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HYDROLOGY OF PRAIRIE POTHOLES IN NORTH DAKOTA

VEGETATION OF PRAIRIE POTHOLES, NORTH DAKOTA, IN
RELATION TO QUALITY OF WATER AND OTHER
ENVIRONMENTAL FACTORS

By Roeerr E. Stewarr and Harorp A. KanTRUD *

ABSTRACT

Measurements of specific conductance provide an adequate
indication of the average salinity of surface waters in natural
ponds and lakes of the northern prairie region. Yearly and sea-
sonal variations in specific conductance were much greater in
brackish and subsaline wetlands than in fresh-water areas. The
principal vegetational types. Land-use practices of varying
brackish to saline wetlands were sulfates and chlorides of so-
dium and magnesium. In less saline waters, carbonate and bi-
carbonate salts of calcium and potassium were of greater im-
portance, but as salinity increased, the proportion of these com-
pounds decreased rapidly.

A major environmental factor controlling the establishment
of marsh and aquatic vegetation is the permanence of surface
water. Permanence is a measure of the extent to which surface
water persists at a given site. Varying degrees of water perma-
nence during the growing season led to the establishment of
distinct vegetational types, which were differentiated primari-
ly on the basis of community structure or life form of the
dominant vegetation. :

Salinity of surface waters was closely correlated with differ-
ences in species composition of plant communities found in the
principal vegetational types. Land-use practices of varying
degrees of intensity also had a secondary influence on species
composition. Since an unstable water chemistry is characteristic
of most prairie ponds and lakes, it is more reliable to use the
plant communities as indicators of average salinity than to
use single measurements of specific conductance.

Characteristic species of wetland vegetational types occupied
the central deeper parts of pond and lake basins or occurred
as concentric peripheral bands. The wetland vegetational types
are wetland low-prairie, wet-meadow, shallow-marsh emergent,
deep-marsh emergent, fen emergent, submerged and floating,
natural drawdown, cropland drawdown, and cropland tillage
vegetation. Combinations of species (plant associations) within
these vegetational types were placed in one of six salinity cate-
gories designated as fresh, slightly brackish, moderately brack-
ish, brackish, subsaline, and saline. Salt tolerance apparently
varied greatly among the various marsh and aquatic plants
since the number of species represented in moderately brackish

1 U.S. Bureau of Sport Fisheries and Wildlife, Northern Prairie Wild-
life Research Center, Jamestown, N. Dak,

to saline communities decreased markedly with increased sa-
linity of the surface water environment.

INTRODUCTION

The influence of surface-water chemistry upon the
species composition and distribution of marsh and
aquatic plants in northern prairie areas was noted by
several investigators. A general classification of lakes
and sloughs in North Dakota, formulated by Metcalf
(1931), was based in part on salinity. In this classifica-
tion, many wetland plant communities 2 were listed ac--
cording to their relationship to salinity. Rawson and
Moore (1944) arranged the common rooted aquatic
plants of prairie lakes in Saskatchewan in order of their
tolerance to increasing salinity. Moyle (1945) categor-
ized the aquatic flora of Minnesota into three primary
groups on the basis of median chemical conditions asso-
ciated with the component species. These groups were
also subdivided according to the entire range of chem-
ical conditions tolerated by each species.

The actual physiology of salt tolerance in marsh and
aquatic plants is very complex, involving the effects of
specific constituent ion(s) and the osmotic inhibition
of water absorption by the roots. The effects of specific
ions may involve both toxic and nutritional factors
(Bernstein and Hayward, 1958). Bolen (1964) con-
cluded that the ecological influences of water chemistry
were not directly important to plant life in shallow
spring-fed western marshes. Instead, he considered
water-chemistry factors as causative agents for many of
the soil characteristics which determined vegetational
zonation.

