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reface

In many areas of the glaciated northeastern United States, forested wetlands dominated by red maple
(Acer rubrum) cover more of the landscape than all other nontidal wetland types combined. Yet
surprisingly little of their ecology, functions, or social significance has been documented. Bogs, salt
marshes, Atlantic white cedar swamps, and other less common types of wetlands have received
considerable attention from scientists, but, except for botanical surveys, red maple swamps have been
largely ignored. This report conveys what is known about these common wetlands and identifies topics
most in need of investigation.

Red maple swamps are so abundant and so widely distributed in the Northeast that their physical,
chemical, and biological properties range widely as well, and their values to society are diverse. The
central focus of the U.S. Fish and Wildlife Service community profile series is the plant and animal
communities of wetlands and deepwater habitats. However, the abiotic environment, particularly
hydrogeologic setting and water regime, is also of critical importance because it largely determines the
structure and species composition of the biota and controls major wetland functions and values. The
importance of abiotic factors is given especially strong emphasis in this profile.

For most aspects of red maple swamp ecology, significant research has been limited to one or two
studies; in some cases, there are no studies at all. For that reason, we have consciously avoided broad
generalizations in this report. Instead, we frequently present detailed results from isolated studies,
particularly where they were comprehensive or quantitative works. We hope such in-depth review will
shed light on the characteristics and functions of red maple swamps in other parts of the Northeast,
and even outside of the region.

Through our field research and work on this report, we have found red maple swamps to be highly
diverse, productive, aesthetically pleasing ecosystems that are of great significance to society. However,
our understanding of these wetlands is only beginning. We hope that the obvious information gaps
identified in our report will stimulate more investigation into the ecology of this valuable resource.

This community profile is one in a series coordinated by the U.S. Fish and Wildlife Service’s National
Wetlands Research Center. Questions or comments concerning this publication or others in the
community and estuarine profiles series should be directed to:

Center Director

U.S. Fish and Wildlife Service
National Wetlands Research Center
700 Cajundome Boulevard
Lafayette, LA 70506
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Acer rubrum (red maple) diagnostic features. 1. leaves, 2. flowering branch with male flowers, 3. fruiting branch,
3a. lower leaf surface, 3b. upper leaf surface, 4. bark, 5a. seed, 5b. fruit, paired samaras, 6a., b. male flowers, 7a.,
b. bisexual flowers. Drawing by K. Schmidt.
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Ecology of Red Maple Swamps in the Glaciated Northeast:
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and
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Abstract. This report is part of a series of profiles on the ecology of wetland and
deepwater habitats. This particular profile addresses red maple swamps in the glaciated
northeastern United States. Red maple (Acer rubrum) swamp is a dominant wetland
type in most of the region; it reaches its greatest abundance in southern New England
and northern New Jersey, where it comprises 60-80% of all inland wetlands. Red maple
swamps occur in a wide variety of hydrogeclogic settings, from small, isolated basins in
till or glaciofluvial deposits to extensive wetland complexes on glacial lake beds, and from
hillside seeps to stream floodplains and lake edges. Individual swamps may be seasonally
flooded, temporarily flooded, or seasonally saturated, and soils may be mineral or organic.
As many as five distinct vegetation layers may occur in these swamps, including trees,
saplings, shrubs, herbs, and ground cover plants such as bryophytes and clubmosses. On
a regional scale, red maple swamps support at least 50 species of trees, more than
90 species of shrubs and vines, and more than 300 species of nonwoody plants. These
swamps also provide habitat for a rich faunal community, including several
wetland-dependent species. In areas that are becoming urbanized, these wetlands often
constitute critical habitat for facultative species as well. Red maple swamps also are
important sites for flood storage, water quality improvement, recreation, scenic beauty,
and open space.

Key words: Swamp, red maple, Acer rubrum, forested wetlands, deciduous forest,
northeastern United States.
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Chapter 1. Introduction

Wetland Forests of the
Northeast

Classification

Forested wetland is the most abundant class of
wetland throughout the northeastern United States.
According to Cowardin et al. (1879), this class in-
cludes all wetlands with at least 3096 cover of trees
(i.e., woody plants 6 m or more in height). Wetland
forests are distinguished from upland forests by a
predominance of hydrophytes (plants adapted for life
in water or in saturated soil) and the presence of
undrained hydric soil, as defined by the U5, Soil
Conservation Serviee (LS. Soil Conservation Serviee
1991). Northeastern forested wetlands are contained
within the palustrine system, which includes all in-
tand wetlands dominated by persistent vegetation
{e.g., trees, shrubs, persistent emergents) and all
sther inland wetlands not contained in river channels
or lake basins (Cowardin et al. 19789). The three major
subclasses of palustrine forested wetlands in the
Northeast are needle-leaved deciduous, needle-
leaved evergreen, and brond-leaved deciduous.

Needle-leaved deciduous forested wetlands, domi-
nated by tamarack (Larix lurictng), are relatively
uncominon. They are generally Hmited to northern
New England and the higher elevations of New York,
western Massachusetts, and northeastern Pennsyl-
vania, where spruce (Picea spp.) and balsam fie (Ables
Iailsamea) forests dominate the upland landscape,
Needle-leaved evergreen forested wetlands are com-
mon throughout most of the Northeast. They are the
predominant subelass in the spruce-fir regions,
where black spruce (Picea mariana), northern white
cedar (Thuja occldentalis), and balsam fir are the
principal wetland tree species. Within 80 to 150 km
of the Atlantic const, from Massachusetts southward,
Atlantic white cedar (Chamaecyparis thyoides) for-
ested wetlands are common; isolated cedar swamps
are found as far north as southern Maine (Laderman
et al, 1987}, Seattered throughout the Northeast are
wetland forests dominated by a variety of other nee-
dle-leaved evergreens, chiefly eastern hemlock

(Tsuga canadensis), white pine (Pinus strobus), and
pitch pine (Pinus rigida).

Broad-leaved deciduous forested wetlands are
the predominant subclass in the Northeast. Abun-
dant in all parts of the region except for the spruce-
fir zones, broad-leaved deciduous wetland forests
occur in a variety of settings. On major river flood-
plains, dominant species typically include silver
maple (Acer saccharinum), eastern cottonwood
(Populus deltoides), ashes (Fraxinus spp.), black
willow (Salix nigra), sycamore (Platanus occiden-
talis), pin oak (Quercus palustris), elms (Ulmus
spp.), and river birch (Betula nigra) (Teskey and
Hinckley 1978a; Holland and Burk 1984; Metzler
and Damman 1985; Tiner 1985). Broad-leaved de-
ciduous forested wetlands also oceur in isolated up-
land depressions, at. the headwaters of streams, along
the shores of lakes and high-gradient perennial wa-
tercourses, and as wet expanses in broad valleys and
coastal lowlands. In all of these nonfloodplain set-
tings, and in the wetter parts of many floodplains as
well, the dominant species throughout the Northeast
almost invariably is red maple (Acer rubrum)
(Fig. 1.1). This community profile describes the ecol-
ogy of red maple forested wetlands in the glaciated
portion of the portheastern United States.

Red Maple Forested Wetlands

In red maple forested wetlands, red maple is the
dominant overstory species-—the "dominance type"
of Cowardin et al. (1979). In many broad-leaved
deciduous forested wetlands in the glaciated North-
east, red maple composes more of the canopy cover
than all other tree species combined. In southern
New England, where red maple forested wetlands
most closely approach a pure type, red maple com-
monly composes more than 90% of the cover (Lowry
1984). Toward the northern and western limits of
the region, subordinate species such as black ash
(Fraxinus nigra), green ash (F pennsvivanica),
American elm (Ulmus americana), and swamp
white oak (Quercus bicolor) assume relatively
greater impeortance; pin oak, black gum (Nyssa
sylvatica), and sweet gum (Liguidambar styraci-
flug) are more important in southern areas. Red
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Fig. 1.1. Broad-leaved deciduous forested wetland dominated by red maple (Acer rubrum).

maple forested wetlands are commonly referred to

as red maple swamps (Golet and Larson 1974), and’

that more familiar term will be used interchangeably
with "forested wetland" in this report.

For our purposes, the southern limit of the glaciated
Northeast coincides with the maximum extent of the
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most recent, or Wisconsin, glaciation (Flint 1971).
The region includes New England, all of New York
except for a small area along the Pennsylvania border
in the western part of the state, northeastern and
northwestern Pennsylvania, and northern New
Jersey (Fig. 1.2). While red maple swamps occur

& Fig. 1.2. Physiographic regions of the
~ glaciated Northeast (adapted from
Lull 1968 and Fenneman 1938). The
Catskill Mountains and Connecticut
River valley are shown for reference
pusposes, but are not considered sepa-
rate regions.
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throughout the glaciated Northeast, their size, Regional Setting

abundance, typical landscape positions, edaphic
characteristics, flora, and fauna all vary as a
result of the physiographic and climatic diversity

Physiography

of the region. The following section outlines the The phys'iogra;')hy of the glaciated No@east is ex-
regional setting or context within which north- tremely varied (Fig. 1.2, Table 1.1). Elevations range

eastern red maple swamps are found.

from sea level in the Coastal Plain and New England

Table 1.1. Synoptic outline of the physiographic regions of the glaciated Northeast (based on Fenneman
1938, Lull 1968, and Cunningham and Ciolkosz 1984).

Elevation above

Geology

Region sea level (m) Salient features
New England Seaboard <150 Narrow, low-lying coastal zone with
Lowland varied shoreline, including rocky
shores, barrier spits and islands,
and sand beaches

New England Upland  150-450  Elevated plain with rolling hills,
narrow valleys, numerous lakes;
also contains Connecticut River
valley (elev. <120 m)

White Mountains 450-1,800 White Mountains and adjacent
elevated lands formed by massive
granite intrusion; steep slopes
and narrow valleys

Green Mountains 250~1,200 Low mountain ranges, including
Green Mountains and Taconic
Range, separated by a narrow
valley

St. Lawrence Valley <150 Low-lying plain along St. Lawrence
River and in Lake Champlain
basin; scattered drumlins up to
30 m high

Adirondacks 600-1,500 Broad plateau (elevation approxi-
mately 600 m) in western portion,
mountains in east; more than

2,000 lakes
Great Lakes 30-90 Low-lying region between Finger
Lakes and Lakes Erie and
Ontarie
Glaciated Allegheny 370-600  Broad, uplifted plain west of
Plateau {average) Appalachians; elevations drop to

120 m in river valleys and climb
to 1,200 m in Catskill Mountains

Ridge and Valley 400-600  Long, narrow, flat-topped ridges
and deep valleys on western slope
of Appalachians; most of region
is unglaciated

Piedmont 60-90 Region of gentle slopes (relief
< 15 m) except in river valleys;
small segment of large, mainly
unglaciated region

Coastal Flain <60 Coastal strip limited to Cape Cod,
(average) Mass., Long Island, N.Y., and
northeastern N.J.; part of much
larger, primarily unglaciated,
region

Granite and schist in Maine, granite,
sedimentary, and metamorphic rocks
elsewhere; abundant stratified drift
in southern New England

Granite, gneiss, schist, slate, shale,
some Triagsic sandstone in
Connecticut River valley; diverse
glacial deposits dominated by till

Intrusive igneous rocks, mainly
granite, overlain by till

Slate and schist in mountains,
limestone and marble in lowland
between ranges

Glacial drift and marine clays and
sands over sandstone, limestone,
and shale

Precambrian igneous rocks, primarily
granite, overlain by till

Limestone, sandstone, and shale
overlain by glacial lake deposits and
other drift

Limestone, sandstone, shale, and
conglomerate; diverse glacial
deposits

Ridges: sandstone and conglomerate;
valleys: shale and limestone

Triassic sandstone, shale, and
conglomerate; extensive glacial lake
deposits in northern New Jersey

Glacial end moraines and outwash
over Cretaceous and Tertiary
sedimentary rocks




Seaboard Lowland regions to more than 1,600 m in
the White Mountains and Adirondacks. Coastal
areas (including the Great Lakes region) generally
are relatively flat, while mountainous regions are
characterized by steep slopes and narrow valleys.
The bulk of the Northeast falls within the New
England Upland and Glaciated Allegheny Plateau
regions, where moderate elevations (150-600 m),
rolling hills, and narrow river valleys predominate.

