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Upper left: Palustrine emergent vegetation (Scirpus acutus) in
an oligosaline, semipermanently flooded wetland.

Upper middle: Palustrine aguatic Dbed vegetation (Potamogeton
gramineus) in a fresh, seasonally flooded prairie
wetland.

P

Upper right: Snow geese (Chen caerulescens) using & cuitivated,
temporarily flooded wetland during spring migration

through the Prairie Pothole region.

Bottom: Basin wetlands of various sizes and with different
hydrological regimes are a major feature of the
landscape in croplands, haylands, and pasture types
of land-use patterns in the Prairie Pothole region.
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PREFACE

This description of prairie basin
wetlands of the Dakotas is part of
a series of community profiles on
ecologically important wetlands of
national significance. The shallow
wetlands of the Dakotas form the
bulk of the portion of the Prairie
Pothole Region 1lying within the
United States. This region is famous
as the producer of at least half of
North America‘'s waterfowl and an
unknown, but large, proportion of
other prairie~dwelling marsh and
aquatic birds.

The wetlands described here lie in
relatively small, shallow basins
that vary greatly in their ability
to maintain surface water, and in
their water chemistry, which varies
from fresh to hypersaline. These
wetlands occur in a wide variety of
hydrological settings, in an area
where annual and seasonal precipi-
tation varies greatly in form and
amount. Thus the presence of surface
water in these wetlands is largely
unpredictable. Superimposed on these

phenomena are the effects of a
variety of land uses, including
pasture, cultivation, mechanical

forage removal, idle conditions and
burning. All those factors greatly
affect the plant and animal
communities found in these basins.

This profile covers lacustrine and
palustrine basins with temporarily

flooded, seasonally flooded, and
semipermanently flooded water
regimes. Bagins with these water

regimes compose about 80% of the

]

basins in the Prairie Pothole Region
of the Dakotas. This  profile
outlines the wetland subsystenms,
classes and subclasses that occur in
these basins, and provides a useful
reference to their geoclogic,
climatic, hydrologic, and pedologic
setting.

Detailed information on the biotic
environment of the wetlands dealt
with in this profile will be useful
to scientists and resource managers.
Special recognition is paid to the
macrophyte and invertebrate
communities, which have dynamic
qualities found in few other of the
world's wetland ecosystens.

The most
inhabitants
waterfowl,

noteworthy animal
of these basins are
which are a resocurce of
international concern. Because of
the importance of this resource,
much research on the habitat use and
feeding ecology of breeding water-
fowl has been conducted in the
region. These topics receive special
attention in this profile,

The Prairie Pothole Region is a
major world supplier of cereal
grains. Consequently, wetlands in
the region are often drained for
crop preduction or otherwise cropped
when water conditions permit. These
practices degrade the wvalue of
wetlands for most species of wild-
life and conflict with the aims of
conservationists. The subject of
human uses and impacts to prairie
wetlands is thus an important part
of this profile.
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CHAPTER 1. INTRODUCTION

"The entire face of the country is
covered with these shallow lakes,
ponds and puddles, many of which
are, however, dry or undergoing a
process of gradual drying out." So
stated Charles Froebel (1870) as he
described the lands along the
Sheyenne and James River Valleys,

Dakota Territory, during General
Alfred Sully's 1865 expedition.
Thus the uniqueness of North

America's Prairie Pothole Region has
been recognized for well over 100
years. In this Community Profile,
we briefly describe the biotic and
abiotic settings and features of the
most common kinds of wetlands found
in the portion of this region that
lies in the Dakotas, and outline the

natural and manmade ecological
processes that affect these
wetlands.
1.1 GEOGRAPHIC AREA COVERED

The Prairie Pothole Region of

North America stretches from central
Alberta to central Iowa and encom=-

passes well over 700,000 km®* This
community profile covers the
168,000-km® portion of the region
lying in North and South Dakota

This area is bounded on
the north by the International
Boundary, east by the Red and
Minnesota River Valleys and portions
of the western boundaries of
Minnesota and Iowa, and on the south
and west by headwaters of numerocus
small streams and rivers along the
north and east sides of the Missouri
River. A few small areas of pot-
holed land not shown in Figure 1 lie
west of the Missouri River.

(FPigure 1}.

ey

1.2 DEFINITION OF PRAIRIE BASIN WETLANDS

There is no single scientifically
acceptable definition of wetlands
because of their tremendous diver-
sity and because they lie along a
continuum or gradient between deep-
water habitats and uplands or
between purely agquatic and terres-
trial ecosystems {(Cowardin et al.
1979). The term "basin" as used in
this report refers to a depression
capable of holding surface water,
but not to the entire watershed or
"drainage basin" that contributes

surface water runoff to that
depression.

According to Cowardin et - al.
(1979), wetlands are lands
transitional between terrestrial and
aquatic systems where the water
table is usually at or near the

surface or the land is covered by
shallow water. Additionally, a site
must have one or more of the three
fellowing attributes to be defined
as a wetland:

(1) The
periodically,

site must, at least
support hydrophytes.

{(2) The land at the site must be
predominantly undrained hydric soil.
Hydric soils are defined by the U.S.
Seil Conservation Service (198%) as

those that in their undrained
condition are saturated, flooded, or
pended long enocugh during the

growing season to develop anaerobic
conditions favoring the growth and
regeneration of hydrophytic
vegetation.



CANADA

CENTRAL \
LOWLANDS \

Boundary of Prairie Pothole Région

— - — Extent of glaciation
——— Missouri River
Figure 1. Prairie Pothole Region of the Dakotas showing relation to maximum extent of glaciation

and Missouri River, The Missouri Escarpment separates two major biogeographic regions of North
America, the Great Plains, and Central Lowlands (after Biuemle 1977).



(3} The site substrate is nonsoil
and is saturated with water or cov-
ered by shallow water at some time
during the growing season each year.
Nonsoils are defined by the U.S.
Soll Conservation Service (1975) as
barren areas such as ice, rock, or
substrates underlying deep water.

Nearly all natural basins in the
Prairie Pothole Region of the
Dakotas have both the first and
second of these attributes, and thus
are wetlands according to the
Cowardin et al. (1979) classifi-
cation. The basins are underlain by
hydric soils, and when surface water
is present, can support hydrophytes.
Many of the basins are intensively
cultivated; the so0il may be bare or
commercial crops may be present
during dry conditions, but when
water 1is replenished during the
growing season, communities of
hydrophytes quickly develop.

Few basins in the region contain
deep~water habitat. This habitat
will not be dealt with in this
report. Deep~water habitats are
permanently flooded lands 1lying
below the deep~water boundary of
wetlands. For the wetlands des-
cribed in this report, the boundary
between them and deep~water habitats

lies at a depth of 2 nm below low
water; however, if emergents,
shrubs, or trees grow beyvond this

depth at any time, their deep-water
edge is the boundary. Substrates of
deep-water habitat are nonsoil whose
water depths are in excess of that
reguired to support emergent vege-
tation (Cowardin et al. 1979; U.S.
50il Conservation Service, Soil
Survey Staff 1%75). In addition, a
small proportion of the wetlands in
the region are of the water regimes

"intermittently exposed!” and
"saturated.® These will also be
omitted from this report.

Prairie wetlands occeur in

glacially or postglacially derived
basins in the northern grassland
biome (see Section 2.1). The basins
are roughly round or oval in shape,

although it is fairly common to

encounter some with relatively
convoluted shorelines composed of
several bays or peninsulas, or, more
rarely, with one or several islands.

1.3 CLASSIFICATION OF PRAIRIE BASIN WETLANDS

Svystems and Subsystems

Under the Cowardin et al. (1979)
wetland classification, the prairie
wetlands referred to in this report
are palustrine and lacustrine
systems. There are no subsystems in
the palustrine system. For the
lacustrine system, only the littoral
subsystem 1is dealt with in this
report. This subsystem extends from
the shoreward boundary to a depth of
2 m below low water or to the

maximum extent of nonpersistent
emergents, 1if these grow at depths
>2 m. The latter conditions are

rare or absent in the pothole region
of the Dakotas. An outline of the
Cowardin et al. (1979) classifi-
cation system, as it applies to the
Prairie Pothole Region of the
Dakotas, is shown in Table 1. Only
subclasses dominated by plants are
included in Table 1 because these

subclasses are by far the most
common in the region. Little is
knownn  about the animals that

dominate unvegetated substrates that
are known to exist in several
wetland classes found in the region.

Classes of the palustrine system
found in the Prairie Pothole Region
of the Dakotas are emergent, aguatic
bed, unconsolidated shore,
unconsclidated bottom, forested, and
shrub-scrub. Classes of lacustrine
system represented are aguatic bed,
energent wetland, unconsolidated
shore, unconsolidated bottom, and
rocky shore.

Emergent wetland. This class of
wetland, containing erect
herbaceous hydrophytes, is by far
the most common wetland class in the
region. Emergent wetland supports

rocted




Table 1. Wetland systems, subsystems, classes, and subclasses of Cowardin et al, (1979) that occur in the Prairie
Pothole Region of the Dakotas, and for which dominance types are plants,

System Subsystem Class Subclass
Riverine Lower Perennial Aguatic Bed Algal
Aquatic Moss
Rooted Vascular
Fleoating
Unconsolidated Vegetated
Shore
Emergent Wetland Non-persistent
Upper Perennial Aguatic Bed Algal
Aquatic Moss
Rooted Vascular
Floating
Unconsolidated Vegetated
Shore
Intermittent Streambed Vegetated
Lacustrine Limnetic Aquatic Bed Algal

Palustrine

Littoral

{no subsystens)

Agquatic Bed

Emergent Wetland
Aguatic Bed

Unconsol idated
Shore
Moss~Lichen
Wwetland

Emergent Wetland

Scrub~Shrub
Wetland
Forested
Wetland

Agquatic Moss
Rooted Vascular
Floating

Algal

Aquatic Moss
Rooted Vascular
Floating
Non-persistent
Algal*

Agquatic Moss*
Rooted Vascularx
Floating*
Vegetated

Moss
Lichen

Persistent*
Non-persistent*
Broad~leaved
Deciduous
Breoad-leaved
Deciduocus

*See Appendix B for common dominance types.

vegetation that is largely peren-
nial, and present during most of the
growing season most years. Emer-
gent wetland is often called marsh,
meadow, fen, slough, or swamp in
the region. Persistent emergents
are by far the most common, although

under disturbances such as heavy
grazing or cultivation, nonpersis-
tent emergents can dominate.