2 Usage in the present report of plant communities and other general-
ized ecological terms such as associations, ecotones, dominants, and so on,
follow definitions by Hanson (1962).
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In 1960, ecological studies of waterfowl habitat were
begun in North Dakota by the senior author of the
present report. These studies indicated that the relation-
ships of water salinity to vegetation represent a major
factor that could be useful in developing a detailed wet-
land classification. During cooperative water-quality
investigations conducted by the U.S. Bureau of Sport
Fisheries and Wildlife and the U.S. Geological Survey
on ponds in North Dakota in 1962, possible correlations
were noticed between measurements of specific conduct-
ance and the occurrence of certain plant communities.
Since the field technique for measuring specific con-
ductance is simple and rapid, this parameter was chosen
as the initial water-chemistry factor to be investigated.
Specific conductance may be considered as a corollary
measurement to salinity. This report deals primarily
with the relationships between salinity of surface
water, as interpreted from measurements of specific con-
ductance, and wetland vegetation. The effects on vegeta-
tion of other environmental factors, including land use,
also are discussed.

Specific conductance was determined by use of a port-
able impedance bridge with an automatic temperature-
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compensating cell. Measurements normally were taken
throughout the ice-free period from water samples col-
lected at the surface near the central, deepest part of
a pond or lake. The water depth at the sampling site
was usually recorded, and the relative abundance (as
determined by visual estimates) of various plant species
represented was noted in detail.

Nearly 1,600 specific-conductance measurements were
taken during 1963-66 in approximately 450 ponds,
lakes, and fens in two physiographic regions, known
as the Coteau du Missouri and the drift plain
(fig. 1) of east-central North Dakota. These regions
include ponds and lakes of primary importance to
waterfowl that may be arranged in order of increasing
water permanence as follows: Ephemeral (class 1),
temporary (class 2), seasonal (class 8), semipermanent
(class 4), and permanent (class 5). Smaller numbers of
alkali ponds and lakes (class 6) and fens (class 7) were
sampled also. Surface water remained in these wetlands
a few days in the early spring in the case of some
ephemeral (class 1) ponds; water was continuously
present in permanent (class 5) ponds and lakes. For
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F1euRe 1.—Principal prairie pothole region of North Dakota. Boundaries of two physiographic regions, the drift plain and Coteau
du Missouri, are shown, and locations of counties referred to in text are shaded.



VEGETATION IN RELATION TO WATER QUALITY AND OTHER ENVIRONMENTAL FACTORS

further details of this wetland classification, refer to
Stewart and Kantrud (1971) ; that report takes prece-
dence over a preliminary paper on this subject (Stewart
and Kantrud, 1969).

The majority of specific-conductance measurements
were of samples taken from ponds and lakes on stagna-
tion (dead-ice) moraine and outwash areas in the
Coteau du Missouri of Stutsman, Kidder, and Logan
Counties as part of intensive investigations of water-
fowl habitat made during the period 1961-65. These
investigations included approximately 825 measure-
ments on 198 ephemeral, temporary, and seasonal

ponds; 685 measurements on 198 semipermanent ponds |

and lakes; and 40 measurements on 20 permanent and
alkali ponds and lakes. In 1966, 38 measurements were
made on samples taken from a total of 25 temporary
and seasonal ponds on the drift plain of Stutsman and
Barnes Counties. In addition, specific conductance of
surface water was determined in several ponds, lakes,
and fens that contained plant communities not dupli-
cated elsewhere.

To corroborate conclusions concerning the relation-
ships between salinity of surface water and occurrence
of various plant communities, detailed water analyses
also were undertaken. In 1965, water samples from 158
ponds and lakes in east-central North Dakota were
analyzed by the water-quality laboratory of the U.S.
Geological Survey in Lincoln, Nebr. These samples
included 45 from seasonal ponds, 100 from semiperma-
nent ponds and lakes, nine from permanent lakes, and
four from alkali lakes. Since then, water samples from
about 200 additional ponds and lakes have been analyzed
by the chemistry laboratory at the Northern Prairie
Wildlife Research Center in Jamestown, N. Dak.

INFLUENCE OF ENVIRONMENTAL FACTORS

Typical plant communities in prairie pond and lake
basins having undisturbed bottom soils can be grouped

into seven major vegetational types. These consist of

distinct assemblages of plant species and are character-
ized by differences in community structure or life form.
These wetland vegetational types are referred to as
wetland low-prairie, wet-meadow, shallow-marsh emer-
gent, deep-marsh emergent, fen emergent, submerged
and floating aquatic, and natural drawdown vegetation.
Two additional vegetational types were also present in
cropland basins with bottom soils that had been dis-
turbed by plowing and cultivation. These are designated
as cropland drawdown vegetation (vegetation develop-
ing on exposed mud flats) and cropland tillage vegeta-
tion (vegetation developing on tilled dry soil).