Bedrock types include primarily igneous and
metamorphic rocks through most of New England
and in the Adirondack Mountains and limestone,
sandstone, and shale in much of the rest of the
Northeast (Table 1.1). Unstratified glacial depos-
its, more commonly known as till, predominate in
the region. Stratified deposits are found in abun-
dance in lowlands near the glacial limit, especially
in southern New England (Seaboard Lowland) and
northern New Jersey (Coastal Plain and Pied-
mont), but also in deep preglacial valleys of central
New York and in low-lying areas within the Great
Lakes and St. Lawrence Valley physiographic re-
gions. Marine sediments occur in parts of the New
England Seaboard Lowland and St. Lawrence Val-
ley (Fenneman 1938; Lull 1968; Cunningham and
Ciolkosz 1984).

Climate

Climnate in the Northeast is highly varied because of
the wide range of physiographic conditions and the
influence of the Atlantic Ocean and Great Lakes (Cun-
ningham and Ciolkosz 1984). Variability in time and
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space is probably the most conspicuous aspect of the
region’s climate. There are wide ranges in daily and
annual temperatures, wide variations in tempera-
ture and precipitation for the same month or season
in different years, and marked fluctuations in
weather conditions over short periods (Ruffner
1985).

Throughout the glaciated Northeast, precipitation is
evenly distributed over the year. Total annual precipi-
tation ranges from more than 135 em in certain areas
of the White Mountains, Green Mountains, and Cat-
skills to less than 75 cm in the Great Lakes region and
the Lake Champlain basin (Moody et al. 1986). Mean
annual precipitation values for the various north-
eastern states are similar, however, generally averaging
102-122 em. Total snowfall varies greatly over the glaci-
ated Northeast. Annual amounts range from less than
81 cm on the Coastal Plain to as much as 400 em in parts
of the White Mountains (Lull 1968).

Mean annual air temperatures range from less
than 4° C in northern New England to 10° C in parts
of southeastern New England, northern New Jersey,
and northeastern Pennsylvania (Cunningham and
Ciolkosz 1984). Average daily minimum tempera-
tures in January are below freezing throughout the
glaciated Northeast, ranging from —18° C in northern
New England to -3° C along the Atlantic coast (Lull
1968). Average daily maximum temperatures in July
range from 21° to 30° C. The length of the freeze-free
period varies from less than 90 days in parts of the
White Mountains, Green Mountains, and Adiron-
dacks to 180-210 days in coastal areas of southern New
England (Lull 1968). Table 1.2 summarizes climatic

Table 1.2. Climatic data for the northeastern United States, by physiographic region (from Lull 1968).

Mean annual Mean annual

Mean freeze-

precipitation  snowfall Mean daily air temp. (°C)  free period
Region {cm) (em) Jan. min. July max. (days)
New England Upland 107 188 -13 27 128
New England Seaboard Lowland 109 145 -9 27 157
White Mountains 102 257 -16 26 112
Green Mountains 107 188 -12 27 111
Adirondacks 107 272 ~-14 27 114
Great Lakes® 84 190 -10 28 148
Glaciated Allegheny Plateau 102 163 -9 28 127
Ridge and Valley" 102 84 -6 26 159
Piedmont® 112 66 -4 31 172
Coastal Plain® 114 46 -3 29 192

®Includes climatic data from the St. Lawrence Valley region deseribed in this report.
Includes data from unglaciated states (West Virginia, Maryland, and Delaware) and from unglaciated portions of Pennsylvania

and New Jersey.
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data for each physiographic region in the North-
east.

Major Forest Regions

The forests of the glaciated Northeast can be di-
vided into five major regions (Fig. 1.3), which are
differentiated according to the forest associations that
dominate the upland landscape: spruce-fir, beech-
birch-maple, white pine-hemlock~hardwood, oak—
yellow-poplar, and pitch pine-hardwood. As compari-
son of Figs. 1.2 and 1.3 suggests, the configuration of
the various forest regions is determined largely by
physiography and related climatic factors.

Table 1.3 identifies the most common tree species
found on upland and wetland sites in the five forest
regions. Red maple swamps occur throughout the
Northeast, but their relative abundance and floristic
composition vary with physiography and forest region.
Generally, these wetlands are most abundant in the
white pine~hemlock-hardwood region and least abun-
dant in the spruce—fir region.

Ecology and Distribution of
Red Maple

Red maple is an extremely broadly adapted spe-
cies that occurs in both wetland and upland habi-
tats throughout the eastern United States (Fowells

N
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Fig. 1.3. Major forest regions of the glaci-
ated Northeast (after Lull 1968 and
Little 1979).

1965). It is found virtually everywhere east of the
100th meridian where precipitation is adequate to
support tree growth (Fig. 1.4). It occurs on dry,
moist, and wet soils derived from a wide variety of
bedrock types, ranging from acidic granites and
gneisses to basic sedimentary rocks such as lime-
stone. It grows on dry mountain ridges, in season-
ally flooded depressions with organic or mineral
soils, in mesic hardwood forests, in boreal conifer
forests, and in southern bottomlands. Both north-
ern and southern wetland studies characterize red
maple as a moderately flood-tolerant tree (Hall and
Smith 1955; Teskey and Hinckley 1978a, 1978b;
McKnight et al. 1981; Theriot 1988) that is most
common on sites that are intermediate in wetness
between permanent flooding and temporary or in-
termittent flooding (Buell and Wistendahl 1955;
Satterlund 1960; Monk 1966; Sollers 1973; Dabel
and Day 1977; Conner and Day 1982; Huenneke
1982). In the glaciated Northeast, red maple pre-
dominates in swamps where soils are saturated or
flooded from late fall through early summer in most
years.

The Society of American Foresters (SAF) cur-
rently recognizes 90 forest cover types in the east-
ern United States (Eyre 1980). Red maple is amajor
component (i.e., composes at least 20% of total
stand basal area) in five of these types and is listed
as an associated species in 63 others. It is a major
or associated species in 41 of the 43 forest cover
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Table 1.3. Principal tree species in upland and wetland forests of the glaciated Northeast, by forest region

(based primartly on Lull 18968; names modified after Little 1979).

Forest yegion  Upland forests Wetland forests Forest region  Upland forests Wetland forests
Spruce—fir Red spruce Black spruce {continued) American beech White pine
White spruce Tamarack Yellow birch Atlantic white
Black spruce Northern white Sugar maple cedar
Balsam fir cedar Other oaks
American beech Balsam fir Yellow-poplar
Yellow birch Red maple Hickories
. Sugar‘ maple Black ash . Red maple
Beech~l;1rch— Amencax'l beech Northern white Oak-yellow/ White oak Red maple
maple Yellow birch cedar )
poplar Northern red oak  Atlantic white
Sugar maple Black spruce
Eastern hemlock  Tamarack Black oak cedar
Black birch Red maple Scarlet oak Black gum
Red maple Black ash Chestnut oak
Basswood Hickories
White ash Yellow-poplar
Northern red oak Pitch pine~ Pitch pine Red maple
White pine- White pine Red maple hardwood Bear oak Black gum
hemlock— Eastern hemlock  Ashes Atlantic white
hardwood Northernred oak Eastern hemlock cedar

% Also frequently referred to as northern hardwoods.

types occurring in the glaciated Northeast. Of the
five forest cover types in which it is a major compo-
nent, three (white pine-northern red oak-red ma-
ple, gray birch-red maple, and black cherry-maple)
are upland forest types, one (black ash-American
elm-red maple) is a wetland type, and one (red
maple) may occur on either wetland or upland sites.
So, while red maple is the dominant tree in the vast
majority of broad-leaved deciduous wetland forests
in the Northeast, it is classified as a facultative
species, that is, one that occurs in wetlands from
one-third to two-thirds of the time (Reed 1988).
The distribution of red maple forested wetlands
generally coincides with the combined distributions
of the black ash~American elm-red maple cover
type (SAF type no. 39) and the red maple type (no.
108). The former type is found throughout the glaci-
ated Northeast and the Great Lakes States, and
from southern Manitoba to Newfoundland (Eyre
1980). In the Great Lakes States, black ash may be
as abundant as elm and red maple in this cover
type, but elsewhere it usually composes a small
percentage of the stand. American elm has greatly
declined in abundance due to Dutch elm disease, so
red maple has become the dominant species in the

black ash—-American elm-red maple type through-
out the Northeast.

The red maple cover type (SAF no. 108) is most
common in New England, the Middle Atlantic
States, the Upper Peninsula of Michigan, and
northeastern Wisconsin. Toward the western and
southern limits of its range, this type generally
occurs on wetland soils; in New England and the
Upper Peninsula of Michigan, it is found both in
wetlands and on dry, sandy, or rocky upland sites.
In Pennsylvania, most red maple stands are found
on mesic to dry upland sites (Eyre 1980).

The SAF established the red maple forest cover
type in 1980; before that, red maple was merely
listed as a codominant or associated species in a
number of other types. The dramaticincrease in the
proportion of red maple in many stands since the
previous SAF classification (SAF 1954) has been
attributed to disturbances such as logging and fire
and the progressive elimination of American elm by
Dutch elm disease (Eyre 1980). Production of heavy
seed crops nearly every spring, rapid seed germina-
tion, and vigorous sprouting from stumps and dam-
aged seedlings give red maple a competitive advan-
tage over associated species on a wide variety of
disturbed sites.



8 BIOLOGICAL REPORT 12

éﬁ’

LSS
SR

MILES
o 00 200 300 400
ST AR ST S

100° 90°

85°

Fig. 1.4. The range of red maple (after Fowells 1965). Dots along the western edge of the range represent isolated

or disjunct occurrences of the species.

Relative Abundance of Red
Maple Swamps

Statewide Wetland Inventory Statistics

The most comiprehensive statistics on the areal
extent of wetlands in the glaciated Northeast have
been compiled by the U.S. Fish and Wildlife Serv-
ice’s (FWS) National Wetlands Inventory (NWI).
As of this writing, statewide area statistics have
been published for New Jersey and Rhode Island
(Tiner 1985, 1989b) and are also available for
Vermont, Connecticut, and Massachusetts (R.

Tiner, U.S. Fish and Wildlife Service, Newton Cor-
ner, Mass., personal communication). National
Wetlands Inventory data also have been compiled
for 105 towns along coastal Maine (Fefer 1980)
and, on a sample basis, for the state of Pennsylva-
nia (Tiner and Finn 1986; Tiner 1989a). While the
NWI does not provide area statistics for red maple
swamps specifically, in most cases it does give
totals for the broad-leaved deciduous forested wet-
land subclass. For our purposes, these two catego-
ries are considered synonymous, and NWI statis-
tics for broad-leaved deciduous forested wetlands
are taken to represent the abundance of red maple
swamps in the states listed above.
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Table 1.4. Relative abundance of forested wetland and broad-leaved deciduous (BLD) forested wetland
in the glaciated northeastern United States (based on National Wetlands Inventory and New York

State Wetlands Inventory data®).

Total palustrine Forested BLD forested BLD forested
wetland wetland wetland wetland
State (ha) (%) (%) (ha)

Rhode Island 23,120 83 77 17,874
New Jersey” 42,148 68 68 28,644
Massachusetts 188,714 71 64 121,067
Connecticut 61,454 64 60 36,863
Maine® 76,802 64

Pemlsylvanjad 90,900 56

New York 360,905 48 34 123,934
Vermont 88,514 55 27 23,728

8 National Wetland Inventory (NWI) data were used for all states but New York. All NWI statistics except for Rhode Island
(Tiner 1989b), New Jersey (Tiner 1985), and Maine (Fefer 1980) are unpublished and were provided by R. Tiner, U.S. Fish
and Wildlife Service, Newton Corner, Mass. Statistics for New York were generated by the New York State Wetlands Inventory

(O’Connor and Cole 1989).

