depositional environment
in a mesotidal estuary in Maine.
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SITE DESCRIPTION

The Taunton Bay estuary is a small (1329 ha), shallow, inland-bay
estuary representative of Maine’s Island-Bay Coast geomorphic province.
The Island-Bay Coast province includes 47% of the state’s 4800 km

Taunton Bay
Watershed

coastline (Kelley, 1987). Mean tidal range is 2.7 m and mean spring tidal
range is 3.4 m. Taunton Bay is connected to Frenchman’s Bay via the
Taunton River. Frenchman’s Bay is an open bay north of Penobscot Bay
along Maine’s Adantic Coastline. A small amount of marine water also
enters Taunton Bay through a historic (19th
century), anthropogenic, mostly filled-in,
channel connecting Taunton Bay to Young’s
Bay, another subestuary of Frenchman’s Bay
to the southwest. Fresh, surface water inputs
to the Taunton Bay estuary come from many,
small, perennial and intermittent streams.
The Taunton Bay estuary is located in
Hancock County, Maine (Fig. 1A). The estu-
ary is bisected by long, narrow channels up

to 21 m in depth below MSL. None of these
B channels have ever been dredged. A low bridge
prevented access to commercial fishing vessels
across the Taunton River that connected the
Hancock and Sullivan since the 1920s (Fig.
1B). When the low bridge was replaced with
a higher bridge in 1996, the State imposed a
moratorium on the dragging of fishing nets
in Taunton Bay. As a result, anthropogenic

disturbance of the soil surfaces in the estuary
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»
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has been limited to the harvesting of worms
and bivalves by local residents. This study
site for this research is a 589-ha section of the
Taunton Bay estuary system (Fig. 2).

The 34,000-ha watershed contributing
to the Taunton Bay estuary is rural; with a low
density of homes, businesses, and roads. There
are no municipal wastewater treatment plants
or industrial facilities that discharge water to the
estuary. The watershed is mostly forested, with
a small percentage of area used for agriculture.
The reladively pristine character of the watershed
and estuary makes this site an excellent place to
study estuary soil-landscape relationships.

Parent materials of upland soils in this

UNIVERSITY OF M IE ‘ watershed include glacial dill, glaciofluvial sand,
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Fig. 1. Maps presenting the location of the study site. A. Location of Hancock County in

Maine, Taunton Bay watershed in Hancock County, and Taunton Bay estuary within the

Taunton Bay watershed. B. Towns, roads, and coastline of the Taunton Bay estuary.

and gravel on outwash plains, glaciomarine,
and glaciolacustrine sediments in the coastal
lowland, and recent (late Holocene) alluvium
in river valleys (Johnson, 1999; Thompson and
Borns, 1985). The glaciomarine sediments in
coastal Maine were deposited between 14,000
and 11,500 yr before present (Dorion et al.,
2001) and are referred to as the Presumpscot
Formation (Bloom, 1960). These sediments
have silty clay textures (Johnson, 1999) and
blue gray colors ranging from 5G 5/1 to 5B 8/1
(Kollmorgen Instruments Corporations, 2000).

MATERIALS AND METHODS
Bathymetry

Bathymetric data for Taunton Bay were
collected with a Garmin168 GPS/Sounder
combination unit with the transducer mounted
to the stern of a boat. The boat traveled along
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transects within the estuary that were approximately 35 m apart. A
Toshiba laptop computer equipped with Nobeltec’s Visual Navigation
Suite software which included digital marine charts for Taunton Bay
(Nobeltec Corporation, 2002), were used to identify the general loca-
tion of the boat in the Bay during data collection. The GPS/Sounder
collected depth, latitude, and longitude measurements every 2 s while
the boat was traveling an average speed of 7 knots. The location of each
data collection point was visible on the computer screen immediately
after data collection. A total of 13,900 data collection points (Fig. 2)
resulted in an average of 22 data collection points per hectare.

During bathymetric data collection, the water surface elevation
changed as a result of tidal fluctuations. To account for these changes,
time analogous data was collected from three YSI 6000 water level
measurement (tide) gauges. The tide gauges were placed approxi-
mately 2.4 km apart from one another. One gauge was placed near
the upstream end of the Taunton River channel (TG1), the second
one was placed in Egypt Bay (TG2) and the third (TG3) was placed
in Taunton Bay, just beyond the perimeter of the study area (Fig. 2).
The location of each gauge was identified using the GPS. A certified
USDA-NRCS surveyor determined tide gauge elevation.

Each tide gauge recorded water depths at 15-min. intervals.
Using the elevations, the data from each gauge was calibrated to
MSL (between high and low tide) set to the North American Vertical

LEGEND
¢ (+) TIDE GAUGES

! e TRANSECT OF BATHYMETRIC DATA POINTS

RESEARCH AREA

Datum of 1988 (NAVDS88). Each bathymetric data point was cor-
rected to MSL for the moment it was collected using a three variable
inverse weight distance calculation routine. The equations used to
make these corrections are as follows:

Distance of each sample point from three tide gauges:

JSe-TG16)® +(Sn - TG1n) (1]
JSe - TG26) +($n - TG2nY’ (2]
JSe -TG3¢)” +(Sn - TG3ny’ (3]

Weighted distance from each tide gauge:

! (4]
JSe-TG1e) +(Sn - TG1n)
! (5]

JSe - TG2e)” +(sn - TG2n)?

! (6]
J(Se - TG3e)* +(Sn - TG3n)?

Fig. 2. Perimeter of the study area and locations where latitude, longitude and depth measurements were collected in Taunton Bay es-
tuary. The three circles identify the locations of the tide gauges. The base map for the figure is the 1996 USGS digital orthophoto

quad for this portion of Hancock County, Maine.
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1
JSe - TG1ey +(8n - TG1n)?