D3

Unless the environment had been modified by agricul-
tural land use, the presence of these major vegetational
types correlated directly with differences in water per-

_manence and indirectly with water depth. Certain wet-

lands contained only one vegetational type; other
wetlands contained two, three, or more types in distinct
zones that exhibited differences in average water depth.
When two or more of these zones were present, one zone
usually occupied the central, deeper part of the pond
basin, while the others formed concentric peripheral
bands. Within a vegetational type, or zone, the char-
acteristic plant species were found as a general mixture
or were represented by one, two, or more communities,
each composed of one or more species. The spatial rela-
tionships of these major vegetational types or zones in
various types of potholes are treated in detail in another
report (Stewart and Kantrud, 1971).

Major differences in species composition of the char-
acteristic plant communities within most of the major
vegetational types, or zones, could be correlated with
differences in average salinity of surface water. Dis-
tinctive communities of plants could be correlated with
fresh, slightly brackish, moderately brackish, brackish,
subsaline, and saline ranges of water quality. (These
communities are described in detail under “Major Vege-
tational Types.”) However, measurements of specific
conductance, used to indicate differences in salinity,
were found to fluctuate widely within many individual
ponds and lakes. Thus, many plant communities that
were indicative of differences in normal ranges of salin-
ity also persisted temporarily over extreme ranges of
salinity that exceeded the normal limits. Since water
conditions were unstable in most prairie ponds and
lakes, plant communities were more reliable indicators
of average salinity than were single measurements of
specific conductance.

Extreme yearly and seasonal fluctuations in water
depth are characteristic of most northern prairie ponds
and lakes. As a consequence, the total acreage of wet-
lands with a specified water depth varies greatly
(fig. 2). Variations in water depth of an individual
pond or lake also often result in corresponding changes
in salinity. Reductions in specific conductance were
caused by dilution of surface waters. Dilution appeared
to be related to increasing water depths which resulted
both from inflow of surface runoff from the watersheds
and from precipitation falling directly on pond sur-
faces. In many ponds, an increase in water depth was
accompanied by actual loss of salts due to the flushing
action of overflow or spill. An increase in specific con-
ductance was usually associated with decreases in water
depth caused by evapotranspiration. However, in a few
of the less saline ponds, an increase in salinity occurred
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F1eURE 2.—Total acreage of ponds with a water depth of 12 inches or more in Stutsman County study areas (3 sq mi) during 1961-64.

without a corresponding decrease in water depth. This
increase was probably due to salts in ground-water or
spring inflow; concentrations of salts, in general, are
greater in seepage than in surface inflow.

Table 1 shows semiannual changes in specific con-
ductance from the fall of 1963 to the fall of 1966 as
related to variations in water depth in five typical semi-

permanent ponds. Each of these ponds contained dis-

tinctive plant communities that were indicative of
differences in average salinity. Specific conductance
varied little in the fresh and slightly brackish ponds,
more greatly in the moderately brackish pond, and quite
drastically in the ponds classified as brackish and sub-
saline.

Seepage outflow undoubtedly accounted for some of
the water loss in most ponds at higher elevations, be-

TasLE 1.—Seasonal variations in specific conductance, in micromhos per centimeter at 26° C, with corresponding mazimum depth of
water, in feet, at five semipermanent (Class 4) ponds

Salinity 1963 1964 1965 1966
range, as -
Pond ]l)ndlclatetd Fall Spring Fall Spring Fall Spring Fall
y plants
Con- Depth Con- Depth Con- Depth Con- Depth Con- Depth Con- Depth Con- Depth
ductance uctance ductance ductance ductance ductance ductance
1Fresh. ooooo....... 345 2.0 325 2.8 350 4.2 310 8.0 445 4.2 285 6.2 3556 4.2
2 Slightly brackish... 1,070 L5 580 2.6 955 3.0 760 3.9 870 3.3 645 4.4 1,100 2.9
3 Moderately brackish. 4,670 1.2 3,100 1.4 2,100 2.5 1,450 4.8 2,010 3.2 1, 660 6.3 1,800 4.4
4 Brackish........... 18, 000 .1 6, 800 .2 5, 100 1.1 4,200 15 4,350 14 2,150 2.8 2,790 2.2
5 Bubsaline_._._..... (ﬁw) (Dry) 12, 000 .8 17,200 .6 25, 000 .8 25, 000 .2 3,100 2.6 7,500 1.8
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cause most of these ponds are in glacial till. These ponds