Y Data are from eight northern counties that are at least 50% glaciated: Sussex, Passaic, Bergen, Essex, Hudson, Warren, Morris,

and Union.
® Data are from 105-town coastal zone only (Fefer 1980).

Data are from glaciated regions of state only: Middle Western Upland Plain, Northern and Southern Poconos, and Other Glaciated
Northeast Pennsylvania. See Tiner (1989a) for region locations,

National Wetlands Inventory mapping has not
been completed in New York, but comparable state-
wide wetland area statistics have been generated by
the New York State Wetlands Inventory, which was
conducted by the state’s Department of Environ-
mental Conservation in the 1970’s (Hardy and
Johnston 1975; O’Connor and Cole 1989). Those
data have been used in this profile to estimate the
abundance of red maple swamps in New York.
Statewide wetland inventory statistics are cur-
rently unavailable for New Hampshire and Maine.

In the six states for which statewide NWI sta-
tistics are available, forested wetland constitutes
from 55% (Vermont) to 83% (Rhode Island) of all
palustrine wetland (Table 1.4). In New York, the
estimate is 48%, and in coastal Maine, 64%. Widoff
(1988) estimated an area of about 2 million hee-
tares of palustrine wetland in Maine as a whole, of
which 1.2 million (60%) are forested.

The broad-leaved deciduous subclass of forested
wetland predominates in all areas of the glaciated
Northeast except for the spruce-fir regions. In the
southern New England-northern New Jersey area,
broad-leaved deciduous forested wetlands compose
from 60 to 77% of all palustrine wetland (Table 1.4).
In the colder parts of the Northeast, particularly in
northern New England and the Adirondacks, broad-
leaved deciduous wetland forests decline in abun-

dance, while needle-leaved evergreen wetland for-
ests increase markedly. In Vermont, for example,
broad-leaved deciduous swamps constitute only
27% of all palustrine wetland; needle-leaved ever-
green swamps account for 24% of the total. Accord-
ing to NWI statistics, the total area of broad-leaved
deciduous forested wetland ranges from 18,000 ha
in Rhode Island to 121,000 ha in Massachusetts
(Table 1.4). New York has at least 124,000 ha
(O’Connor and Cole 1989).

Physiographic Variation in Wetland
Abundance

The size and relative abundance of inland wet-
lands (and red maple swamps) vary markedly from
one part of the glaciated Northeast to another, chiefly
as aresult of differences in topographic relief, surficial
geology, and related surface drainage. Wetlands are
especially abundant wherever topographic and geo-
logic conditions prevent water from freely infiltrating
soils or flowing off the land surface. In central and
eastern Maine, where shallow soils and a rolling,
bedrock-controlled landscape provide an abundance
of moisture at the surface year-round, wetlands have
been estimated to cover 9-12% of the landscape
(Widoff 1988). In southeastern New England, broad
lowlands, high regional groundwater tables, and
generally congested surface drainage also leadto a
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Table 1.5. Percentage of total land area in each glaciated northeastern state covered by palustrine

wetland and by
Wetlands Inventory data).”

forested wetland (based on National Wetlands Inventory [NWI] and New York State

Total Palustrine Forested BLD®
land area wetland wetland forested wetland

Siate (ha) (%) (%) (%)
Rhode Island 274,130 8‘3 7.0 gg
Massachusetts 2,027,568 9.3 6.6 X
Maine” 835,375 8.2 5.9
New Jersey! 534,534 7.9 5.4 5.4
Connecticut 1,262,267 49 3.1 2.9
Fermsylvania® 2,049,348 4.4 2.3
Vermont 2,402,712 3.7 2.0 1.0
New York 12,240 800 2.9 1.4 1.0

AW dnta were used for )l atates but New York. Al NWI statistics except for Rhode Island ('I'i'nt:r'lS)Z%Qb),‘ New: Jersey (Tiner
1853, and Maine (Fefer 19801 are unpublished and were provided by R. Tiner, U.S. Fish m‘)d Wildlife Service, Newton Corner,
Muxa, Statistics for New York were generpted by the New York State Wetlands Inventory (O'Connor and Cole 1989). NWI data

arve not available for New Hampshire,
BULD = broad-leaved deciduons,
atn are from 105 town constal zone only (Fefer 1980),

atn sre from cight northern counties that are at least 50% glacinted (see Table 1.4 for Hst).

FDaita nre from glaeiated regions of stnde ondy (Table 1.4).

greal. abundance of wetlands. In northern New
Jersey, large wetland complexes overlie the depos-
its of former glacial lakes Passaic and Hackensack
{Tiner 1985). National Wetlands Inventory statis-
Uies indieate that palustrine wetlands cover 8-%%
of the land area of Rhode Island, Massachusetts,
and glaciated New Jersey; broad-leaved deciduous
forested wetlands cover 5-6% of the land in those
states (Table 1.5)

In the White Mountaing, Green Mountains, Adi-
randacks, and Catskills, more rugged relief results in
a lesser abundance and smaller size of wetlands.
Broad-leaved deciduous wetland forests are often
linted to narrow streamside bands and isolated de-
pressions in those areas. In New York and Vermont,
prhustrine wetlands occupy only 3-4% of the land-
seape, and broad-leaved deciduous wetland forests
only 1% (Table 1.5). U.S. Forest Service statistics
sapgest that red maple forested wetland covers no
more than 1% of Maine (Towell and Dickson 1984)
arul New Hampshire (Frieswyk and Malley 1985) as
well.

Marked differences in wetland abundance are ap-
parent even within individual states. For example, in
the eastern (Seaboard Lowland) part of Massachu-
setts (Fig. 1.2), red maple swamps cover from 8 to 16%
of the various counties (U.S. Fish and Wildlife Serv-
ice, National Wetlands Inventory, Newton Corner,
Massachusetts, unpublished data). In Worcester
County, located in the central (New England Upland)
part of the state, red maple swamps cover 6% of the

land surface. West of the Connecticut River valley,
in the Green Mountains (Berkshire Hills) physiog-
raphic region, less than 3% of the land supports red
maple swamps. Similarly, the coverage of red maple
swamps ranges from 3 to 10% in the various coun-
ties of Rhode Island (Tiner 1989b) and northern
New Jersey (Tiner 1985).

Heeley (1973) demonstrated that Massachusetts
wetlands are relatively more abundant on stratified
glacial deposits and postglacial alluvium than on till
and bedrock, but the variation in wetland abundance
appears to be more a function of physiography than
surficial geology per se. In Massachusetts, stratified
drift and alluvium predominate in lowland areas of
the landscape where the land surface is relatively flat,
surface water from upstream areas collects, and re-
gional water tables are relatively high. Till and bed-
rock generally occur at higher elevations where relief
is greater, groundwater tables are deeper, and surface
water is scarce. In other areas of the Northeast, where
stratified drift is less common and till blankets the
lowlands as well as the hills, swamps may still be
numerous and extensive. For example, Jordan (1978)
tallied more than 4,000 wetlands on the 5,100-km2
Tug Hill Plateau, an elevated plain lying between the
Adirondack Mountains and Lake Ontario in New
York. More than 3% of those wetlands were located
on till. In northwestern Connecticut (Green Moun-
tains physiographic region), Messier (1980) calcu-
lated that 5-7% of the land was wetland; of this, 95%
was underlain by till.
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Chapter 2. The Physical

Environment

Surficial Geology

Most of the unconsolidated geologic deposits
covering the northeastern landscape were laid
down during the Wisconsin continental glaciation
(Flint 1971). Since the retreat of the glacier
12,000-18,000 years ago, glacial deposits, often
referred to as drift, have been eroded, weathered,
and, in some instances, buried by postglacial
windblown (aeolian) or water-carried (alluvial)
material. The physiographic diversity that is so
characteristic of the glaciated Northeast results
from highly varied preglacial bedrock-controlled
topography, as well as glacial and postglacial
erosion, transport, and deposition. This combina-
tion of geologic conditions and hydrology controls
the size, distribution, and, to a large extent, the
form and functions of northeastern wetlands. The
influence of bedrock on wetlands is largely hydro-
logic (e.g., perching of groundwater) and chemi-
cal. While some wetlands in the region occur
directly on bedrock, most red maple swamps have
developed in unconsolidated surficial deposits.
For this reason, we place major emphasis on sur-
ficial geology.

The surficial geologic deposits of the glaciated
Northeast can be broadly categorized as follows:

A. Glacial deposits
1. Till
2. Stratified drift
a. Glaciofluvial deposits
b. Glaciolacustrine deposits
¢. Glaciomarine deposits
B. Postglacial Deposits
1. Stream terrace deposits
2. Modern fluvial deposits (alluvium)
3. Aeolian deposits

The origin and characteristics of the three
principal types of surficial deposits—till, strati-
fied drift, and alluvium-—are outlined below;
their relative positions on the landscape are
illustrated in Fig. 2.1. Glaciomarine deposits,
which include stratified drift laid down in ma-

rineorestuarineenvironments;streamterracede-
posits,which represent historic floodplains; and
aeolian deposits, which consist of a thin mantle of
fine sand or silt deposited by wind shortly after
deglaciation, are of limited extent in the Northeast
and thus are rarely associated with red maple
swamps. Unless otherwise indicated, the following
descriptions follow Flint (1971).
Tull

Till is a heterogeneous mixture of particles,
ranging in size from clay to boulders, that was laid
down directly by the glacier as it moved or as it
melted. Material deposited beneath the glacier is
often fine grained and exceedingly compact due to
the weight of the overlying ice. This "lodgement
till" is commonly encountered as a dense, low-per-
meability soil layer. Till dropped during melting of
the ice, often referred to as ablation till, is fre-
quently lighter and thus more permeable. In gen-
eral, however, the poor sorting of particles in till
results in permeabilities that are far lower than
those found in most stratified drift deposits (Motts
and O'Brien 1981). Lodgement till typically exhib-
its hydraulic properties comparable to clay or bed-
rock. The thickness of till deposits in the Northeast
ranges from a few meters, where bedrock is close
to the surface, to tens of meters. Till and bedrock
are generally exposed in topographically high ar-
eas of the landscape; in lowland areas, they are
commonly buried beneath stratified drift or post-
glacial deposits.

Stratified Drift

This category of glacial deposits includes material
laid down in glacial streams or lakes. Following maxi-
murn glacial advance, some 18,000-21,000 years ago
in the Northeast, the ice front receded in pulses over
several thousand years. As the glacier retreated,
meltwater issuing from beneath the ice deposited
stratified sediments in low areas of the landscape
(Koteff 1974).
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Fig. 2.1. Relative landscape positions of the principal types of surficial geologic deposits (modified after Morrissey

1987).

Glaciofluvial Deposits

Stratified materials deposited by flowing melt-
waters, either in contact with the ice (ice-contact
deposits) or beyond the margin of the gladier (pro-
glacial deposits), are referred to as glaciofluvial de-
posits. Particle size and the degree of sorting of
glaciofluvial deposits are largely a function of trans-
port. distance and energy levels in the depositional
environment. Fluvial deposits laid down beneath,
alongside, oron top of the ice typically congist of coarse
sands and gravels with poor sorting, and they some-
times include bodies of till that have slumped off the
melting ice. Proglacial deposits, also known as out-
wash, are generally better sorted and become finer
grained with Increasing distance from the glacial
front. Because of their sorting and coarse texture,
many glaciofluvial deposits have high permeability,
and where sufficient thicknesses occur, as in deep
preglacial valleys, the deposits constitute aquifers
caprble of supplying municipal wells (Motts and

O'Brien 19813

Glaciolacustrine Deposits

Sediments deposited in the standing water of gla-
cial lakes generally are referred to as glaciolacustrine
deposits. These deposits include fine sand, silt, and
clay that settle out of the water colummn, as well as
coarser material that is deposited by currents flowing
down the face of 1ake deltas. Till dropped from melting
blocks of glacial ice may also be incorporated in these

deposits. Glaciolacustrine deposits are generally of
low permeability, although highly permeable hori-
zons may occur (Motts and O'Brien 1981). Where
glaciofluvial and glaciolacustrine deposits are laid
down more or less contemporaneously and in close
association, they are often referred to as a morpho-
logical sequence (Koteff 1974). Several such se-
quences may be laid down during deglaciation in a
given locale, and in some cases these interrelated
fluvial and lacustrine deposits are mapped as a
single surficial geologic unit.

