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1

The Mascoma Headwaters Project (MHP) was established in 1995 in order to
document defensible criteria for identifying and delineating wetland boundaries in
frigid soils of northern New England and to test and refine both the National and the
New England Regional Field Indicators of hydric soils. Many ideas, techniques, and
theories were applied at the Mascoma site for studies which include: the comparison
of soil temperature and growing season to bud score data in hydric soil sites, the
comparison of soil temperature and piezometric head to soil morphology and hydric
conditions in Spodosols, the comparison of site-specific maps made from both
Regional and National Hydric Soils Indicator manuals, and the study of three drainage
catenas to differentiate between folistic and histic epipedons. The first 5 years of data
are examined.

There are five major key results/discoveries of the study:

1)   Vegetative growth began well before the start of the “regulated” growing season
requirements (5 degrees C at a depth of 50 cm); and yellow birch (Betula lutea)
may prove to be a good indicator of growing season for hydric soil sites.

2)   The moderately well drained Spodosol in the 417 catena had no water in a
piezometer at a depth of 18 cm and no observable redoximorphic features (the
ortstein layer at this site may reflect long-term climate-controlled wet and dry
cycles of the soil).

3)   The marginally hydric Spodosol in the 417 catena had water in enough amounts in
the profile and of sufficient duration to qualify as hydric but not during the growing
season, and the Spodosol “morphologically” keyed out as hydric by Regional
Indicators only.

4)   Site-specific maps based upon Regional Indicators (1996) showed a significantly
higher amount of hydric soils (60 percent) than was determined by applying the
National Indicators (28 percent); recommendations made to both committees
resulted in much closer agreement in percent area designated as hydric soils (25
percent vs. 24 percent).

5)   The term “muck” needs further testing (a simple field test of pH in water may
differentiate folistic and histic epipedons in the field).

The MHP plans to collect at least 10 years of data to further test and refine hydric
indicators and requirements for hydric soils in northern New England.

Abstract
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The Mascoma Headwaters Project (MHP) is a comparative field study of regional
and national wetland boundary indicators on a 40-acre site within a watershed typical
of northern New England (fig. 1). The project design intent in 1995 was to evaluate
hydric soils morphology, wetland hydrology, hydrophytic plant communities and
growing season criteria. Specific objectives were: 1) to systematically identify and
describe hydric soils; 2) to test and refine the National Hydric Soils Indicators
(USDA—NRCS, 1996b) and the New England Regional Field Indicators (New
England Hydric Soils Technical Committee, 1995) of hydric soils and; 3) to document
defensible criteria for identifying and delineating wetland boundaries in frigid soils of
northern New Hampshire.

Specific monitoring and assessment procedures include: 1) installation of six soil
temperature and vegetation plots, 2) installation of three Soil Moisture/Soil
Temperature (SMST) sites, 3) installation of a Soil Climate Analysis Network (SCAN)
site, and 4) various soil mapping procedures and data collection by USDA—NRCS
and private soil consultants within the 40-acre parcel.

Site and Soil Descriptions
The MHP is a 40-acre parcel of land about 9 miles east of the Connecticut River in

the town of Dorchester, New Hampshire. Elevation is roughly 1,400 feet above mean
sea level, and the soil temperature regime is frigid (USDA—NRCS, 1999). The site is

Introduction

Figure 1.—Location of Mascoma Headwaters Project (MHP) in Dorchester, New Hampshire.
Branching lines indicate surficial drainage network of the area.
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100 percent forested. It is dominated by softwood stands of eastern hemlock (Tsuga
Canadensis), black spruce (Picea mariana), and balsam fir (Abies balsamea) with a
hardwood component of red maple (Acer rubrum), white ash (Fraxinus Americana),
yellow birch (Betula lutea), and white birch (Betula papyifera). The age of the forest
stand ranges from 45 to 160 years.

The soils at the MHP are very deep, range from somewhat excessively drained to
very poorly drained, and formed in loamy to sandy, loose to firm glacial till. Most soils
are Spodosols (fig. 2) with complex morphologies that are typical throughout northern
New England.

Upland podzolization combined with seasonal water tables creates color patterns

Figure 2.—A typical Spodosol profile at the Mascoma Headwaters Project (grid 418D).
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that are challenging in the determination of hydric soils in northern New England. The
Spodosol forming processes (eluviation and illuviation of iron, aluminum, and organic
matter) may mask redoximorphic indicators which formed during periodic saturation.
Alternatively, Evans and Mokma (1996) suggest that the effects of podzolization
processes simply exceed the effects of saturation and reduction on iron chemistry.
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Soil Sampling
Standard soil characterization methods (USDA–NRCS, 1996c) were used to

sample and analyze soils from Pedon 417B (Appendix C) and the SCAN site.
Selected methods were used to describe histic/folistic horizon transects (Appendices
H and I). All soil analyses were performed by the National Soil Survey Laboratory,
Lincoln, Nebraska (Appendices C and I).

Growing Season, Soil Temperature, and Bud Score
Studies

The commonly applied concept of “growing season” is an agricultural interpretation
established for cropland and is directly related to the timing of farming practices (such
as tilling and planting) in spring and fall. The concept was not designed for natural
ecosystems and does not reflect well the growing season of wetland plants or
organisms. Consequently, an alternative approach was sought that could better
capture natural ecosystem behavior.