Weighted Sum =

1
JSe - TG2¢)* +(8n - TG2n)?
1
+
JSe - TG3e)> +(Sn - TG3n)?

+

Caleulated depth at MSL=(1/Eq. [1)(Dtgl) + (I/Eq. 2)(Dre2) [g]
+ (1/Eq. [3)(Drg3)/Eq. [7]

Correction factor = Eq. [8] - Ds (m) [9]

where Se equals the easting of a bathymetric data point, Sn equals the
northing of a bathymetric data point; TGle, TG2e, TG3e equals the east-
ing of tide gauges 1, 2, and 3, respectively; TG1n, TG2n, and TG3n equals
the northing of tide gauges 1, 2, and 3, respectively; Dtgl, Dtg2, and Dtg3
equal the depth of tide gauges 1, 2, and 3, respectively; and Ds equals depth
of a bathymetric data point. Inverse distance weighting and triangulated
irregular network (TIN) extensions of ArcGIS (ESRI Corporation, 2004)
were used to create the bathymetric map from the adjusted depth values.

Landform Delineation

Landforms were delineated by identifying differences in photo
tone, water depth at MSL, slope class, and position on the landscape.
The distinctly darker color of submerged streams and the estuary
channels in the 1:7920 rectified, Digital Ortho-Photo Quad (DOQ)
(produced by the USDA-FSA Aerial Photography Field Office in
1998, available at: www.fsa.usda.gov/Internet/FSA_File/catalog.txt,
verified 9 May 2007) facilitated delineation of these subaqueous
landforms. Lighter colors were indicative of shallower portions of the
estuary, where the subaerial and subaqueous soils meet. The slopes of
these landforms were identified using the slope tool on the geospatial
toolbar in ArcView GIS (ESRI Corporation, 2004). The landforms
were further characterized by depth of soil surface below MSL.

Soil Sampling Techniques

Soils were collected using hand held augers (24 pedons) and a
vibracorer device (31 pedons). Firm soils with 7 values (bearing capac-
ity of mineral soils) < 0.7 were collected with a bucket auger. Loose,
fluid soils with 7 values > 0.7 were collected using a McCauley peat
sampler. The 7 value is a unit-less measure that characterizes the bear-
ing capacity of the soil and is also representative of the approximate
watet, clay, and humus content in the soil (by weight) under field
conditions (Pons and Zonneveld, 1965). The 7 value was determined
by hand in the field (Schoeneberger et al., 2002). The 7 values > 1.0
are considered high, those < 0.7 are considered low.

The maximum depth sampled using the soil auger was 150 cm;
maximum depths sampled using the McCauley peat auger were 300
cm. The coordinates for each sampling location were identified with
the GPS. Areas with soil surfaces > 3 m below the water surface at
MSL were excluded from the study because the soils at this depth are
those along the walls and the bottom of the estuary channels, making
them difficult to sample with the equipment available.

Auger samples were described in the field according to the
National Soil Survey Center (NSSC) guidelines (Schoeneberger et al.,
2002). Each soil sample collected for laboratory analysis was placed
in a plastic bag, sparged with N, gas, and stored in a cooler with ice.

The coolers were transported to the laboratory, and frozen within 6
h of collection.

A vibracorer (Hoyt and Demarest, 1981), oriented vertically, was
used to collect soil cores to depths as great as 550 cm without signifi-
cantly disturbing soil morphology. The tool vibrated a 7.6-cm diam.
aluminum tube into the soil so that it sampled the profile perpendicu-
lar to the water surface. Sampling ended when the aluminum tube
stopped penetrating the soil by its own force. The tubes were extracted
from the sediment using a chain-fall, and sealed with an airtight cap
at the lower end. The excess aluminum pipe was cut near the surface
of the soil, and the second end of the core was capped. Thirty-one soil
cores were collected using the vibracoring device. The lengths of these
cores ranged from 1.0 to 5.5 m. When individual core lengths were
>2.75 m, the cores were cut into sections, sections were labeled, and
all cut ends were capped. Cores were transported to the University of
Maine, Orono and stored in a walk-in cooler at 4°C.

Laboratory Analysis

Soil cores were removed from cold storage and cut in half along
the long axis using a circular saw. The open, split cores were described
and sampled in the laboratory according to the NSSC guidelines
(Schoeneberger et al., 2002). Soil pH was measured for each horizon
within 200 cm using a 1:1 ratio of soil to deionized water. Soil con-
ductivity was determined by measuring the conductivity of a satu-
rated paste of moist soil and deionized water (National Soil Survey
Center, 2004). Subamples of the soils collected with augers were ana-
lyzed for total C content (TC) by thermal partitioning method (EPA
440.0) using a Leco CN-2000 combustion analyzer (Leco Corp.,
St. Joseph, MI). Organic matter (OM) was burned off another sub-
sample in a muffle furnace at 550°C. The muffled residue is then
analyzed to determine total inorganic C (TIC), and presented as a
percentage of the unmuffled sample. Organic C content was calcu-
lated as difference between TC and TIC. Combustion temperature
for both TC and TIC analysis is 1350°C (Midwood and Boutton,
1998). The percentage of OM of these horizons was calculated by
multiplying the measured organic C concentration by 1.72 (Pons
and Zonneveld, 1965). Samples from horizons within the top 100
cm of auger and vibracore samples were (moist) incubated and the
pH monitored for 8 wk to determine if the soil materials met the
requirements for sulfidic materials according the method described
by Soil Taxonomy (Soil Survey Staff, 2006).

Horizons from the top 25 cm of vibracores were also analyzed
for acid volatile sulfides (AVS) and chromium reducible sulfides
(CRS) following a procedure similar to the methods described by
Cline (1969) and Ulrich et al. (1997). Between 0.5 and 1.5 g of
moist soil from each horizon was placed in individual 150 mL serum
bottles. A sulfur trap (a 10 mL tube containing 2.5 mL 11% O,-
free zinc acetate) was placed in each serum bottle. The bottles were
then sealed and purged of oxygen using N, gas. Using a syringe, 12
mL of O,—free 2 M HCl was added to each bottle, and bottles were
gently shaken overnight at 150 rpm. The sulfur traps were removed
after 12 h and the zinc acetate was analyzed for AVS. Fresh traps
were placed in the same bottles, which were again sealed and purged
of O, using N, gas. Next, 4 mL of 12N O,—free HCl and 8 mL
Cr?* were added by syringe and the bottles were shaken for 12 h, the
trap was removed and the zinc acetate was analyzed for CRS. Zinc
acetate solutions were analyzed on a Bausch & Lomb Spectronic
2000 spectrophotometer (Bausch & Lomb, Inc. Rochester, NY) at
670 nm calibrated with standards made from Na,S-9H,0 in 11%

1326

SSSAJ: Volume 71: Number 4 e July—August 2007



zinc acetate. All samples were diluted as necessary to stay within the (TE) landscape, which occupies the areas along the edges of

linear range of the calibration curve (Cline, 1969). the estuary (Fig. 3).

