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WATERFOWL AND SHOREBIRD USE OF SURFACE-MINED AND
LIVESTOCK WATER IMPOUNDMENTS ON THE NORTHERN GREAT PLAINS
Daniel

W. Uresk and

Kieth Severson"

—

Cluster analysis and stepwise discriminant analysis were used to group waterfowl and shorebird use on
Abstract
water impoundments (bentonite, coal, livestock) on the Northern High Plains. Three bird-use categories high,
medium, and low were delineated by these analytical procedures. Eleven physical, chemical, and biological
parameters of impoundments were related to bird use; water area, nitrogen, and low basin slopes were found to be
important parameters in estimating bird use on impoundments. Spring and summer were the best seasons for
surveying waterfowl and shorebird water impoundment use.

—

—

Water impoundments created by mining
provide habitat for waterfowl and
shorebirds on the Northern Great Plains. An
assessment of waterfowl use on natural wetlands and stock ponds was made by Ruwaldt et
al. (1979). No such study has been done on
strip-mine impoundments, although water
quality and morphometry of strip-mine water
areas examined in conjunction with this study
on the same impoundments have been reported by Hawkes (1978), Bjugstad et al.
(1983), Rumble et al. (1985), and Rumble
(1985). These parameters have not been previously related to waterfowl and shorebird use
of impoundments, nor have management recommendations relating waterfowl and shorebird production to surface-mine impoundments been suggested.
Early studies on waterfowl production on
the Northern Great Plains were conducted
only on livestock impoundments (Bue et al.
1952, Smith 1953). Other studies have related
waterfowl and shorebird use to habitat conditions (surface water available, submergent
and emergent vegetation, amount of shoreline and shallow water) of lakes, and livestock,
dugout, ephemeral, temporary seasonal,
semipermanent, and permanent water impoundments (Beard 1953, Uhlig 1963, Patterson 1976, Kantrud and Stewart 1977, Ruwaldt
et al. 1979, Mack and Flake 1980, Kaminski
and Prince 1981, Rumble et al. 1985). The
importance and value of these impoundments
to waterfowl and shorebird production on the
Northern Great Plains has been emphasized
by Lokemoen (1973), Evans and Kerbs (1977),

activity

Flake et al. (1977), Mack and Flake (1980),
and Rumble and Flake (1983).
The puipose of this study was to determine
waterfowl and shorebird use as related to bentonite clay, coal surface mine, and livestock
watering impoundments; to identify im-

poundments

characteristics that could increase waterfowl and shorebird use; and to

recommend management

strategies.

Study Area AND Methods

The study areas were located in northeastern Wyoming, western South Dakota, and
western North Dakota. Four general areas
were studied: (1) Colony, Wyoming; (2) Gascoyne. North Dakota; (3) Beulah, North Dakota; and (4) Firesteel, South Dakota. Seventeen coal surface-mine impoundments, 13
bentonite surface-mine impoundments, and 7
ponds were selected for study. Impoundments were selected to represent a
range of waterfowl and shorebirds in assigned
use categories of low, medium, and high. Approximately one-half of the mine impoundments were distributed in low- and mediumlivestock

use categories based on observations of
waterfowl and shorebirds, with seven livestock ponds in the high-use category.
Livestock impoundments were the oldest,
averaging 41 years, with well-developed
aquatic vegetation. They were designed with
minimal disturbance to provide water for livestock and were constructed in rolling topography with dams across natural drainages. Coal
mine impoundments averaged 25 years in age
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Table 1. Selected physical, chemical, and vegetative characteristics of ponds in each analysis group.
standard errors calculated from data included in Anderson et al. (1979) and Olson (1979).
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Table

2.

Water Impoundment Use

Average (± SE) number of birds per impoundment observed by species
summer, and fall.

classes during spring,

355
at a

given time in three use
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The three seasons were subjected

to dis-

on the medium and low
groups, which showed spring and summer
seasons as the most important in evaluating
waterfowl and shorebird use on impoundments. These two seasons accounted for 93%
criminant analysis

of the variation. Discriminant analysis of lowand medium-use impoundments showed that

impoundment area, nitrogen in water, and
elevation to shoreline)
percent slope (+1
were important for bird use and accounted for

m

95%

of the variation.