One procedure that is more applicable to wetlands is the collection of bud scores.
This procedure was designed to identify the onset of the growing season in spring in
an attempt to test requirements as defined by the U.S. Army Corps of Engineers
(1987) manual for identifying wetlands. Onset of vegetative growth occurred several
weeks before the soil temperature reached theoretical biological zero of 5 degrees C
at a depth of 50 cm. This discovery effectively lengthens the conventionally
recognized onset of the growing season and extends it into the time that the soil is
saturated in the upper part. This growing season extension effects mapping wetlands
by soil hydrology criteria during growing season and greatly increases the extent of a
mapped wetland.

Six stand-alone soil temperature monitoring stations were established adjacent to
1-meter-square vegetative plots (fig. 3). Two of these stations had Taylor indoor/
outdoor thermometers, and four had automated Hobo temperature sensors (Onset
Computer Corporation). Three were located in poorly drained soils and three in
moderately well drained soils. Two additional vegetation plots were monitored in
association with the automated SCAN site; one in a moderately well drained area and
another in a poorly drained area. The standard SCAN site establishment protocol
required the clearing of overstory. Consequently, the two SCAN vegetation plots had
less canopy cover compared to the vegetative plots located in native forest.

In order to provide accurate identification of initial vegetation growth the following
spring, herbaceous plants within the vegetation plots were identified in fall and a
number-coded golf tee was inserted at the base of each plant. A 25-foot radius around
the vegetation plot was established, and plants that represented the shrub layer were
identified, flagged, numbered, and monitored during vegetative emergence. Appendix
A has an example of the bud score worksheet used at the MHP.

Vegetation plots were monitored as spring temperatures rose and snow melt began
at the MHP. Data were collected at the eight sites. Soil temperatures were recorded at
depths of 15 cm and 50 cm, plus additional depths (30 cm and 38 cm) at the SCAN
and SMST (Soil Moisture/Soil Temperature) sites. Vegetative emergence and growth
were monitored by observing and quantifying the expansion, burst, and elongation of
terminal buds. A qualitative ranking, called a bud score (Coultais, 1997; Murray et al.,

Procedures
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1989; Myking and Heide, 1995) was determined for each plant on a given date.
Table 1 shows the scale by which bud scores were measured. In all, 27 species in the
herb layer and 11 species in the shrub layer were monitored throughout the sites.

Bud scoring is rather subjective, and there is not enough precision to use intervals
finer than 0.5 bud score. Up to five different people recorded the data. Results from
each individual were rounded down to the nearest 0.5 bud score, for example,
0.678 became 0.5. If the bud score data did not keep increasing with time, the
previous and following values were used to interpolate a value which would replace
the aberrant data point. Bud score averages per site were calculated for each day that
data were recorded. Because the main focus of the study was on wetlands and hydric
soils, the budscore/growing season calculations were based only on the wetter sites.

Soil Moisture/Soil Temperature Monitoring Methods

SCAN Instrumentation

The SCAN station was equipped with the following above-ground sensors:
RM Young windspeed/direction sensor, Texas Instrument Te535 tipping bucket rain
gauge, Licor Li200 pyronometer solar radiation sensor, and Hmp45c air temperature
and humidity sensor. To measure ground-water levels, there were two Keller pressure
transducer sensors enclosed in well casings. Two sets of Five Vitel Hydra soil
moisture sensors were used to monitor soil water content and temperature at depths
of 15, 30, 38, 50, and 100 cm. An MCC 545b radio was used to transmit data through

Figure 3.—Vegetation site 4. The stand-alone soil temperature monitoring station (the white half-
tube on central tree with duct tape) is adjacent to the 1-meter-square vegetation plot (orange
flags in foreground).
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a meteor burst communication system to the NRCS National Water and Climate
Center in Portland, Oregon. A Campbell CR10X datalogger was used to control the
measurements and store data until it was transferred to the radio. A 10-W solar panel
and 7.5 AH gel-cell battery provided power to the CR10X. Appendix B presents the
SCAN site schematic.

SMST Instrumentation

Campbell CR10X dataloggers were used to control the measurements and store
the data automatically collected at these sites. A Campbell AM 416 multiplexer was
used at each of the five stations to expand the dataloggers capability, allowing them to
monitor more sensors. A 10-W solar panel and a 7.5 AH gel-cell battery provided
power to each station. Five Campbell 107 sensors (thermisters) were used to monitor
soil temperature. Keller pressure transducer sensors enclosed in well casings were
strategically placed to measure ground-water levels. Redoximorphic potentials were
measured using protocol and electrodes constructed by Dr. Wayne Hudnall, Louisiana
State University. Data from each datalogger were manually downloaded quarterly and
processed. The data were organized, and raw sensor output voltages were converted
to the appropriate parameters. Data were evaluated graphically for quality control.
Appendix D shows an example of raw soil temperature data from the 417A and 417B
sub-sites.

Precipitation Data
Precipitation data obtained from the USDA—NRCS National Water and Climate

Center, Portland, Oregon, were examined for the years 1997 through 2000 (2001 was
not available) from Benton, Bethlehem, Grafton, Hanover, and Plymouth, New
Hampshire. These stations are in close proximity to or at a similar elevation as the
MHP, or both.