‘tended to be fresh since seepage provided a mechanism
for the removal of dissolved solids (Eisenlohr and
Sloan, 1968). Consequently, changes in water depth did
not cause significant variations in specific conductance.
Conversely, most ponds at lower elevations, and partic-
ularly those in glacial outwash sediments, were sub-
ject to greater seepage inflow. Since there was no effec-
tive means for removal of the accumulated salts, these
ponds generally were more saline than ponds at higher
elevations. Drastic changes in specific conductance often
‘occurred in these low-elevation ponds of greater salinity
since salt concentrations were alternately diluted, owing
to increasing water depth, and concentrated, as the re-
sult of water losses caused by evapotranspiration.

In a few wetlands, the occurrence of marginal pockets
of seepage inflow was found to create specific-conduct-
ance gradients of several hundred micromhos across the
ponded waters. These salinity gradients often corre-
sponded to changes in species composition of marsh
and aquatic vegetation.

TaBLE 2.—General water-quality factors in prairie ponds
and lakes

[Figures represent mean values from four typical ponds or lakes in the indicated
range of salinity]

Specific Concentration of  Loss on
Salinity range, as indicated by conductance dissolved solids; ignition pH
plants (micromhos per residue at ppm)
cm at 25° C) 180° C (ppm)
Fresh ... 225 155 34 7.3
Slightly brackish. _....._.....__ 99 670 130 8.2
Moderately brackish - 2,160 1, 550 130 8.2
Brackish........... 6, 410 5, 570 415 7.9
Subsaling........... e 25, 800 26, 400 985 8.1
SaliNG. oot 31, 800 32, 200 1,370 8.7

More detailed chemical analyses of surface-water
samples from a selected number of ponds included
measurements of concentrations of dissolved solids,
loss on ignition, and pH (table 2). These measurements,
along with specific-conductance measurements, were
compared to show their relationship to various plant
communities that are indicative of differences in aver-
age salinity of surface water. The concentration of dis-
solved solids correlated closely with changes in vege-
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tational species composition. Loss on ignition exhibited
a fairly well defined relationship to plant communities,
particularly in the higher salinity categories. Loss on
ignition, which is indicative of organic content, was
especially high in subsaline and saline ponds and lakes.
The fertility of these waters was evident in the field
from the tremendous production of invertebrate ani-
mal life. Little relationship could be found between
pH and the occurrence of indicator plant communities,
although the lowest readings occurred in the fresh
ponds and the highest readings in subsaline and saline
ponds and lakes. All water samples that were analyzed
in detail were found to be either circumneutral or alka-
line, with pH ranging from 6.5 to 9.8.

Mean values of the principal cations and anions of
surface water in selected ponds having different de-
grees of salinity are compared with specific conductance
in table 3. Changes in concentrations of magnesium and
sulfate ions were found to parallel changes in specific
conductance and species composition of plant com-
munities quite closely. In ponds ranging from fresh to
subsaline, a gradual increase in concentrations of sodi-
um and chloride occurred. In saline ponds, a very high
concentration, particularly of sodium ions, was meas-
ured. The four major cations—calcium, magnesium,
sodium, and potassium—were nearly of equal import-
ance In ponds containing fresh and slightly brackish
surface water, while bicarbonates and sulfates were the
predominant anions. The principal salts represented in
surface water of moderately brackish, brackish, sub-
saline, and saline ponds and lakes were sulfates and
chlorides of sodium and magnesium.

In general, the results established gradients in spe-
cific conductance that are corollary to changes in a
number of major water-chemistry factors and that can
provide an adequate index of species composition and
ecological distribution of marsh and aquatic plants in
northern prairie ponds and lakes.