Soil profiles collected in each map unit were classified accord- The TE landscape has been submerged by rising sea level in
ing to the Keys to Soil Taxonomy (Soil Survey Staff, 2006) and the the last several hundred years (Osher et al., 2007). The slopes of
proposed amendments to Soil Taxonomy developed to accommodate the TE are nearly level (<0.5%) and soil surface depths are 0.5 m
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subaqueous soils (Stolt, 2000).

RESULTS

Bathymetry and Slope

The bathymetry for the study
area is presented in Fig. 3. The base
map is the portion of the Hancock,
ME DOQ that includes Taunton
Bay. Fach contour interval rep-
resents surfaces with equivalent
depths below MSL. The surface
elevation for three quarters of the
study area (431 ha) is between 1.0
and 2.0 m below MSL and has a
mean depth of 1.3 m. The channel
bottoms range in depth from 3.5 to
21 m below MSL, and have a mean
depth 8.6 m below MSL. The shal-
lowest locations in the estuary are
those nearest to shorelines.

Slopes in the study area range
from 0 to 27%. This range in slopes
was separated into five different
slope classes. Level landscapes with
0 to 0.5% slopes are in slope Class
A, and occupy 9% of the study
area. Nearly level landscapes; those
with slope between 0.5 and 1%, are
in slope Class B, and occupy 16%
of the study area. Approximately
43% of the study area has slopes
between 1 and 3% (slope Class
Q). Portions of the study area with
slopes between 3 and 5% (slope
Class D) occupy 17% of the area.
The areas with slopes greater than
5% are in slope Class E.

Landscape Units

Seven  subaqueous land-
scape units were mapped in the
study area. Table 1 presents the
landscape units, the area of the
study site they occupy, their slope
range, slope class, the water depth
above the soil surface at MSL,
and the depth to the underly-
ing Presumpscot Formation. All
but one of the landscape unit
names are derived from the com-
mon geomorphology terms used
to describe similar landforms in
a subaerial landscape. The one
exception is the terrestrial edge

Fig. 3. Landscape units, bathymetry and soil map units of the Taunton Bay estuary. A. Landscape
units (black lines) and bathymetry (white lines) in the soil-landscape study area. Each white
line represents contours with equivalent depths below mean sea level. The contour intervals
are 50 cm to a depth of 2 m. The 2 m line represents all surface greater than 2 m depth. B.
Soil map unit delineations within Terrestrial Edge; Submerged Beach, Submerged Delta, Sub-
merged Marshes and Streams, and Shallow and Deep Coastal Coves and other landscape units
present on the western portion of the study area.
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Table 1. Soil landscape unit name, percent area, slope range, slope class, water
depth above the soil surface at mean sea level, and the depth to the under-

lying Presumpscot Formation.

ing the TE and CC landscape units. Only the
portion of the SFS that shares its boundary
with the TE is exposed at low tide.

Landscape unit Area Slope  Slope  Water deptht  Depth to PFt The fluvial-marine terrace (FMT) landscape

%  Class % m m unit is located in the central portion of the bay and

Terrestrial edge 8 A 0.5 0.5 0.5-2.0 occupies 43% of the study site. The elevation of the
Coastal cove 16 B 0.5-1.0 0.5-1.0 1-3.0 soil surface is 1.0 to 1.5 m below MSL. The slopes
Submerged fluvial stream 5 B 0.5-1.0 0.5-1.0 >1.4 are between 1 and 3%. The shallowest slopes occur
Mussel shoal 1 B 0.5-1.0 0.5 >5.0 closest to the shorelines and the greatest slopes
Fluvial marine terrace 43 C 1.0-3.0 1.0-1.5 2.5->6.0 occur closest to the channel edges. The majority of
Channel shoulder 18 D 3.0-5.0 1.5-3.0 >3.0 the landscape is below 1.0 and 1.5 m of water at
Channel 15 E >5.0 >3.0 ND§ MSL. The microtopography of this and almost all

* Depth from the water surface to the soil surface at mean sea level.
* Presumpscot Formation, a glaciomarine deposit underlying the estuary.
$ Not Determined.

below MSL. The TE is intertidal; soil surfaces are exposed at low-
low tide. The parent materials of the surface 20 to 40 cm of all soils
in the TE are recent (late Holocene) estuarine sediments (RES).
Below these sediments, some of the subsoils contain submerged and
buried upland soils. Submerged and buried soils in the TE land-
scape unit include soils of beach, marsh, and stream delta landforms.
Because the aerial extent of each of these submerged landforms is
small, the entire zone along the estuary edge (EE) was mapped as a
single landscape unit. The Presumpscot Formation is encountered
in the TE landscape unit at depths between 0.5 and 1.5 m below
the soil surface.

The Coastal Cove (CC) landscapes are sheltered from the
force of the surging tides that flow along the estuary channels. In
the Taunton Bay estuary, the narrowness of Taunton River channel
causes the water to flow into and out of the estuary with more force
than if the tides had no physical restriction. (Fig. 1B). Slopes in the
CCs range between 0.5 and 1.0%. The top 100 cm of these soils
are composed of RES. The Presumpscot Formation is encountered
between 1 and 3 m in most locations.

The submerged fluvial stream (SES) landscape unit is long
and narrow. It extends from the mouths of the watershed’s
freshwater streams to the start of the estuary channels, bisect-

of the other landscape units is flac with litde undu-
lation (Fig. 4).

The Mussel Shoal (MS) landscape units
are located within the FMT, and adjacent to
the Channel Shoulder (CS) landscapes (Fig.

3A, 4). The MS landscapes units are formed by the growth
of blue mussel (Mytilus edulis) upward into the water column.
The MSs are as much as 1 m higher in elevation than the FMT,
and like the FMT, have nearly level slopes. Their surfaces of
the MS have complex microtopography created by the mussel
community. There is a variation of approximately 5 cm height
across distances as small as 3 cm across.

The CS landscapes are associated with and are located beside
the deep channels in the Bay (Fig. 3A and 4). Slopes range from 3 to
5%, with the greatest slopes along the boundary of with the chan-
nel (CH) landscape unit. The majority of the landscape has surface
depths between 1.5 and 3.0 m below MSL.