Site Information—417 Catena Site
The complex soil morphologies of the 417 catena of the MHP, particularly pedon

417B, created substantial difficulty in the extrapolation of hydric soils determination to
the 40-acre parcel. Soils at the MHP are Spodosols and Inceptisols that formed in
glacial ablation till (superglacial melt-out and flow tills) over basal melt-out till. The 417
catena was considered to be an excellent representative area to install automated Soil
Moisture/Soil Temperature (SMST) monitoring stations. Five SMST stations (A to E)
run from A, at the top (summit) of the small hill, to E, which is situated in a very poorly
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drained area at the bottom (toeslope) of the hill, about 21 meters downslope and
roughly 3 meters lower. The five stations simultaneously collected hourly readings of
soil temperature (degrees C), soil moisture (via tension, bars), piezometric head
levels (cm), and redox potentials (mV). Unfortunately, 417E’s electronics
malfunctioned and the data was lost. Figure 4 shows the relation of soil morphology to
position along the catena. Pedon descriptions for 417A and 417B are in Appendix C.
Data from pedons 417A and 417B (see Appendix C) were examined in order to relate
soil morphology, hydrology, and growing season.

Site-Specific Maps
In order to compare competing criteria for hydric soil indicators and to address

other aforementioned objectives, various maps were independently made for a variety
of purposes.

A universal grid of the MHP study site was initially surveyed to establish control
points for subsequent work. Control points were marked on the land to form a 100-by-
100-foot grid on the 40-acre parcel. The elevations at each grid point and other
pertinent areas were surveyed relative to a locally established benchmark datum. A
2-foot contour map (1:1,200) was created using standard survey techniques. The
control grid and subsequent maps were digitized into a Geographic Information
System (GIS) for comparative analysis. Scientists then delineated areas on the grid
map according to criteria for each of the three components used to identify wetlands:
hydric soils, hydrophytic plants, and hydrology with excellent ground control. Appendix
E shows the maps of the MHP that have been produced. These maps include a
contour map, a soil drainage map (created from an order-one site-specific map), two
hydric soils maps using the Regional Indicators, two hydric soils maps using the
National Indicators, and one map with the boundary of wetland hydrology based on
the ACOE 1987 manual. Maps were not amended by professional judgment so that
literal definitions could be compared. When mapping with the National Indicators, the
scientists were instructed to ignore indicator A10 completely (the requirement of 2 cm
of muck within 15 cm of the soil surface). The MHP has organic horizons that are
more than 2 cm thick throughout the site; if this indicator was applied, almost the
entire 40-acre site would key out as hydric.

Folistic and Histic Epipedon Transects
Field observations at the MHP indicate that surface organic layers commonly are

saturated in low areas but not in adjacent uplands and that a folistic/histic boundary
might be based on topographic position. Transects were marked out along three
drainage catenas to evaluate the physical and chemical differences between folistic
and histic epipedons. By definition in “Soil Taxonomy” (USDA–NRCS, 1999), folistic
epipedons are never saturated, except for a few days after heavy rains or snow melt.
Histic epipedons are saturated most of the time. Landscape position may be key in
separating folistic epipedons from histic epipedons. Topographic sketches for each
transect plus a soil description of each test point and the associated analytical data
are tallied in Appendices H and I. The three transects were sampled to a depth of
about 30 inches unless sampling was limited by a shallow water table or lithic contact.
Five holes were sampled in transect #1 and two holes were sampled in transects #2
and #3. Soil samples were analyzed by the USDA—NRCS National Soil Survey
Laboratory for carbon, pH, extractable bases, CEC-7, extractable aluminum, fiber
content, pyrophosphate color, total N, total C, C/N, 15-bar water, and iron and
aluminum extracted by dithionite-citrate extract, acid oxalate, and pyrophosphate.
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Growing Season and Bud Score Comparison
The criteria to meet wetland hydrology during the growing season must be met in

most years (6 out of 10) (US–ACOE, 1987). There are few, if any, locations in New
England where the onset of vegetative growth and length of the growing season have
been documented for a period of 10 years. The intent is to extend data collection at
the monitoring stations for at least 10 years in order to document the growing season.
Results of the first 5 years of data collection at the MHP are presented in table 2.

In the first spring, when soil temperature at 50 cm at the poorly drained site had
reached 5 degrees C (biological zero), most of the overstory vegetation had leafed
out, ferns were already unfurled, and the Trillium was flowering. The actual start of the
growing season had begun several weeks prior to 5 degrees C. Coultais (1997) noted,
in his study in Cheshire County, New Hampshire, that the buds of many wetland
shrubs showed obvious swelling and growth at least 2 weeks before growing season
began.

Researchers in Alaska have also noted that growing season based on 5 degrees C
does not fit in subarctic environments. They observed vegetative growth in spring well
before biological zero was reached and the seasonal frost was only a few centimeters
below the surface (Ping et al., 2001).

The traditional approach to determine the onset of the growing season is to
determine the calendar date at which the soil temperature (at a specific depth)
reaches a specific temperature.

An alternative approach was applied in this study. Instead of soil temperature, a
method for rating the extent of bud swelling was applied.

The objectives of this portion of the study were to: 1) compare a bud score of 1 with
the temperature inversion between 15 and 50 cm (i.e., when the temperature at a
depth of 15 cm becomes warmer than that at a depth of 50 cm); 2) compare a bud
score of 1 with soil temperature at a depth of 23 cm; and 3) test for an indicator plant
that would have a bud score of 1 at the beginning of the MHP growing season.

