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Abstract:

Seasonal and semi-permanent wetlands in eastern South Dakota were surveyed in 1995 and 1996

to identify habitat characteristics influencing wetland use by Canada geese (Branta canadensis maxima).
Position of a wetland within the landscape and its area were important landscape-scale features influencing
wetland use by gecse. Our delineation of potential Canada goose habitat using a wetland geographic infor-
mation system indicated that distribution and area of semi-permanent wetlands likely limit Canada goose
occurrence in regions outside the Prairie Coteau. Periodicity in hydrologic cycles within landscapes also may
influence goose use of wetlands in eastern Scuth Dakota.
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INTRODUCTION

During the eazly to middle 1800s, giant Canada
geese (Branta canadensis maxima L.) commonly nest-
ed throughout most of the Great Plains region (Hanson
1965). By 1900, giant Canada geese bad disappeared
from much of their former breeding range (Lee 1987).
A few flocks survived as remnant populations on pri-
vate game farms, national wildlife refuges, and state
wildlife management areas throughout the Great Plains
region (Nelson 1963, Lee 1987). Habitat destruction,
excessive hunting, and egg gathering were the main
factors contributing to the decline of this subspecies
{(Hanson 1965, Lee 1987). During restoration efforts
in South Dakota, 10,800 Canada geese were released
(1967-94) in 25 counties across the siate (South Da-
kota Department of Game, Fish and Parks unpubl.
data).

Despite a considerable increase in numbers of giant
Canada geese (Caithamer and Dubovsky 1996, Sol-
berg 1996) following restoration, information on their
use of breeding and brood-rearing habitat is lacking.
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Restoration efforts in the Dakotas have generally been
concentrated in areas where water is available on a
more permanent basis. Extended dry periods can limit
or reduce breeding and subsequent pioneering unless
suitable wetlands are available (Lee et al. 1984). Im-
portant Canada goose breeding and brood-rearing hab-
itat features include availability of foraging sites (Zi-
cus 1981, Lee et al. 1984, Bruggink et al. 1994}, wet-
iand size (Bultsma 1976, Hilley 1976, Kaminski and
Prince 1977), and availability of nest sites (Bultsma
1976, Hilley 1976, Cooper 1978, Lee et al. 1984). The
purpose of this study was to determine habitat char-
acteristics related to Canada goose use of seasonal and
semi-permanent wetlands, These characteristics were
then incorporated into a geographic information sys-
tem (GIS) to model potential Canada goose habitat
throughout eastern South Dakota.

STUDY AREA

The study was conducted in 6 physiographic regions
of eastern South Dakota (Johnson et al. 1995) that
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Figure 1. Distribution of 25.9 km* (10 mi*) cells across 3
domains used to determine goosc use of seasonal and semi-
permanent wetlands in eastern South Dakota, 1993 and
199¢6.

were modified into 3 domains (Figure |) encompass-
ing areas with similar wetland characteristics (Kantrud
et al. 1989). The Prairie Coteau is characterized by an
abundance of semi-permanent and permanent wet-
lands. The Central Lowlands is nearly flat with an
abundance of seasonal and temporary wetlands. The
Missouri Coteau has numerous seascnal wetlands in
the northeast and fluviatile wetlands throughout the
south and west. Allocation of total surface area in east-
ern South Dakota across domains is 28.7% in Prairie
Coteau, 44.3% in Central Lowlands, and 27.0% in
Missouri Coteau. In eastern South Dakota, 334,659
seasonal wetlands covering 224,004 ha and 24.485
natural, semi-permanent wetiands covering 173,010 ha
were available for use by geese (Johnson 1995).

Native vegetation throughout eastern South Dakota
is tall-grass/mixed-grass prairie (Westin and Malo
1978). Trautman (1982) provided a detailed descrip-
tion of land use across our domains. Land ownership
is predominantly private interspersed with state-owned
game production areas and federally owned waterfowl
production areas.