Aguatic bed. The class "aguatic
bed" includes wetland dominated by
plants that grow principally on or




below the water surface for most of
the growing season during nost
years. This is the second most
common wetland class in the region.

Unconsclidated shore. This class
iz mostly associated with the
erosional and depositional shoreline
zones of wetlands not dealt with in
this report, but the class commonly
occurs in many shallow prairie wet-
lands as bottoms are exposed during
drought.

Unconsolidated bottom. This class
is mostly associated with the un-
stable bottoms of wetlands with more
permanent water regimes than are
dealt with in this report, but can
occur in some deeper prairie wet-
lands as bottoms are exposed during
extreme drought.

Scrub-shrub. The class "Yscrub-
shrub® includes wetlands dominated
by woody vegetation <6 m tall. In
prairie wetlands, this class is
mostly limited to temporarily
flooded sites long protected from

fire and grazing by domestic
livestock.

Forested. The class "forested"
includes wetlands dominated by woody
vegetation 6 m or more tall. In
prairie wetland, this class |is
mostly limited to temporarily

flooded sites long protected from
fire and grazing by domestic live-
stock. The class can sometimes
develop where artificial disturbance
creates sites favorable to germina-
tion and growth of seeds from trees
with wind~-disseminated propagules.

Rocky shore. This class is found
only on a few large wetlands in the
Prairie Pothole Region where glacial
slumping and ice action have strewn
boulders along high-energy shore-
lines. This class is seldom found
in the wetlands dealt with in this
report.

Water Regimes

The water regimes dealt with in
this report are temporarily flooded,

seasonally flooded, and semiper-
manently flooded. Basins where the
central or deepest portion is
subject to these water regimes
compose nearly 90% of all basins in
the Prairie Pothole Region. The
concentric pattern of these regimes
in lacustrine and palustrine wetland
systems is shown in Figure 2.

In the basins considered in this
report, "Yemergent wetland®" occurs
with water regimes temporarily
flooded, seasonally flooded, and
semipermanently flooded. Water
regimes of scrub-shrub and forested
wetland are restricted to tem-
porarily flooded areas. Adquatic bed
is seasonally or semipermanently
flooded. Unconsolidated shore is
seasonally or temporarily flooded,
but the water regime of uncon-
solidated bottom is restricted to
semipermanently flooded.

Subclasses

Emergent wetland contains vege-
tation of the subclasses persistent
or nonpersistent. "persistent”
vegetation in prairie wetlands is
normally perennial in habit and
remains standing at least until the
beginning of the next growing
season. Persistent vegetation is
the predominant subclass in nearly
all prairie wetlands, often referred
to as "wet grasslands.™ Nearly
always annual in habit, "nonpersis-
tent® vegetation increases with
falling water levels and disturbance
in prairie wetlands.

Aquatic bed can include the

subclasses "algal,"™ %“aquatic moss,®
"rooted vascular,® or fleoating.
*rRooted vascular” is the predominant
subclass because the highly

mineralized and alkaline waters of
the region are not conducive to the
growth of most mosses, and the
relatively windy conditions that
prevail in the region usually move
floating algae and vascular floating
plants into emergent wetland, where
they can appear below the canopy.
The subclasses agquatic moss and
floating vascular are found most



LACUSTRINE WETLAND SYSTEM

Fiooded

Habitat
{non-wetland)

(groundwater
seepage)

Permanently

Deepwater

Sa;;ated l\

Intermittently Exposed
Semipermanently Flooded
Seasonaliy Flooded
... Temporarily Flooded

PALUSTRINE WETLAND SYSTEM
FRESH OR MIXOSALINE

Permanently
Ftooded

-
Saturated

{groundwater

Intermittently Expose
seepage) rmittently Exposed

Semipermanently Flooded
Seasonally Flooded
Temporarity Flooded

(zone of tall persistent
emergents dependent on
groundwater seepage)

EUSALINE OR HYPERSALINE

Intermittently
Flooded

(zones of short persistent and
non-persistent emergents
dependent on capillary
groundwater and direct
precipitation)

Saturated

Figure 2. Arrangement of Cowardin et al. (1979) water regimes around lacustrine and palustrine
weilands in the Prairie Pothole Region of the Dakotas (from Kantrud et al. 1989).

often in small basins, small bays of
larger basins, or openings in
emergent wetland, whereas the
subclass algal is most often seen in
small, highly eutrophic wetlands.

Unconsolidated shore in the
wetlands dealt with in this report
is usually of the subclass

*vegetated.® Unconsclidated shore

can gquickly appear in seasonally
flooded wetlands, normally of the
class aquatic bed, if drought
conditions prevail early in the
growing season.

Unconsolidated bottom in  the

prairie region is wusually of the



subclasses "sand” or "mud.” Areal
cover of vegetation in this subclass
usually does not exceed 30%
{Cowardin et al. 1979). However, in

semipermanently flooded wetlands of
the Prairie Pothole Region, annuals
can germinate and grow to cover
values exceeding 30% during years of
extreme drought (L.M. Cowardin,
Northern Prairie Wildlife Research
Center, pers. comm.).

Only the subclasses "broad-leaved
deciduous" and "dead" are found in
forested and scrub-shrub wetland in
the Prairie Pothole Region of the
Dakotas.

Relation to Other Wetland
Classification

This report includes only informa-
tion on basins with the temporarily,

seasonally, and semipermanently
flooded water regimes of Cowardin et
al. (1979). These water regimes

correspond to those found in the
central zones of ponds and lakes
classified as temporary (Class 2),

seasonal (Class 3), and seniper-
manent (Class 4) by Stewart and
Kantrud (1971). This system was
developed specifically for the

glaciated prairie region, and unlike
the former system, was designed to
classify entire basins, rather than
the central or concentric peripheral
zones or bands of vegetation around

the basins that are wetland of
differing water regime in the
Cowardin et al. (1979) system. The
terms ‘Ypond" and "lake" usually

refer only to the water contained in
the basins. Hereafter in this re-

port the terms temporary, seasonal,
and semipermanent wetlands will
refer to entire basins, and the

corresponding zones will be termed
wet meadow, shallow marsh, and deep
marsh, following Stewart and Kantrud
(1971).

Wetland Inventory Maps

Use of the Cowardin et al. (1979}
classification system results in
large numbers of combinations of

~1

wetland system, subsystem, c¢lass,
and water regime. These combi~
nations are shown as legends

(alphanumeric codes) on the National
Wetland Inventory maps that are
currently being prepared for the
United States. Copies of the
pamphlet Photointerpretive Conven-

tions for the National Wetlands
Inventory (1987), which contains an

explanation of these legends, and
the status of the wetland mapping
affort for the region, is available
from the U.S. Fish and Wildlife
Service, Regional Wetlands
Coordinator, National Wetlands
Inventory, Federal Center, Denver,
CO 80225. The legends can be used
to locate temporary, seasonal, and
semipermanent wetland basins by
noting instances where these codes
are shown for the deepest or central
area of a basin. The maps are
intended to show the potential
natural vegetation. Thus, culti-
vated wetlands are designated as
emergent even though emergent
vegetation may be absent.

Wetland Soils

The soils underlying wetland
basins in North Dakota have been
classified, and classification is in
progress for similar soils in South

Dakota (Jimmie Richardson, North
Dakota State University, pers.
comm. ). The development of wetland

soils depends strongly on length of
flooding, water guality, and the
relative position of the basins with
respect to the ground-water table,
according to Bigler and Richardson
(1984}, Richardson and Bigler
(1984), and Fulton et al. (1986).
These sources and other material
referenced by them show that
temporary and seasoconal wetlands are
usually recharge areas that receive
water from the surrounding uplands
by runoff or direct precipitation.
Clays are dispersed and carried
downward by an abundance of fresh
water. This results in highly
developed soil profiles with argil-
lic horizons. Soil series observed
in these situations include Lindaas



and Parnell (Typic Agriaquolls) and
Tonka, an Argiagquic Agialboll.

Most semipermanent wetlands in
North Dakota are flow-through
wetlands that receive ground-water
discharge and also recharge the
ground water. Evapotranspiration,
frost action, and a near-surface
water table allow water to move from
the wetland body to the soils in the
wet meadow. Reducing conditions in
the water column aid in mobilizing
salts into the wet meadow. Several
other little-understood factors
result in higher soil salinity in
the wet meadow than in the adjacent
uplands or the interior zones of the
wetland basin. These flow-through
wetlands have a large range of
salinity, and salinization of the
whole wetland occurs in some cases.
Soils in these wetlands range from
Typic Haplagquolls and Calciaquolls
in the wet meadow to dominantly
Fluvaquentic Haplaquolls such as the
Southham series in the shallow marsh
and deep marsh zones (Bigler and
Richardson 1984). It is in these
basins that drainage followed by
tillage often results in crop
failure because land salinization
occurs as the ground-water system
delivers low-quality water to the
freshly broken soils ({Richardson
1986) .

A small number of semipermanent
wetlands in Norxth Dakota can be
considered discharge wetlands.
These are underlain by saline soils
such as the poorly developed
Minnewaukon and Lallie series (Typic
Fluvaguents) . If drainage is
attempted on these soils, saliniza-
tion prevents the growth of crops
other than hay.

Little is known about heavy metals
in  soils of prairie wetlands.
Martin and Hartman (1984) examined
arsenic, cadmium, lead, mercury, and
selenium concentrations in sediments
of riverine and palustrine wetlands
of the North Central United States.
Samples from three palustrine wet-
lands in the Cottonwood Lake area
northwest of Janestown, North

Dakota, averaged 6.2 {4.5-9.3), 0.46
{(0.42~0.50), 12 (7.4-17), .04
(0.02-0.07), and 0.99 (0.43-1.6)
mg/kg dry weight of these metals,
respectively. Sediments from
palustrine wetlands have
significantly higher concentrations
of arsenic, cadmium, lead, and
selenium than those from riverine
wetlands, but, with one exception,
concentrations were within normal or
background ranges.