Alluvium

The silt, sand, and gravel deposited by modern
streams, either in the channels or on their flood-
plains during overbank flooding, are collectively
referred to as alluvium. On surficial geology maps,
these deposits typically appear only along large,
low-gradient perennial streams; along small
strearns, alluvium is commonly discontinuous or
too thin or narrow to be mapped.

Hydrogeologic Settings of Red
Maple Swamps

Red maple swamps occur in many different loca-
tions on the landscape, from small, isolated basins
in till or glaciofluvial deposits to extensive wetland
complexes on glaciolacustrine deposits, and from
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Table 2.1. Hydrogeologic classification of northeastern inland wetlands (after Hollands and Mulica 1978).

1. Wetlands directly associated with bedrock
A. Wetlands fed by groundwater discharging from fracture porosity (joints, fractures sheeting) in bedrock
B. Wetlands fed by groundwater discharging from faults
C. Wetlands created by perched water tables on bedrock created by glacial erosion or differential weathering
D. Wetlands bordering and in streams flowing through predominantly bedrock valleys
1I. Wetlands associated with thick till deposits”
A.  Wetlands created by perched water tables in till basins
B. Wetlands created by perched water tables on till slopes
C. Wetlands associated with streams flowing in predominantly till valleys
D. Wetlands associated with local or regional water tables discharging in till areas
{II. Wetlands associated with glacial stratified deposits
A. Glaciofluvial wetlands
1. Kettles
2. Wetlands associated with groundwater discharging at the ice-contact slope of a head of outwash
3.  Wetlands associated with meltwater channels on the surface of the morphological sequence
4. Wetlands associated with streams flowing on the morphological sequence
5. Wetlands associated with the intersection of the water table and the morphological sequence surface
B. Glaciolacustrine wetlands
1. Kettles
2. Wetlands associated with groundwater discharging from ice-contact slopes
3.  Wetlands associated with streams flowing on a delta surface
4, Wetlands associated with meltwater channels on a delta surface
5.  Wetlands associated with groundwater discharge at the distal edge of deltaic deposits
6. Wetlands associated with groundwater discharging from boettomset beds
7.  Wetlands associated with perched water tables on bottomset beds
8. Wetlands associated with streams flowing over bottomset beds
9. Wetlands associated with the intersection of the water table and the delta surface
IV Wetlands associated with glacial or postglacial stream terrace deposits
A.  Wetlands perched on stream terrace deposits
B. Wetlands associated with abandoned stream channels on stream terrace deposit surface
C. Wetlands created by the intersection of the water table with the stream terrace deposit surface
V. Wetlands associated with recent alluvial deposits and floodplains

Wetlands associated with perched water tables
Areas subject to flooding (1- to 2-year storm frequency)

moaow»

Wetlands created by the intersection of the water table with alluvial or fleodplain surfaces
Wetlands associated with abandoned stream channels, oxbows, and point bar deposits
Wetlands consisting of the stream or river and its channe! but not having a 1- to 2-year floodplain

BThe transition from bedrock- to till-controlled wetlands may be vague.

hillside seeps at the headwaters of streams to
stream floodplains and lake edges. Some swamps
are fed primarily by groundwater, some mainly by
surface runoff, and some by stream or lake overflow.
Taken together, the geologic and hydrologic fea-
tures of a particular site may be referred to as its
hydrogeologic setting. While there has been rela-
tively little research on this aspect of red maple
swamps, it is clear that hydrogeologic setting is a
primary determinant of water regimes, water
chemistry, plant community structure and floris-

tics, and groundwater recharge and discharge rela-
tionships.

Table 2.1 details the great variety of situations
in which northeastern inland wetlands occur in
association with bedrock, till, glaciofluvial depos-
its, glaciolacustrine deposits, stream terrace de-
posits, and recent alluvium or floodplain deposits.
Within each of these geologic settings, wetlands
may differ in the nature of the hydrologic system.
For example, wetlands located over bedrock or till
may be hydrologically isolated from the local or




14  Biovocical, Repourt 12

regional groundwater table by the rock or by low-
permeability layers within the till; they may be fed
directly by groundwater discharging from bedrock
or till; or they may be associated with streams
flowing over the surface of these materials. Wet-
lands may occur in any of a wide variety of settings
on stratified drift as well, ranging from fluvial
ice-contact sites to proglacial lacustrine situations.
Red maple swamps are found in virtually all of the
hydrogeologic settings listed in Table 2.1.

Novitzki (1979a, 1982) created a hydrologic
classification for wetlands in Wisconsin that is
applicable throughout the glaciated Northeast and
is particularly useful for a functional analysis of
wetland hydrology. His approach emphasizes the
source of the water feeding each wetland and the
resulting hydrologic processes. Depending upon
whether the wetland is fed primarily by surface
water or groundwater, and whether it is located in
a depression or on a slope, it is placed into one of
the following four classes: surface-water depres-
sion, surface-water slope, groundwater depres-
sion, or groundwater slope. While some wetlands
are intermediate in characteristics between two or
more of these classes, most {it reasonably well into
one of the four categories. Red maple swamps occur
in all of these hydrologic situations; however, most
are either groundwater depression wetlands or
groundwater slope wetlands. The basic charac-
teristics of each hydrologic class, taken from
Novitzki (1982), are outlined below.

Surface-water Depression Wetlands

In these wetlands, precipitation and overland flow
{surface runoff) collect in a depression where there is
little or no groundwater discharge (Fig. 2.2). Water
leaves the wetland principally by evapotranspiration
and infiltration (groundwater recharge). The wetland
hydrologic system lies above the local or regional
groundwater system and s isolated from it by an
unsaturated zone; thus, it is said to be "perched." In
the glaciated Northeast, surface-water depression
wetlands are most likely to form over bedrock or till
deposits in topographically elevated areas of the land-
scape; however, they may develop in lowland kettles
or ice-block basins that formed in glaciolacustrine or
fine-textured glaciofluvial deposits. Because surface-
water depression wetlands are characteristically un-
derlain by a low-permeability layer that causes water
to accumulate above it, groundwater recharge
through that layer may be limited. The relative wet-
ness of the basin depends upon the volume of overland
flow entering it, the degree of permeability of under-

lying strata, and basin depth. Water level fluctua-
tion may be great in small surface-water depression
wetlands that receive much surface runoff.

Surface-water Slope Wetlands

These wetlands are located along the edge of a
stream or lake or on the sloping surface of a flood-
plain. They may occur on till or stratified drift but
are commonly found on alluvium. While these wet-
lands are also fed by precipitation and overland
flow, the principal source of water is the overflow
of the adjacent water body (Fig. 2.2). The sloping
surface of the wetland permits water to drain
readily back to the lake or river as its stage falls.
As was the case with the previous class, the wet-
land surface usually lies well above the local water
table, so groundwater discharge to the wetland is
negligible or nonexistent. Groundwater recharge
from the wetland is possible, depending on the
permeability of underlying surficial deposits, but
because much of the infiltrating water may remain
in the soil only briefly before discharging back into
the lake or river, it is commonly considered "bank
storage" rather than recharge. Water levels tend to
fluctuate more rapidly in streamside wetlands
than in lakeside wetlands.

Groundwater Depression Wetlands

These wetlands occur where a basin intercepts
the local groundwater table, so that the wetland is
fed by groundwater discharge as well as precipita-
tion and overland flow (Fig. 2.2). Classic groundwa-
ter depression wetlands have no surface drainage
leaving the site; however, occasional streamflow out
may cccur from basin overflow. Groundwater inflow
may be continuous or seasonal, depending upon the
depth of the basin and the degree of fluctuation of
the local water table. During those periods when
the wetland water level is higher than the local
groundwater table (e.g., after major precipitation
events in dry seasons), groundwater recharge may
occur. Groundwater may enter the wetland basin
from all directions, or it may discharge in one area
and recharge in another. In the glaciated North-
east, groundwater depression wetlands are most
likely to occur in stratified drift, particularly in
coarse-textured glaciofluvial deposits where rela-
tively rapid movement between groundwater and
surface water can occur. Water levels decline
throughout the growing season, but at a slower rate
than in surface-water depression wetlands because
groundwater inflow replaces some of the water lost
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Fig. 2.2. Inland wetland hydrologic classes (based on Novitzki 1979a, 1982). The shaded area is the groundwater
zone; its upper surface is the water table.
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Fig. 2.3, Red maple swamp in the groundwater depression hydrologic class.

by evapotranapiration. Continuing groundwater in-
flow may cause wetland water levels to rise in the fall,
when evapotranspiration declines, often in excess of
direct precipitation inputs. The red maple swamp
shown in Fig. 2.3 18 s groundwater depression wetland.

Groundwater Slope Wetlands

These wetlands occur where groundwater dis-
charges ns springs or seeps at the land surface and
drains away as stresmflow (Fig. 2.2). Most commonly,
these wetlands occur on hillsides over till deposits
{(Fig.2.4) or at the base of hills where stratified drift
arid 1l come into contact. The great majority of red
muaple swarnps located at the headwaters of streams
are groundwater slope wetlands. The local water table
slopes {oward the wetland surface. Where groundwa-
ter indlow s continnuous, the soil remains saturated. At
many sites, however, groundwater inputs cease during
late summer or early fall as evapotranspivation de-
pletes soil moisture in the root zone, in which case the
aoil ig only seasonally saturated. Fermanent ponding
of water is prevented by the sloping land surface, but
water may collect temporarily in isolated depressions.
Precipitation and overland flow provide additional
water to the wetland on an intermittent basis. Ground-
water recharge may ocour in the wetland after such

events, but amounts are likely to be negligible,
especially where wetland soils have formed over
dense lodgement till deposits. Where such deposits
are present, groundwater slope wetlands may be
fed primarily by shallow groundwater systems
perched above the regional system.

Messier (1980) is one of the few researchers to
describe the hydrologic settings of northeastern red
maple swamps specifically; he also addressed the
influence of setting on water regime, soil fertility, and
swamp floristics, In his survey of northwestern Con-
necticut wetlands, Measier found red maple swamps
in three distinctly different hydrologic settings; he
referred to them as perched swamps, spring swamps,
and valley swamps. Perched swamps, found in iso-
lated basins over bedrock and compact till deposits,
are equivalent to Novitzki's (1982) surface-water de-
pression wetlands. Dormant season water levels in
these wetlands were well above the ground surface
{2030 cm or more) and relatively stable. During the
growing season, water levels fluctuated widely; they
rose sharply after major rain events, but typically
dropped below the surface by late summer due to
evapotranspiration and the absence of significant
groundwater inflow. Spring swamps, which corre-
spond to Novitzki's groundwater slope wetlands, were
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Fig. 2.4. Red maple swamp in the groundwater slope hydrologic class. This swamp is located on a
hillside over till deposits; the boulders are glacial erratics.

most commonly found at the bases of hills where
groundwater running downslope over bedrock or
dense till layers discharged at the surface during
early spring. By late August, water levels had
dropped as much as 60 c¢m. Valley swamps appear
to be intermediate between groundwater slope and
groundwater depression wetlands. They occurred
in level or gradually sloping valley bottoms com-
posed of till or, less commonly, glaciofluvial depos-
its. They received large amounts of both surface
runoff and groundwater from adjacent till slopes.
As a result, some valley swamps held a meter or
more of surface water during early spring and still
had water levels within 10 am of the surface in early
July. While water levels were below the surface for
more than half the growing season, they did not
drop as far as in the perched swamps. Valley
swamps were commonly drained by streams.