The CH that carry water into and out of Egypt and Taunton
Bay are up to 21 m deep (Fig. 3A). The slopes in the CH land-
scape unit range from 5% at the CS and toe slopes to 27% on the
channel wall backslopes. Acoustic reflectance observations com-
pleted by the Maine Department of Marine Resources (S. Barker,
pets. com., 2002) indicate that surface textures of the channel bot-
toms are a mixture of coarse sand and gravel in the deepest channel
zones and mud (silt loam) in the shallower channel zones.

Coastal Coy,
T

—

‘F_IE‘ ial Maripe

Te Frice

Depth (m)
2

'S}

F
MSL

Mussel
Shoal

Ch. Shoulder

Transect Legend

I:I Estuary Water
High n-value Sediment
Recent Estuarine Sediment
Glaciomarine Sediment

E Glacial Cutwash

Glacial Till

=0 Mussel Shells

0 100 200 300 400

500

600 =00 1] Bedrock

Distance from Water’s Edge (m)

Fig. 4. Schematic cross-section illustrating the presence and stratigraphy of parent materials along a hypothetical soil transect from the
water’s edge to the center of the estuary channel in Taunton Bay estuary. The black vertical lines on the transect define where one
landscape unit ends and the next begins. Where space is limited in the figure, landscape unit names are abbreviated. “Edge” refers
to the Terrestrial Edge landscape unit. The Channel Shoulder landscape unit is abbreviated “Ch. Shoulder.” The thin, gray vertical
lines on the transect indicate the locations where vibracore-derived soil morphology data was used to generate the figure. The
question marks at the interface between the bedrock and the glacial till are used to illustrate that while this sequence of parent
materials is known to occur, this sequence was not observed in any of the profiles sampled for this study. The glaciomarine sedi-
ment parent material in this figure is also referred to as the Presumpscot Formation.
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Soil Map Units

Twelve soil map units were identified in

Table 2. Differences in percent area, slope, textures, depths below mean sea level, and
depth to the Presumpscot Formation for the Landscape units of Taunton Bay estuary.

the study area. The soil map unit names, the = Soil map unit name LSU  Area Texture® ¥ CoreS  Length!
landscape unit where they occur, the area they %  0-25cm 25-100 cm # cm
occupy, and their surface and control section ~ Submerged marsh TE 1 SiL SiL 19 256
textures are presented in Table 2. The physi- Submerged beach TE 2 Sil xsh,gr S 16 136
. .. Submerged fluvial delta TE 1 SiL S 8 113

cal and chemical characteristics of representa- : . ;

. . Terrestrial edge TE 4 SiL SiL 22 119
tive profiles are presented in Table 3. Submerged fluvial stream SFS 2 SiL SiCL 28 171
The submerged marsh (SM) soils (Fig.  Shallow coastal cove cC 6 L SiL 10 112
3B) contain a buried silty clay loam (SiCL) Deep coastal cove cC 8 SiL SiL 13 197
layer over organic horizons. The organic Fluvial marine terrace FMT 43 SiL SiL & SiCL 23 336
horizon between imately 175 and SiL SiL & SiCL 18 322
OrlZons are between approximately 1/ an SiL SiL & SiCL 4 440
190 cm depth. They contain pieces of unde-  pyssel shoal VS 1 wshsi shsil 3 540
composed vegetation (spartina sp.) indicative ~ Channel shoulder s 17 SiL SiL 24 202
SiL SiL 30 386

of salt marshes. In profile 19 (Table 3), the

abrupt boundary at the surface of the bur-
ied marsh has a layer of shells above it. The
organic horizons are over a buried upland soil
(an Inceptisol) that formed in the bluish gray
Presumpscot Formation. The horizons in this
buried Inceptisol contain redox concentrations
and depletions indicative of the pootly drained (subaerial) soils
commonly formed in glaciomarine parent materials.

The Submerged Beach (SB) soils (Fig. 3B) consist of RES
deposited over sandy gravelly and sometimes shell-strewn
beaches. The surface and near surface horizon textures are RES
with silt loam (SiL) textures. At the base of the RES there is a
sandy loam (SL) transitional horizon. In profile 16, this horizon
begins at 31 cm. At 47 cm, broken shells dominate the buried,
sandy textured beach surface horizon. The underlying horizons
are gravelly sands, in which the gravels are only slightly larger
than 2 mm in diameter. Monosulfidic materials are present in
the surface of Profile 16 (Table 3) and in greater than half of
the submerged beach profiles described.

Soils of the submerged fluvial delta (SFD) are character-
ized by SiL horizons as much as 35 cm thick over sands (S)
and loamy coarse sands (LCS). The coarse textured horizons
are gray, grading to olive colors. The OM contents of these
horizons are the lowest of any horizon in the estuary. The
S horizons are over SiL marine sediments. The two parent
materials are separated by SL or loamy sand (LS) transitional
horizons. The transitional horizon begins between 85 and
105 cm. The matrix color for this layer varies from olive to
dark reddish brown and the SiL horizons below it are gray.
The dark reddish brown color of the transitional horizon
is assumed to be indicative of the presence of oxygenated
groundwater moving through these coarse textured materi-
als. In much of Hancock County, outwash deposits directly
overlay the Presumpscot Formation (Borns, 1977). Rainfall
moves through the outwash and quickly reaches this relatively
impermeable layer, and flows down gradient along its sur-
face. In the uplands, this water emerges as springs where the
marine sediment intersects the soil surface.

The TE includes soils in which a layer of RES is burying
upland soils and soils in estuary sediments deposited over and
beside rock outcrops at the EE. These soils have SiL surface and
subsurface textures. Most of these soils have black or very dark
gray colors (N2.5 and N3) in horizons within 0 to 25 cm of
the soil surface (Table 3). The odor of the soils when exposed

tS, Si, C, & L = sand, silt, clay and loam.
+ g =15-35% gravels, vg = >35%, sh = 15-35% shells, vsh = > 35%, and xsh = > 60% shells.
§ The vibracore number for the profile representative of this soil map unit.