1.4 DISTRIBUTION AND ABUNDANCE OF WETLANDS

During the 1960's and 1970's, 2.3
million temporary, seasonal, and
semipermanent wetland basins, with
a total area of 1.04 million ha,
were estimated to be present in the
Prairie Pothole Region of the
Dakotas (Ruwaldt 1975; Stewart and
Kantrud 1973; H.A. Kantrud, unpubl.
data). The estimates were based on
relatively small numbers of randomly
sampled plots. Approximate basin
numbers and areas by water regime
were 698,000 temporary (113,000 ha),
1,474,000 seasonal (583,000 ha), and
127,000 semipermanent (345,000 ha).
These basins were estimated to
compose 84.8% of the area and 89.3%
of the number of natural basins in
the region; subsequent drainage and
filling has further reduced the
number of wetlands.

Distribution of these wetlands
correlates with the distribution of
various glacial landforms (for des-
criptions see Section 2.1). In both
Dakotas, the greatest proportional
area of semipermanent wetlands
occurs in areas of dead~ice and
terminal moraine, whereas the
greatest propertional area of
temporary and seasonal wetlands
occurs in ground moraine and lake
plain. The largest proporticnal area
of semipermanent wetlands is found
in the Missouri and Prairie Coteaus,
whereas the less permanent wetlands
are best represented in the
Glaciated Plains and Lake Plains
(Figure 3).



Density of basins can be >40/km2 much less for the entire region,
in some areas of dead-ice moraine or because some glacial and postglacial
ground moraine, but the average is landforms contain few basins.
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1 - Missouri Coteau
2 - Gilaciated Plains
3 - Turtle Mountains
4 - Souris Lake Plain
5 - Devils Lake Pilain
§ - Dakota Lake Plain
7 - Prairie Coteau

Figure 3. Major physicgraphic regions in the Prairie Pothole Region of the Dakotas.



CHAPTER 2. ABIOTIC ENVIRONMENT

2.1 GEOLOGY

Glaciation

About 7 million years ago, the
subtropical climate of what is now
the Dakotas began to change to a
continental climate of cool winters
and warm summers (Bluemle 1977).
During the Pleistocene Epoch that
followed, a succession of great ice
sheets inched southward from Canada
and covered most of the Dakotas
(Figure 4). These huge glaciers
transported vast quantities of rock
and soil. Large amounts of 1local
silty and clayey bedrock outcrops
were also pulverized and added to
the mixture, forming glacial drift
or "till" that was deposited as
sediment across most of the area
glaciated. These deposits may be
>250 m thick in places and are
dotted with shallow basins left by
the scouring or shearing action of
the glaciers, or from the collapse
of ice blocks left to melt in the
deposits after the glaciers
retreated. According to Flint
{(195%), many basins in South Dakota
were formed when glacial drift
materials blocked ancient bedrock
valleys. Additional basins were
formed by materials deposited by
water flowing from melting glaciers.
Thus, all the basin wetlands
discussed in this report occur in a
geologically young landscape.

The retreat of the glaciers is
marked by the beginning of the
Holocene Epoch about 10,000 years
ago, as winters became c¢old and
summers became hot (Bluemle 1377).
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The spruce-aspen forests of what are
now the northern plains were suc-
ceeded by grasslands, and since that
time, periods of warm, dry condi-
tions have alternated with periods
of cool, wet conditions. Some addi-
tional basins were formed during
this period from wind~worked sand
dunes, but nearly all of the basin
wetlands in the Dakotas were formed
as a direct result of glaciation or
the melting of glacial ice. The
area of depressional topography
formed by a variety of geological
processes comprises the famed Prai~
rie Pothole Region, which, until the
advent of European man, was an
approximately 715, 000-km” grassland-
wetland complex that stretched from
north~central JTowa to central
Alberta. This region was unique
because of its abundance of shallow-
basin wetlands, which attracted most
of North America's waterfowl during
the breeding season.

Stewart and Kantrud (1973) esti-
mated that 93% of the area and 94%

of the number of wetlands in the
Prairie Pothole Region of North
Dakota were composed of natural
basin wetlands, whereas the
remainder were mostly streams and
oxbows, stockponds and dugouts,
reservoirs, road ditches and
drainage channels, and minor types
such as sewage lagoons. These
figures show the importance of

glaciation on the composition of
wetlands in the region.

Physiographic Divisicns

Geobotanists have traditionally
divided the northern grasslands into
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Figure 4. Extentof Pleistocene glaciation in North America in reiation to North
and South Dakota (modified from Bluemle 1977).

two large areas called the Great
Plains and Central Lowland {Fenneman
1931) (Figure 1}, The more arid
Great Plains supports native grass-
land that is shorter than that in
the moister Central Lowland to the
east. The Prairie Pothole Region of
the Dakotas encompasses portions of
both these areas.

The Great Plains portion of the

Prairie Pothole Region of the
Dakotas contains a single physio-
graphic division, the Missouri
Coteau (Figure 3). This dlvision is
approximately 52,000 km’ in area.
The entire west slope of the

11

Missouri Coteau drains to the Gulf
of Mexico via the Missouri River,.

By far the largest number and area
of basin wetlands in the Dakotas
occurs in the Central Lowland.
Most of this land mass drains either
to Hudson's Bay (North Dakota) or
the Gulf of Mexico (South Dakota).
Within the Central Lowland lie six
major physiographic regions (Figure
3). These are, in decreasing order
of area, the Glaciated Plains
(91,000 kr? ), Prairie Coteau (15, 000
kmz), Dakota Lake Plain (5700 km),
Souris Lake Plain (3600 km),
Devil's Lake Plain (1400 km® }, and
Turtle Mountains (1200 km)



All seven physiographic divisions
contain a variety of glacial or
postglacial landforms. Those
landforms that contain relatively
numerous wetland basins will be
discussed in the following section.

Glacial Morainic ILandforms

Most natural basin wetlands in the
Prairie Pothole Region of the
Dakotas are found in five glacial
morainic landforms (Bluemle 1977).
Moraine means any materials
deposited directly by glaciers.

Ground moraine. This 1is the
predominant glacial landform of the
Glaciated Plains (Figure 3), and can
be recognized by a gently rolling
landscape with numerous shallow
saucer-shaped depressions, but few
hills or deep cup-shaped depressions
(Bluemle 1977). This landform
occurs where moderate amounts of
glacial till were deposited at the
base of a moving glacier and by
collapse from within the glacier
when it finally melted.

Washboard moraine. This form
appears as small areas of irreqgu-
larly spaced ridges of material
thought to have been carried upward
through the ice along shear planes
parallel to the edge of the glacier
(Bluemle 1977). Small basins are
numerous in washboard moraine. This
landform is mostly found in associa-
tion with ground moraine in the
Glaciated Plains.

Thrust moraine. This is perhaps
the most spectacular glacial land-
form, as it is the result of large-
scale glacial shearing tq?t moved
blocks of land up to 20 km“® in area
for short distances (Bluemle 1977).
The *hole®™ left by these blocks
commonly resulted in a large lake,
whereas the hilly blocks often con-
tain numerocus small but relatively
deep basins. Most thrust moraine is

found in the Glaciated Plains.
Terminal moraine. This form
resulted when glacial till was
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deposited at the edge of a glacier
while the ice margin was melting
back at about the same rate as the
ice was moving forward (Bluenle
1977). Till is a general term for
the mixture of materials ranging in
size from clay particles to boulders
of many tons that were pushed
forward by and carried on top of
advancing glaciers. Terminal
moraines are most common in the
Glaciated Plains, but also occur in
the Missouri and Prairie Coteaus
(Figure 3). These moraines are
commonly 2-15 km wide and 5-90 km
long. Basins in terminal moraine
are highly variable in size, depth,
and density.

Dead-ice moraine. This form is
responsible for some of the mnmost
rugged glacial topography in the

Dakotas; it formed when glaciers
advanced over steep escarpments.
Shearing action carried material

into and on top
(Bluemle 1977). This insulated the
underlying ice, which took several
thousand years to melt and collapse.
When the overlying materials slumped
and slid, thousands of basins of all

of the glacier

shapes and sizes were formed. Dead-
ice moraine is the most common
landform in the Missouri Coteau,
Turtle Mountains, and Prairie
Coteau. Smaller amounts of dead-ice
moraine occur in the Glaciated
Plains.

Glacial Meltwater Landforms

Three glacial meltwater landforms
contain significant numbers of basin
wetlands. These landforms were
created by water from melted glacial
ice, including precipitation on
glaciers as they were melting
(Bluemle 18977).

Glacial outwash plain. This form
consists of sand and gravel that was
deposited by water flowing from
melting glaciers. In some of these
broad plains are numerous large
lakes, whereas in others are large
numbers of very shallow depressions.
This landform is mostly found in the
Glaciated Plains.




Collapsed glacial outwash. This
form resulted when glacial outwash
was deposited on stagnant ice. When
the ice melted, the sand and gravel
slumped to form an irregular hilly
surface with numerous wetlands, many

of them large, shallow lakes
{Bluemle 1977). Most collapsed
glacial outwash occurs in the

Missouri Coteau, but several large
examples can also be found in the
Glaciated Plains. Many of the
largest basins in North Dakota are
in collapsed glacial outwash, and
many of the lakes formed in these
basins are highly saline.