Hydrologic Budgets in Red
Maple Swamps
The possible avenues of water inflow and outflow

in a red maple swamp are summarized in Fig. 2.5.
As shown in the previous paragraphs, the hydro-

logic setting of each wetland determines how many
of the possible components are in its water budget
and how large each component is. Over one or more
years, the input-output equation can be expected
to balance; during any given year, inputs generally
equal or exceed outputs during the dormant season,
while outputs (primarily evapotranspiration) pre-
dominate during the growing season. Hence, in
northeastern red maple swamps, water levels are
normally highest during the winter and spring, and
lowest during late summer or early fall.

O’Brien (1977) developed the most detailed
water budget analysis for red maple swamps in the
glaciated Northeast. Although his data were gath-
ered from only two wetlands during a single relatively
dry year (annual precipitation 20% below normal),
the study provides valuable information on relative
inflows and outflows in different geologic settings,
and it describes seasonal changes characteristic of a
large proportion of the red maple swamps in this
region. The two red maple forested wetlands studied
by O'Brien were located 1.6 km apart, about 22 km
northwest of Boston, Mass. Small streams arose
within, and drained, each wetland, but neither site
had streams entering (i.e., both were groundwater
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Fig. 2.5. Inflow-outflow components and
water budget equation for a red maple
swamp (based on Novitzki 1982).

P« OF + SWI + GW! = ET «+ SWO + R

whaere: P = precipitation falling on the wetland
OF = overland flow into the wetland
8wl = streamfiow into the wetiand

GWI = groundwater flow into the wetiand

ET = evapotrangpiration out of the wetland

SWQO = streamflow out of the wetland

R = rgcharge from wetland to groundwater

slope wetlands). Other pertinent information on
the two wetlands is given in Table 2.2.

Total surface-water discharge from each wet-
Jarid amounted to approximately 48% of precipita-
tion. The spring months (March-May) accounted
for T0-75% of the total annual discharge at both
sites. By analyzing well and stream hydrographs,
(YBrien determined that nearly 93% of the total
discharge from both wetlands originated as
groundwater inflow. The discharge of groundwater
was relatively rapid, however, and O’'Brien sur-
mised that there was insufficient storage to main-
tain perennial streamflow. While both red maple
swamps were primarily zones of groundwater dis-
charge; the Conant Road wetland recharged the
groundwater system for 6 weeks in the late sum-
mer and early fall. During this dry period of the
year, the volume of groundwater recharge from the
wetland was several orders of magnitude greater
than surface-water discharge.

Low vertical permeability in the well-decom-
posed organic goil at the Route 2 wetland caused
artesian conditions to exist at that site for most of
the year; groundwater was prevented from dis-
charging at the surface of the wetland by the
organic soils. High horizontal permeability in
these soils allowed groundwater to discharge lat-

erally along the edges of stream channels. Where
the channels had cut through the entire organic
deposit, exposing the underlying sands, groundwa-
ter discharge was considerable. The artesian pres-
sure beneath the organic material was relieved by
discharge of groundwater into the stream channels
instead of to the wetland surface; consequently, the
surface was relatively dry during much of the
growing season.

Woo and Valverde (1981) reported similar find-
ings from a study of a perched red maple swamp
in southern Ontario. During 1 year of detailed
hydrologic measurements, they found that water

Table 2.2. General characteristics of red maple
forested wetlands studied by O’Brien (1977).

Route 2 Conant Road
Feature wetland wetland
Surficial geology Glaciofluvial Til
Wetland size (ha) 85 72
Watershed size (ha) 319 290
Seil® lmsapric 3 m hemic-fibric

2 Sapric refers to well-decomposed organic soil, while hemic and
fibri¢ refer to moderately well decomposed and poerly
decomposed erganic soils, respectively.



in the 1-m-thick organic soils was rapidly depleted
by evapotranspiration. During the study period
(April to November), total evapotranspiration from
the wetland was roughly equal to rainfall, and
streamflow out of the swamp was maintained by
streamflow in. Water storage in the peat was insuf-
ficient to sustain flows in tributary channels
throughout the year, but the swamp soils absorbed
much of the rainfall from summer storms, thereby
temporarily maintaining flow in some of the wet-
Jand streams.

In light of the great variety of hydrogeologic
settings in which red maple swamps occur, the
results reported by O'Brien (1977) and Woo and
Valverde (1981) probably represent only a fraction
of the hydrologic variability to be encountered in
this wetland type. The magnitude of the various
components in the water budget of individual wet-
lands can be expected to vary with topographic and
hydrogeologic setting, watershed size, soil compo-
sition, relative development of surface-water
drainage systems, and other site factors. Until
detailed water-balance studies are conducted in
red maple swamps in a wide variety of settings,
relationships between these wetlands and associ-
ated groundwater and surface-water systems can
be described only in general terms.

Water Regimes

Definitions and Key Characteristics

The net result of all inflow and outflow of water
to and from a wetland at any point in time is
indicated by the position of the water level in the
wetland. The elevation and degree of fluctuation of
the water table with respect to the land surface
over time is referred to as the wetland’s water
regime (Golet and Lowry 1987). Because of the
wide variation in water levels among years in
many wetlands, water-regime descriptions are
most meaningful, particularly from an ecological
standpoint, when expressed as the condition to be
expected in most years.

Cowardin et al. (1979) recognized eight nontidal
water regimes, two of which accurately depict the
hydrologic conditions found in northeastern red
maple swamps (Table 2.3). Most red maple for-
ested wetlands located in basins and fed by
groundwater as well as overland flow (i.e., ground-
water depression wetlands) are seasonally flooded
(see Fig. 2.6). The temporarily flooded regime oc-
curs primarily in surface-water depression wet-
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Table 2.3. Water regimes of northeastern red maple
swamps.

Water regime Definition

Seasonally flooded®  Surface water is present for ex-
tended periods, especially
early in the growing season,
but is absent by the end of
the season in most years;
when surface water is absent,
the water table is often near
the land surface

Temporarily flooded® Surface water is present for brief
periods during the growing
season, but the water table
usually lies well below the
s0il surface for most of the
season

Seasonally saturated® The soil is saturated to the sur-
face, especially early in the
growing season, but unsatu-
rated conditions prevail by
the end of the season in most
years; surface water is absent
except for groundwater seep-
age and overland flow

& Definition according to Cowardin et al. (1979).
Definition by the authors of this community profile.

lands and surface-water slope wetlands, where
groundwater inflow is minimal and overland flow
or overbank flooding by streams and lakes pro-
vides the principal source of water for the wetland.
Red maple is found in temporarily flooded situ-
ations, but frequently the duration of flooding and
soil saturation at such sites during the growing
season is so brief that species better adapted to
those conditions predominate. In southern Rhode
Island, for example, pin oak and swamp white oak
commonly dominate the temporarily flooded zone
of surface-water depression wetlands located in
till. On northeastern stream floodplains, a variety
of tree species, including silver maple, ashes, cot-
tonwood, black willow, boxelder (Acer negundo),
American elm, and sycamore, usually dominates
the temporarily flooded zone, while red maple is
found mainly in seasonally flooded depressions,
where soils are saturated for longer periods. In
rare instances, red maple swamps located along
tidal fresh rivers may be tidally influenced (e.g.,
McVaugh 1958).

Red maple swamps on hillsides fed by ground-
water discharge (i.e., groundwater slope wetlands)
are not flooded, in the strict sense, but are best
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Fig. 2.6. Seasonally flooded red maple swamp. Surface water is present during the dormant season and
for the early part of the growing season in most years.

deseribed as representing the "saturated" water
regime of Cowardin et al. (1979). However, this
water-regime modifier was developed primarily to
address permanently saturated, nonflooded wet-
lands such as bogs; therefore, its application fo
hillside seeps and other nonflooded wetlands,
where the soil is saturated mainly during the early
part of the growing season, is not entirely satisfac-
tory. For this reason, we prefer to use the term
"seasonally saturated” (Table 2.3) to describe the
water regime of these swamps (Fig. 2.4).
Although the broad water regimes listed in
Table 2.3 are useful for wetland classification and
mapping, more precise, quantitative measures of
water level activity are needed for examination of
the influence of hydrology on the structure and
functions of red maple swamps. Some pertinent
water level measures, which may be expressed on
a growing season, annual, or multiyear basis, in-
clude the following: average water levels, water
level fluctuation (i.e., range), frequency of flood-
ing, hydroperiod (i.e., duration of surface flood-
ing), and flood-free period (i.e., duration of surface
drawdown). Accurate portrayal of a wetland's
water regime requires measurements of such hy-

drologic features during a period of several years.
Unfortunately, these data are scarce for most wet-
land types in the United States, red maple
swamps included.

Water Levels in Rhode Island Swamps

The most extensive data on water regimes inred
maple swamps come from two studies conducted
in southern Rhode Island. In the first study, re-
ported by Lowry (1984), water levels were moni-
tored for 7 years in six relatively wet swamps
containing organic soils ranging in depth from 0.5
to 4.8 m. The second study focused on the relation-
ships among hydrology, soils, and vegetation in the
transition zones between three red maple swamps
and adjacent upland forests (Davis 1988; Allen
1989; Allen et al. 1989; Sokoloski 1989). In the
latter study, 3 years of water level data were gath-
ered from a broad range of wetland soils: very
poorly drained organic soils, very poorly drained
mineral soils, and poorly drained mineral soils.
Somewhat poorly drained and moderately well-
drained upland soils were sampled as well (see
Table 2.4 for descriptions of soil drainage classes).
The results of these two studies provide the only
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Table 2.4. Soil drainage classes (after Wright and Sautter 1979).

Drainage class

Characteristics

Excessively drained
Somewhat excessively drained

Well drained

Moderately well drained

Brightly colored; usually coarse-textured; rapid permeability; very low
water-holding capacity; subsoil free of mottles®

Brightly colored; rather sandy; rapid permeability; low water-holding
capacity; subsoil free of mottles

Color usually bright yellow, red, or brown; drain excess water readily,
but contain sufficient fine material to provide adequate moisture for
plant growth; subsoil free of mottles to a depth of at least 91 cm

Generally any texture, but internal drainage is restricted to some degree;
mottles common in the lower part of the subsoil, generally at a depth of
46-91 cm; may remain wet and cold later in spring; generally suited for

agricultural use
Somewhat poorly drained

Remain wet for long periods of time due to slow removal of water;

generally have a slowly permeable layer within the profile or a high
water table; mottles common in the subsoil at a depth of 20-46 ¢cm

Poorly drained

Dark, thick surface horizons commonly; gray colors usually dominate

subsoil; water table at or near the surface during a considerable part of
the year; mottles frequently found within 20 cm of the soil surface

Very poorly drained

Generally thick black surface horizons and gray subsoil; saturated by

high water table most of the year; usually occur in level or depressed
sites and are frequently ponded with water

#See the section on soils in this chapter for a discussion of the significance of mottles.

detailed account of water level activity in season-
ally flooded and seasonally saturated red maple
swamps. The following discussion of water levels
is based on their findings.

General Patterns

Water levels in red maple swamps are highly
dynamic; marked variations among seasons,
years, and swamps are typical. Figure 2.7 shows
the general pattern of water level activity in sea-
sonally flooded red maple swamps, based on
Lowry’s (1984) study. From an annual high in the
spring (April~-May), water levels at all six sites
declined to their lowest points in late summer or
early fall. The low point commonly occurred in
September, but ranged from July to October, de-
pending on the amount and distribution of precipi-
tation in the particular year. High water levels
ranged from 20 em above the surface to 20 cm
below in most years, but low water levels were far
more variable. In the wettest year of the study
(1979), three of the swamps had water at or above
the surface during the entire measurement period
(mid-April to mid-December); water levels at the
other sites remained within 30 cm below the sur-
face in that year. In the driest years of the study
(1980, 1981), water levels at all sites dropped more
than 50 cm below the surface, and at some sites a
subsurface depth of 1 m was exceeded.