METHODS
Sampling Methods

Sample Cells. A grid of 25.9 km? (10 mi?®) cells was
overlayed on a GIS layer constructed from National
Wetland Inventory data for eastern South Dakota
(Johnson 1995). Cell size was selected to maximize
between-cell variability in the number and area of sea-
sonal and semi-permanent wetlands within cells
(Stoms 1992). The center of a wetland was used to

assign wetlands that fell in multiple cells to a particular
cell. Median values of the frequency distributions for
wetland densities (110 wetlands) and areas (124 ha)
were used 1o classify cells within domains into 4 strata:
stratum ! cells were low density and area, stratum 2
cells were low density and high area, stratom 3 cells
were high density and low area, and stratum 4 cells
were high density and area. Cells in each stratum with-
in domains were numbered sequentially. Randomly se-
lected cells (n = 216} were allocated equally across
strata within domains in 1995 and 1996 (Figure 1). In
1996, an additional 7 cells from stratum 4 were ran-
domly selected from each domain to ensure an ade-
quate sample of semi-permanent wetlands.

Sample Wetlands. Two seasonal and 2 semi-perma-
nent wetlands were surveyed within each cell. Wet-
lands that were sorted by area within cells were sys-
tematically selected using a random starting point to
ensure that all sizes were surveyed. Additional wet-
lands were selected in the initial sample for each cell
to replace wetlands found to be ineligible for inclusion
in the study or for which access was denied. Wetlands
that were dry, farmed, burned, or mowed were con-
sidered ineligible. Wetlands were surveyed after land-
owners were contacted to obtain permission to work
in wetlands located on private lands.

Field Methods

Vegetation Sampling Within Wetlands. Vegetated
wetland area was estimated visually using a modifi-
cation of the Daubenmire scale in which the entire
wetland was treated as a single quadrat (Bailey and
Poulton 1968). Class intervals describing the percent-
age of vegetated area within wetlands were defined as
1) <1%, 2) 1-5%, 3) 6-25%, 4) 26-50%, 5) 51-75%,
6) 76-95%, and 7) >95%. Pattern of emergent vege-
tation was recorded using the 4 cover type classifica-
tions of Stewart and Kantrud (1971). Grazing intensity
within the wetland was visually estimated as lightly,
moderately, or heavily grazed.

Vegetation Sampling Surrounding Wetlands. Grazing
intensity on: wetland shorelines that were not cropped
was recorded. We estimated grazing intensity on non-
cropped shorelines by visual inspection of residual
vegetation and the current year’s growth (Kirsch
1969). Non-cropped shorelines that ranged from idled
(i.e., <1%) to heavily grazed (i.e., >95%) were re-
corded using the same 7 class intervals that were used
t0 estimate percent vegetated wetland area. Land use
surrounding wetlands was classified as cropland,
grassland, or mixed.

Canada Goose Counts. Wetland surveys were con-
ducted from 5 May-10 July 1995 and 1996. The pe-
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rimeter of each wetland was traversed after we had
walked a zig-zag patiern within the wetland to ensure
that all geese present were detected (Hammond 1969},
Wetlands were classified as used by geese if we ob-
served paired adults, active nests, or goslings. We sur-
veyed wetlands once to obiain a large sample (n =
832) over an extensive geographic region rather than
survey a small number of localized wetlands multiple
times (Meentemeyer 1989). Wetlands that were sur-
veyed from mid-June to early July were inciuded in
analyses to specifically include brood-rearing habitat
in our predictive models.

Canada Goose Nest Sites. The number of potential
Canada goose nest sites was recorded during 1996
wetland surveys. Potential nest sites for geese were
defined as artificial nest structures, peninsulas or is-
lands, muskrat (Ondatra zibethicus 1..) houses, and
spoil piles. Class intervals used to estimate the number
of muskrat houses within wetlands were 1) 0, 2) 1, 3)
2-5, 4) 6-10, and 5) >10.

Canada Goose Release Sites.  Canada goose banding
records for South Dakota were obtained from the U. 8.
Geological Survey, Bird Banding Laboratory. Records
were sorted by year. for transported (Status 2) and
band-rearcd (Status 4) geese (i.e., restored Canada
geese) that were banded and released by South Dakota
Department of Game, Fish and Parks. Latitude and
longitude from selected records were used to plot ap-
proximate release sifes in eastern South Dakota from
1977 to 1984 and from 1985 to 1994.