MAJOR VEGETATIONAL TYPES

The principal types of wetland vegetation are com-
pared with variations in salinity and other environ-

TaBLE 3.—Princtpal ionic constituents and specific conductance of surface water from prairie ponds and lakes

[Figures represent mean values from four typical ponds or lakes in the indicated range of salinity. Chemical values are in parts per million; specific conductance, in micromhos

per centimeter at 25°C]
Specific
Salinity range, as indicated by plants Ca Mg Na K HCO; CO3 804 Cl conductance
Fresh. . . ____ 25 15 9 44 170 0 32 14 295
Slightly brackish_ _ _ . _____________________ 86 62 42 38 340 55 200 19 1,010
Moderately brackish. . _____________.________ 99 150 235 31 445 40 775 33 2, 100
Brackish_ ... ____ 50 310 1,020 140 - 450 260 2,340 235 6, 320
Subsaline. . . ____.__ 205 540 1,380 175 610 480 9,310 1,050 12, 200
Saline. - .. 210 2,240 39,100 870 880 715 27,300 6, 320 37, 500

427-148 0—72——2
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mental factors in this section. (See figs. 4, 9, 20, 27, 35,
and 37, and tables 4, 5, 6.) A correlation was often
apparent between species composition of plant com-
munities and different degrees of surface-water salinity.
The approximate normal and extreme ranges in specific
conductance of surface water found in these correlative
plant communities are shown below :

Specific conductance (micromhos per ¢m at 25° C)

Salinity range

Normal range Extreme range
Fresh_ . ____.___. < 40-500 < 40-700
Slightly brackish._.___ 500-2, 000 300-2, 200
Moderately brackish_. 2, 000-5, 000 1, 000-8, 000
Brackish._.__.______. 5, 000-15, 000 1, 600-18, 000
Subsaline__..________ 15, 000-45, 000 3, 500-70, 000
Saline_ .. ___._______ 45,000-100, 000+ 20, 000-100, 000+

The component plants of each major vegetational
type, listed in the figures and tables referred to above,
are grouped as primary or secondary species to show
* their relative importance. Primary species are plants
that are frequently common or abundant under appro-
priate ranges of salinity; secondary species although
frequently present under these conditions, are seldom
more than fairly common. These ratings of abundance
as applied to individual plant species are defined as
follows:

Abundance rating Definition

Abundant___________ Areal coverage (shading effectl) of more
than 50 percent of surface water or bot-
tom soils.

Common Areal coverage (shading effect) of 10-50

percent of surface water or bottom soils.
Areal coverage (shading effect) of 1-10
percent of surface water or bottom soils.

1 Area covered by downward vertical projéctlon of shade due to
plant growth.

Many species of minor numerical importance are not
included in the tables.

With the exception of a few extralimital species, the
identities and Latin names of vascular plants are ac-
cording to the eighth edition of Gray’s manual (Fer-
nald, 1950). A few western species of vascular plants,
not treated in Gray’s manual, follow the nomenclature
used by Stevens (1963). Names of algae are according
to Smith (1950) ; names of mosses and liverworts fol-
low Conard (1956). Altogether, 194 plant species are
listed in the tables. Voucher specimens for all of these
are preserved in the herbarium at the Northern Prairie
Wildlife Research Center, Jamestown, N. Dak.

Fairly common.___._

WETLAND LOW-PRAIRIE VEGETATION

In certain shallow wetlands, typical low-prairie
vegetation occupied the entire basin, including the cen-

HYDROLOGY OF PRAIRIE POTHOLES IN NORTH DAKOTA

tral, deeper parts of the pond. In this type of basin,
surface water was normally present only in the early
spring for a few days or sometimes for a week or two
immediately following the snowmelt runoff. The rate
of seepage outflow from these ponds was very rapid,
since their porous bottom soils were well above the
water table and, therefore, usually were of relatively
low moisture content (C. E. Sloan, oral commun. 1966). -

- As a consequence, surface water disappeared abruptly

soon after thawing of the bottom frost seal. Occasional-
ly, following excessive runoff, the peripheral zones of
low-prairie vegetation that surrounded deeper ponds
and lakes (which contained other types of wetland
vegetation) were also inundated for brief periods.

Specific-conductance measurements of samples from
ponds containing centrally located low-prairie vegeta-
tion were all within the normal fresh-water range.
Typical plant species that characterize wetland low-
prairie vegetation are listed in table 4 and are shown
in figure 3.