9 Length of the vibracore from which the representative profile was described.

to the air, the colors of the soils, and the presence of AVS are
indicative of monosulfidic materials (Fanning et al., 1993).
Terrestrial edge soils may contain thin horizons with sandy tex-
tures, shells, or high OM contents, but the predominant parent
material of the upper 1 m of these soils is Holocene estuarine
sediments. In Profile 22, there is a shell-rich horizon between
the 34- and the 49-cm depth. The Presumpscot is encountered
at 86 cm below the soil surface. In most of the TE soils, the
Presumpscot begins at depths of 1 m or greater.

Soils mapped as SES have higher OM contents than other
soils in the estuary. The OM content in surface horizons (to
30 cm) is similar to OM in adjacent TE soils. With their SiL
textures, the parent materials of these surface horizons is RES.
Below 30 cm, SES profiles contain more OM than other soils
of the estuary, and OM contents fluctuate, decreasing and then
increasing irregularly with depth (Jespersen and Osher, 2007)
as would be expected in soils formed in fluvial deposits. Most
of the fluvial horizons (34-148 cm in profile 28) have fine-
loamy textures and gleyed matrices. At the base of the RES, the
SESs tend to have a horizon with a SL texture. Parent materials
of the soils below the fluvial deposits are dark grayish green gla-
ciomarine sediments. In profile 28, the Presumpscot Formation
is encountered 146 cm from the soil surface.

Like many of the soils in Taunton Bay, shallow coastal
cove (SCC) soils are formed primarily from RES. However,
rather than having SiL surface textures, these soils have loam
(L) textured surface horizons to approximately 25 cm in depth.
Some of the estuarine sediments contain inarticulate shells and
some have thin horizons containing greater than 15% crushed
mussel and/or soft-shell clam (Mya arenaria) shells. The surface
horizons of the SCC soils are dark gray (N4) in color. Like the
majority of the soils in this estuary, they also contain monosul-
fides. In these soils, the Presumpscot Formation is encountered
within 100 cm of the soil surface.

Deep Coastal Cove (CCD) soils have loamy surface horizons
to depths between 7 and 15 cm over SiL textured horizons extend-
ing to >1 m in depth. These soils have AVS concentrations indi-
cating the presence of monosulfides (Table 3). The soils smell of
H,S when exposed to the air, and surface horizons (to 15 cm) are

SSSAJ: Volume 71: Number 4 ¢ July-August 2007

1329



SWD L > 4l anN anN aN 6'9 L/EADOL 0 0 9F 61 - LZ1-¥91 730¢
SWD L > €l aN aN aN 99 L/EAOL 0 aoel ¢y 91 D ¥91-091 13D¢
SWD L > Sl aN aN aN 89 L/FAOL 0 aoel ve Sl v 091-8¥1 8qve
WATY L vl anN anN anN 9 L/FAOL 0 aoel) 67 gl o) 8y 1-G€1 1807
WATY z Sl anN anN aN 99 L/FAOL € z 8z 91 ) SEl-vLL 9307
WATY 6 L1 anN aN aN 69 L/FAOL z 0 87 gl ) v11-801 Y4
WATY Sl €z anN anN aN 89 L/FAOL Sl 0 9¢ v D 801-9/ ¥807
WATY €1 vT anN anN aN 19 L/FAOL 0 0 o 4l D 8/-0/ €30¢
WATY €1 T anN aN 9°¢ 99 L/FAOL aoen 0 €€ L1 9 0/t 7307
WATY Sl 67 anN anN 9°¢ 0L L/FAOL ol v gl €9 o) g3 1807
EN) LT S¢ 2601 v 9°¢ 0/ ¥N 0 0 0€ v D veve 3
STy L€ 9¢ 'S/ e 8¢ 6'9 SIN 0 0 8z v o) YT/ 8v
BN 67 9¢ £'89 961 g'¢ 9 N 0 0 c v o) L0 4+18v
Q¢ o[1jo1d [[SJS) Wean§ [eIAN[] pasiowiqng
SEN) L > L > anN aN aN 99 €17 AS 0 0z v €9 - +EL1-501 2€/0T
SATY L > L anN anN aN 89 v/ AS 0 0 z 86 o) S01-¥6 vOT
SATVY L > L anN anN aN 89 SN 0 0 z 16 % ¥6-9/ €7
SATVY L > L anN aN aN 89 ¥ N 0 0 0 9% D 9/-6t , 20T
SATY L > €1 1§51 00 v 69 SN 0 0 € 16 % S8l ,10¢
EN L > vT 1Sz 'l 9°¢ 0/ v N S 0 ST 67 % 81-6 73
EN L1 aN €6z 6 9'¢ L'/ €N 0 0 67 6 o) 6-1 418D
ST gl anN aN anN aN 2aN €7 AS'T 0 0 aN anN 9) 1-0 WV
g ooId [Q4S) ejed [eIAN[] pasiewiqng
HO4 L > L1 aN aN aN 6L L/ AOL 0 S¢ 0 86 - +6€1-0€1 r40Y4
HO4 L > ol aN aN aN A ¥ N 0 S¢ 0 86 % 0€1-€9 10T
HODRHS Sl L1 anN anN 6'€ 1'g v N 0L 1 0 €6 % €9/t ave
EN Sl 4 anN anN 6'€ A LY AS 01> S 91 zs % -1 €8
BN €z L€ €LLL 00 6'€ ) v/v AS 0 z Iz 67 D LE-6l r£0)
BN 97 9¢ 208 L'/ 8¢ 99 ¥ N z 01> ST LT o) 61-8 18D
EN) €z 8¢ 9'Sh 9¢T 8¢ 99 v N 0L> 0 4 6l ) 8-0 %)
91 w__h—OLQ Ammv r_uwwm _mehwgﬂjm
SWD z 6 aN anN anN A 1/s s 0 0 4l gl o) Y0661 amgy
HSAW 8¢ Ll anN anN aN 0L 1/S'T AS 0 0 L€ € % 661-061 qsvy
HSYW ve €1 anN anN anN 0L STN 0 0 aN anN ) 061081 qeOE
WINI Sl ol anN anN aN T/ STN 0 0 aN aN o) 08191 POE
WLNI 4l L aN anN aN L'/ 7€ AS 0 0 L1 8 D 9/1-161 +298ve
SEN) z L anN aN aN €/ Y AS'T 0 0 0z vT D 1S1-6T1 198y
SEN) z L anN aN aN 12 L/S AS 0 0 67 6 D 671-78 8D
REN) z e anN anN aN L2 1/S AOL 0 0 0z vl o) 7918 %0
EN z L€ anN anN aN 89 L/¥ AOL 0 0 ST 96 D 1S-6C 478D
BN z 6€ rect £y 6'¢ 89 L/ AOL 0 0 0z gl ) 6L 18D
EN) € 6€ L1'€olL Tl aN aN L/ AOL 0 0 aN aN ) 0 WV
61 9[JOId TINS) YSIe padiowqns
848 _wgp |-88n -8 8n _— wo
t[etorew 20 o Sud SAV §mg ‘Hd Hd Joj0) “Seiy “Seuy Aep pues Aipug ydag uoziioy
juaied ‘qnouj |[osunpy 119YS 9s1e0)