Analytical Methods

Density and area of wetlands for each of 4 water
regimes [temporary, scasonal, semi-permanent, per-
manent {Stewart and Kantrud 1971)] were calculated
for each cell using GIS. Area (ha} and shoreline length
(m) of sample wetlands also were calculated. Density
and area of wetlands for each water regime, wetland
area, and shoreline length of sample wetlands were
log-transformed to approximate nermality. Class inter-
val mid-points were used to analyze categorical data.
The 9 variables shown in Table 1 were used in anal-
yses after eliminating total area of wetlands for each
water regime, grazing intensity within the wetland,
wetland perimeter measures, and cover type classifi-
cations from the data set to reduce problems associated
with collinearity (r > 0.5).

Stepwise discriminant function analysis (Witkinson
1960) was used 1o produce a linear combination of
variables that best classified wetlands according to
whether they were used or unused by Canada geese.
Two separate stepwise discriminant functions were
calculated to identify variables related to goose use of

Tabje 1. Means (= SE) of landscape and vegetative vari-
ables for used and unused wetlands by giant Canada geese
in castern South Dakota, 1995 and 1996.

Used Unused

(n = 34) n = 377)

Variable b SE b4 SE

Domain 2.8 .} 1.9 G
Temporary Density* 7117 106 979 3.7
Seasonal Density? 56.0 79 838 39
Semi-permanent Density® 16.4 34 143 12
Permanent Density® 1.9 0.2 2.1 G
Wetland Area (ha) 24.7 89 11.7 2.8
% Vegetated Wetland Area 31.0 48 Ss61 L7
Land Use 2.3 0.1 2.0 0.1

Shoreline Grazing Intensity 282 6.5 321 21

+ Number of wetlands within 25.9 km” cells (16 mi’).

wetlands. Fach of 9 variables was included in the first
analysis to identify variables that separated used and
unused wetlands. Only landscape varables (i.e., do-
main, wetland area, and wetland densitics) encoded
into the wetland GIS were included in the second dis-
criminant function analysis. Separate analyses enabled
us to use the landscape discriminant function to depict
potential goose habitat throughout eastern South Da-
kota using GIS, We classified wetlands as used or un-
used according to the largest value of the classification
functions (Wilkinson 1990:367-390). Jackknife clas-
sification rates (Wilkinson 1990) were used as a meth-
od of cross-validating our ability to predict potential
Canada goose habitat. Seasonal wetlands were exclud-
ed from all analyses because geese were recorded on
<1% of seasonal wetlands surveyed.

We used t-tests with Bonferroni corrected probabil-
ities (Wilkinson 1990) to determine whether the avail-
ability of potential nest sites {e.g., muskrat houses) dif-
fered between used and unused wetlands.

RESULTS

Giant Canada geese occurred on 34 (8.3%) of 411
semi-permanent wetlands surveyed (Table 1). The first
discriminant function identified the position of a wet-
land within the landscape (i.¢., domain), wetland area,
and percent vegetated wetland area as important in
separating serni-permanent wetlands that were used by
Canada geese (Wilks” Lambda = 0.82; F = 29.55; df
= 3,1,409; p < 0.001) (Table 2). Vegetated wetland
area explained the least variation and was the only
vegetative variable retained. The greatest differences
between used and unused wetlands were associated
with landscape variables, indicating that the position
of a wetland within the landscape and its area may be
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Table 2. Classification functions for discriminating between
wetlands used and unused by giant Canada geese in eastern
South Dakota, 1995 and 1996, The first function contains
vegetative and large-scale landscape variables to discrimi-
nate between used and unused wetlands. The second func-
tion that contzins only landscape variables was used in a
wetland geographic information system to predict potential
goose habitat throughout eastern South Dakota.

