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CLASSIFICATION OF NATURAL PONDS AND LAKES
IN THE GLACIATED PRAIRIE REGION

INTRODUCTION

The wetland classification system for the
United States adopted by the Bureau of Sport
Fisheries and Wildlife in 1953 is described by
Martin et al. (1953) and by Shaw and Fredine
(1956). That classification has been followed by
many biologists in recent years and is especially
useful in categorizing in a general manner the
wetlands throughout the country over a span
of years. It has become apparent, however, that
for research and intensive management a dy-
namic classification system that more precisely
reflects seasonal, regional, and local variations
in the environment is needed. To establish a
detailed wetland classification system for all of
North America will require intensive ecological
investigation of wetlands in each of the major
biogeographical regions.

During the past 40 years several classification
systems have been applied to wetlands in the
glaciated prairie region of the United States
and Canada. Metcalf (1931) used a system based
on salinity and vegetation to differentiate several
types of prairie ponds and lakes in North Da-
kota. Hayden (1943) followed the concepts of
ecological succession and classified Towa wetland
communities according to their position in the
evolutionary sequence from early hydroseres to
prairie climax. Bach (1950) described a system of
wetland types in North Dakota on the basis of
their longevity or permanency. Nord, Evans, and
Mann (1951) evolved a “chain type” wetland
classification using Bach’s permanency types in
combination with a series of other factors includ-
ing density, distribution, and species composi-
tion of marsh plants when classifying wetlands
in Minnesota, North Dakota, and South Dakota.
Leitch (1966), using Bach’s basic permanency
types and the criteria employed in the system
of Nord, Evans, and Mann, added various physi-

cal, ecological, and historical factors when de-
scribing wetlands in Canada.

Mason (1957) presented a classification outline
for wetlands based on a sequence of environmen-
tal factors treated in order of decreasing impor-
tance and including water movement, water per-
manence, relation of cover to open water, and
water chemistry. Millar (1964) proposed a com-
plex system for the prairie wetlands of Canada
which combined the vegetational factors used
by Stewart and Kantrud (1963) with topographic
features, including basin area, capacity, drain-
age, and configuration.

The system of Martin et al. (1953) currently
used by the Bureau of Sport Fisheries and Wild-
life is based primarily on water depths during
the growing season, cover interspersion, and oc-
currence of certain groups or species of wetland
plants. Evans and Black (1956) combined the
system of Bach with that of Martin et al. for
adaptation to South Dakota wetlands. Exten-
sive field experience has shown that the classifi-
cation system of Martin et al. is too general for
detailed investigations of wetlands. It has often
been misinterpreted by placing too much em-
phasis on water depth and cover interspersion.
Water depth of a given wetland type varies con-
siderably; by itself it is generally a poor indicator
of prairie wetland types and should not be
equated with water permanence. Water depths
and related stages of cover interspersion often
change drastically from year to year and season
to season because of unstable climatic condi-
tions. The descriptions by Martin et al. of water
relationships of the designated types found in
the glaciated prairie region do not always cor-
respond to the habitat requirements of the char-
acteristic plant species listed. Lastly, insufficient
distinction is made of the complex of vegeta-
tional zones within wetlands and of the particu-



lar relations of vegetation to various environ-
mental factors.

Our ecological investigations of wetlands in
central North Dakota from 1961 through 1966
indicate that the use of prairie ponds and lakes
by waterfowl is strongly influenced by water per-
manence, depth, and chemistry, and by land
use. Although these factors are complex and
interrelated, any marked variations are usually
reflected in differences in life form, cover inter-
spersion, species composition, and species domi-
nance. These vegetational differences are readily
discernible in the field, and they have been used
as the principal criteria in the classification sys-
tem described here. This publication supersedes
a preliminary paper on this subject (Stewart
and Kantrud, 1969).

For purposes of this publication, natural
ponds and lakes refer to wetlands occurring in
natural undrained basins or kettles. Ponds are
arbitrarily defined as natural nonfluvial wet-
lands less than 50 acres in area; lakes are larger
than 50 acres. Other wetland types in the gla-
ciated prairie region are not covered by this
classification; they include natural fluvial habi-
tats and manmade wetlands such as stock ponds,
dugouts, reservoirs, and sewage lagoons.