 Soil temperature and bud score data from 1997 to 2001 were compiled and
analyzed from the hydric soil sites only. Comparison of growing season to bud scores
suggests that there is a definite time lag between when the site averages have

Results and Discussion
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reached a bud score of 1 (vegetation is starting to emerge and expand) and when the
soil temperature at a depth of 50 cm has reached biological zero (5 degrees C).
Table 2 represents the average dates when soil temperature at a depth of 50 cm
reached 5 degrees and the dates that the average bud scores of the hydric soil sites
reached 1. Figure 5 shows examples of bud scores measured in the field.

Table 3 presents bud scores and additional soil temperatures taken from various
poorly drained and somewhat poorly drained sites (SCAN and SMST) and snow melt
data. Additional temperature data include dates when biological zero was met at the
site at depths of 15, 30, and 23 cm.

Temperature inversion (between shallow and deeper depths—the soil temperature
at a depth of 15 cm becomes warmer than the soil temperature at a depth of 50 cm)

Figure 5.—Examples of bud scores for hobblebush. In the upper illustration the bud score is 2,
and in the lower one the bud score is 3. Note that the data were collected on the same day.
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was thought to be an indicator for bud scores. By comparing the average date of a
bud score of 1 and the average temperature inversion date (table 3), a trend between
the two (day 114.6 vs. day 107.1) does not exist. Another objective was to test a bud
score of 1 and the 23 cm depth temperatures and dates. There is also not a
correlation between the two, although in 1999, the days that the depth reached
biological zero came very close to the days that the bud score (over 5 years average)
was at 1. Further evaluation of table 3 shows that the closest field indicators that may
predict a bud score of 1 (the beginning of the growing season) are the soil
temperature at a depth of 15 cm and the date of snow removal (averages: day 114.6
vs. days 118.5 and 111.5). One objective of this study was to observe the bud score
data for a total of 10 years. Additional data may provide a strong indicator for the
onset of the growing season.

Another challenge of this growing season study was to identify a plant that would
indicate when a site has reached biological zero (bud score of 1). All the plants at or
near bud score of 1 when the site average had reached a bud score of 1 were further
examined.

Yellow birch shows promise as an indicator plant. It emerges consistently as
reaching a bud score of 1, either on, immediately before, or directly after hydric soil
sites have reached an average bud score of 1 (Appendix G). Yellow birch occurs in
the shrub layer at the MHP and can be easily found in the forest. Future research at
the MHP should look closely at the yellow birch shrub.
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Precipitation Data
Precipitation data were examined for the years 1997 through 2000 (2001 was

not available). It was determined that the average of all the years were within
about 10 percent of the 25- or 30-year average annual rainfall for each site. All
sites had precipitation amounts that exceeded the 25- or 30-year average in some
years.

Soil Moisture/Soil Temperature Catena 417
Data from the catena of 417A and 417B were examined to relate soil morphology,

hydrology, and growing season. Water levels measured via piezometric head, soil
temperature data, and soil moisture data were used for pedons 417A (top of hill,
moderately well drained) and 417B (about 50 cm lower) (see figure 4) and were
compared with US—ACOE wetland regulations and growing season requirements.
Pedon 417A is not considered a hydric soil, and pedon 417B is considered a
marginally hydric soil or a hydric soil. In fact, the catena study was placed at this site
due to the inability of high-level soil scientists to agree about the hydric status of
pedon 417B.

Pedon 417A.—The piezometric head data (fig. 6) and the soil moisture tension
data (fig. 7) suggest that there is minimal free water at or near the surface. It should
be noted that the soil moisture probes (Campbell 253L soil moisture probes) are
considered to be not very accurate or precise at the wet end of the soil moisture
spectrum (W. Lynn, personal correspondence). Therefore, the readings that are
shown to be saturated by the sensors are considered to be “approaching saturation”
by the authors. The lack of water at pedon 417A is further defended by the lack of
redoximorphic features described.

Ortstein has been considered a type of redoximorphic feature, and it has been
suggested that the existence of an ortstein layer might be an indicator of a water table

Figure 6.—Piezometric heads at NH3A (417A sub-site). The water level at a depth of 18 cm
represents the top of ortstein. Flat lines in the data represent dry pipes.
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(Pilgrim, 2000). The ortstein layer found at pedon 417A may coincide more with
wetting and drying cycles (particularly if the soil periodically reaches very dry
conditions that promote internal packing of iron oxide) rather than water in the soil
(swt A 30 cm; fig. 7). The wetting and drying cycles occur during the growing
season/warmer months of the year due to the coexistence of rainfall and
evapotranspiration. The proximity of the 30-cm-deep moisture block to the soil surface
is the reason that the fluctuations occur more often and stronger in the shallower
moisture block as compared to the 56-cm-deep block. During spring melt, the
56-cm-deep probe remains wetter longer and is less affected by the evaporation and
transpiration processes (fig. 7).