Clasmﬁn:auon % Vari-
Function ation
Coefticients
. Ex-
Variable Used Unused plained
Full Discriminant Function’
Constant —12.56 -~7.64
Domain 5.37 377 45.0%
Wetland Asea 3.15 208  34.6%
% Vegetated Wetland Area 0.04 006 11.5%
% Correctly Classified 82% 79%
Jackknifed Classifica-
tion Rate 79% 79%
Landscape Discriminant Function-
Constant -8.11 —3.83
Domain 4.89 325 47.0%
Wetland Area 1.68 0.51 36.0%
%0 Correctly Classitied 88% T5%
Jackknifed Classifica-
tion Rate 82%: 75%

P Wilks” Lambda = 0.82, F = 29.55, df = 3,1,409, p << 0.001.
© Wiltks” Lambda = {1.85, F = 36 df = 2.1,409, p < 0.001.

the most important features influencing wetland use by
geese,

The discriminant function analyzing landscape vari-
ables identified domain and wetland area as significant
{(Wilks® Lambda = 0.85; F = 36.38; df = 2,1.40%. p
<< (0.001) {Tabie 2). Domain contributed most to the
discriminant function (Table 2), with used wetlands
occurring more within the Prairie Coteau than other
domains (Table 1). Wetland area also contributed to
the discriminant function (Table 2); average area of
used wetlands (X = 24.7 ha) was larger (Table 1) than
the area of unused wetlands (X = 11.7 ha). Variables
excluded from the discriminant function were wetland
densities of each water regime and year. The discrim-
inant function correctly classified 88% of used and
75% of uwnused wetlands by Canada geese {Table 2).
Jackknife procedures correctly classified 82% of wet-
Jands that were used and 75% of wetlands that were
not used by Canada geese.

The Jandscape discriminant function was used in the
GIS to classify all semi-permanent wetlands in eastern
South Dakota as used or not used by Canada geese.
Number of semi-permanent wetlands that were clas-
sified as expected to be used by geese were summa-

Figure 2. Distribution of semi-permanent wetlands in east-
ern South Dakota that were delincated as suitable breeding
and broed-rearing habitat for Canada geese. Degree of shad-
ing indicates the number of suitable wetlands within 25.9
km” (10 mi*) cells. The landscape discriminant function in-
dicated that wetlands suitable for Canada geesc occurred al-
most exclusively within the Prairie Cotean domain (see Fig-
ure 1).

rized by cell into 4 classes 1) 0, 2) 1-5, 3) 6-10, and
4) =10 used wetlands (Figure 2). Results indicated that
wetlands suitable for Canada geese occurred almost
exclusively on the Prairie Coteau (Figure 2). The min-
imum area of semi-permanent weilands in which geese
occurred was 0.70 ha. Numbers of semi-permanent
wetlands =0.70 ha throughout eastern South Dakota
also were sununarized by cell into classes using GIS.
Wetlands =0.70 ha were largely within the Prairie Co-
tean but may include isolated areas of the Central
Lowlands and Missouri Coteau (Figure 3).

During 1977-84, restoration efforts occurred in the
middle zone of the Prairie Coteau and northern zone
of the Misscuri Coteau (Figure 4). Restoration efforts
from 1985 tc 1994 have occurred in the southern zone
of the Prairie Coteau and scattered zones of the Central
Lowlands and Missouri Cotean {Figure 4). Distribu-
tion of wetlands =0.70 ha more closely depicted areas
selected as release sites compared to distribution of
wetlands delineated using the landscape discriminamt
function.

Fifty percent of wetlands used by Canada geese in
1996 had = 1 muskrat house. Number of muskrat
houses was greater {t = 2.435, df = 418, p = 0.029)
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Figure 3. Distribution of semi-permanent wetlands in
eastern South Dakota that were delineated as potential
breeding and brood-rearing habitat for Canada geese. De-
gree of shading indicates the number of suitable wetlands
within 25.9 km* (10 mi*) cells. Distribution of wetlands
=(.70 ha indicated that most wetlands suitable for geese
were within the Prairic Coteau domain but may include
isolated areas of the Central Lowlands and Missouri Coteau
domains (see Figure 1).

in used (X = 2.4) than unused (8 = 1.4) wetlands.
Flooded spoil piles were present in an additional 21%
of used wetlands that did not have muskrat houses
present. Fewer alternative nest sites were available (1
= 7.532, df = 418, p < 0.001) in used (£ = 1.8) versus
unused (£ = 2.0) wetlands.