‘spun dew [10s ay) jo }sow Jo danejudsasdal sonsddeIRYD [10s pue ASojoydiow *¢ a|qe]

Number 4 ¢ July-August 2007

Volume 71:

SSSAJ

1330



*/°0 > SanjeA u Yim sypdap wo-0g pue -0z 9yl U2aMIaq SUOZLIOH

"ainjesadwia) Wood Je uoneqnoul Isiow ym-g Jaje [10s jo Hd §

'S[|aYs = HS ‘WnIAN|[e weans = WATY ‘WniAnjje Apues = § ATY ‘Yoeaq = HDg ‘IUaWIpas auliewolde|d = WD ‘Ysiew = HSYW ‘Spnuu [epiiajul = N JUSWIPas duLIen)ss Juadal = §JY

"07L < SON|eA U peY SUOZLIOH |

STASHS 44 Sl aN anN anN T/ 1/S AOL o 0 0z LS o) 507961 €qsy
STAFHS a4 L1 aN aN aN 4 L/S AOL 0T 0 ST 0S D 961-1/1 g8y
ST L1 6l aN aN aN v/ 1/S AOL 0 0 0z L€ o) LZ1-¥91 013D
ST vl €T aN anN anN €/ 1/S AOL S 0 ST 9% D v91-£S1 63D
SEN] 0T a4 aN aN aN 69 L/S AOL 0 0 ST €T D LS1-bS1 88D
REN gl T aN aN anN €/ 1/S AOL S 0 0 65 o) vS1-6€1 428D
HS®STY 0z YA aN anN anN €/ 1/S AOL ol 0 ST € D vEL-971 93D
SEN] 4l 4 aN aN aN L L/S AOL 0 0 91 96 D 9Z1-1T1L 63>
REN gl LT aN aN aN v/ L/S AOL 0 0 0 8¢ o) LTl-LLL fiz:0)
ST L€ 8¢z aN aN anN v/ L/ AOL S 0 g 4 D L1118/ +€8D
HS®STY 9z 8¢ aN anN aN €/ /¥ AOL ol 0 L1 g ) 8/~9 478D
HS9STY 44 o€ aN anN aN A L/ AOL 0l 0 9¢ g o) ¥9-66 18D
STARHS s¢ L€ aN anN anN €/ v N 08 0 g e % $5-0S g8y
HS®STY vT e aN aN L€ 4 v N ol 0 e 8 % 0S-1¥ 18D
STURHS s¢ €€ anN anN L€ S/ EN o€ 0 L1 Sl o) 1—5€ %%
HS®STY L€ S¢ 9°/81 967 L€ v/ EN ol 0 L€ 6 D SEe 438V
STAFHS 9¢ 8¢ £591 961 e S/ €N ov 0 v L D v7-0 418y
€ 9[joId (SN [e0S [oSSNI
HS®STY vT €€ aN anN aN €/ U AS g 0 a4 L o) 6¥7-10¢ 93D
ST 61 9¢ aN anN aN 69 U AS 0 0 o¢ 4l D L0Z-791 o)
SEN] €T €€ aN aN aN L2 Uy AOL € 0 og 6 o) 791-€11 8D
ST 44 €€ aN anN anN €/ LY AS 9 0 97 vl o) €11-€8 4+£8D
BN 61 e aN anN aN (W /¥ AS ooel) 0 ST 6l D £8-99 )
SEN] 4 S¢ aN anN 9'¢ L'/ 1/S AOL v aden €1 6l 8 99-0% 418D
e €T S¢ 068 all g'¢ 69 1/S AOL 0 aoey o¢ 91 o) 0¥z A%
ST 97 9¢ zeel €€ 6'€ €9 L/ AOL 0 0 97 gl D vZ-0 480V
¥ o[joId [T\\J) @0elI9] oULE [BIAN[]
SWD 6 6 aN aN aN Yavi 1/S D901 0 0 14 3 - +€61-781 qsmgg
SWD Vi 6 aN anN anN g/ 1/S D401 0 0 ST 6 o) v81-G/1 €30¢
SWD 8 ol aN anN anN T/ 1/ D41 0 0 L 6 D S/LL-LSL 730¢
SWD L L1 aN anN anN 69 L/ D9 0 aoen 89 9 % 951-€v1 18D¢
WO’RSTY €1 L1 aN anN aN 99 7€ AS 0 0 o¢ 44 % erL—vel 4ave
ST 91 L1 aN aN aN L9 /¥ AOL S 0 - - D vELbTL avd
ST vl 44 aN aN anN 69 1/S AOL S 0 6 a4 o) vZ1-601 ¢3
HS®STY vl 97 aN anN anN 89 1/S AOL ol 0 4l L o) 601-8Z 8D
SEN] 61 67 o€l 00 9°¢ 99 L/S AOL S 0 g g D 8/~ €80
ST ST anN zol 00 9°¢ L9 1/S AOL 0 ERLEN 91 Sl o) vh—z 73
ST vT €€ g€l 20 g'¢ 0z L/ AOL 0 aoey Lz 4l ) rqandll 418D
SEN] vT €€ €8 VT 8¢ 0Z eN 0 aoel ST 9¢C D €1-0 18y
€1 oyoIid (DD ) 9A0)) [e1se0) doa(
-39 8 W sp ,-88n -8 38n _——— wo
t[etagew 20 RF! Sad SAV §M8 ‘Hd Hd 10]0) “geuy “Seiy ke pues Aipug pdoq wozuio
juaied ‘qnouj [[I9sunyy 11”YS 3sieo)

‘pAu0) "€ 3|qel

1331

Number 4 ¢ July-August 2007

Volume 71:

SSSAJ



black or very dark gray (N2.5 and N3). Shell layers are common.
In profile 13, the horizon at 78-109 cm contained more than 15%
inarticulate shells. Below that, a SiLL horizon with few (5%) shells
was over a partially eroded, buried, OM rich, A horizon formed
from RES deposits. This horizon is directly above the Presumpscot
Formation. In most profiles collected in this map unit, the RES
parent materials extended to approximately 1.5 m below the soil
surface before encountering the Presumpscot.