TaBLe 4.—Characteristic plant species of wetland low-prairie
vegetation

Primary species

Poa pratensis (Kentucky Solidago altisstma (tall golden-

bluegrass). rod).
Agropyron trachycaulum Aster ericotdes (smallfiower
(slender wheatgrass). aster).

Ambrosta pstlostachya

Anemone canadensis (Canada
(perennial ragweed).

anemone). .
Symphoricarpos occidentalis
(wolfberry).

Secondary species

Panicum virgatum (switch- Zizia aptera (golden

grass). alexanders). o
Andropogon gerardi (big Helianthus mazimiliant
bluestem). (narrowleaf sunflower).

Carex brevior (fescue sedge). Artemisia ludoviciana (white

Zigadenus elegans (smooth sage).
camas). Tarazacum officinale (common
Lilium philadelphicum (red dandelion).
lily). Agoseris glauca (prairie false
Rosa woodsii (western rose). dandelion).
GQlycyrrhiza lepidota (wild Crepts runcinata (scapose
licorice). hawksbeard).

WET-MEADOW VEGETATION

Wet-meadow vegetation occupied zones in the central
areas of many of the more shallow pond basins and com-
monly occurred as peripheral bands in most of the
deeper ponds and lakes. Water loss owing to seepage
outflow was fairly rapid from these vegetation zones;
surface water usually persisted for only a few weeks
following the early spring snowmelt and occasionally
for several days following heavy rainstorms during late
spring, summer, and fall. Species that characterized
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F16URE 3.—Wetland low-prairie vegetation. Principal dominant is Solidago altissima (tall goldenrod). August 8, 1962, Stutsman
County, N. Dak.

wet-meadow zones were fine-textured grasses, rushes,
and sedges of relatively low height. Many species of
forbs also were commonly associated with them.

Wet-meadow vegetation which occurred in the cen-
tral areas of shallow-pond basins appeared to be re-
stricted to fresh or slightly brackish wetlands. Periph-
eral bands of wet-meadow vegetation commonly oc-
curred around the deeper, more permanent ponds and
lakes having a salinity ranging from fresh to subsaline.
Species composition of wet-meadow vegetation as re-
lated to variations in salinity of surface water is shown
in figure 4. Photographs of typical communities are
shown in figures 5-8.

Grazing, cultivation, and, to a lesser extent, other
land-use factors often had a noticeable secondary effect
on the species composition of wet-meadow vegetation,
particularly when the vegetation occurred in fresh,
slightly brackish, or moderately brackish wetlands.
Hordeum jubatum, Juncus balticus, Spartina pectinata,
and most species of forbs tended to increase with light
to moderate grazing pressure, while many other species,
including Poa palustris, Calamagrostis inexpansa, and
sedges (Carex spp.) were adversely affected. Species of
wet-meadow vegetation in brackish and subsaline ponds
were largely unaffected by grazing, except for certain
secondary species, notably A¢riplex patula and Muhlen-
bergia asperifolia, which generally showed a decrease in
abundance. A few species in fresh or slightly brackish
wet-meadow zones increased in abundance in cropland
ponds that had been recently cultivated. These species
included Carex sartwellii, C. vulpinoidea, Juncus
dudleyi, J. torreyi, Rumex mewxicanus, Ranunculus ma-

counii, Rovippa islandica, Potentilla morvegica, and
Artemisia biennis.

SHALLOW-MARSH EMERGENT VEGETATION

Most of the typical dominant emergent species of
shallow-marsh vegetation were grasses or grasslike
plants that were intermediate in height and coarseness
when compared with emergents of wet meadow and
deep marsh. Shallow-marsh emergent vegetation domi-
nated the central areas of pond basins that normally
maintained surface water for an extended period in
spring and early summer but frequently were dry dur-
ing late summer and fall. Under similar water condi-
tions near the margins of deeper, more permanent ponds
and lakes, this vegetative zone also occurred regularly
as concentric bands between zones of wet-meadow and
deep-marsh vegetation. In shallow alkali ponds and
lakes, shallow-marsh zones often bordered the intermit-
tent open water or the exposed mud of the alkali flats.