DISCUSSION

Landscape Features Influencing Goose Use of
Wetlands

The majority of wetlands that we delineated as po-
tential goose habitat were concentrated within the Prai-
rie Coteau (Figure 2) due to the large number of semi-
permanent wetlands. Canada geese were not released
into the northern Prairie Coteau because remnant wild
populations have always occurred in this region (Nel-
son 1963). Banding records indicated that geese were
released into isolated semi-permanent wetlands west of
the Prairie Coteau (Figure 4). Our delineation of po-
tential goose habitat may be comnservative {Figure 2)
when compared to the distribution of minimum area
wetlands (=0.70 ha) on which geese occusrred (Figure

‘_; - JW’!“
© 1977-84 N @ |
@ 108594 > kK

Figure 4. Release sites of transported (Status 2y and band-
reared {Status 4) Canada geese during restoration in eastern
South Dakota, 1965--1994,

3). Our surveys indicated that geese are not wide-
spread west of the Prairie Coteau despite restoration
efforts from 1977 to 1994 (Figure 4).

Mean area of wetlands used by giant Canada geese
in eastern South Dakota (X = 24.7 ha) was twice as
large as unused wetlands (X = 11,7 ha). Semi-per-
manent wetlands that we classified as potential goose
habitat may be equally important for breeding and
brood-rearing Canada geese. Less numerous perma-
nent wetlands (i.e., glacial lakes) (Johnson 1995),
which were excluded from this study, likely provide
additional nesting and brood-rearing habitats through-
out the region (Nigus and Dinsmore 1980). In their
analysis of 18 habitat components correlated with wa-
terfowl pair numbers, Leschisin et al. (1992) docu-
mented greater pair use on wetlands with larger sur-
face areas. Similarly, Kaminski and Prince (1977) re-
ported that giant Canada geese in Michigan used wet-
lands =2 ha, and use exceeded availability for
wetlands >25 ha. Although Brown and Dinsmore
{1986) concluded that Canada geese in lowa used
smaller wetlands located in wetland complexes, our
analysis indicated that wetland isolation did not influ-
ence goose use of semi-permanent wetlands in South
Dakota, as the densities of seasonal and semi-perma-
nent wetlands within cells were excluded from our dis-
criminant function.

Vegetative Features Influencing Goose Use of
Wetlands

Our goal of investigating large-scale landscape fea-
tures in relation to potential goose habitat required vis-
its to many sites that were geographically dispersed.
with a reduced level of vegetative sampling at indi-
vidual wetlands. The emphasis on large-scale spatial
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patterns decreased our ability to predict specific veg-
etation preferences of geese within specific wetlands
{Meentemeyer 1989). However, our relatively high
jackknifed classification rates using the landscape dis-
criminant function (82% and 75%) (Table 2), when
compared to classification rates of the function con-
taining landscape and vegetation variables (79% and
79%), indicated that the inclusion of vegetation mea-
sures did not enhance our ability to predict potential
goose habitat,

Results of our study indicated that geese used wet-
lands with relatively little emergent vegetation (e.g.,
Typha spp., Scirpus spp.) (Table 1). Goose use of
sparsely vegetated wetlands may have reflected timing
of season .in which surveys were conducted. Less
densely vegetated wetlands that were used by geese
during brood-rearing may have provided open water
habitat for predator avoidance (Lee et al. 1984},

Even though availability of nest sites was significant
(P = 0.05) for used and unused wetlands, we did not
include nest sites in our model because data were only
available for 1 year. Our results support the findings
of Kaminski and Prince (1977), Cooper {1978), and
Ogilvie (1978) regarding the importance of muskrat
houses for breeding giant Canada geese. Although
grazing intensity was not used to discriminate between
used and unused wetlands in our study, Eberhardt et
al. (1989) found that grazed shoreline pastures were
important foraging habitats for Canada goose broods
in Washington. Similarly, Zicus (1981) concluded that
habitats surrounding wetlands influenced available for-
aging sites used by family groups of Canada geese in
Wisconsin.