Discussion
Thirty-seven
tonite,

impoundments

(coal,

ben-

and livestock) were analyzed with mul-

tivariate

techniques

(ISODATA,

discriminant

and shorebird
use. These analyses resulted in grouping 33
impoundments in low-, 3 in medium-, and 1

analysis) as related to waterfowl

high-use categories. ISODATA (cluster
examines response patterns of all
variables in waterfowl and shorebird data and
separates the data into groups that are more
meaningful for interpretation because of
group homogeneity with minimum variances.
Discriminant analysis examines groupings for
significant separation and also includes variables which best separate groups. As a result
of these multivariate techniques, the original
in

analysis)

and number of impoundments
for low, medium, and high use by birds was
different. Field observations, even with preclassification

liminary data, are often too complex, and/or
highly variable, to determine adequate sample size of impoundments in low- to high-use

when the complete data set
with 25 sample periods over seven seasons
was analyzed, a small number of impoundments resulted in medium- and high-use categories with multivariate techni(iues.
Species richness (number of species),
which was higher on the low-use impoundments, primarily bentonite and coal, was 32,
followed by medium- (30), and high- (25) use
categories. Thus,

impoundments.

However,

total

numbers

of wateifowl and
shorcbirds
showed opposite trends by impoundment
grouping. Therefore, many researchers advo-

(densities)

cate that waterfowl

and shorebird use of im-

poundments should be managed by criteria
developed for high-use livestock impoundments (Smith 1953, Evans and Kerbs 1977,
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Flake et al. 1977, Lokemoen 1973, Mack and
Flake 1980, Rumble and Flake 1983).
Average percent similarities were low
when bird species were compared among the
three classes of impoundments, indicating
that selection for certain ponds occurred.
Rank order correlations indicated that species
and densities of waterfowl and shorebirds had
a similar ranking in abundance among the
three impoundment classes, which means
that all ponds had the same opportunity of
being selected for use.
Surface area of impoundments was an important criterion to consider for waterfowl and
shorebirds in this study. Impoundments in
our study ranged in size from 0.3 to 15 ha.
Other studies (on impoundments that ranged
in size from 0.4 to 9.5 ha) also reported that
surface area was an important variable to consider for waterfowl (Smith 1953, Lokemoen
1973, Flake et al. 1977, Evans and Kerbs
1977, Rumble and Flake 1983). Lokemoen
(1973)

recommended that minimum pond size

be 0.6 ha and largest be dictated only by topography and economics of construction. The
percent of the

total

impoundment

area be-

tween the waterline and — 1 m elevation (percent shallow), and the submerged vegetation
have been important for predicting waterfowl
and shorebird use on impoundments (Rumble
and Flake 1983). However, in our study the
percent slope

(

+1

m

elevation to shoreline)

was our important variable for estimating bird
use on impoundments. Impoimdments with
gently sloping shorelines and abundant vegetation in shallow water have greater densities
of birds (Evans and Kerbs 1977).
Water nutrients are associated with increased plant production. Lokemoen (1973)
found that as luitrients increased, plant abundance increased, and so did waterfowl use. In
this study nitrogen was an important variable.
Ac}uatic vegetation and grassy shorelines are
extremely important for waterfowl use and do
influence waterfowl densities (Rumble and
Flake 1983, Lokemoen 1973, Flake et al.
1977, Mack and Flake 1980). Generally,
aquatic vegetation will develop in newly constructed impoundments within a short period
of time, pro\ided adequate shallow areas no
deeper than 1 m are available. In some strip-

mine impoundments

(coal and bentonite)
could possibly be increased with addition of nitrogen and phosphate fertilizers.

acjuatic

pr()ducti\ity
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Water Impoundment Use

Although all impoundments that were
highly or moderately used by waterfowl and

Expt.

ponds may

impoundments

to design

still

Flake,

regardless

of structural

design.

be used

However,

may be mitigated by time or other
management techniques such as fertilization
such cases

shoreline development (index),

low water ( — 1
sity in

and P

40%

in shal-

M
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