The glaciated prairie region includes parts
of the northern prairies in the Central Lowland
and Great Plains which were covered with gla-
cial drift deposits during the middle advances
of the Wisconsin stage glaciation (Lemke et al.
1965). It is characterized by numerous un-
drained depressions and is well represented in
southern Alberta, southern Saskatchewan, ex-
treme southwestern Manitoba, extreme north-
eastern Montana, northern and east-central
North Dakota, eastern South Dakota, and small
portions of western Minnesota and northwestern
Iowa. The glaciated prairie region referred to
here does not include the contiguous transitional
belt of aspen parkland, which is usually consid-
ered to be an ecotone between prairie and boreal
forest.

While the system of Martin et al. does not
provide a precise, dynamic classification of
prairie wetlands, it has been used to categorize
in general terms the average long-term condition
of the most common prairie wetlands. Further-
more, it is referred to in certain legal documents
(Public Law 87-732 and the Reuss Proviso of
the Agricultural and Related Agencies Appro-
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priations Acts, 1963 et seq.) and must be used for
classification purposes, until otherwise modified,
in matters concerning Federal drainage referrals
for all wetland types in the Dakotas and Minne-
sota and for Types 3, 4, and 5 wetlands nation-
wide. The system described here, however, can
be applied in either a detailed or a broad man-
ner, as explained in the section on Application
of the Classification System. A broad interpreta-
tion of this classification would correspond to
the system of Martin et al., and would be no
more difficult to apply. It would also have the
advantage of providing a more precise and realis-
tic means of ecologically classifying wetlands in
the glaciated prairie region. While most readily
applied to conditions existing at the time of a
survey, it can be used during the nongrowing
season to interpret conditions during the previ-
ous growing season. When applied in a year of
average water conditions or over a span of years
encompassing the full range of conditions, it
may be used to accurately determine the aver-
age class of a wetland and thus meet the classifi-
cation requirements imposed by current legisla-
tion.

VEGETATIONAL ZONES
IN PRAIRIE PONDS AND LAKES

Wetland vegetation in prairie ponds and lakes
can be grouped into zones each characterized by
a different community structure or life form
and a distinct assemblage of plant species. These
vegetational zones, which will be described pres-
ently, are designated as follows:

Wetland-low-prairie zone.
Wet-meadow zone.
Shallow-marsh zone.
Deep-marsh zone.
Permanent-open-water zone.
Intermittent-alkali zone.
Fen (alkaline bog) zone.

In each zone, characteristic plants may be
found as a general mixture or may be repre-
sented by one or more distinct associations, each
composed of one or more species. These zones
are closely related to differences in water perma-
nence, modified by permeability of bottom soils
and influence of ground water. Certain wetlands
contain only one zone; others contain two, three,
or more zones. In wetlands with two or more



zones, one zone usually occupies the central,
deeper part of the pond basin, while the others
occur as concentric peripheral bands. The pres-
ence or absence and the distributional pattern
of the zones are the primary factors used in dis-
tinguishing the major classes of wetlands.

PHASES OF THE
VEGETATIONAL ZONES

In ponds and lakes with undisturbed bottom
soils, most of the vegetational zones are each
represented by two or three distinct phases that
frequently alternate when there are appropriate
fluctuations in water level or changes in intensity
or frequency of certain land-use practices.
Within each vegetational zone of a pond or
lake, two or three phases may occur at the same
time. These phases are as follows:

Normal emergent phase.—In deep-marsh and
fen zones, and in normal untilled wetland-low-
prairie, wet-meadow, and shallow-marsh zones,
emergent vegetation composed chiefly of biennial
or perennial species is usually of regular occur-
rence. Plant growth extends above the water sur-
face or dry bottom soil and often forms a canopy
or overstory. Subdominant species occur under the
emergent cover.

Open-water phase.—Open water without vegeta-
tion or without emergent plants extending above
the water surface may occur in all zones. In the
open-water phase of shallow-marsh, deep-marsh,
permanent-open-water, intermittent-alkali, and fen
zones, submerged or floating aquatic plants are
often present.