The U.S. Army Corps of Engineers (US–ACOE, 1987) state that although
hydrology is the least exact parameter for wetland determination, it is essential that a
wetland is periodically inundated or has saturated soils (pressure greater than that of
the atmosphere) during the growing season. According to the US–ACOE (1987), an
area has wetland hydrology if it is inundated or saturated to the surface (mineral soil
surface was considered in this paper) continually for at least 5 percent of the growing
season in most years (a 50 percent probability of recurrence). The soil moisture
readings at pedon 417A do not approach zero (bar) value for tension, thus it is not
saturated (fig. 7). It is obvious that there is not free water at or near the mineral
surface at this sub-site (figs. 6 and 7), and it can be concluded that this sub-site is not
hydric. It is unfortunate that the depth moisture block placed at the top of the mineral
soil surface is not currently working at this sub-site since these data are essential in
studying the soil morphology, particularly the ortstein layer at pedon 417A in terms of
soil moisture amounts and seasonal cycles.

Pedon 417B.—This pedon is considered a marginally hydric soil or a hydric soil.
The piezometric head and the growing season become very important tools in the
determination of hydric soils for this pedon. Figure 8 shows piezometric head and soil
temperature at a depth of 50 cm. The water levels at pedon 417B reflect relatively
short, widely spaced, sporadic spurts of piezometric head above a depth of 23 cm
(light blue, fig. 8) and common occurrence of piezometric head above a depth of

Figure 7.—Soil moisture tension at sub-site 417A. Sensors are at 30 cm and 56 cm below the
mineral soil surface. Saturation occurs between 0 and 0.1 (Campbell Scientific, Inc., 1993).
The soil becomes drier as the tension increases.
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71 cm (dark blue, fig. 8). The occurrence of water in the 23 cm pipe may result from
the pipe being placed on top of an ortstein layer/horizon (Bhsm, 23–41 cm). The
reason for this pipe placement was to check for a perching effect due to the ortstein
horizon. Figure 8 suggests that there is perching on the ortstein as the water levels in
the deeper pipe do not commonly rise above the ortstein layer.

Piezometric head is within 30 cm of the mineral soil surface quite commonly in the
23 cm pipe: 8 days in 1998; 3 days in 1999 (equipment damage); 11 days in 2000;
and 10 days in 2001 (only twice temperature was more than 5 degrees C). The
recorded piezometric head exists primarily during spring snow melt. The 71 cm pipe
also has piezometric head recorded in the pipe within 30 cm of the mineral soil
surface primarily during spring snow melt: 7 days in 1998; 7 days in 2000; and 8 days
in 2001 (both water level and soil temperature data were lost at this pipe in 1999).
With these data, it seems that determining pedon 417B as hydric due to the
piezometric head in the pipes would be easy. However, according to the US–ACOE,
the growing season must be taken into account. The piezometric head is not perching
on frozen soils as the soil temperatures do not go below 0 degrees C for more than a
couple of days in the coldest months at the depths monitored.

Growing season and water levels at pedons 417A and 417B.—The growing
season at the MHP has been determined to be May 4th through October 10th
(US–ACOE, 1987) (USDA–NRCS NWCC, Appendix F). The actual growing season
data (via soil temperature measured at pedon 417B) show that the season runs much
longer than expected for the area (May 9th through December 6th). The actual
growing season is two months longer than the calculated growing season (28 degrees
F thresholds at a frequency of 5 years in 10) with the extended time occurring in fall.

To be hydric, according to the national criteria, a soil must have the water table
within the upper part (i.e., in the upper 30 cm) during 5 percent of the growing season,

Figure 8.—Soil temperature at a depth of 50 cm, and piezometric head at pedon 417B. Piezometric
head measurement at a depth of 23 cm reflects the top of the ortstein. Flat lines represent dry
pipes in the piezometric head data.
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or 8 days in Grafton County. There are a few instances in the data set of pedon 417B
where there are 8 days of piezometric head within a depth of 30 cm from the mineral
soil surface, but not after May 4th (the start of the growing season). Table 4 presents
a comparison of growing season data and piezometric head for both pedons 417A
and 417B. In addition, the occurrence of the water table within the upper part of pedon
417B during the actual pedon growing season based on the soil temperature readings
at the site (at 50 cm depth — the red sinuous line in figure 8) are very minimal. The
71 cm pipe had water within 50 cm of the mineral soil surface in it for 1 day, and the
23 cm pipe had it for 2 days.

Figure 9 shows both the 30-cm and the 0-cm depth soil moisture readings at pedon
417B that coincide primarily with the top and bottom of an ortstein layer—the Bhsm
and Bsm horizons. These readings often oscillate between (approaching) saturated
soils to adequately wet soils (Campbell Scientific, Inc., 1993). Partial readings (due to
animal damage) at both depths prevented examination of a complete
data set.

Generally, the soil moisture readings approach zero (saturation) and remain near
zero during the spring melt season. Additionally, soil moisture readings also show a
trend toward saturation during times when the piezometers are dry. The moisture
block readings may indicate water during spring but also suggest soil moisture from
precipitation during the dry seasons. Evapotranspiration may be the main cause of
moisture loss during the dry season as opposed to percolation. It is unfortunate that
the deeper moisture blocks that are in place (30 cm and 71 cm depths) are not
working; additional moisture data at these deeper depths may increase the ability to
interpret soil morphology. The deeper (71 cm) block may show that saturation occurs
due to capillary rise or percolation or that a stronger wetting and drying cycle may be

Figure 9.—Soil water tension and piezometric head at NH3, sub-site B. Saturation approached
between 0.0 and 0.1 bar, and the soil is adequately wet from 0.1 to 0.2 bar.
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the cause of an ortstein layer. Data from the deeper portion of the pedon may show
that ortstein is an indicator of a water table.