Differences in water levels among sites were
greatest at the end of the summer, when water
levels were lowest (Fig. 2.7). The greatest differ-
ences were observed in the driest years. Lowry
(1984) concluded that these differences in low
water levels resulted from differing amounts of
groundwater inflow at the various sites, a factor
determined by hydrogeologic setting and soil type
(Bay 1967; OBrien 1977). In nearly every year,
water levels were clearly influenced not only by
total precipitation, but also by distinct weather
patterns or unusual events (e.g., heavy rains asso-
ciated with Hurricane Belle in August of 1976;
exceptionally high rainfall in May of 1978 and
June of 1982; abnormally high, well-distributed
rainfall in 1979; and consistently low rainfall
throughout 1980 and 1981).

Inspection of the water level hydrographs
(Fig. 2.7) revealed that most of the sites studied by
Lowry (1984) met the definition of seasonally
flooded (Table 2.3), while the others were season-
ally saturated. The soils at all of those sites were
very poorly drained. In the transition-zone study,
all of the wetland stations—poorly drained and
very poorly drained—were seasonally saturated;
except for brief rainfall events, surface water was
absent during the growing season in most years.

Figure 2.8 provides a 3-year record of water
levels at 2 of the 54 wetland stations monitored
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Fig. 2.7. Water levels in six Rhode Island red maple swamps during a 7-year period. Annual precipitation values
are shown in parentheses. Mean annual precipitation for 1951-80 was 123.2 cm (data from Lowry 1984).
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Fig. 2.8. Groundwater levels in very poorly drained (VPD) and poorly drained (PD) soils in Rhode Island red maple
swamps during a 3-year period. Each curve represents a single monitoring station selected to portray average
conditions for that drainage class. Both stations had a seasonally saturated water regime. Growing season
precipitation totals are shown in parentheses (. C. Golet, unpublished data).



during the transition-zone study. The stations are
representative of average water level activity in a
very poorly drained mineral soil (Scarboro series,
a Histic Humaquept) and a poorly drained mineral
soil (Walpole series, an Aeric Haplaquept). Al-
though water levels at the two stations differed by
30-60 cm, seasonal and annual patterns were
similar. At both stations, there were large vari-
ations between years in growing-season water lev-
els; however, dormant-season water levels at each
station were similar in the 3 years of observations.

Mean monthly precipitation in southern Rhode
Island ranges from about 7.5 ¢m in June and July
to 11.8 em in March and November, while eva-
potranspiration ranges from 16.5 cm in July to
essentially zero during the dormant season (Uni-
versity of Rhode Island Weather Station, King-
ston). Monthly evapotranspiration is relatively
constant from year to year. Thus, water level
fluctuation within each year is due primarily to
seasonal variations in evapotranspiration rates,
whereas yearly differences in water levels are
caused by annual variations in precipitation. The
response of water levels to annual variations in
precipitation in seasonally saturated swamps
(Fig. 2.8) closely mirrored the response of water
levels in the seasonally flooded swamps (Fig. 2.7).
Growing-season precipitation was 41% above the
30-year mean in 1985, roughly equal to the mean
in 1986, and 20% below the mean in 1987.
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Specific Hydrologic Attributes

A comparison of data gathered by Lowry (1984)
and values generated by the Rhode Island transi-
tion-zone project (Table 2.5) indicates that, during
a period of several years, growing-season water
levels in Rhode Island red maple swamps averaged
about 15-25 c¢m below the surface for very poorly
drained soils and 60 em below the surface for
poorly drained soils. The extent of annual water
level fluctuation varied widely among years, but
was remarkably similar from one swamp to an-
other, particularly at Lowry’s sites (Fig. 2.7). In
both studies, water level fluctuation at individual
sites ranged from less than 10 em in wet years to
more than 1.2 m in dry years. On the average,
water levels fluctuated 35-50 em each year in very
poorly drained soils and about 70 em in poorly
drained soils. Water levels dropped more than
80 cm below the surface at the majority of the
poorly drained stations at some time each year.

The duration of surface flooding varied widely as
well. At the seasonally flooded sites, surface water
was present from late November or December into
June in most years. The 7-year mean hydroperiod
at these sites ranged from less than 10% to about
50% of the growing season (Lowry 1984). At the
transition-zone sites, very poorly drained soils had
surface water less than 2% of the growing season,
on the average, while poorly drained soils were
never flooded during the 3-year study (Table 2.5).

Table 2.5. Hydrologic characteristics of seasonally saturated soils from Rhode Island red maple swamps
during the growing season (15 April-30 November) (data from Allen et al. 1989 and Department of
Natural Resources Science, University of Rhode Island, Kingston, unpublished data).

Very poorly drained soil Poorly
Organic Mineral drained soil
Characteristic® (n=6)" (n=19)" (n=14"
Mean water level (em) -18.7 -22.4 -59.0
(Range) (~10.7 to -32.6) (-4.6 to -45.6) (-34.3 to ~88.8)
Water level fluctuation (cm) 339 47.5 71.2
(Range) (16 to 56) (9t 98) {21 to 121)
Hydroperiod (% of growing seasomn) 0.6 14 0
(Range) (010 3.8) 0to11.1)
Water level duration within
30 cm of surface (% of
growing season) 87.1 726 7.8
(Range) (46.9 to 100) (24.2 to 100) (010 36.4)

#Based on weekly measurements at, three swamps during 3 years.

n = total number of monitoring stations at three study sites.
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The duration of soil saturation has been shown
to influence plant species distribution (Huffman
and Forsythe 1981; Paratley and Fahey 1986) and
soil morphology (Zobeck and Ritchie 1984; Evans
and Franzmeier 1986). Because most of the tree,
shrub, and herb roots in red maple swamps are
located within 30 ¢cm of the ground surface, the
percentage of the growing season during which the
water table is within that zone may be of consider-
able significance. In the transition-zone study,
water levels at the very poorly drained stations
were within 30 em of the surface for more than 70%
of the growing season, on the average; at the poorly
drained stations, however, water levels were within
that zone less than 10% of the time (Table 2.5).
These figures might suggest that poorly drained
soils are too dry to support wetland vegetation;
however, anaerobiosis (depleted oxygen condi-
tions), not soil saturation, defines the wetland soil
environment. Anaerobiosis occurs when oxygen
consumption by plants, soil microbes, and chemical
reactions in the root zone exceeds oxygen diffusion
from the surface. Meeks and Stolzy (1978) sug-
gested that when air-filled pores constitute less
than 10-20% of the total soil volume, many of the
narrow soil pore spaces become blocked by water,
and direct gas exchange with the atmosphere is
eliminated.

In the Rhode Island transition-zone study, air-
filled porosity at various soil depths was deter-
mined through the use of field tensiometers and
complementary laboratory studies (Allen 1989). Al-
though the water table at the poorly drained sta-
tions was within 30 em of the soil surface for only
brief periods during the growing season, air-filled
porosities at a depth of 30 crn were at or below 15%
for 49% of the season (Table 2.6). As might be
expected, average periods of restricted aeration in
the root zone were longer at the very poorly drained
stations (91-100% of the growing season). By com-
parison, restricted aeration was evident at the 30-
cm depth for less than 15% of the growing season
at the somewhat poorly drained and moderately
well drained (nonwetland) stations adjacent to the
swamps,

Soils

Data compiled by the U.S. Soil Conservation
Service (U.S. Soil Conservation Service National
Hydric Soils and SOI-5 Data Bases, Iowa State
University, Ames) indicate that red maple occurs on
over 200 hydric (wetland) soil series or phases in

Table 2.6. Percentage of the growing season during
which air-filled porosity at a 30-cm depth was
15% or less in sotls from Rhode Island red maple
swamps and adjacent upland forests, based on
weekly measurements at three sites during 3
years, 1985-1987 (data from Allen 1989).

Percentage of
growing season®
Soil drainage class” r®  Mean Range?
Red maple swamps
Very poorly drained
Organic soil 6 99.6 97.8-100.0
Mineral soil 18 914 69.6-100.0
Poorly drained 14 494 17.4-88.0
Upland forests
Somewhat poorly
drained 7 13.0 7.6-24.7
Moderately well
drained 9 3.8 2.2-6.5

#15 April through 30 November.

?See Table 2.4 for drainage class definitions.

® n = number of sampling stations per soil category.

“Includes the lowest and highest 3-year percentages recorded
at any stations in a particular soil category.

the glaciated Northeast. The number of hydric soils
on which red maple is the dominant tree is un-
known. A few studies have described soil properties
in red maple swamps specifically (Laundre 1980;
Messier 1980; Huenneke 1982; Lowry 1984; Pa-
ratley and Fahey 1986; Sokoloski 1989), but in light
of the great diversity of soils found in this wetland
type, discussion of data from isolated studies would
be inappropriate. This section outlines the more
general features of red maple swamp soils.

Basic Types: Organic and Mineral

Two basic categories of soils are found in red
maple swamps: organic soils and mineral soils.
Organic soils, also known as Histosols, are readily
identified by an organic surface layer at least 40 cm
thick. Mineral soils have less than 40 cm of organic
material on the surface. Organic material is soil
material that is composed of at least 12-20% or-
ganic carbon (20-36% organic matter) by weight
(Soil Survey Staff 1990). Organic material is di-
vided into three categories—fibric, hemie, and
sapric—based on the degree of decomposition of the
plant tissues. In fibric material, three-fourths or
more of the soil volume after rubbing consists of



plant fibers. The fiber content of sapric material
after rubbing is less than one-sixth of the soil vol-
ume. Hemic material is intermediate in fiber con-
tent between fibric and sapric materials.
Generally, the proportion of organic material in
a wetland soil is determined by scil temperature
and the duration of anaerobic conditions, both of
which regulate microbial decomposition rates
(Bowden 1987). In red maple swamps, where soil
saturation is seasonal, anaerobic conditions occur
near the soil surface during only a portion of the
growing season; organic matter is more readily
decomposed during aerobic periods. As a result, the
organic material in the soils of red maple swamps
is predominantly sapric (well decomposed) or, less
commonly, hemic (moderately well decomposed).
Often, sapric and hemic horizons alternate in the
same soil profile (Lowry 1984), suggesting that a
swamp's water regime may shift over time.

Hydric Soil Drainage Classes

As noted previously, swamp soils also can be dis-
tinguished by drainage class. Descriptions of the basic
soil drainage classes appear in Table 2.4. In the glaci-
ated Northeast, hydric soils include (1) very poorly
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drained and poorly drained soils where the water
table lies within 15-45 cm of the surface for more
than 2 weeks during the growing season, the mini-
mum depending on soil texture and permeability; (2)
somewhat poorly drained soils that have a water table
within 15 cm of the surface for more than 2 weeks
during the growing season; and (3) soils that are
frequently ponded or flooded for at least 7 consecu-
tive days during the growing season (U.S. Soil Con-
servation Service 1991). As indicated earlier, north-
eastern red maple swamps have primarily very
poorly drained or poorly drained soils. Very poorly
drained soils typically occur in seasonally flooded
basins, although they are sometimes found on slopes
where groundwater inflow keeps the soil wet for
extended periods during the growing season. Poorly
drained soils are saturated seasonally, but seldom
have standing surface water. A red maple swamp
with both of these soil drainage classes is shown in
Fig. 2.9.

Soil Type and Wetland Setting

Unless the natural hydrology of a swamp has
been altered, its soil type (organic or mineral) is
usually a direct indication of relative site wetness.