Drawdown bare-soil phase.—As surface water in
the open-water phase gradually recedes and dis-
appears, expanses of bare mud flats, which often
become dry, are exposed. Ordinarily, this phase is
of short duration, but in intermittent-alkali zones
and occasionally in the more saline deep-marsh
zones it may persist for considerable periods.

Natural drawdown emergent phase.—Undis-
turbed areas with emergent drawdown vegetation
are considered to be in this phase. This growth
is composed mostly of annual plants, including
many forbs, that germinate on the exposed mud
or bare soil of the drawdown bare-soil phase. After
the drawdown emergents become established, sur-
face water is occasionally restored by heavy summer
rains.

A typical sequence of wetland phases as they

occur under variable water conditions in un-
disturbed ponds is shown in figure 1.

In ponds and lakes in cropland areas, the
wetland-low-prairie, wet-meadow, and shallow-
marsh zones are frequently cultivated when they
become dry. This results in the development of
early successional plant communities that differ
markedly from those of undisturbed soils. Fol-
lowing cultivation, these early seral communi-
ties often retain their characteristics for a year
or two. The open-water phase and drawdown
bare-soil phase are of common occurrence in
vegetational zones that have been disturbed in
this manner. In addition, a cropland drawdown
phase and a cropland tillage phase are often
present. These are as follows:

Cropland drawdown phase.—Tilled pond bot-
toms with drawdown vegetation characterize this
phase. The plants include many coarse introduced
annual weeds and grasses that normally develop on
exposed mud flats during the growing season. These
species appear as overwater emergents whenever
surface water is restored by summer rains.

Cropland tillage phase.—In this phase are tilled
bottom soils dominated by annual field weeds, char-
acteristic of fallow or neglected low cropland.
Tilled dry pond bottoms devoid of vegetation are
also considered to be in this phase. Planted small
grain or row crops are often present.

PLANT SPECIES COMPOSITION
AND DIFFERENCES IN SALINITY
OF SURFACE WATER

Important differences in species composition
of the characteristic plant associations within
zones are correlated with differences in average
salinity of surface water. Distinctive associations
of plants may be classified as fresh, slightly brack-
ish, moderately brackish, brackish, subsaline, or
saline, although measurements of specific con-
ductance (micromhos/cm?®) used to indicate dif-
ferences in salinity of water were found to
fluctuate widely within many ponds or lakes.
Reduction in specific conductance appeared to
be related to dilution caused by increasing water
depth and occasionally to periodic overflow.
Rising water levels result from accelerated in-
flow from surface runoff in combination with
precipitation directly on ponds. An increase in
specific conductance was usually associated with
losses in water depth caused by evapotranspira-
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tion, or with a greater inflow from ground-water
seepage or springs resulting from rising water
tables. Many of the plant associations that are
indicative of average differences in salinity also
persist temporarily over widely overlapping
ranges of salinity. Since unstable water condi-
tions are characteristic of most prairie ponds
and lakes, plant associations proved to be more
reliable indicators of average salinity than single
measurements of specific conductance.
Fluctuations in specific conductance are less
pronounced during average or normal water
conditions than during periods of excessive
water depth or extreme drought. The approxi-
mate normal and extreme ranges in specific
conductance (micromhos/cm?®) of surface water
in plant communities that are indicators of dif-
ferences in average salinity are as follows:

Plant community: Normal range Extreme range

Eresh cceae oo <40~ 500 <40- 700
Slightly brackish __ 500~ 2,000 300~ 2,200
Moderately

brackish _______ 2,000~ 5,000 1,000~ 8,000
Brackish oo 5,000~ 15,000 1,600~ 18,000
Subsaline ___ 15,000~ 45,000 3,500~ 70,000
Saline ... 45,000-100,0004  20,000-100,000 +

The influence of salinity and other environ-
mental factors, including grazing, mowing, and
burning, on vegetation of prairie ponds and
lakes is treated in more detail by Stewart and
Kantrud (in press).