Fluvial-marine terrace soils have RES parent materials to
at least 2.0-m depth. Surface horizons in these soils have SiL
textures and subsurface horizons have SiCL textures (Table
2). Nearest to the EEs, glaciomarine sediments were encoun-
tered between 2.3 and 3.6 m. In most core samples, when
the Presumpscot Formation was encountered during collec-
tion of a soil core, the density of this glaciomarine sediment
layer prevented the vibracorer from moving deeper than a few
centimeters. One exception to this was Core #18, in which
a layer of blue-gray SiCL glaciomarine sediment was encoun-
tered between a 236- and 271-cm depth. Below this layer,
there are layers of glacial outwash and glacial ll to the 297-cm
depth. Core #18 ends with a few centimeters of glaciomarine
sediment that appears to have been exposed to air enough to
develop redoximorphic features.

Soils mapped as MS have very shelly horizons (>60%
shells) at the soil surface. In these horizons, the fine earth
fraction is silty; with one horizon between 20 and 50 cm that
has <8% clay (Table 3). Most of the shells are blue mussels,
and most of the mussel shells are articulate (whole). Deeper
in the profile, shell layers are interlayered with SiL horizons
composed of RES. Some of the SiL horizons contain (<15%)
crushed shells. AVS data for MS surface horizons (Table 3)
indicate the presence of monosulfides. Horizons to 55 cm
depth all have colors (N3 and N4) often associated with
monosulfides (Fanning et al., 1993). Presumpscot Formation
was not encountered within 5.0 m of the surface in the two
profiles cored to that depth.

Channel Shoulder (CS) soils have SiL textures in surface
and subsurface horizons. AVS data for horizons to a 35-cm
depth identified the presence of monosulfides. The dominant
parent material is RES. However, at various depths in the pro-
file, the shell-free SiL horizons are interlayered with extremely
shelly SiL horizons. Most of the shells are in life position. In
some shell horizons, crushed shells occupy up to 15% of the
horizon volume. The Presumpscot Formation, when encoun-
tered, is at depths >3 m below the soil surface.

Soil Classification

All of the soils in the estuary are Aquents (Soil Survey Staff,
2006). The majority classify as Sulfaquents because they contain
sulfidic materials within 50 cm of the soil surface. The submerged
delta, submerged beach, and SCCs all have 7 values of <0.7 or
have <8% clay in some horizon between the 20- and the 50-cm
depth. As a result, these soils classify as Haplic Sulfaquents (Table
4). The soils of the submerged beach and submerged delta classify
as Haplic Sulfaquents because of their low clay contents. The SCC
soils classify as Haplic because of the presence of a low 7 value
horizons between 40 and 50 cm.

The SM, SFES, DCCs, FMTs, and nonvegetated CS all classify
as Typic Sulfaquents. The Typic Sulfaquents located in the portions

of the landscape that are continually submerged; FMTs, MSs and
CSs; have fine-silty family particle size textures. With the exception
of the SM soils, the soils of the TEs and coastal coves (SCC and
DCC), which are exposed at some or all low tides, have coarser fam-
ily particle-size textures than the continually submerged soils.

Soils located on the CS in the few areas where Zostera marina
(eelgrass) vegetation covered >50% of the soil surface did not
classify as Sulfaquents because the pHs of horizons between the
soil surface and 50 cm did not drop below 4 after 8 wk of moist
incubations. Without sulfidic materials within the top 50 cm,
these soils classify as Typic Endoaquents. The profile represent-
ing the TE classifies as a Sulfic Endoaquent, because it contains
sulfidic materials between 50 and 100 cm from the soil surface.

DISCUSSION
Parent Materials

The majority of the soils in the Taunton Bay estuary are
formed from recent estuarine sediment. The primary source
of these fine-grained parent materials is the erosion of the
SiCL glaciomarine Presumpscot Formation. The soils formed
from this thick, silty, and SiCL textured layer tend to be
poorly drained. Some of these soils are located on the bluffs
along the shoreline of Taunton Bay. Recent sea-level rise has
caused wave erosion of the soils along the estuarine/TE and
the destabilization of the bluffs (Kelley, 1987). The eroded
material then becomes the sediment source for the adjacent
estuary. The sediment that is deposited on the portion of the
FMT exposed at low tide is resuspended at high tide. In this
way, the tide facilitates sediment movement and redeposition
within the estuary. The sea level rise-related erosion also con-
tributes to the addition of coarser-textured sediments to the
estuary, by erosion of soils formed from coarse parent materi-
als; specifically glacial outwash and glacial till. The coarser
sediments are too heavy to be resuspended by the tidal flows,
and, for the most part, are not redistributed throughout the
estuary. In CCs, where the ratio of estuary perimeter length
to estuary area is largest, coarser sediments have accumulated
enough in the shallow areas to create the coarsest textured
surface soils in the estuary (Table 4).

The fine textured parent materials of these soils are signifi-
cantly different than the materials that are typically encoun-
tered along the Atlantic coast of southern New England (Folger,
1972a, 1972b) and further south in the USA. The coarse-tex-
tured coastal lagoon soils of Rhode Island (Bradley and Stolt,
2003) and Maryland (Demas and Rabenhorst, 2001) are in
embayments bounded by dune dominated barrier islands and
spits. Erosion of these features by storm surges and overwash
events contributes large volumes of sandy sediments to the
lagoons. In Maine, the lack of barrier beaches along the central
and northern part of the coast limit the sand contributed to
estuaries from the marine environment.