Fig. 2.9. Seasonally saturated red maple swamp containing poorly drained (foreground) and very poorly
drained (midground) soils. These wetlands are common along upland drainageways throughout the
glaciated Northeast.
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Organic soils are always very poorly drained,
while mineral soils may occur in any drainage
class. As is the case with plant community compo-
sition, the organic matter content of a soil changes
continuously along a moisture gradient. The wet-
test red maple swamps frequently have peat
depths exceeding 1 m; depths of more than 6 m
have been recorded (W. A. Niering, Connecticut
College, New London, personal communication).
Carlisle muck, a Typic Medisaprist with at least
1.3 m of organic material, is one of the most com-
mon soil series in red maple swamps throughout
the Northeast. Swamps with organic soils most
often occupy well-defined basins in the lowest
areas of the landscape, where they are fed by the
regional groundwater system, as well as by sur-
face runcff and streamflow in some cases. Cold air
drainage into such wetlands from surrounding
upland areas also contributes to reduced organic
matter decomposition rates. Swamps with min-
eral soils generally occur at the edge of organic
swamps, on stream floodplains, or on hillsides
where soil moisture is depleted earlier in the sum-
mer by evapotranspiration. Poorly drained min-
eral soils usually have surface organic matter
accumulations of less than 20 em; very poorly
drained mineral soils may have up to 40 em.

Physical and Morphologic Properties

Below the organic layer in swamp soils there
is often a dark gray or black highly organic min-
eral horizon, followed by increasingly lighter
“low-chroma" horizons, some of which also may
contain orange or yellow "high-chroma" mottles
{Tiner and Veneman 1987). Mottles are streaks,
apots, or blotches different in color from the pre-
dominant color of the soil matrix. Permanent or
prolonged saturation often produces bright-gray
or blue-gray "gleyed" horizons, whereas alternat-
ing saturation and aeration, caused by water
table fluctuation, produces mottles. The depth to
gleying or mottling is one of the primary criteria
for the identification of both soil drainage classes
(Table 2.4) and hydric soils (Federal Interagency
Committee for Wetland Delineation 1989).

The texture of mineral horizons may vary
widely, from clay to coarse sand, depending on the
nature of the surficial deposit from which the soil
formed. In some swamps, organic deposits are
underlain by marl (caleium carbonate) layers that
were originally deposited in freshwater lakes (see

Hutton 1972). Mottling and gleying are most ob-
vious in silty or clayey soils such as those that
develop from till, glaciolacustrine deposits, or al-
luvium. Mineral horizons that develop from
glaciofluvial material are usually relatively
coarse. While mottling is not often apparent in
sandy soils, organic matter may accumulate im-
mediately below low-chroma horizons from which
it has been leached by water table fluctuation,
marking the position of the low-water table.

In Rhode Island, Sokoloski (1989) found that the
presence of pale brown mottles (chroma <3) within
30-40 cm of the mineral soil surface was a useful
indicator of the upland limit of red maple swamps
in sandy soils. Comprehensive field criteria for
distinguishing wetland soils from upland soils are
described in the Federal Manual for Identifying
and Delineating Jurisdictional Wetlands (Federal
Interagency Committee for Wetland Delineation
1989).

Base Status and pH

Throughout most of the glaciated Northeast, the
soils of red maple swamps are acidic and low in
available plant nutrients. Anaerobic decomposition
of organic material creates organic acids that may
lower soil pH. The pH of wetland soils may be
neutral or alkaline in areas with high base satura-
tion, where groundwater carries calcium and mag-
nesium from the surrounding landscape to the wet-
land. (Base saturation is the percentage of a soil’s
cation exchange capacity that is saturated with
exchangeable bases such as calcium and magne-
sium.) Most of the glaciated Northeast is charac-
terized by bedrock and surficial deposits with low
base content. These materials do not provide suf-
ficient quantities of calcium and magnesium to
groundwater to neutralize or markedly raise the
base content of the soils in red maple swamps.
Figure 2.10 identifies the major areas in the
Northeast with high base saturation; these are
the areas most likely to have alkaline wetland
soils. Occasionally, even where wetland soils
form directly over calcareous materials such as
limestone or marl, the organic surface horizons
may be acidic (Malecki et al. 1983; Paratley and
Fahey 1986). In such cases, mineral-poor layers
become functionally isolated from mineral-rich
layers below, thereby affecting nutrient avail-
ability and the floristic composition of the plant
community.
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S Limit of Wisconsin
Glaciation

Fig. 2.10. Major areas of the glaciated Northeast with high soil base saturation. These areas are depicted on the
General Soil Map of the Glaciated Northeastern United States (Smith 1984) as Alfisols or as Inceptisols with
Eutrochrepts as the dominant soil map component. Soils with high base saturation occur in other parts of the
region as well, but are too limited in area to map at this scale.
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Chapter 3. The Plant Community

The two most fundamental aspects of the plant
community in red maple swamps are community
structure and floristic composition. Community
atructure refers to the physical composition of the
plant community in terms of vegetation height,
density, percent cover, and similar characteristics,
and the relative development of various life-form
layers. Structure is of special importance be-
cause of ita relation to certain wetland functions
and values, such as wildlife habitat, flood flow
alteration, and forest biomass production. The
floristic composition of a swamp, like its struc-
ture, may be a valuable indicator of the prevail-
ing water regime, nutrient status, microclimate,
or land-use history. Changes in either species
composition or structure over time may reflect
significant changes in these or other environ-
mental conditions,

Descriptions of the plant community of north-
eastern red maple swamps come primarily from
surveys of natural areas and preserves (Goodwin
194%2; Niering 1953; Niering and Goodwin 1962,
1965; Egler and Niering 1967, 1971; Kershner
1975; Profous and Loeb 1984), statewide wetland
surveys (Metzler 1982; Tiner 1985, 1989,
Metzler and Tiner 1992), research on green-tim-

ber impoundments (Reed 1968; Golet 1969;
Malecki et al. 1983), and studies of individual and
often unusual swamps (Wright 1941; Baldwin
1961; Eaton 1969; Fosberg and Blunt 1970; Vogel-
mann 1976). The most detailed floristic informa-
tion has been gathered in plant community sur-
veysconducted asabasisforwetlandclassification
or for purely descriptive purposes (Nichols 1915,
1916; Conard 1935; Spurr 1956; Damman and
Kershner 1977; Greller 1977; Messier 1980; Huen-
neke 1982). The majority of these surveys were
carried out in Connecticut or on Long Island, New
York. Only a few studies (Cain and Penfound 1938;
Vosburgh 1979; Laundre 1980; Braiewa 1983;
Lowry 1984; Swift et al. 1984) have been designed
specifically to examine some aspect of red maple
swamp ecology, Quantitative studies have been
limited primarily to southern New England (An-
derson et al. 1980; Messier 1980; Braiewa 1983;
Lowry 1984) and New York (Stewart and Merrell
1937; Goodwin 1942; Huenneke 1982; Malecki
et al. 1983; Paratley and Fahey 1986).

Figures 3.1-3.5 illustrate some of the more com-
mon members of the red maple swamp plant com-
munity.
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Quercus bicolor

Fig. 3.1. Common broad-leaved deciduous trees of northeastern red maple swamps. See text and Table 3.3 for the
relative importance and occurrence of these and other species in various sections of the glaciated Northeast.
Drawings by A. Rorer.
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w

I
Nemopanthus mucronata

Fig. 3.3. Common shrubs of northeastern red maple swamps. See text and Table 3.3 for the relative importance and
occurrence of these and other species in various sections of the glaciated Northeast. Drawings by A. Rorer.
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Community Structure

Red maple swamps contain as many as five
distinct vegetation life-form layers: trees, saplings,
shrubs, herbs, and ground cover (Fig. 3.6). In this
report, trees are considered to be woody plants at
least 6 m tall (after Cowardin et al. 1979), while
saplings are woody plants of tree form that are
shorter than 6 m. In mature red maple swamps
(i.e., those at least 40-50 years of age), the tree
canopy typically forms a layer about 8 to 15 m
above the forest floor. Sapling crowns are most
evident at a height of 3 to 6 m above the ground;
however, at most sites, the sapling layer is the most
poorly developed. The shrub layer includes woody
plants that are usually less than 3 m tall. Shrub
foliage is commonly dense and often extends to
within a meter of the ground. The herb layer con-
sists of nonwoody erect plants such as ferns,
grasses, sedges, and broad-leaved herbs that are
normally less than 1.5 m tall. Bryophytes, club-
mosses (Lycopodiaceae), trailing shrubs (e.g.,
Rubus hispidus, Gaultheria procumbens), and
other low-growing plants form the ground cover
layer. Vines such as greenbriers (Smilax spp.),
Virginia creeper (Parthenocissus quinquefolia),
and poison ivy (Toxicodendron radicans) also are
a conspicuous component of many red maple
swamps. Tree, shrub, and herb strata predominate
in most red maple swamps, and we will emphasize
these life forms in this report.

The following paragraphs present a description
of plant community structure in northeastern red
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maple swamps. Studies on this topic have been few;
most have been conducted in southern New Eng-
land, New York, or New Jersey. While some of the
New Jersey sites lie outside the glaciated North-
east, they are included here because of their obvi-
ous similarity, both structurally and floristically, to
swamps farther north. Quantitative data from the
studies cited in this section often cannot be com-
pared directly because of differing definitions of the
life forms sampled. Variations among sites in stand
age, origin (sprout vs. seedling), and environmental
conditions such as water regime also confound com-
parisons among studies. Nevertheless, the follow-
ing data provide a general picture of community
structure in several areas of the Northeast.

Tree Layer

Forested wetlands in the United States are gen-
erally characterized by high stem density, high
basal area, and tree heights in excess of 10 m
(Brown et al. 1979). Trees in northern swamps
(235° N latitude) tend to be shorter and to have
lower basal areas than trees in southern swamps,
A review of structural data from mature north-
eastern red maple swamps (Table 3.1) suggests
that tree heights are comparable to those from
other temperate, nonfloodplain wetland forests
(Brown et al. 1979), but tree density and basal area
are commonly below average.

Heights of red maple stands 30-100 years of age
span a relatively narrow range. Stand heights re-
ported from southern New England and northern
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Fig. 3.6. Structural profile of a seasonally flooded red maple swamp. Itlustrated are tree (>6 m), sapling (3-6 m),
ghrub (<3 m), and herb (K1.5 m)klayersA Mound-and-pool microrelief also is depicted.



New Jersey averaged 13-15 m (Table 3.1). This
narrow range suggests that height growth in red
maple is rapid during the first 30-40 years and
then slows considerably. Individual red maple trees
may attain heights exceeding 25 m (Anderson et al.
1980), but such specimens are not common.

Stand density values reported for red maple
swamps vary widely, depending upon the mini-
mum size of stems tallied (Table 3.1). Stems at
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least 10 cm in diameter or at least 6 m tall number
200-1,000/ha (average usually 450-750/ha). High-
est densities generally occur in young, sprout-ori-
gin stands (Braiewa 1983). Basal area values for
northeastern red maple swamps range from less
than 12 mz/ha to more than 40 mz/ha. Lowest av-
erage values have been reported from Rhode Is-
land, and highest values from New Hampshire and
northern New Jersey. Close inspection of Table 3.1

Table 3.1. Structural characteristics of the tree layer in northeastern red maple swamps.

No.
Characteristic stands Mean® Rangeb Comment Source State
Stand height
(m) 3 13.2 12.6-13.7 Unpublished data®  RI
3 14.0 12.8-164 Stand ages 32-55 years  Braiewa (1983) RI
6 14.3 104-16.1 Stand ages 55-105 years Lowry (1984) RI
12 15.1 13.5-17.7 Merrow (1990) RI
5 12.8 7.9-15.6 Swift et al. (1984) MA
1 14.8 Taylor (1984) NJ
1 15.2 Meyers et al. (1981) - NJ
Stand density
(stems/ha) 6 471 295-1758 DBH® > 10 cm Lowry (1984) RI
12 511 342-1,002 Height 26 m Merrow (1990) RI
3 631 528-791 Height 26 m Unpublished data® RI
3 1,958 908-3,067 DBH>4.1cm Braiewa (1983) RI
2 876 827-925 DBH225cm Reed (1968) NY
1 737 DBH2 10 em Taylor (1984) NJ
1 1,458 DBH2>7.6cm Meyers et al. (1981) NJ
5 1,290 910-1,570 DBH > 2.5 cm; stand Ehrenfeld and NJ°
ages 46-104 years Gulick (1981)
10 1,349 DBH > 2.5 cm; stand Ehrenfeld (1986) NJ°
ages 50-100 years
Basal area
(m%ha) 6 21.6 11.6-33.1 DBH2 10cm Lowry (1984) RI
3 22.7 20.1-24.9 Height > 6 m Unpublished data® RI
12 234 17.1-30.3 Height 26 m Merrow (1920) RI
1 272 Red maple portion of Paratley and NY
conifer-hardwood swamp Fahey (1986)
2 37.8 36.5-39.0 DBH> 10em DeGraaf and Rudis NH
(1990)
1 16.6 DBH2 10 cm Taylor (1884) NJ
1 41.3 DBH2 7.6 ecm Meyers et al. (1981) NJ
5 29.3 19.5-37.2 DBH225cm Ehrenfeld and NJ°
Galick (1981)
10 29.2 DBH225cem Ehrenfeld (1986) NI

2 Average of stand means, except where n = 1.
Range of stand means.

€ Data from Rhode Island transition-zone study (see the section on hydrology in chapter 4).