Spatial and Temporai Variation in Goose Use of
Wetlands

The Prairie Coteau has the highest density of wet-
iands that demonstrate long-term predictability in an-
nual hydrologic cycles. Canada geese that have been
released in the Central Lowlands and Missouwri Coteau
use large and isolated semi-permanent wetlands during
years of favorable water conditions. However, highly
variable wet-dry cycles (Winter 1989) make wetland
conditions inherently unpredictable at restoration sites
outside the Prairie Coteau. Although semi-permanent
wetlands rarely dry completely, sparsely vegetated
wetlands that regenerate with dense vegetation during
dry periods may be unattractive to Canada geese. Jux-
taposition of semi-permanent wetlands on the Prairie
Coteau may enable geese to move short distances to
wetlands in which favorable vegetative conditions oc-
cur; however, geese outside the Prairie Coteau may
have to move long distances before locating a suitable
wetland. Unfortunately, little is known concerning sea-

sonal movement patterns and pair site fidelity in the
Great Plains that might enable geese to colonize new
areas when isolated wetlands throughout the Central
Lowlands and the Missouri Coteau are unsuitable. Al-
though such information for the Great Plains is lack-
ing, periodicity in hydrologic cycles within landscapes
(Ealiss and Mushet 1996) is likely a major factor in-
fluencing goose use of wetlands in eastern South Da-
kota.

ACKNOWLEDGMENTS

We thank J. W. Bauer, E R. Quamen, S. A. Stolz,
and M. S. Wilsdon for assistance with data collection.
We thank B. H. Powell from the U.S. Geological Sur-
vey, Biological Resource Division for supplying band-
ing data. We also thank 1. J. Ball, R. A. Malecki, L.
D. Flake, R. L. lefferies, J. J. Dinsmore, and D. A.
Graber for reviewing our manuscript. Funding for this
project was provided by Federal Aid to Wildlife Res-
toration (W-107-R, Job No. 8), Scuth Dakota Coop-
erative Fish and Wildlife Research Unit in cooperation
with the National Biological Service, South Dakota
Department of Game, Fish and Parks, South Dakota
State University, and the Wildlife Management Insti-
tute.

LITERATURE CITED

Bailey, A. W. and C. E. Poulton. 1968, Plant communities and en-
viropmental relationships in a portion of the Tillamook Burn,
northwestern Oregon. Ecology 49:1-13.

Brown, M. and J. §. Dinsmore. 1986. Implications of marsh size and
isolation for marsh bird munagement. Journal of Wildlife Man-
agement 30:392-397.

Bruggink. J. G., T. C. Tacha, I. C. Davies, and K. E Abraham. 1994.
Nesting and brood-rearing ecology of Mississippi Valley popuia-
tion Canada geese. Wildlife Monographs 126,

Bultsma, P M. 1976. Use of stockponds for nesting by giant Canada
geese. M.S. Thesis. South Dakota State University, Brookings,
SD. USA.

Caithamer, D. E and J. A. Dubovsky. 1996. Waterfowl popalation
status, 1996. U.S. Fish and Wildlife Service, Office of Migratory
Bird Management, Laurel, MD, USA.

Cooper, I. A. 1978, The history and breeding biology of the Canada
geese of Marshy Point, Manitoba. Wildlife Monographs 42.

Eberhardt, L. E., B. G. Anthony, and W. H. Rickard. 1989. Move-
ment and habitat use by Great Basin Canada goose broods. Jourral
of Wildlife Management 53:740-748.

Fuliss, N. H., Ir. and D. M. Mushet. 1996. Water-level fluctuations
as a function of landscape condition in the Prairie Pothole Region.
Wetlands 16:587-593.

Hammond, M. C. 1969. Notes on conducting waterfow] breeding
population surveys in the north central states. p. 238-254. In Sas-
katoon wetlands seminar. Canadian Wildlife Serviee, Ottawa, On-
tario, Canada. Report Series 6.

Hanson, H. C. 1965. The Giant Canada Goose. Southern lipois
University Press, Carbondale, IL, USA.