Shallow-marsh vegetation which occurred in the
central areas of pond basins was largely restricted to
fresh, slightly brackish, and moderately brackish wet-
lands. In the more permanent ponds and lakes with
outer bands of shallow marsh, surface water was found
to range from fresh to subsaline. When the water of
alkali lakes is high enough to inundate the marginal
shallow-marsh zones, it is usually only subsaline; when
surface water is restricted to the central alkali flats
during lower water levels, it is saline. In general, water
in shallow-marsh zones of brackish and subsaline ponds
and lakes tended to be shallower and of less permanence
than water in shallow-marsh zones of the fresher ponds



D8 HYDROLOGY OF PRAIRIE POTHOLES IN NORTH DAKOTA
EXPLANATION
Width of bars indicates relative abundance as follows:

=frequently common or abundant -

= frequently fairly common, occasionally
common or abundant

= occasionally fairly common

Slightly Moderately

brackish brackish Brackish Subsaline

PRIMARY SPECIES: Fresh

Boltonia latisquama
(false-aster)

Poa palustris
(fowl bluegrass)

Carex praegractlis
(sedge)

Aster simplex
(lowland white aster)

Calamagrostis inexpansa
(northern reedgrass)

Spartina pectinata
(prairie cordgrass)

Juncus balticus
(Baltic rush)

Hordeum jubatum
(wild barley)

Distichlis stricta
(saltgrass)

SECONDARY SPECIES:

Vernonia fasciculata
(western ironweed)

Helenium autumnale
(sneezeweed)

Calamagrostis canadensis
Var. macouniaena
(blue-joint)

Hierochloe odorata
(sweetgrass)

Carex laeviconica
(sedge)

Carex vulpinoidea
(fox sedge)

Ranunculus macounii
(Macoun’s buttercup)

Rorippa tslandica
(marsh cress)

Potentilla norvegica
(rough cinquefoil)

Lysimachia hybridae
(lanceleaf loosestrife)

Apocynum sibiricum
(claspingleaf dogbane)

Asclepias speciosa
(showy milkweed)

Juncus dudleyi
(Dudley’s rush)

Juncus interior
(rush)
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SECONDARY SPECIES:
(continued)

Slightly

Fresh brackish

Moderately

brackish Subsaline

Brackish

Rumezx occidentalis
(western dock)

Teucrium occidentale
(germander)

Carex lanuginosa
(sedge)

Rumex mexicanus
(narrowleaf dock)

Epilobium glandulosum
(northern willowherb)

Mentha arvensis
(wild mint)

Stachys palustris
(marsh hedgenettle)

Cirsium arvense
(Canadian thistle)

Sonchus arvensis
(sow-thistle)

Carex sartwellis
(sedge)

Juncus torreyi
(Torrey’s rush)

Gloux maritima
(sea milkwort)

Artemisia bienmis
(biennial wormwood)

Lycopus asper
(western waterhorehound)

Plantago ertopoda
(alkali plantain)
Potentilla anserina

(silverweed)

Atriplex patula
(orach)

Polygonum prolificum
(longbranch knotweed)

Lactuca scariola
(prickly lettuce)

Triglochin maritima
(common arrowgrass)

Muhlenbergia asperifolia
(scratchgrass)
Spartina gracilis
(alkali cordgrass)

F16URE 4.—Characteristic plant species of wet-meadow vegetation.

and lakes. Nevertheless, the spatial relationship of
shallow marsh to wet meadow and deep marsh remained
the same, regardless of salinity.

Differences in species composition of shallow-marsh
emergents as related to varying degrees of salinity could
be represented as a continuum of overlapping species
that showed gradual changes in dominance or abun-

dance. The characteristic species of plant communities
occurring under these variable conditions are listed in
figure 9 and are shown in figures 10-18.

In zones of fresh, slightly brackish, and moderately
brackish shallow-marsh vegetation, certain variations
in species composition of dominant emergent plants
were also due to the secondary influence of land use.
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F16URE 5.—Wet-meadow vegetation typical of fresh-water ponds. Poa palustris (fowl bluegrass) forms the principal dominant;
Vernonia fasciculata (western ironweed) and Boltonia latisquama (false-aster) are the associated forbs. August 9, 1962,
Stutsman County, N. Dak.

F1eUuRrE 6.—Wet-meadow vegetation of a slightly brackish semipermanent pond. Hordeum jubatum (wild barl