To better understand the wetness conditions of the soils, water table data
interpretation for pedon 417C (the next pedon down in the catena) is warranted.
These data would be very helpful in determining if this pedon also has its water table
within 30 cm of the mineral soil surface during the growing season or just previous to
the growing season (as in pedon 417B).

Growing season criterion based on 5 degrees C used for wetland delineation
(hydric soils and hydrology) requires further investigation. The US–ACOE (1987)
states, “areas of evident characteristics of wetland hydrology are those where the
presence of water has an overriding influence on characteristics of vegetation and
soils due to anaerobic and reducing conditions, respectively.” The resulting evidence
is the formation of redoximorphic features. The line of thought is that redoximorphic
features only form during the growing season. Yet researchers have noted that
redoximorphic features are characteristic of most of the soils affected by ice-
cemented permafrost (Ping et al., 2001). Furthermore, the history of the concept of
biological zero stems from the U.S. Fish and Wildlife Service (Cowardin et al., 1979)
and this concept was used specifically for disturbed sites. Disturbed sites would not
have typical redoximorphic features or hydric plants available for determining whether
a soil is hydric or not. Many sites do have redoximorphic features as a result of
saturation, and the US–ACOE (1987) requirements work well. But many others areas,
such as the MHP, do not. The pedon 417B monitoring station has a seasonal water
table near the surface prior to the “official” growing season (fig. 8). Additionally,
redoximorphic features in the E and Bs or Bhs/Bsh horizons are similar to and
commonly coincide with features of podzolization. Table 5 presents a summary of
information from pedons 417A and 417B stations and their hydric determinations.

Site-Specific Maps
In 1996, the first set of site-specific maps was developed with version 1 of

the Regional Indicators (New England HSTC, 1995) and version 2.1 of the
National Indicators (USDA–NRCS, 1996b) (fig. 10a and 10b). The goal was to
compare these maps with local hydrology and resolve the issues that caused the
differences.

The acreage of hydric soils was independently determined using two different sets
of criteria at the MHP: 1) the 1996 National Indicators and 2) the 1995 Regional
Indicators (60 percent vs. 28 percent; see table 6). This substantial disparity resulted
in recommendations for the revision of both manuals. A key recommendation to the
Regional Indicators was to change the depth requirement for redoximorphic features
below the spodic horizon. The 1995 version keyed out a Spodosol as hydric if a
spodic horizon was directly underlain by a horizon with 5 percent or more
redoximorphic features. This situation proved to be a problem because 5 percent
redoximorphic features could be located in the bottom of the horizon directly below the
spodic horizon. Even though the soil is not hydric, it keys out as being hydric.
Requirements were changed (New England HSTC, 1998) so that if the spodic horizon
is directly underlain by a horizon with 5 percent or more redoximorphic features, the
features must be in the upper part. Another problem in this situation is that, because
oxidized iron colors (Bs horizon) are normal in podzolization, only gray colors from
reduction are clear evidence of redoximorphic features in these Spodosols but both
reduced and oxidized features are considered. The observer must pay close attention
to the oxidized features in these Spodosols when determining redoximorphic features.

Another important recommendation to the 1998 Regional Indicators was that a
gleyed matrix (due to iron reduction) or redoximorphic features directly below a histic
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epipedon should be required. This revision provided new differentia between folistic
and histic epipedons. (Note: These organic layer subtypes had previously been
treated the same.) In addition, the National Indicators addressed the same
histic/folistic epipedon problem by requiring 2 cm of structureless muck present (Oa
horizon) and noting landscape position. Figure 11 shows the key changes made to the
National and Regional Indicators after testing the earlier manuals at the MHP. These
recommendations are a very good step in the right direction for testing the differences
between histic and folistic epipedons, but an easier field indicator is needed at the
MHP because of the Spodosol morphologies.

Another site-specific map was created using the hydrology requirements in the
US–ACOE 1987 manual and then compared to the maps made with the National and
Regional manuals (Appendix E). Hydrology was determined at the MHP by observing
free water at 30 cm below the mineral soil surface (unless in a Histosol) 14 days after
the soil temperature reached 5 degrees C at a depth of 50 cm. The four assessment
techniques suggest a remarkable disparity in the estimate of wetlands at the MHP
(table 6). When comparing the four methods (table 6), the National and the ACOE
maps were similar (28 percent vs. 23 percent) yet different from the Regional (60
percent hydric soils) and hydrophytic plant communities (94 percent). The hydrophytic

Figure 10a and 10b.—Hydric and not hydric soils mapped according to the Regional (version 1)
and National (version 2.1) Indicators. (Enlargements of these maps are in Appendix E.)
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Figure 11.—Changes made to the Regional and National Indicators after 1996
field testing at the MHP.
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plant communities map includes the tree black spruce as a wetland indicator and may
require further investigation (Appendix E).