Glacial lake plains. These areas

occur today where lakes of glacial
meltwater stood for hundreds or
thousands of years (Bluemle 1977).
Glacial Lake Agassiz was the largest
of such lakes in what now are the
Dakotas. This giant water body once
occupied a vast area encompassing
most of southern Manitoba and
Ontario, as well as huge areas of
Saskatchewan and northern Minnesota.
Nearly all the glacial lakes
vanished when the glaciers receded
and outlets were established. Topo-
graphy is very flat in these areas,
and wetland basins are very shallow.
However, near the center of some
glaciated lake plains, a few large
remnant basins are still present.
Most glacial lake plain in the
pothole region occurs in the Dakota,
Souris, and Devil's Lake Plains
(Figure 3), but small areas also can
be found in the Glaciated Plains and
Missouri Coteau. In the latter area
and the Turtle Mountains, there are
also some small areas where glacial
lakes flooded stagnant ice for
shorter periods, resulting in hilly
topography with numerous basins when
the stagnant ice finally melted.

2.2 CLIMATE AND WEATHER

The Dakotas have a climate
characterized by relatively short,
noderately hot summers and
relatively long, cold winters
because these states 1lie in the
middle of a 1large continent at
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middle latitudes. Temperature and
precipitation data for Bismarck, ND,
have been summarized for a 30-year
period by Court (1974) and are shown
in Table 2. This city lies at the
west-central edge of the Prairie
Pothole Region of the Dakotas. The
continental nature of the climate is
shown by the wide (85 °C) tempera-
ture extremes and relatively low
(385 mm/yr) precipitation.

The following data on climate and
weather have been summarized from
visher (1966), Black (1971) and
Jensen (n.d.).

Temperature

Temperatures form roughly south-
to-north gradients in the Prairie
Pothole Region of the Dakotas.
Normal annual temperature ranges
from about 3 °C in northern North
Dakota to about 8 °C in southern
South Dakota. In January, the
coldest month, temperatures average
~19 °C in northeastern North Dakota
and =8 °C in southeastern South
Dakota. During July, the warmest
month, the range is 16 °C to 23 °C
for the two areas, respectively.
Rapid plant growth begins when mean
daily temperatures rise to 6.1 °C.
The date for this event varies from
about 26 April in northeastern North
Dakota to about 3 April in south-
eastern South Dakota, a difference
of over three weeks. Conversely,
vegetative growth 1largely ceases
when mean daily temperatures fall to
1.7 °C. This event occurs about 20
October in northern North Dakota and
about 10 November in southeastern
South Dakota. The normal length of
the frost-free season varies from
about 110 days in northern HNorth
Dakota to about 150 days in south-
eastern Scuth Dakota. The frost-
free season may be siightly shorter
in basin wetlands, as cold air flows
downhill and can accumulate in topo-
graphic depressions. Crops planted
in and around wetlands often are the
first to be injured by freezing
temperatures, giving rise to what
some farmers call “frost pockets.™®



Table 2. Climatic data for Bismarck, ND, 1931-60 {from Court 1974).

Daily temperature

Mean precipitation Mean _snowfall

(°C) {mm) {mm)
Month mean max. min.
Jan. ~312.8 12 ~4 2 11 170
Feb. -10.8 20 -37 11 150
Mar. - 3.8 27 -35 20 220
Apr. 6.1 33 -19 31 70
May 13.0 37 - 7 50 20
June 18.1 38 1 86 tr.
July 22.3 42 4 56 0
Aug. 21.0 43 3 44 )
Sept. 14.8 41 - 9 30 10
oct. 7.9 35 ~15 22 40
Hov., - 2.0 23 -28 15 140
Dec. - 8.4 16 -38 9 130
Annual 5.4 43 -4 2 385 8950

The highest summer temperatures
officially recorded in North and
South Dakota to 1945 were 49.4 °C
and 48.9 *C, respectively, wvwhereas
the lowest official winter tempera-
tures prior to 19%2 (the last year
for which summarized data are
available) were -%1.1 °C and ~%0 °C,
regspectively. Seils usually freeze
to depths of 0.9-1.8 m in northern
Noerth Dakota and 0.5-0.9 m in
southeastern South Dakota.

Winds and storms

Surface winds average 21 km/hr in
northeastern North Daketa and 17.7
km/hr in southeastern South Dakota.
Meteorologists plot winds as net ex-~
cesses of wind in a given direction
during various time periods. For
the region, there is a relatively
large excess of wind from the north-
west in January, and a relatively
small excess ¢f wind from the north-
east in July. Many low-pressure
cells track from west-northwest to
east-southeast across the region
during the year. The number of
spring and summer thunderstorms
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ranges from 2% per year in northern
North Dakota to 35 per year in
southeastern South Dakota. This
combination of temperature and wind
differences cause the normal annual
evaporation from pans to vary from
1.02 m in northeastern North Dakota

to 1.6% m in southeastern South
Dakota.
Precipitation

The relatively small amount of
precipitation in the Canadian

prairies has been attributed by Hare
and Hay (1974) to the weakness of
atmospheric disturbances and their
associated uplift. Air masses move
eastward from the Rocky Mountains
and fall steadily toward lower
elevations in the northern prairies.
The rate of fall 1is sufficient to
reduce cyclonic action appreciably,
thus reducing the effectiveness of
the mechanism that causes precipi-
tation. This phenomenon also
reduces precipitation in the Prairie
Pothole Region of the Dakotas. The
southern part of the region has more
precipitation because it receives



more moisture-laden airmasses from
the Gulf of Mexico.

Annual precipitation in the region
ranges from 33 cm in northwestern
North Dakota to 58 cm in south-
eastern South Dakota. Larger
amounts of spring and summer pre-
cipitation in the southeastern part
of the region account for most of
this difference. About 70% of the
annual precipitation falls as rain
during spring and summer, with June
the wettest month. Distinctly dry
yvears, having <75% of normal pre-
cipitation, occur with 10% frequency
in northwestern North Dakota, but
only 4% in southeastern South
Dakota. There is a large gradient
across the Prairie Pothole Region of
the Dakotas in the length of the
relatively dry season, that is, when
weekly normals of <1.27 cm of pre-
cipitation can be expected. In
northwestern North Dakota, this
season averages 8-10 months, whereas
in southeastern South Dakota, this
season lasts only 2-5 months.

Snowfall in the region averages <1
m/yr, much less than areas directly
to the east or west. In the dry
nerthwestern corner of the region,
25% of normal annual precipitation
falls as snow, whereas in south-
eastern South Dakota only 12% falls
in this form. Appreciable amounts
of snow fall on >60 days/yr in
northeastern North Dakota, whereas
significant amounts fall on only
about 28 days/yr in southeastern
South Dakota. Dry winters, when
<7.6 cm of precipitation falls,
occur one year in five.

Blizzards, as defined by the
National Weather Service, are storms
with wind speeds >51.5 km/hr,
temperatures <=6.67 °C, and
visibility not >152 m. Reduced
visibility is <caused by snow,
blowing snow, or mixtures of snow
and soil. North and South Dakota
have a far greater fregquency of
blizzards than any of the adjacent
states. North Dakota has 2.2
blizzards per year, with 54% of then
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originating as Alberta lows. South
Dakota has 2.1 blizzards per year,
with 52% of them originating as
Colorado lows. Snow from February
and March blizzards and snowstorms
is often an important source of
spring runoff for prairie wetlands.

Hail falls in moderate amounts
compared to the rest of the nation,
on an average of 2-4 days/yr. Brief
heavy rains occur more frequently
than in the arid west, but are only
rare or occasional compared to the
southeastern United States and the
gulf coast. Normal annual water
loss by runoff and evaporation is
0.36 m in northwestern North Dakota
and 0.56 m in southeastern South
Dakota; the rest enters the ground.

2.3 HYDROLOGY

Wetlands exist because specific
geologic settings and hydrologic
processes favor ponding of water or
soil saturation. A unique
combination of glaciation and
climatic conditions in the Prairie
Pothole Region has produced a large
number of dynamic aquatic ecosystens
that have a tendency to be non-
integrated (not receiving or
contributing to channelized surface
flow). Nonintegrated basins have
the potential to impound large
volumes of water and undergo long-
term, rather extreme changes in
water depth and biotic conditions in

response to climatic trends. Water-
level fluctuations in typical
seasonal and semipermanent North

Dakota wetlands are shown in Figure
5. Note the greater rate of water
loss and greater frequency of
dryness in the seasonal wetland. The
low-grade shorelines of prairie
wetlands combine with semiarid
climate to produce dynamic wetlands;
e.g., small increases in water level
cause great increases in the
proportion of a basin inundated, and
conversely, hot, dry conditions
often remove surface water from
large areas of a basin in a
relatively short time.
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Hydrologic regimes are dictated
by climate and geology (Figure 6)
that establish the environment for
hydrologic processes (Winter 1989).
Atmospheric, surface, and ground
water interact with basin topo-
graphic setting and the hydraulic
characteristics of glacial tills to
establish wetland hydrologic func-
tions. Precipitation and a
combination of evaporation and
transpiration are, respectively, the
major components of water gain and
loss in prairie wetlands (Winter and
Woo, 1in press). Evaporation and

transpiration are controlled largely
by wind and vapor fluxes above the
wetland. Areas 1like the Prairie
Pothole Region with persistent
winds, high summer temperatures, and
dry overlying air masses can be
expected to have high evaporation
and transpiration rates during the
summer months.

Lissey (1971) found that most of
the water available for ground water
recharge is derived from spring
snowmelt. Snow collects in topo-
graphic depressions and 50% to 90%
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of the meltwater from topographic
highs collects in depressions
baecause snow melts before the ground

thaws. Lissey concluded that except
for occasional intense storms,
summer rainfall is not a major
contributor to recharge in the
uplands.

Glacial topography and geologi-
cally governed permeability

variations have a significant effect
on surface and ground-water hydro-
logy. Tills in nmnoraines are
generally silty and clayey materials
that are not very permeable,. Out~
wash deposits, on the other hand,
generally consist of stratified sand
and gravel, materials that are very
permeable. The tills in the eastern
Dakotas tend to be much higher in
szhale-derived material. These tills
are more clayey and less permeable
to water than those to the west and
south, which have a larger propor-
tion of limestone, sandstone, and
siltstone derivatives (Winter 1989).
Because prairie wetlands are
characteristically nonintegrated,
ground-water flow systems play a
dominant role in their hydrologies.
Lissey (1971) described the
principles of depression-focused
ground-water recharge and discharge
in the glaciated prairie of south-
western Manitoba. LaBaugh et al.
(1987) studied the hydrology of a
wetland complex in the Cottonwood
Lake area of Stubtsman County, ND,
that contained wetlands situated at
different altitudes along a topogra-

phic slope and hydraulic gradient.
This area has been described in
detall by Winter and Carr (1980).