Hilley, J. D. 1976. Produciivity of a resident giant Canada goose
flock in northeastern South Dakota. M.S. Thesis. South Dakota
State University, Brookings, SD, USA.

Johnson, R. R. 1995, Demographics of eastern South Dakota wet-
lands and wetland basins and techniques for estimating the area



558

WETLANDS, Volume 17, No. 4, 1997

and number of wetland basins. Ph.D. Disseriution. South Dakota
State University, Brockings. SD. USA.

Johnson, R. R., K. F Higgins. and D. E. Hubbard. 1995. Using soils
to delineate South Dakota physiographic regions. Great Plains Re-
scarch 5:309-322.

Kaminski, R. M. and H. H. Prince. 1977, Nesting habitat of Canada
geese in southeastern Michigan. Wilson Balletin 89:523-531.
Kantrud, H. A, G. .. Krapy, and G. A. Swanson. 1989, Prairie basin
wetlands of the Dakotas: a community profile. U.S. Fish and Wikd-

life Service, Washingtlon, DC, USA. Biological Report 85.

Kirsch, L. M. 1969, Wawerfowl production in relation to grazing.
Journal of Wildiife Management 33:821-828.

Lee, £ B. 1987, Rewrn of the giants. p. 273-279. Jn Resioring
Asmerica’s wildlife. 19371087, U.S. Fish and Wildlife Service,
Washington, DC, USA.

Lee, B B., C. H. Schrocder, T L. Euck, L. I. Schoonover. b, A,
Johnson, H. K. Nelson, and C. A. Beaadoy. 1984, Rearing and
restoring giant Canada geese in the Dakotas, North Dakowa Game
und Fish Department, Bismarck. ND, USA.

Leschisin, B. AL, G. L. Williams, and M. W, Weller. 1992, Factors
affecting waterfow! use of constructed wetlands in northwestern
Minnesota, Wetlands 12:178-183.

Meentemeyer. V. 1989, Geographical perspectives of space. time.
and scale. Landscape Ecology 3:1163-173.

Neison, H. K. 1963, Restoration of breeding Canada goose flocks
in the north central stawes. Transactions of the North American
Wildlife and Natiral Resources Conference 28:133-150.

Nigus, T AL and §. J. Dinsmore. [980). Productivity of Canada geese

in northwestern lowa. Proceedings of the lowa Academy of Sci-
ences 87:56-61.

Ogilvic, M. A. 1978, Wild Geese. Butco Books. Vermillion. 5D,
USA.

Solberg, J. W, 1996, Wateriow! breeding population survey for
South Dakota and North Dakota. U.5. Fish and Wildlile Service,
Office of Migratory Bird Management, Laurel, MD, USA.

Stewart. R, E. and H. A. Kantrud. 1971, Classification of natural
ponds and lukes in the glaciated prairie region. U.S. Fish and
Wildlife Service. Washington, DC, USA. Resource Publication Y2,

Stoms, D. M. 1992, Effccts of habitai map generalization in biodi-
versity assessment. Photogrammaiic Engineering and Remots
Sensing S&:1587-1591.

Trautman, C. G. 1982, History, ecology and maaagement of the ring-
necked pheasanl in South Dakota. South Dakota Department of
Game, Fish and Parks Wildlife Rescarch Bulletin 7.

Westin, E C. and $. L. Malo. 1978, Soils of South Dakota. South
Dakota State College, Brookings, 8D, USA.

Witkinson, L. 1990, SYSTAT: The system for statistics. SYSTAT,
Inc., BEvanston, IL, USA.

Winter, T C. 1989. Hydrologic studies of wetlands in the northern
prairic. p. 17-54. I A. vuan der Valk {ed.; Northern Prairie Wel-
iands. lowa State University Press, Ames. 1A, USA.

Zicus, M, C. 1981. Flock behavior and valnerability to huating of
Canada geese nesting at Crex Menrdows, Wisconsin, Journal of
wiidlife Munagement 45:830-841.

Manuscript received 21 March 1997, revision received 14 July 1997;
accepted 18 August 1997,