DESCRIPTIONS OF THE
VEGETATIONAL ZONES

The vegetational zones recognized in prairie
ponds and lakes are described as follows:

Wetland-low-prairie zone.—In certain types of
basin wetlands, low-prairie vegetation may occupy
the central area of a pond. Occasionally in deeper
ponds and lakes with other zones, a narrow border
of surrounding low prairie is inundated during
unusually high water. Because of the porous con-
dition of the soil in this vegetational zone, the
rate of bottom seepage is very rapid. As a result,
surface water ordinarily is maintained for only a
brief period in the early spring before the bottom
ice seal disappears. Measurements of specific con-
ductance (micromhos/cm?) of surface water in
low-prairie plant associations in central areas of
pond basins indicate that these species are char-
acteristic of fresh water.

In natural untilled low-prairie zones, a normal

emergent phase, with low-prairie plants, occurs
regularly. Occasionally in the early spring, when
water levels rise above the tops of low-prairie
plants, an open-water phase without submerged
aquatic plants develops. Under agricultural use,
the cropland tillage phase nearly always persists
as dry tilled soil, with or without weedy plant
growth or crops. Tilled low-prairie zones may also
appear briefly in the open-water phase during ex-
tremely high water conditions. Typical plant spe-
cies found in normal emergent and cropland
tillage phases of wetland-low-prairie zones are listed
under Class I in appendix A.

Wet-meadow zone.—Wet-meadow vegetation oc-
cupies the central areas of many of the shallower
pond basins and commonly occurs as a peripheral
band in most of the deeper ponds and lakes. Water
loss from bottom seepage is fairly rapid in this
zone, so that surface water usually is maintained
for only a few weeks after the spring snowmelt
and occasionally for several days after heavy rain-
storms in late spring, summer, and fall. Wetland
phases in untilled wet-meadow zones include a
normal emergent phase with typical wet-meadow
plants occurring as emergents, and an open-water
phase that develops only when water levels rise
above the tops of wet-meadow plants. Most of the
more numerous plant species in the normal emer-
gent phase are fine-textured grasses, rushes, and
sedges of relatively low stature. Under cultivation a
wet-meadow zone in early spring normally has an
open-water phase without submerged aquatic
plants; this is soon replaced by a drawdown bare-
soil phase unless old-growth plants from previous
years are present. Shortly afterwards, typical species
of the cropland drawdown phase appear. A similar
sequence of phases may take place later in the
season, particularly when surface water is tempo-
rarily replenished or when there is repeated culti-
vation. Cultivation of dry bottom soils results in
the appearance of the cropland tillage phase.

Wet-meadow zones in the central areas of shallow
pond basins are restricted to fresh or slightly
brackish wetlands, while peripheral bands of wet-
meadow zone frequently occur in deeper, more
permanent ponds or lakes with salinity ranging
from fresh to subsaline. Characteristic species of
plant associations in the normal emergent phase
and cropland drawdown phase differ markedly, and
major differences in species composition within
the normal emergent phase may be correlated with
variations in salinity (species listed in appropriate
divisions under Classes 11, I1I, and IV in appendix

A.



Shallow-marsh zone.—Shallow-marsh vegetation
dominates the central areas of pond basins that
normally maintain surface water for an extended
period in spring and early summer but frequently
are dry during late summer and fall. In the deeper,
more permanent ponds and lakes, this zone often
occurs as a concentric band between wet-meadow
and deep-marsh zones; in shallow alkali ponds and
Jakes it may occur as a band between wet-meadow
and intermittent-alkali zones.

Under natural untilled conditions, this zone is
represented by four wetland phases: a normal
emergent phase of regular occurrence; an open-
water phase, often with submerged aquatic plants,
occurring during high water; and a natural draw-
down emergent phase, occasionally preceded by a
drawdown bare-soil phase that develops during
periods of low precipitation. Typical dominant spe-
cies in the normal emergent phase are grasses or
grasslike plants that are intermediate in height in
comparison with emergent plants in the normal
emergent phase of wet-meadow and deep-marsh
zones.