LabBaugh et al. (1987) confirmed the
concept of depression~focused
ground-water recharge and discharge
as proposed by Lissey (1971).

Wetland basins in the Cottonwood
ke area perform three basic func-
tions with respect to ground water
{Lissey 1971). These functions are
reflected in the water chemistry of
these wetlands (Swanson et al.
19887 . Some basins function as
ground-water recharge areas; such
basins tend to be temporarily or
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seasonally flooded; they hold water
for only a few months each year, and
the water 1is generally low in
dissolved solids. Some basins are
through-flow systems with respect to
ground water; that is, ground water
flows in through parts of their bed
while other parts recharge ground
water. Through-flow basins hold
water over longer periods and the
water tends to have higher concen-
trations of dissolved solids. Sone
basins serve only as discharge areas
for ground water. Lakes that
receive discharge from both regional
and local ground-water flow systems
and do not lose water to seepage or
surface outflow are highly saline,
having specific conductance as high
as 70 mS/cm.

Wetland hydrologic functions
control the chemical characteristics
of prairie lakes, and as a result,
plant and invertebrate communities,

2.4 WATER QUALITY

The shallow, eutrophic character-
istics of most wetlands in the
Prairie Pothole Region, coupled with
warm summers and c¢old winters,
routinely produce a chemical en-
vironment that is hostile to many
agquatic vertebrates. Wetlands that
experience anaerobic conditions
during summer or winter are referred
to as summerkill (Kling 1975) and
winterkill lakes, respectively by,
fishery biologists (Nickum 1970).
Summerkill lakes, described by Kling
{(1975%), produce high midsummer popu-
lations of planktonic algae that
later die, causing oxygen depletion
and a summer fish kill. Contri-
buting to winterkills, oxygen
depletion in water under the ice is
influenced by snow cover that
reduces photosynthetic oxygen
production. Increases in carbon
dioxide, ammonia, and hydrogen
sulfide that accompany decreased
levels of dissolved oxygen are also
likely to contribute to stress
caused by low oxygen. Total
dissolved salts also increase in the
open  water under ice as its



thickness increases because salts
are driven out as water freezes.

The water balance of wetlands
affects their structure and function
because nutrient inputs and outputs
are altered (LaBaugh 1986) .
Precipitation, surface runoff, and
ground-water discharge are water
sources that can contribute to the
water and chemical budgets of
wetland basins (Figure 7). Water
losses occur through evaporation and
transpiration, surface outflow, and
ground-water recharge. The flow
patterns that dominate a wetland
basin dictate the hydrologic func-
tions of the basin, water chemistry,
and ultimately, the biota that will
dominate the basin (Figures 8-10).

Atmospheric water tends to be low
in dissolved salts, runoff tends to
be intermediate, and ground water,
depending on the characteristics of
the substrate, tends to be high. The
salt content of ground water
reflects the solubility character-
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istics of till minerals (calcite,
dolomite, and gypsun) and the
distance the water travels along a
ground-water flow path to the
wetland. Ground-water flow can
originate from local, intermediate,
or regional flow systems. Local
systems tend to be lower in dis-
solved salts, while regional systems
in which the water travels a greater
distance through till and perhaps
bedrock tend to be higher in dis-
solved salts (Swanson et al. 1988).

The dominant salts carried by
ground water are ultimately
controlled by mineral composition
and their solubility character-
istics. Salts are dissolved and
then redeposited as concentrations
increase and more highly soluble
salts are encountered. Once
dissolved salts enter a wetland
basin they can be concentrated by
evaporation and transpiration or
removed through surface outflow,
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removed from dry basins or the dry

shorelines of wet basins through
wind erosion. Wetlands that 1lose
water to surface outflow remove
salts at rates that are a function
of annual turnover rates (volunme
lost versus wetland storage
capacity). As turnover rates
increase, the salt content of the
wetland approaches that of the

dominant water source. Water loss
to ground water also removes salts
from the wetland. The rate of loss
is influenced by the permeability of
the till that controls the rate of
export. Wetland basins that do not
lose water to surface outflow, but
are ground-~water through-flow
systems, tend, because of low perme-
ability, to be higher in dissolved
salts. Wetlands that lose water
primarily to the atmosphere by
evapotranspiration tend to concen-
trate salts to high levels (Swanson
et al. 1988).

Wetlands differ from one another
in their chemical characteristics
based on their location in ground-
water flow systems (LaBaugh 1989).

21

Topography and the geologic
characteristics of glacial tills
provide the framework within which
ground water flow systems develop.

Till in south~central North Dakota
has a high percentage of silt and
clay, is poorly sorted, and has low
permeability; outwash is largely
sand and gravel, is well sorted, and
has high permeability (Swanson et
al. 1988). Significantly higher
average values of specific
conductance and concentrations of
sodium, potassiun, sulfate, and
alkalinity were found in wetlands
located in outwash, whereas signifi-
cantly higher average concentrations

of calcium occurred -in wetlands
located in till (Swanson et al.
1988) . Most wetlands  that had
values of specific conductance

greater than 10 mS/cm in south-
central North Dakota were located in
outwash, and nearly all wetlands
located in till had values less than
10 mS/cm. Saline wetlands located
in outwash are topographically low,
nonintegrated ground water discharge
areas that function as hydrologic



and conseqguently c¢oncentrate

chemical types
Swanson et al.

Seven different
ware reported by
(1988) among wetlands studied in
south-central North Dakota: calcium
bicarbonate, magnesium bicarbonate,
sodium bicarbonate, magnesium
sulfate, sodium  sulfate, sodiun
chloride, and magnesium  chloride.
The percentage of wetlands having
the various chemical types of water
were as follows: calcium bicar-
senate-1, magnesium bicarbonate-27,
magnesium sulfate-17, sodium
bicarbonate-10, sodium sulfate-4%,
sodium  chloride~4, and magnesium
chloride-1 (Swanson et al. 1988).
Specitfic conductivity of most of the
woetlanda (65%%) was between 0.8 and
<8 m&/cem. This range is within the
oligosaline salinity category of the
Cowardin et al, (1979) wet land
classification system. Only 6% of
the wetlands fell within the fresh
cateqory  {(<0.8 m&S/cm). Twenty
percent fell within the mesosaline
category (8-<30 m&/¢m), TH were
within the polysaline category (30~
<45 mB/om), 1% were within the
eusaline category {(45%-60 mS/cm), and
14 were  within  the hypersaline
category (60 mS/om) (Swanson et al.
T9ia) .

A combination of hydrogeologic
favtors, including topography and
geology, affect the water chemistry
of wetlands (Driver and Peden 1977).
Labaugh et al. s (1987) study of the
Cottonwood Lake area, Stutsman
County, HD, reveals that wetland
o i is  dependent on the
ition of individual wetlands with
ot to ground-watey flow
systems., Ground-water flow svstems
integrate topography and geology

that are important physical
boundaries of flow systems. The
basic chemical type 1s further

modified seasocnally by the excess of
evaporation over precipitatiocn.

In the Cottonwood Lake area,
potassium and calcium bicarbonate-
dominated waters low in specific
conductivity occurred in wetlands
that recharge ground water. The
wetland with the largest value of
specific conductance was in an area
of ground-water discharge and was
characterized by the magnesium
sulfate water type, similar to that
of the adjacent ground water. Con-
centration by evaporation is also an
important factor affecting seasonal
differences in chemistry of prairie
wetlands. Different wetlands have
different hydrologic relationships
to ground water: some recharge
groundwater, others discharge it,
and still others do both.

Knowledge of the plant communities
that occupy the different zones of
a wetland basin (Stewart and Kantrud
1971) and the ionic composition of
surface water can be used to draw
inferences concerning the hydrologic
functions of prairie wetlands
(LaBaugh 1987; LaBaugh et al. 1987).
FPhosphorus and nitrogen differences
were more closely related to the
effect of hydroperiods on aquatic
macrophytes (LaBaugh et al. 1987).
The retention of phosphorus,
nitregen, and major ions by wetland
basins 1is a function of their
hydrologic settings as demonstrated
in Figures 7-10 and described by
Swanson et al. (1988). While
phosphorus tends to be restricted to
surface flow, nitrogen compounds
that are water soluble can follow
ground-water flow systems.



CHAPTER 3. BIOTIC ENVIRONMENT

3.1 PHYTOPLANKTON, PERIPHYTON, AND
METAPHYTON

All algae, including wetland
algae, are grouped according to the
habitats they occupy. Floating

algae are referred to as metaphyton.
Algae suspended in the open water
column or pelagic zone are referred
to as planktonic algae ({phytoplank-
ton). Algae that grow attached to
substrata and are a component of the

periphyton (aufwuchs) are termed
periphytic algae (Crumpton 1989).
Periphytic algae can be further

divided into those that grow within
bottom sediments (epipelic algae),
those that grow on plants (epiphytic
algae), and those that grow on rocks
{epilithic algae) (Crumpton 1989).

Aquatic macrophytes serve as a
substrate for epiphytic algae. Thus
seasonal changes in macrophyte
abundance can influence the abun-
dance and distribution of epiphytic
algae as well as epipelic and
epilithic algae that are often
shaded by the macrophytes.

The role of algae in the primary
production of prairie wetlands is
not well defined (see Chapter 4).

Patterns of algal growth in
seasonally flooded wetlands are
influenced by hydroperiods and the
apparent uptake and leaching of
nitrogen and phosphorus associated
with shallow  marsh vegetation
(LaBaugh et al. 1987). Wetland T8
in the Cottonwood Lake study area
{(Winter and Carr 1980) functions as
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a ground-water recharge area and
dries up by midsummer (LaBaugh et
al. 1987). Following snowmelt and
flooding of dead shallow-marsh vege-
tation, dominated by Carex atherodes
and Polygonum coccineum, decomposi-
tion begins. Shallow-marsh vegeta-
tion decomposes rapidly when flooded
and releases nitrogen and phosphorus
that are available for use by algae
because this wetland has few sub-
merged vascular plants competing
with the algae for nutrients. When
the water recedes, filamentous algae
dominate the wetland surface until
complete drawdown. New growth of
shallow marsh vegetation and leach-
ing of nutrients from the decom-
posing algae complete the cycle.