Diameter at breast height (1.4 m).
©Study conducted outside the glaciated Northeast.
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suggests a strong correlation between basal area
and stand density.

In mature red maple forested wetlands, canopy
cover commonly exceeds 80% (Miller and Getz
1977a; Lowry 1984; Merrow 1990). Lower values
are most likely in old stands where gaps have been
created by tree mortality, in stands that have been
logged or subjected to recent hurricanes or other
extreme weather events, and at sites too wet to
support continuous forest cover.

Shrub Layer

Most red maple swamps in the Northeast are
characterized by a dense, well-developed shrub
layer (Ehrenfeld and Gulick 1981; Lowry 1984;
Ehrenfeld 1986). This stratum is typically domi-
nated by broad-leaved deciduous shrubs 2-3 m
tall (Figs. 2.3 and 2.6), but lower shrubs, vines,
saplings, and tree seedlings may be present as
well. Broad-leaved evergreen shrubs, such as
mountain laurel (Kalmia latifolia), sheep laurel
(K. angustifolia), and inkberry (Ilex glabra), com-
pose a small percentage of the cover at some sites,
and needle-leaved evergreens, including balsam
fir and American yew (Taxus canadensis), may be

an important component of the understory in
some red maple swamps in northern New Eng-
land. A unique, often monotypic, shrub stratum
found in some southern New England swamps is
formed by great rhododendron (Rhododendron
maximum), a broad-leaved evergreen that may
reach heights of 5-6 m (Fig. 3.7). Where this spe-
cies predominates, other shrubs and herbs usually
are scarce (Lowry 1984). While the shrub layer is
well developed in most undisturbed red maple
swamps, it may be practically nonexistent in
young forests that have developed directly from
wet meadows without an intervening shrub stage
(Fig. 3.8), or in forests that are grazed by cattle.
Shrud abundance may vary widely within a
swamp as well.

Total shrub cover exceeds 50% in most red
maple swamps, but reported values range from as
low as 21% to as high as 99% (Table 3.2). The
extent of cover varies not only among swamps, but
also among shrub height classes. Nearly all of the
dominant shrub species in red maple swamps
range from 2 to 4 m in height at maturity; as a
result, this height class constitutes the bulk of the
cover at most sites. In six mature Rhode Island
swamps, for example, cover values for saplings

Fig. 3.7. Red maple swamp with understory dominated by great rhododendron (Rhododendron
maximum),




Fig. 3.8. Young red maple forested wetland with a poorly
developed shrub layer. This swamp was formerly a
wet meadow dominated by tussock sedge (Carex
stricta).

(4-6 m), tall shrubs (1-4 m), and short shrubs
(<1 m) averaged 6, 73, and 44%, respectively
(Lowry 1984). Total shrub cover generally de-
creases as the tree canopy becomes more closed;
however, values of 50-70% are common even in
swamps with canopy cover exceeding 85% (Lowry
1984; Merrow 1990).

Shrub density in red maple swamps is variable,
but often exceedingly high (Table 3.2). Densities
for shrubs at least 2.0-2.5 cm in stem diameter
range nearly 20-fold among nonfloodplain sites,
from as low as 470 stems/ha (Ehrenfeld and
Gulick 1981) to as high as 8,000 stems/ha (Lowry
1984). Densities for shrubs with smaller diame-
ters (including shrub seedlings) range even
more widely, from 4,000 stems/ha (Reed 1968) to
more than 130,000 stems/ha (Lowry 1984).
Shrub stem diameter and density are both de-
termined to a great degree by the age and
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growth form of the dominant shrub species. Spe-
cies such as highbush blueberry (Vaccinium co-
rymbosum), speckled alder (Alnus rugosa), and
spicebush (Lindera benzoin) commonly grow in
clumps, producing stems that are large in di-
ameter (often exceeding 4 cm) but few in number,
especially in old stands. Rhizomatous shrubs such
as sweet pepperbush (Clethra alnifolia), on the
other hand, generally have smaller stems but
occur in very dense stands.

The important contribution of the shrub stra-
tum to the overall structure of the red maple
swamp community can be seen by comparing the
relative basal areas of shrubs and trees. In six
Rhode Island swamps, shrubs composed from 32
to 68% of the total basal area of woody stems;
values averaged about 7 m%ha for stems at least
2.5 cm in diameter, and 8 m%ha for smaller stems

(Lowry 1984).

Herb Layer

The herb layer in red maple swamps varies
markedly in height, density, and percent cover.
In swamps where tall herbs such as cinnamon
fern (Osmunda cinnamomea) predominate, the
height of the herb layer may exceed 1.5 m
(Fig. 3.9); at other sites, it may be less than
0.5 m. Mean cover values for individual swamps
range from zero to nearly 90% (Table 3.2). Be-
cause forest structure, hydrology, and other site
conditions are unique to each swamp, and the
herb layer is particularly sensitive to environ-
mental gradients (Allen et al. 1989), a "typical"
herb layer structure cannot be described. Since
the abundance of herbs is clearly influenced by
light intensity at the forest floor, tree and shrub
cover and foliage density are key controlling
factors. In swamps where shrubs such as great
rhododendron form a nearly complete cover near
the ground, herbs are almost nonexistent; where
shrub cover is moderate to sparse, herb cover is
usually greater (Lowry 1984). In swamps where
shrub cover is not a limiting factor, herb abun-
dance may be controlled more by water regime,
surface microrelief, or other abiotic factors.

Species Richness

On a regional scale, the flora of red maple
swamps is rich, including at least 50 species of
trees, more than 90 species of shrubs and vines,
and more than 300 species of nonwoody plants
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Table 3.2. Structural characteristics of the shrub and herb layers in northeastern red maple swamps.

No.
Characteristic stands Mean® R:mgeb Comments Source State
Shrubs
Cover (%) 6 6 3-16 Height 4-6 m Lowry (1984) RI
73 53-~93 Height 1-4 m Lowry (1984) RI
44 28-90 Height <l m Lowry (1984) RI
12 87 77-99 Height <6 m Merrow (1990) RI
3 34 28-42 All shrub species Braiewa (1983) RI
oF 55 21-27 Height <2m Miller and Getz CcT
(1977a)
Density 6 4,667 2,250~8,000 BDY>2.5 cm and DBH®  Lowry (1984) RI
(stemg/ha) <10 em
86,656 38,188~132,812 BD<25cm Lowry (1984) RI
91,323 14,810~186,440  All stems <10 cm DBH Lowry (1984) RI
3 61,000 49,000~71,000 DBH <4.1 em Braiewa (1983) RI
2 4,068 3,796-4,340 DBH <25 cm Reed (1968) NY
1 18,046 Understory woody plants Paratley and NY
>0.5 m tall; red maple Fahey (1986)
portion of mixed conifer-
hardwood swamp
2 2,630 1,960-3,300 DBH 2.5-10 cm DeGraaf and Rudis NH
(1990)
710 490-930 DBH <2.5 cm and height DeGraaf and Rudis NH
>1.5m (1990)
16,000 Height <1.5m DeGraaf and Rudis NH
(1990)
1 878 DBH 2.5-7.6 cm Taylor (1984) NJ
5 2,986 470-5,510 BD 2.5 cm Ehrenfeld and NJf
Gulick (1981)
2 245 BD >2.0 cm; Ehrenfeld (1986) NJf
floodplain sites
4 2,457 BD >2.0 cm; dry Ehrenfeld (1986) NJ*f
hardwood swamps
4 4,470 BD >2.0 cm; wet Ehrenfeld (1986) NJf
hardwood swamps
Basgl area 6 6.69 3.10-11.58 BD >2.5 cm and DBH Lowry (1984) RI
(xr*/ha) <10 em
8.19 4.22-13.08 BD <2.5 cm Lowry (1984) RI
Herbs
Cover (%) 6 29 2-70 Nonwoody vascular plants Lowry (1984) RI
and woody vines
12 22 0-57 Nonwoody vascular Merrow (1990) RI
plants only
3 19 17-22 Nonwoody vaseular plants Braiewa (1983) RI
and trailing plants
a° 43 1288 Miller and Getz (1877a) CT

2 Average of stand means, except where n = 1.

Range of stand means.

° Nurnber of transects sampled in red maple swamps; number of different stands not stated.

dBasal diameter.

© Diameter at breast height (1.4 m).
£ Study conducted outside the glaciated Northeast.



Fig. 3.9. Red maple swamp with an herb layer dominated
by cinnamon fern (Osmunda cinnamomeq). This is the
most common species of fern in northeastern
sSWamps.
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(Table 3.3). At any single site, however, a few spe-
cies usually predominate. In the tree layer, the
average number of species recorded per swamp
(sources in Appendix A) is about four (range 1-9).
In southeastern New England swamps, red maple
alone may compose as much as 90% of the relative
density and relative basal area (Lowry 1984). In
other parts of the Northeast, other tree species
frequently are better represented.

The shrub stratum in most red maple swamps
consists of a small number of common species
whose relative importance may vary widely from
site to site (Little 1951; Ehrenfeld and Gulick
1981; Braiewa 1983; Lowry 1984). The number of
species per site reported in the literature ranges
from 1 to 15 (sources in Appendix A). Up to 28 spe-
cies of shrubs and vines have been found in indi-
vidual red maple swamps fed by calcareous seep-
age (The Nature Conservancy, Boston, Mass.,
unpublished data).

As few as one to three species commonly make
up the majority of the shrub stems in an individual
swamp. In Rhode Island, for example, the relative
density of sweet pepperbush averaged 53% (range
3-91%) at nine sites studied by Braiewa (1983) and
Lowry (1984). This species dominates the shrub
layer in many New Jersey red maple swamps as
well (Ehrenfeld and Gulick 1981; Ehrenfeld 1986).
Common winterberry (Ilex verticillata) composed
nearly 50% of the shrub stems sampled in two red
maple swamps in central New York (Reed 1968).
At other sites, species such as highbush blueberry,

Table 3.3. Flora of red maple swamps in the glaciated Northeast. Zone locations are shown in Fig. 3.10.
Species listed in the zone columns were reported from acidic swamps or swamps of unknown base
status; plants listed in the calcareous column (C) were reported from swamps fed by calcareous seepage.
Sources for this list are cited in Appendix A. Data for Zone V are too few to be listed.

—Zove Zone
Species® I I m v ¢t Species® I I I IV ¢
Trees Betula lenta (black birch) X X X
Abies balsamea (balsam fir) X X X X Betula papyrifera (paperbirch) X X X X
Acer negundo (boxelder) X X Betula populifolia (graybirch) X X X X X
Acer rubrum (red maple) X X X X X Carpinus caroliniana (blue
Acer saccharinum (silver maple) X X X beech) X X X
Acer saccharum (sugarmaple) X X X X Carya cordiformis (bitternut
Amelanchier arborea hickory) X X
(downy serviceberry) X X Carya laciniosa (big shellbark
Amelanchier canadensis hickory) X
(oblong-leaf serviceberry) X X Carya ovata (shagbark hickory) X
Amelanchier X intermedia Carya toment