Wetland phases occurring when this zone is
tilled include the following: an open-water phase,
with or without submerged aquatic plants, which
is generally present during the spring and occasion-
ally present after heavy rainstorms in summer and
fall; a drawdown bare-soil phase, developing as
open surface water disappears; a cropland draw-
down phase that becomes established on exposed
mud flats, particularly during late summer and fall;
and a cropland tillage phase immediately following
cultivation. Whenever surface water is maintained
for a considerable period in late spring and sum-
mer, a distinctive normal emergent phase char-
acteristic of the tilled shallow-marsh zone occurs.
This phase is composed of pioneering shallow-
marsh species that also appear, although less com-
monly, in the normal emergent phase of natural
untilled shallow-marsh zones.

Shallow-marsh zones occurring in central areas
of pond basins are largely restricted to fresh,
slightly brackish, or moderately brackish ponds
or lakes. In the deeper, more permanent ponds and
lakes, the concentric bands of shallow marsh ad-
joining the more centrally located deep-marsh
zones are of regular occurrence throughout the
range of salinity, from fresh to subsaline. Tillage
of shallow-marsh zones ordinarily occurs only in
fresh, slightly brackish, and moderately brackish
ponds. Outer bands of shallow marsh in strongly sa-
line alkali lakes are subsaline, in contrast to the
greater salinity of the central open areas. Surface
water in brackish and subsaline shallow marsh
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tends to be shallower and less permanent than sur-
face water in shallow-marsh zones of the fresher
ponds and lakes. Nevertheless, the spatial relation
of shallow marsh to wet meadow and deep marsh
remains the same, regardless of salinity.
Differences in species composition are quite pro-
nounced between shallow-marsh plant associations
characteristic of untilled and tilled conditions, and
among emergent, open-water, natural drawdown,
and cropland drawdown phases of this zone. More
subtle differences within each phase may be rep-
resented as a continuum of overlapping species
that is correlated with differences in salinity. The
characteristic plant associations occurring under
these variable conditions are listed in appropriate
divisions under Classes IIT and IV in appendix A.

Deep-marsh zone.—Deep-marsh vegetation dom-
inates the central areas of pond basins that ordi-
narily maintain surface water throughout the
spring and summer and frequently maintain sur-
face water into fall and winter. Deep-marsh zones
usually occur also as marginal bands that adjoin
the deep permanent-open-water zones of permanent
ponds and lakes.

Four wetland phases are represented in this
zone: a normal emergent and an open-water phase,
both of regular occurrence, and a drawdown bare-
soil (nonvegetated) phase and a natural drawdown
emergent phase, both of which develop only dur-
ing drought. In the deeper ponds, an alternation
of the normal emergent phase and the open-water
phase is common because of annual and seasonal
changes in water depth. The normal emergent
phase is generally present in the shallower areas
of this zone, while the open-water phase occupies
the deeper areas. In permanent lakes, marginal
bands of deep marsh are usually represented by
the normal emergent phase in the outer, shallower
portions, while the open-water phase is typical of
the deeper portions that adjoin the permanent-
open-water zone. Submerged or floating plants are
often found throughout this zone; certain species
of these plants occur as subdominants in the normal
emergent phase, while many other species are char-
acteristic of the open-water phase. Dominant plant
species in the normal emergent phase are in gen-
eral coarser and taller than corresponding species
in shallow-marsh zones.

Deep-marsh zones are nearly always present in
the deeper ponds and lakes in which salinity ranges
from slightly brackish to subsaline. During high
water this zone may also be found locally in some
of the deep fresh-water ponds. Species composition
of plant associations differs noticeably in the three
vegetational phases of deep marsh and under dif-



ferent ranges of salinity within each phase. Char-
acteristic species of these associations are listed in
appropriate divisions under Class IV in appendix
A.