Semipermanently flooded wetlands
also establish seasonal patterns of
algal growth that tend to alternate
with the growth of submerged vascu-
lar plants and periodic drawdowns.
Wetland P11 in the Cottonwood Lake
study area functions as a ground-
water discharge area and 1is domi-
nated by open water and beds of the

submersed macrophyte Potamcgeton
pectinatus. During spring the

shallow water in this wetland is
turbid (Secchi disc depth=10 cm) and
dominated by planktonic algae. As
the summer progresses, epipelic and
epiphytic algae and P. pectinatus
stabilize the flocculent substrate
and the water clears. During fall,
when the P. pectinatus and benthic
algae break down, the water again
becomes turbid and planktonic algae
dominate. Waterfowl contribute to
the onset of turbid conditions by
excavating the substrate in search
of P. pectinatus turions.



Agquatic invertebrates, which are
important foods of laying female
dabbling ducks and their broods,
tend to graze on periphyton or
filter phytoplankton, bacteria, and
organic detritus from the water
column.

Phytoplankton species occupying a
wetland complex in the Cottonwood
Lake area of North Dakota are
presented 1in Appendix A (LaBaugh
and Swanson 1988). Wetland T8 is
seasonally flooded and functions as
a ground-water recharge area. Wet-
land T3 1is seasonally flooded and
functions as a through-flow system.
Wetland Pl is a semipermanent wet-
land that deoes not have a surface
outlet, but functions as a through-
flow system with respect to ground
water. Wetland P8 is a semiperma-
nent wetland that contains a surface
outlet and functions as a ground-
water discharge area. Wetland P11
is a semipermanent wetland that does
not have a surface outlet, functions
as a ground-water discharge area,
and concentrates salts through loss
of water to the atmosphere.

Of the 306 taxa listed in Appendix
A, 103 (34%) were Cyanophyta, 83
(27%) were Bacillariophyta, and 66
{22%) were Chlorophyta. Of the taxa
159 (52%) were found in seasonally
ficoded wetlands and 24% (80%) were
found in semipermanently flooded
wetlands. The more saline wetland
P11 supported only 40% of the total
taxa found on senmipermanent wet-
lands, whereas the fresher wetlands
Pl and P8 supported 81% (198 taxa).

3.2 MACHOPHYTES

Information on the compesition,
structure, and c¢lassification of
macrophytic vegetation of prairie
wetlands has recently been reviewed

by Xantrud et al. (1989). This
paper also traces the history of
wetland vegetation studies in the

Prairie Pothole Region and discusses
zonation, vegetation dynamics, and
the major natural and human-related
environmental factors that affect
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composition of  hydrophyte com-
munities in the region. Fire is
considered a  human-related dis-
turbance and 1is included in this

section, even though lightning-set
(abiotic) fires commonly occurred on

the prairies 1in pristine times
(Higgins 1986). Lists of all hydro-
phytes found in North and South

Dakota are found in Reed (1988a, b).

The early studies of Shunk (1917)
and Metcalf (1931) identified the
major features of prairie wetlands
{(central or concentric peripheral
zones of vegetation) and the factors
that seem to control plant species

composition and distribution of
these zones (water depth, length of
time surface water or saturated
soils are present, and salinity).
Most subsequent investigations
(e.g., Moyle 1945; Evans and Black
19%6; Walker 1959, 1965; Dix and

Smeins 1967; Smeins 1967; Walker and
Coupland 1970; Stewart and Kantrud

1972; Barker and Fulton 1979;
Kollman and Wali 1976) have elabo-
rated on these themes and also

described the effects of changes in
water levels or salinity or the
impacts of cultivation, grazing,
fire, mowing, and idle conditions on
wetland vegetation.

Zonation
Zonation of vegetation in prairie
basin wetlands was first noticed by

Froebel (1870) who described a
"central portion" inside "concentric

circles of different species of
plants. "
The vegetation of nearly all

prairie basin wetlands is composed
of a central zone bounded peri-
pherally by concentric zones (Figure
11} that occupy the moisture-regime
gradients (Figure 2). These zones
are dominated by different species
or groups of species. Changes in
the size, color, or morphology of
the species among zones makes them
a prominent feature of the vegeta-
tion. The plants found in the zones
are commonly grouped and accepted as
indicators of the hydrologic regime
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of the zones even though individual
species have discrete distributions.
The number of zones present in a
basin increases with the degree of
water permanency: that 1is, the
length of time the 3zones can be
expected to contain surface water,
The best accepted names for these
zones in the basins dealt with in
this report are, in order of in-
creasing degree of water permanency,
wet meadow, shallow marsh, and deep
marsh. Wet-meadow zones can be
dominated by woody vegetation and
not appear as meadow. The appear-
ance of large amounts of woody
vegetation around prairie wetlands
is often attributed to fire suppres-
sion by European man (Bird 1961).
Shallow-marsh and deep~marsh zones
can be donminated by submersed
plants. Wet-meadow and shallow-
marsh zones are commonly cultivated
and can be devoid of hydrophytes
when dry or for short periods after
reflooding.

Wet meadow _zones. These zones of
prairie wetlands are mostly domi-
nated by low to medium-height
grasses, rushes, sedges, and forbs
or woody vegetation. Submersed or
floating plants are absent. Inun-
dation is wusually temporary for a
few weeks or months in spring or
briefly after heavy summer rains.
Water loss in centrally located wet-
meadow zones in North Dakota can
average >50 mm/day from early aApril
till the end of May (Kantrud and
Stewart 1977).

Shallow marsh zones. These zones
are wusually dominated by coarse
emergent grasses, sedges, and
burreed of midheight or a few, often
nonpersistent, forbs. Submersed or
floating vascular plants or aquatic
mosses or liverworts are fairly
common, and can occur in the under-
story of emergents or in shallow
open water. Except for the spring
snow-melt period, the presence of
open water in shallow marsh zones is
largely a function of land use.
Inundation is normally seasonal from
spring to mid~ or late summer.
Water loss in centrally located
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shallow-marsh zones in central North
Dakota probably averages 40 mm/day
from early April until the end of
June {(Kantrud and Stewart 1977).

Deep mayrsh zones. These zones are
either dominated by tall, coarse
cattails or bulrushes with an under~
story of submersed or floating
plants, or by beds o¢of submersed
vascular plants. Unconsolidated
bottom devoid of vegetation 1is
sometimes found. Water regime is
usually senmipermanent, with surface
water present from spring through
fall and frequently overwinter.
Water 1loss 1in centrally located
deep-marsh zones in North Dakota
wetlands likely averages 25 mm/day
{Kantrud and Stewart 1977).

Some characteristics of these
zones are evident. In a given
basin, water depth increases with

zonal water permanency, but this
often is not true among or between
basinsg of different hydrological
setting. For exanmple, shallow-marsh
zones 1in many freshwater wetlands
are often deeper than deep-marsh
zones in more saline wetlands. In
all but the most saline wetlands,
the stature of emergent vegetation
increases along the gradient from
temporarily to semipermanently
flooded. Species richness of the
emergent component of the vegetation
in these zones tends to decrease
with water permanence. Deviations
from the "normal"™ zonation pattern
occur regularly in the form of zonal
inversions or deletions brought
about by fluctuating water levels
{Smeins 1967; Millar 1976). Zonal
deviations can be used to interpret
the recent hydroleogic history of a
basin wetland.

Vegetation Dynamics

Prairie wetland vegetation changes
more dramatically than most other
natural vegetation in North America
because of the effects of regional
climatic instability on hydreclegic
reginmes. Late winter snowfall,
spring runoff, summer precipitation,
and evapotranspiration are all



highly wvariable between years and
within seasons. Extended droughts
as well as short series of years
with much Thigher than average
precipitation are common.

High water levels can kill up to
25% of the emergent vegetation in
prairie wetlands, but when water
levels fall, new bands of vegetation
quickly develop on newly exposed
shorelines (Walker 1959, 1965) .
Many emergent species such as Typha

spp. reproduce vegetatively except
during low-water conditions, when
reproduction by seed is common

(Bedish 1964). Extremely high water
levels can also kill trees and other
woody vegetation that have developed
in wet meadow zones, leaving a ring
of dead trees that can persist for
years.
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Stewart and Xantrud (1971) con-
sider the degree of interspersion of
cover and open water mostly a func-
tion of water depth rather than
water permanency. Studies by Weller
and Spatcher (1965), Weller and
Fredrickson (1974) and van der Valk
and Davis (1976, 1978a) on semiper-
manent Jowa wetlands outline the
cyclic effects of physical and
biological forces on the species
composition and distribution of
wetland vegetation.

The stages in this vegetation
cycle are shown in Figure 12 and its
effects on the biota are outlined in

Table 3. In the dry-marsh stage,
water 1s absent or 1low in the
central zone and muskrats can be

absent. Vegetation on the marsh
floor consists of mudflat annuals
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Figure 12. A generalized vegetation cycle in an lowa prairie wetland (van der Valk and Davis 1978a).
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Table 3. Stages of the typical habitat cycle in semipermanent lowa wetlands {Weller and Spatcher 1965).