A second set of site-specific hydric soil maps were made after the
recommendations were accepted by both the Regional Committee (New England
HSTC, 1998) and the National Committee (USDA–NRCS, 1998). The resulting maps
(fig. 12a and 12b) appear to have a similar percentage of hydric soils (table 7), and
are close to the US–ACOE estimate (table 6). Also, the resulting acreage amounts are
similar to the US–ACOE hydrology (23 acres). The large disparity between these
results and the estimate by hydrophytic plant community remain to be resolved.
Currently in the Northeast, the Regional Indicators are used as an appendage to the
National Indicators, especially for the challenging Spodosols in the frigid temperature
regime of northern New Hampshire.

Figure 12a and 12b.—Hydric and not hydric soils mapped according to the Regional (version 2.0)
and National (version 4.0) Indicators (both 1998). (Enlargements of these maps are in
Appendix E.)
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Transects for Folistic and Histic Epipedons
The organic horizon morphologies at the MHP are very problematic. Almost all

pedons at the MHP site have an Oe horizon as much as 8 cm thick underlain by an
Oa horizon of varying thickness. This layered organic feature (an Oe horizon over an
Oa horizon) is consistent in upland as well as wetland settings and its total thickness
may range from 3 to 20 cm or, in some areas, can exceed 25 cm. Usually, any soil
with 20 to 25 cm of “muck” (an Oa horizon) over it is automatically considered hydric.
The National Hydric Soil Committee considers “muck” to be synonymous with the
term “sapric material.” At the MHP, sapric material is found in both upland and
wetland areas throughout the 40-acre parcel. This situation creates a challenge for
soil scientists using the A10 muck indicator for hydric soil determinations. This
challenge especially occurs when examining the complex Spodosol morphologies.

A better field indicator of “muck” needs to be developed due to the substantial
extent and intermingling of folistic and histic epipedons in northern New England and
other parts of the country, such as Alaska. D’Amore and Lynn (2002) noted that
Saprists and Hemists were difficult to distinguish in the field. A rationale that may
separate them in stagnant water situations does not work in the steeply sloping terrain
of southeast Alaska. The boundary between folistic and histic epipedons is difficult to
find on the gently sloping terrain of the MHP.

The intention of this portion of the study was to find a field indicator that could
differentiate histic and folistic epipedons. The results of the three transects were
analyzed. Appendices H and I contains the field and laboratory results. One field test
that may differentiate histic from folistic epipedons is the simple test of pH in water
(USDA–NRCS, 1996b). Table 8 presents the pH data from the three transects.
F test results show a significant difference between folistic and histic epipedons
(F test; p < .05, n = 16). These tests will be applied on additional transects in the
future.
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The Mascoma Headwaters Project was established in order to document
defensible, practical criteria for identifying and delineating wetland boundaries in frigid
soils of northern New Hampshire and to test and refine both the National and the New
England Regional Field Indicators of hydric soils. Many theories and techniques were
and are being applied for various hydric soil-related studies.

Growing Season and Bud Score Comparison
Growing season is an important variable in the determination of soil hydrology and

hydric soils. At the MHP, a time lag between vegetative emergence and biological
zero was noted. This time lag was examined and compared in terms of soil
temperatures and bud scores. The soil temperature at a depth of 15 cm and the date
of snow melt appeared to be good indicators for the onset of growing season, based
on a bud score of 1 at the hydric soil sites, and will be examined further as data are
collected to finish the 10-year study. The initial assumption about bud score and
growing season was that the day when soil temperatures between depths of 15 and
51 cm or between depths of 15 and 23 cm became inverted would indicate the start of
the growing season. These two hypotheses were proven to be incorrect.

An indicator plant may be used to indicate the start of the growing season, based
on a bud score of 1, at the MHP. Pin cherry seemed to be the best foliage indicator for
start of the growing season but was proved not to be. Yellow birch emerged
consistently to reach a bud score close to the time that all the vegetative plots
averaged a bud score of 1. Yellow birch occurs in the shrub layer at the MHP and can
be easily found in the forest. After a few more years of this study, the use of yellow
birch as an indicator of the beginning of the growing season in areas of hydric soils
may prove applicable throughout northern New Hampshire. Southeast Alaska
certainly has a different climate and vegetation than New Hampshire. It would be a
good venue to test the validity of the bud score technique.

Soil Moisture/Soil Temperature and Soil Morphology—
Catena 417

Data from pedons 417A and 417B of the 417 catena were used to relate soil
morphology, hydrology, and growing season. Pedon 417A had characteristic spodic
morphology (Oe-Oa-E-Bh-Bsm-Bs1-Bs2) without any affect from a water table. The
piezometers were predominantly dry (fig. 6). Soil moisture readings show that the
ortstein layer coincides with a strong wetting and drying cycle. Pedon 417B conditions
challenged the inference of water table depth from soil morphological features
because the pedon also had characteristic spodic morphology (Oa-E-Bh-Bhsm-Bsm-
BS-C1-C2-C3) in combination with a water table. Redoximorphic features may be
masked or overridden by podzolization processes. Free water occurred sporadically in
the shallow piezometer, placed on the ortstein and commonly in the deeper
piezometer. The free water increased primarily during snow melt, prior to the
“regulated” growing season. The combined soil moisture readings approached
saturation near the surface during the spring snow melt. They also suggested higher
moisture amounts from precipitation during drier seasons; this moisture may be lost
through evapotranspiration as opposed to percolation.