Permanent-open-water zone.—This deep-water
zone, of local occurrence in a few ponds and lakes
that maintain fairly stable water levels, is repre-
sented only by the open-water phase. Measure-
ments of specific conductance (micromhos/cm?) in-
dicated that water in this zone may be classified
as slightly brackish, moderately brackish, brackish,
or subsaline. Only two species of vascular plants
were found in this zone (see under Class V in
appendix A). Western widgeongrass (Ruppia oc-
cidentalis) is quite regular in occurrence, and oc-
casionally it is associated with big-sheath pond-
weed (Potamogeton vaginatus). In some lakes the
deeper portions of this zone are completely devoid
of submerged vegetation. Because of stability of
water levels and greater water depth, emergent
plants do not develop in this zone. Toward shore
this zone is frequently bordered by a band of open
water representing the open-water phase of the
deep-marsh zone. Although superficially similar in
appearance, this shallow open-water band differs
in species composition of submerged plants (see
under Class IV in appendix A).

Intermittent-alkali zone.—This zone is character-
ized by highly saline shallow water that frequently
alternates with exposed glistening-white alkali salt-
flats. The principal salts represented are sulfates
and chlorides of sodium and magnesium, which
are termed alkali salts by common usage throughout
the Great Plains. Under dry conditions this zone
is frequently subject to wind erosion. On windy
days it is not unusual for great clouds of white
alkali dust to form.

Emergent plants do not develop in this zone,
apparently because of the high salt content, but
one submerged aquatic species, saltwater widgeon-
grass (Ruppia maritima), is frequently abundant
whenever surface water is maintained for a few
weeks during the summer (see under Class VI in
appendix A).

Fen (alkaline bog) zone.—Vegetation character-
istic of fens occasionally dominates the central areas
of pond basins, but more frequently occurs as
isolated pockets along the margins of typical ponds
and lakes. Surface water is sometimes lacking in
this zone, although the bottom soils are normally
saturated by alkaline ground-water seepage. Most
bottom soils in the deeper portions have the con-
sistency of soft muck or ooze. In many cases, fen
zones could be considered quagmires with floating

or quaking surface mats of emergent vegetation.
Springs are sometimes present, and these are usually
on raised mounds of wet organic material that are
covered with mats of dense vegetation. Specific con-
ductance (micromhos/cm?®) measurements of surface
water indicate that fen zones are in the slightly
brackish salinity range.

Pockets of fen zones adjoining the more typical
basin wetlands are most frequent along the margins
of brackish, subsaline, and saline ponds and lakes.
In these situations fen zones are often located on
gently sloping terrain with a perceptible flow of
ground water on or near the surface, extending
from seepage inflow or spring sites to the ponded
surface water below. Ordinarily, salinity increases
as water moves down the slope, and this is reflected
in changes in species composition of wetland
plants. Typical fen species gradually merge with
and are replaced by species characteristic of salinity
ranges in other zones. Vegetation of fens is repre-
sented by a normal emergent phase and an open-
water phase. Typical plant species for each of
these are listed under Class VII in appendix A.

MAJOR CLASSES OF
NATURAL PONDS AND LAKES

Seven major classes of wetlands in natural
basins are recognized on the basis of ecological
differentiation. Each class is distinguished by
the vegetational zone occuring in the central
or deeper part and occupying 5 percent or more
of the total wetland area being classified.
The plant species characteristic of these classes
are listed in appendix A. The classes are desig-
nated as follows:

Class I—ephemeral ponds.—The wetland-low-
prairie zone dominates the deepest part of the
pond basin. A pond of this class is illustrated in
plate 1.

Class II—temporary ponds.—The wet-meadow
zone dominates the deepest part of the wetland
area. A peripheral low-prairie zone is usually
present. Ponds of this class are illustrated in plates
210,

Class III—seasonal ponds and lakes.—The shal-
low-marsh zone dominates the deepest part of the
wetland area. Peripheral wet-meadow and low-
prairie zones are usually present. Ponds of this
class are illustrated in plates 6 to 12.

Class IV—semipermanent ponds and lakes.—The
deep-marsh zone dominates the deepest part of the
wetland area. Shallow-marsh, wet-meadow, and
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Figure 2.—Spatial relation of vegetational zones in major classes of natural ponds and lakes.



low-prairie zones are usually present, and isolated
marginal pockets of fen zones occasionally occur.
Ponds or lakes of this class are illustrated in plates
13 to 28.

Class V—permanent ponds and lakes.—The per-
manent-open-water zone d