Stage
name

Muskrat

populations

Bird
pepulations

ugus
r

conditions

Dense marsh: more
vegetation than
open water

Hemi-marsh; open water
and vegetation in
about egual amounts

S Yoy v
nt oY i0W;

noreasing water
els; emergents
flooded

b bt gt
i3
<

»

Median to near
maxinum

Dense revegetation;

most species find
able seedbed

Very dense; rate of
opening dependent
upon muskrat popula-
tions and influence
f flooding on cer-
tain species

Muskrat eat-out;

flotation and death;
decline in shallow-
water species; veg-
etative propagation

Low to absent;
populations
centrally
located

Increasing

Increasing
rapidly; well
distributed

Red-winged

plackbirds

sparse; somne

se by upland
s

i)
SLTG

Numbers and
variety
increasing

Maximum species

diversity and

preduction for

most species

Red-winged blackbirds;
few muskrat lodges;
low water

Red-winged blackbirds
increase; first yellow-
neaded blackbirds appear
near sparse open pools:
few coots and

grebes

Many red-winged and
yellow~headed black-
birds uniformly distri-
buted: coot and pied-
billed grebes abundant

Cpen marsh; more Maximum Submergents and deep- Maxinum or Most species in Sparse bird populaticns
open water than water emergents per- declining decline; a few and emergent vegetation
vegetat ion sist; others absent swinming species
or disappearing tolerate as long

as long as some

vegetation

persist
Open water marsh; Maximum or as low Scirpus acutus may Sparse; bank Red-winged Red-winged blackbirds
virtually a as median persist in sparse dens common plackbirds use use shoreline shrubs
eutrophic lake populations shoreline vege- and trees

tation; other
species vir-
tually absent




and seedlings of emergent species.
The annuals can complete their life
cycle and add seeds to the seed bank
during this stage. With the resum-
ption of normal precipitation, the
wetland enters the regenerating
marsh stage. Muskrat populations
begin to recover. Mudflat annuals
decompose and are eliminated, but
propagules of submersed and floating
species from the seed bank germi-
nate, and within a few years the
emergent species spread vegetatively
and normal patterns of zonation are
established. Major inputs of seeds
of the emergent species to the seed
bank occur at this time. If water
levels continue to rise, emergent
vegetation begins to die from excess
water depth, senescence, disease,
and insects. This is the degenerat-
ing marsh stage. Continued high
water results in the lake-marsh
stage dominated by submersed vege-
tation only, because of excess
muskrat damage and the inability of
seeds of emergents to germinate
under deep water. Finally, drought
or artificial drawdown return the
wetland to the dry-marsh stage.

The cycle described above for
semipermanent wetlands in Iowa is
idealized, and the role of the
muskrat is more important there than
in most of the pothole region of the
Dakotas (see Section 3.7). Much
more complex patterns of vegetation
change occur in nature because of
partial drawdowns or multiple
drawdowns over short time periods.
The less permanent temporary and
seasonal wetlands do not undergo
such complex cycles, but alternate
on a wet-dry basis nearly every
year. In addition, in the more arid
Dakotas, water levels can fall so
rapidly during drought that germina-
tion of mudflat annuals cannot keep
up with the receding waters. This
results in the drawdown bare-soil
phase described by Stewart and
Kantrud (1971) (Figure 13). Never-
theless, the rapid recruitment of
plants a few species at a time from
a much more species-rich seed bank
seems to be a universal phenomenon
related to the rapidly changing
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hydrological conditions of prairie
wetlands.

Effects of Water Quality

Much information has been gathered
on the effects of salinity (concen-
tration of total dissolved solids in
the soil or water column) on prairie
wetland vegetation since the early
observations of Bailey (1888) and
Visher (1912). Such information has
been summarized recently by Kantrud
et al. (1989). Areas containing
large numbers of wetlands of rela-
tively high salinity are mostly
restricted to glacial outwash plains
lying in the western and north-
western portion of the Prairie
Pothole Region of the Dakotas.

The gradient from fresh to hyper-
saline water is a continuum, and any
divisions are arbitrary. In this
report we refer only to the salinity
subclasses of Stewart and Kantrud
(1971) and the water-chemistry modi-
fiers of Cowardin et al. (1979).

Surface water in temporary and
seasonal wetland basins in the
Dakotas is usually fresh or slightly
brackish, although a few moderately
brackish seasonal basins have been
observed (Stewart and Kantrud 1971}).
The fresh and slightly brackish sub-
classes of Stewart and Kantrud
(1971) correspond to the fresh (<0.8
mS/cm) and lower oligosaline (0.8-
2.0 mS/cm) water—chemistry modifiers
of the Cowardin et al. (1979)
classification systen.

Semipermanently flooded wetland
basins, and their associated wet-
meadow, shallow-marsh and deep-marsh
zones, can Dbe fresh, slightly
brackish, moderately brackish,
brackish, or subsaline. Most of
these basins are slightly brackish.
The moderately brackish and brackish
subclasses of Stewart and Kantrud
(1971) correspond to the upper
oligosaline (2.0-8.0 mS/cm) and
lower mescosaline (8.0-15 mS/cm)
modifiers of Cowardin et al. (1979},
whereas the subsaline subclass




PR AT PAMERGENT PHASGE

NORMAL WATER CONDITIONS

P A AL EARERCUENT PHASE

i Ty

DI AW Dl b hal BOG T Feat

DN A R RARE B Feasy

~

AR W AT LR Taast

LOW  WATER CONDITIONS

BEOREAAL EMERGENT PHAYGE

R R N T T

DRAWDUWE  FaE RGN T PHASE

REFLOODING OF POND

“Figure 13. A typical sequence of wetiand phases as related 1o variabie water
conditions (Stewart and Kantrud 1971},

30



includeg the range of the upper
mesosaline (15-30 mS/cm) and poly-
saline (30-45 m&/cm) modifiers.

The general effect of increased
salinity in any =zone of wetland
vegetation is to decrease the number
of species. In polysaline wetlands,
only the single submersed angiosperm
Ruppia maritima occurs. A similar
reduction in species is noted during
drawdown conditions (Stewart and
Kantrud 1$71, 1972), when mono-
dominant stands of Kochia gcoparia
are often found in dry pelysaline
basins. There also is a tendency
towards succulence in plants found
in more saline basins.

bSalinity levels can fluctuate
widely within and among seasons,
particularly in smaller wetlands and

those of intermediate and high
salinity (Rozkowska and Rozkowskil
1969, Stewart and Kantrud 1972).

These changes can be accompanied by
changes in vegetative species com-
position (Ungar et al. 1979). For
example, aquatic bed dominated by
Chara sp., Zannichellia palustris,
and Potamogeton pectinatus often
alternates with stands of Ruppia
maritima in certain prairie wetlands
as surface waters are respectively
diluted and concentrated.

Common dominance types of emergent
vegetation under various land uses
and water chemistry conditions are
shown for wetlands with temporary,
seasonal, and semipermanent water
regimes in Appendix B, along with
similar information for the class
agquatic bed.

It is difficult to establish
meaningful salinity tolerances for
individual species 1in their natural
habitats, because of the complex of
factors assocliated with salinity
fluctuations and ecotypic variations
among species (Kantrud et al. 1989).
Nevertheless, we present the com-
bined data of Smeins {1%67), Disrud

(1968), Sletten and Larson (1984},
and H.A. Kantrud (unpubl.), as
published in Kantrud et al. (1989)
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to estimate the salinity tolerance
of many emergent and agquatic bed
species in Appendix C. These are
crude estimates because specific
conductivities of surface waters and
s0il extracts from the root =zone
often differ greatly.

Many species have a broad range of
salinity tolerance. This is a com~
mon trait among hydrophytes of the
Prairie Pothole Region. Species
that are tolerant of high salinities
can survive low salinities (Ungar
1966) . This suggests that compe-~
tition or other factors play an
important role in determining
species composition in less saline
sites (Ungar 1974).

Disturbance

Human-related disturbance is one
of the most important factors af-
fecting species composition of wet-
land vegetation in the northern
prairies (Smeins 1967, Walker and
Coupland 1968, 1970). The intensity
of disturbance is often more impor-
tant than the type of disturbance,
and the native hydrophytes in the
area are adapted to respond quickly

to changing conditions and form
dense stands. Common dominance
types of wetland vegetation in

various water regimes are related to
disturbance and idle conditions in
Appendix B.

Drainage and cultivation are the
most extreme disturbances seen in
most prairie wetlands in the
Dakotas, although in some instances
the basins themselves have also been
destroyed by filling with earth or
rocks, or used for solid-waste
disposal (see Section 5.3).

Basins that are cultivated but not
drained are extremely common in the
Dakotas (Figure 14}. Stewart and
Kantrud (1973) estimated that 29% of
the area and 52% of the individual
wetlands in the Prairie Pcthele
Region of Horth Dakota had been
cultivated for crop production in
1867, a year of excellent water



Figure 14. Cultivated temporarily and seasonally flooded basins dot the landscape in the intensively farmed
reglons of the Dakotas (near Lakota, North Dakota, June 1978; photograph by Alan Sargeant).

These wetlands were
primarily temporary and seasonal,
The wet-meadow and shallow-marsh
zones of nany seniperwmanent wetlands
are  also regularly cultivated.
fruring the prolonged extreme drought
of the 1%30s, the bottoms of many
hasing with semipermanently flooded
and  intermittently exposed water
reglines were used for crop produc-
tion in the Dakotas. Sedimentation
extremely common in basins lo-
cated in cropland in this area, as
there is no barrvier to runoff water
from the uplands, and the practices
of summer fallow and fall plowing
are widespread. In addition, the
heaviest rains of the season often
cecur just after seeding when fields
are newly cultivated.

conditions.

im

The main effect of cultivation on
hydrophytic vegetation is to sup-
presgs or eliminate persistent emer-
gent perennials and increase persis-
tent and nonpersistent annuals,
Aguatic-bed area also increases in
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cultivated shallow-marsh zones as
canopies of emergents are opened and
much easily colonizable unconseli-
dated shore is created.

Drawdown species invade cultivated
basins very rapidly as water
recedes, forming plant associations
different from those found 1in
similar basins in grassland. This
is the cropland drawdown phase of
Stewart and Kantrud {(1971}).

Basins cultivated intensively
during dry periods often have no
hydrophytic vegetation, or else the
vegetation consists only of upland
weeds, commercial crops, or their
residue, This is the cropland
tillage phase of Stewart and Kantrud
{1971). Hydrophytes become reestab-
lished from seed banks very guickly
in these basins as water is
replenished.