Summary
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Hydrology and Growing Season—Pedons 417A and 417B
Pedons 417A and 417B do not exhibit wetland hydrology according to US–ACOE

(1987) requirements. Pedon 417A lacks piezometric head in its piezometers. Pedon
417B does exhibit piezometric head near the surface for an average of 8 days in the
shallow pipe and 7 days in the deeper pipe during the snow melt season but not
during the growing season designated by the US–ACOE.

Site-Specific Maps
Site-specific maps for the MHP 40-acre parcel were made first with the 1995

Regional Indicators and the 1996 National Indicators of hydric soils for onsite testing
purposes. The large disparity in hydric soils between the two, 60 percent National and
28 percent Regional, led to the recommendation that both manuals be revised. As a
result, the manuals of 1998 Regional and National Indicators have site-specific maps
with similar amounts of hydric soils (25 percent vs. 24 percent), which are close to the
US–ACOE hydrology (1987) estimate of 23 percent. This study provided sound
factual data which assisted the compromise between Regional and National Hydric
Soil Indicators and their respective manuals. Key recommendations were to change
the depth of redoximorphic features to just below the spodic horizon and to require a
gleyed matrix or redoximorphic features directly below a histic epipedon in the
Regional Indicators. The National Indicators committee took the A10 muck indicator
into consideration. The National Indicators now require “structureless” muck and the
record of a landscape position (concave positions or depressions).

The study showed that the vegetative map was highly dependent on one softwood
tree. The tree black spruce (a hydric indicator) needs further investigation because it
may have hybridized with red spruce (a non-hydric indicator). An investigation may
bring the hydrophytic plant community more in line with other site-specific maps.

Folistic and Histic Epipedons
Muck has created a challenge for soil scientists as an indicator of hydric soils at the

MHP. The National Indicator A10 (muck) had to be ignored when the site-specific
maps were made because the whole 40-acre parcel would have keyed out as hydric.
Muck is present at both dry and wet sites as a folistic epipedon and a histic epipedon,
respectively. Three transects were analyzed to find a field indicator to differentiate  a
histic epipedon from a folistic epipedon. The simple test of pH in water between an
extremely acid folistic epipedon and a slightly acid to strongly acid histic epipedon is
both intuitively and statistically different and should be used more widely. The
National Indicator A10 needs further study, and the term “structureless muck” requires
a better field definition in northern New Hampshire and other areas of Region R. Muck
is a mineral soil with elevated organic matter but does not qualify for organic soil
materials or histic/folistic epipedons. Muck is common in wet environments in thermic
or hyperthermic soil temperature regimes but not in frigid soil temperature regimes.

Suggested Further Study
Many questions that require further investigations arose during this study. A few of

the most important needed investigations are listed below (but not necessarily in order
of importance).

1)   Study the acreage difference between the hydrology maps based on the
US–ACOE (1987) growing season and a growing season based on a bud score
of 1.
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2)   Test both the hydric and upland areas used in the bud score method separately
and compare results.

3)   Focus on a few selected herbs and shrubs (especially yellow birch) as indicators
of growing season on upland and wetland (hydric) sites and extend this study to
southern New Hampshire in order to test its validity.

4)   Include redoximorphic potential data trends in the 417 site soil morphology portion
of the study. This additional data will back up the existing data and may help to
decipher the overriding processes of spodic development in Spodosols. Problems
with instruments freezing during the spring melt need to be overcome.

5)   Include water table levels of pedon 417C in order to study the soil morphologies
and water table influence in the 417 catena. This study will help to decipher soil
morphologies due to podzolization as opposed to the effects of water tables along
the drainage catena.

6)   Because podzolization is further complicated by water tables, examine ortstein
layers at the 417 catena in terms of iron chemistry, piezometric head, and
redoximorphic potentials.

7)   Further investigate the tree black spruce (a hydric indicator) because it may have
hybridized with red spruce (a non-hydric indicator). This investigation may bring
the hydrophytic plant community more in line with the other site-specific maps.

8)   Test pH throughout the 40-acre MHP on folistic and histic epipedons. An increase
in the number of samples/transects will increase the validity of the simple field
test. In addition, run analyses for other chemical properties that separated histic
and folistic epipedons in the pilot study (Appendices H and I).

9)   Produce cross sections of organic matter thickness across the folistic/histic
epipedon transects using a 2-meter interval. An aluminum rod of sufficient
diameter that would readily penetrate the organic layer but not the mineral
horizons should be used.

10)  At the end of 10 years of data gathering, compare soil temperatures at the same
depths to determine if soil temperature has significantly changed through the
years.
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Appendix A
Vegetation Plot Data Sheet Examples
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Appendix B
SCAN Site Schematic
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Appendix C
Pedon Description 417A and 417B

Instrument Placement in Pedon 417A Through 417E Transect

Pedon 417B Characterization Data
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Appendix D
Example of Raw Data From 417A and 417B Sub-Sites

Temperature Data (oC) at Depths of 6 Through 20 Inches
January 12-13, 2001
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Appendix E
Site Maps
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Appendix F
Estimated Growing Season Dates for Hanover, NH (1961-1990)

Source: National Water and Climate Center, USDA—NRCS, Portland, OR
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Appendix G
Bud Score Ratings for Possible Indicator Plants (1998-2001)
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Appendix H
Folistic/Histic Epipedon Transects

Folistic Transects—Field Results
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Appendix I
Folistic Transects—Lab Results
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