Figure 4 is a schematic cross-section illustrating the arrange-
ment of soil parent materials along a hypothetical transect from the
water’s edge to the center of the estuary channel. The thick verti-
cal lines identify the portions of the cross-section in each map unit.
The name of each map unit is located between pairs of these lines.
The thin vertical lines identify the locations where the profile data
(Table 3) was used to identify the depths for each parent material

encountered in the soils of that map unit. Bedrock outcrops were
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encountered at shallow depths
beneath some cores collected

Table 4. Classification of the predominant soils in each map unit to the family level.

Soil taxonomic classification

from the EE. The large and small

Soil map unit

Family particle size

Subgroup Proposed subgroup

islands in the estuary are also
bedrock outcrops. The question
marks at the bedrock/unconsoli-
dated material interface in Fig.
4 identify what is known about
the stratigraphy below the depths
where soils were collected for this
research. The thin lines on the
figure illustrate the points on the
figure where horizon and parent

Submerged marsh
Submerged beach
Submerged fluvial delta
Submerged fluvial stream
Terrestrial edge
Shallow coastal cove
Deep coastal cove
Fluvial marine terrace
Mussel shoal

Channel shouldert
Channel shoulder#

fine-silty, mixed, non-acid
coarse-loamy/sandy, mixed, non-acid
sandy, mixed, non-acid
fine-silty, mixed, non-acid
coarse-loamy, mixed, non-acid
coarse-loamy, mixed, non-acid
coarse-silty, mixed, non-acid
fine-silty, mixed, non-acid
fine-silty, mixed, non-acid
fine-silty, mixed, non-acid
fine-silty, mixed, non-acid

Typic Sulfaquent  Sulfic Fluviwassents

Haplic Sulfaquent  Sulfic Psammowassents
Haplic Sulfaquent  Sulfic Psammowassents
Typic Sulfaquent  Sulfic Fluviwassents
Sulfic Endoaquent
Haplic Sulfaquent
Typic Sulfaquent
Typic Sulfaquent
Typic Sulfaquent

Typic Sulfaquent

Sulfic Haplowassents
Haplic Sulfiwassents
Typic Sulfiwassents
Typic Sulfiwassents
Typic Sulfiwassents
Typic Sulfiwassents

Typic Endoaquent  Typic Haplowassents

material depths were based on
observations from the cores and
auger samples collected.

In Fig. 4, the surface hori-
zons of most map units are presented as a continuous low-den-
sity layer that appears to occupy a similar depth across several soil
map units. In the estuary itself, the high 7 value surface materials
varied in depth from 2 to 7 cm. As shown in Fig. 4, high 7 value
surface materials were not observed in the soils of the MSs or

t Not vegetated.
¥ Vegetated.

CSs. The soil surface textures in the estuary are primarily SiL.
Soils nearest to the estuary/TE have higher sand contents than
the surface soils of the FMTs, CSs and MSs. The surface hori-
zons of the CCD soils are finer textured than those of the SCC,
but still coarser than surface textures of the FMT soils.

Organisms

Silty surface horizons are found in the soils of the MS. This
appears to be a result of the organisms themselves: the mussels
inhabiting the shoals grow above the surrounding FMT land-
scape surface. In this position, they intercept and harvest fine
particles from the water column. Also, by being located near the
CSs, they are far from sources of coarse textured sedimentary
materials. By both preferred landscape position and means of
obtaining nutrients, the organisms are facilitating the genesis of
finer textured soils than are found in the rest of the estuary.

The shoals have formed in association with the large island
located near the confluence of the estuary channels. This position
ensures the mussels will have access to water and nutrients moving
into the estuary from marine sources and that sediment particles
will be regularly flushed from the mussels by the high-energy chan-
nel waters. The deep cores collected in these shoals contained shell
layers throughout, illustrating that the general location of the mussel
populations has not changed much over time. The shell horizons
bounded by shell-less horizons in these cores illustrates that the area
occupied by these organisms has expanded and contracted regu-
larly over time. Some of the expansions of the mussel community
stretched into the adjacent CS soils, indicating an expansion of the
shoal toward the channel. In contrast, cores collected in the soils of
the FMT; collected on the side of the shoal distal from the channel
contained no shell-dominated horizons at depth.

In the CS soils, the vegetation may be controlling the
chemistry, and associated classification of the soils. In locations
on the CS in which eelgrass densities are greater than 50%, no
sulfidic materials were detected. Where eelgrass cover is <50%,
incubation of the soils identified the presence of sulfides, but
other soil characteristics were similar. The difference in chemis-

try between vegetated and unvegetated soils could be a result of
the oxygen transported to the rhizosphere by the eelgrass rhi-
zomes (Penhale and Wetzel, 1983). However, the rhizospheres
of the vegetated soils, where the sulfides are oxidized to sulfates
(Holmer and Nielsen, 1997) are more than 50 cm deep. It is
unclear why the soils do not contain sulfidic materials below
their rhizospheres. Due to the lack of sulfidic materials, these
soils classify as Endoaquents, while the unvegetated soils on the
CS landscape classify as Sulfaquents (Table 4).

Between 1996 and 2000, prior the start of sampling, the
eelgrass in the Taunton Bay estuary experienced an 85% popu-
lation decrease (die-off). By 2003, the year the soils were sam-
pled, the channel shoulders were the only landscape position
with healthy populations of eelgrass. The majority of the soils
in the estuary classified as Sulfaquents (Table 4). This result
suggests that when the estuary is again vegetated with eelgrass,
the soil will probably not have sulfidic materials and therefore
maintain its classification as Sulfaquents.

Classification

With the increase in the number of investigations of soils
beneath coastal waters, the limitations of the present suborders of
Entisol for classifying subaqueous soils are becoming evident. The
subaqueous soils committee of the NCSS has proposed a new sub-
order (‘Wassents)) for soils that are permanently saturated by water.
The last column of Table 4 presents the classification of Taunton
Bay’s estuary soils using the changes to Soil Taxonomy proposed
for subaqeuous soils. The criteria for the subgroup and great group
classes of Wassents (sulfic, haplic, typic, psammentic) are similar
to the criteria for those classes where they appear elsewhere in Soil
Taxonomy. One exception is in the proposed Wassent suborder,
where Psammowassents appear higher in the key than Sulfiwassents.
(In the established key for Aquents, sulfaquents are higher in the key
than Psammaquents.) This difference illustrates the importance of
soil texture in the use and management of estuarine soils.
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