Ancother effect of cultivation is
to roughen the bottom surface with



ridges, furrows, clods, and wheel
tracks. This creates a variety of
microhabitats in which field weeds
as well as emergent and submersed
hydrophytes and drawdown species
live in close proximity or patterned
stands.

Prairie wetlands evolved under a
regime of grazing by native ungu-
lates; grazing by domestic livestock
today remains as one of the most
important commercial uses of these
basins. Many basins located near
feedlots or corrals around ranches
or farmsteads are grazed all year,
whereas those in outlying pastures
are usually grazed during spring,
summer, and fall. In pastures where
artificial watering facilities are
not provided and basins are few,
basin wetlands «c¢an receive an
inordinate amount of trampling and
grazing pressure. Cattle are the
most frequent grazers of Dakota wet~
lands, but sheep and horses are not
uncommnon.

Dominant plant species in grazed
prairie wetlands wusually differ
greatly from those in areas put to
other uses (Kantrud et al. 1989).
Adaptations of wetland plants to
grazing include nodal rooting and
unpalatability (Walker and Coupland

1968) . Unless unusually severe,
grazing of wetlands results in
greater species diversity, more
complex distributional patterns, and
sharper boundaries between =zones
(Bakker and Ruyter 1981). General

effects of moderate to heavy grazing
in prairie wetlands also include a
decrease 1in overall height of
emergents and an increase in aquatic
bed. Schultz (1987) showed that
prescribed grazing of monocdominant
Typha glauca stands by cattle in
South Dakota wetlands resulted in a
decrease in live stems, dead stems,
depth of residual litter, and litter
coverage. Associated changes
included increased coverage of
floating plants (Lemna and Riccia),
higher water temperature, greater
invertebrate abundance and biomass,
and increased wuse by breeding
waterfowl. Livestock trampling can
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affect the height and density of

wetland vegetation more than
consumption (Hilliard 1974). Severe
grazing can decrease primary
production (Reimold et al. 1975),
increase water turbidity (Logan
1975), and eliminate all vascular

plants (Bassett 1980).

Plants that are increased by or
are tolerant of domestic livestock
grazing in wetlands in or near the
Prairie Pothole Region have been
listed by Evans et al. (1952), Smith
(1953), Smeins (1965), Dix and
Smeins (1967), Walker and Coupland
(1968), Stewart and Kantrud (1972}
and Millar (1973). The relation of
grazing to wetland vegetation and
the use of such habitats by breeding
waterfowl and their broods has been
reviewed by Kantrud (1986a).

Removal of @perennial emergent
vegetation for use as livestock food
or bedding is a common practice in
the Prairie Pothole Region. Mowing
is usually restricted to temporary
and seasonal wetland basins and the

wet~meadow and shallow-marsh 2zones
of semipermanent wetlands, but
during droughts even the coarse

emergent species of deep~-marsh zones
are sometimes harvested. Wetlands
thus treated appear as open water
after spring runoff, but regrowth of
emergents 1is rapid except under
extremely high water levels, so by
late spring a dense canopy of vege-
tation is usually present. Smeins
(1967), Walker and Coupland (1968,
1970), and Stewart and Kantrud
{1972) suggested that certain native
hydrophytes were favored by mowing.
However, J.B. Millar (unpubl. data,
Canadian Wildlife Service) saw no
detectable changes in the dominant
emergent species 1in Saskatchewan
wetlands after 25 years of mowing.
Two introduced species, Alopecurus
arundinacea and Phalaris arundin-
acea, are often planted in prairie
wetlands for use as hay or forage
crops.

Burning is not a common practice
on privately owned wetlands in the
Dakotas. A small proportion of the



basins are burned each fall inci-
dental to burning road rights-of-way
for snow control; other basins are
purned to make fall tillage easier
or to decrease the amount of snow
trapped in them so they can be more
easily cultivated the following
spring. Burning is being in-
creasingly employed as a means to
control excessive emergent vege-
tation to increase waterfowl
production on National Wildlife
Refuges and state-owned lands, yet
little is known about the environ-
mental effects of fire in prairie
wetlands, and research on prescribed
burning for wildlife production has
often been urged (Ward 1968; Weller
1978: Kantrud 1986a).

Fires were common in prairie wet-

land vegetation in the early 19th
century, as evidenced by the
accounts of early traders and
travelers. For exanple, in 1803
Henry and Thoapson (Coves 1965)
recorded fire rushing through "low
places covered with reeds and
rushes. ™ In  18%8 or 185% Boller
{(1972) saw a large conflagration
spread for many miles after heing
zet by American Indians in “dry
rushes in  the prairie bottonms.®
Denig  (1961), writing about his
experiences during 1833-%4, noted
that fire would sweep over ice

through wetland vegetation.

General references (Kozlowski and
Ahlgren 1974; Wright and Bailey
1982) indicate that burning of marsh
vegetation releases nutrients, opens
the canopy and detrital layer, and
allows for increased insolation and
resultant earlier warming of botton
soils. Biological productivity
usually increases following fire,
even though plant species composi-
tion can be altered. Species com-~
position usually changes little when
perennial species with meristems at
or below ground level are burned
during their dormant period.

The few studies and incidental
obsgr?aticns of fire effects on
prairie wetlands {reviewed in
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Kantrud 1986a) do not currently
provide wetland managers with
sufficient guantitative information
to formulate burn prescriptions.
Most experimental burns, often in
combination with crushing, mowing,
water level manipulations, or
herbicide trials, have been directed

toward control of cattails (Typha
spp.) -

Many prairie wetland basins now
lie idle in former pastures con-
verted to cropland or in retired
cropland or wildlife management
areas. Even many of the larger
semipermanent wetlands are not used
for grazing Dbecause in recent
decades livestock nunbers have
generally decreased in the eastern
Dakotas. In addition, the dense
stands of coarse emergents, particu-~
larly Typha sSpp. , that have
developed in these basins are rela-
tively unattractive to livestock.

Bioleogists have often attributed
decreased use of prairie wetlands by
aguatic birds to decreased habitat
heterogeneity caused by a reduction
in the natural ecological processes
of grazing, fire, and water-level
fluctuations. In the absence of
such processes, autogenic succession
tends to build dense stands of emer-
gent hydrophytes in many wetlands
{Walker 1959: Jahn and Moyle 1964;
Whitman 1976). 1In the prairies, the
usual result is domination by tall
robust grasses, sedges, cattails, or
woody plants (Kantrud 1986a).

&11 but the more saline or steep-
sided prairie wetland basins are
susceptible to the establishment of
dense stands of emergents because of
low-gradient shorelines, small dif-
ferences in soils or crganic-matter
content within basins, and the
ability of many species to survive
under a wide range of water condi-
tions (Hammond 1961, Walker and
Coupland 1968). Dense emergents can
be controlled by water~level manipu-~
lation, but few natural basins in
the prairie region have water-
control  structures or sufficient
depth below natural spill elevation



to make such structures effective if
installed.

Drastic environmental changes
occur vwhen deep-marsh zones are
allowed to go idle and stands of
tall emergent hydrophytes Dbecome
dominant. Reduced insolation of the
water column and bottom substrate
and increases in litter can reduce
or eliminate other species of plants
in the understory (Bennett 1938;
Buttery and Lambert 1965; Spence and
Chrystal 1970; Vogl 1973). Submerged
plants, in particular, require water
of sufficient depth to reproduce
(Anderson 1978; Courcelles and
Bedard 1978), and the buildup of
litter and organic material from
emergent species can reduce water
depth or eliminate shallow-water
areas (Ward 1942, 1968; Walker 1959;
Hammond 1961; Beule 1979).

Buildup of litter and its shading
effect also can result in lower soil
or water temperature and lower rates

of plant decomposition (Willson
1966; Godshalk and Wetzel 1978).
Various emergent species can

decompose at different rates as the
result of differences in species

composition of macroinvertebrate
populations (Danell and Sjoberg
1879). Thus, the development of
monotypic stands of emergents can
effectively remove some of the
variation in decomposer organisms
that could act to maintain or

increase vegetative heterogeneity.

Species Composition and Abundance

Common dominance types of emergent
wetland vegetation are shown for
temporarily, seascnally, and semi-
permanently flooded moisture regimes
in Appendix B. Dominance types in
aquatic bed in seasonally and
semipermanently flooded moisture
regimes are shown in Appendix C.
These tables also relate species
composition to land use and water

chemistry. Additional species,
mostly of 1lesser importance as
vegetative cover, are listed in
Stewart and Kantrud (1971, 1972).
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3.3 INVERTEBRATES

Characteristic groups of wetland
invertebrates can be associated with
four major habitat types. These
groups include benthic invertebrates
that live in mud or in association
with the mud-water interface,
pelagic invertebrates that occupy
the water colunn, macrophyte-~
associated invertebrates that 1live
in or on vascular plants in asso-
ciation with periphyton communities,
and neustonic invertebrates that
live on the surface film. Some
species occupy several habitat types
during different phases of their
life history. Schultz (1987) showed
that livestock grazing of monodomi-
nant Typha stands in semipermanently
flooded South Dakota wetlands
resulted in increased invertebrate
abundance and biomass, especially
forms adapted to detritivory.

Herbivores and detritivores that
live on wetland substrates feed on
fallout from the water column and
epipelic algae. Those that occupy
the water column consume plankton
and suspended organic particulates.
Plant-associated invertebrates feed

mostly on periphyton. Macroinverte-
brates that 1live on the water
surface (neuston) are primarily

predators or scavengers.

Prairie-wetland invertebrate-
species structure is controlled by
basin hydrologic functions and
associated chemical characteristics.
The length of time between spring
flooding and summer drawdown deter-
mines what fauna can occupy a given
wetland basin. Temporarily and
seasonally flooded wetlands are
dominated by invertebrates that can
complete their 1life cycles before
the basins dry ocut. Invertebrates
that neither fly, tolerate extended
periods of desiccation, nor produce
eggs that tolerate desiccation are
eliminated during drought, and
require some form of dissemination
to facilitate their reintroduction
into nonintegrated isolated wetlands
{Swanson 1984). Transport mec