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MINNESOTA PRAIRIE MANAGEMENT TECHNIQUES AND
THEIR WILDLIFE IMPLICATIONS'

JonN R.WND WiLniaM H. MARSHALL

University of Minnesota, St. Paul

This paper reports on the wildlife management aspects of an investi-
gation to determine the effects of four trcatments—spring burning,
fall burning, grazing and mowing—on the flora and fauna of prairie
habitat in northwestern Minnesota.!

The tall grass prairies of northwestern Minnesota lie in a {ension
zone between the deciduous forest on the east and the short arass prai-
ries to the west in the Dakotas. In some places the transition from
forest to prairie is clearly defined and in others it is diffuse. The
topography of the landscape at this transition in northwestern Minne-
sota is gently rolling. Originally marshes, potholes and wet prairies
were common throughout the region. These prairies near the woodland
edge were inhabited by Indians prior to about 1900. Accordinge to
Buell and Facey (1960) prairie fires, which frequently swept the up-

1Rinancial support was provided by the Minncsal.n Division of Game and Fish (11l Projeet

W-11-R), the National Science Foundation (Grant No. 7019), through the Lake itusca Biol-
ogy Session, and the University of Minnesota Graduate School.
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land areas in the spring and fall, hielped 10 maintain the crassland in
the face of westward invasions by trees and shrubs. ’

When settlers hesan fa rming in this area acriculture brought about
marked chanwes i the landseape. Tarnsteads were established with
plantings of trees to serv e as windbreaks and a network of roads devel-
oped. Fires were reduced in extent and Frequency. In mueh of the
area cultivated erops were successful and consequently many praivies
were broken for agrienltural purposes. '

At the present time the agricultural operation in ihis area Is rela-
tively intensive. Most of the tillable land is heing cropped and a re-
cently accelerated program of planned drainaze alone with newly-bull-
dozed deep highwayv borrow pits is rapidly eliminating the marshes
and potholes. Where drainaze is diffienlt a few tracis of natjve prairie
remain. Some of these are owned by farmers or other individuals and
are usually grazed or mowed. Others have been acquired by the Min-
nesota Department of Conservation or other organizations inferested
in preserving natural areas, The proposed program of wetlands ae-
quisition by the U. S. Department of the Interior may place many
more of the remaining prairie tracts under government ownership and
presumably assure their protection from the plow.

It is apparent that these publicly owned natural prairies must be
managed to preserve their original status for research and aesthetic
values as well as to provide the desired conditions for such wildlife
as prairie chickens (Tympanuchus cupido pinnatus) and waterfow],
We hope that this report will provide information whicl may be useful
in the formulation of sound manavement plans.

It is a pleasure to acknowledge the cooperation of the Minnesota
Division of Game and Fish, and the Muscun of Natural Historv and
the Departmient of Entomology and Economic Zoolozy of the Univer-
sity of Minnesota. Special thanks arc expressed to Morris Patterson.
Refuge Manager, Minnesota Division of Game and Fish, for assistanee:
with the land manasement operation as well as to Louis Polack and
Gilford Rogers, farmers near the Waubun Prairie Rescareh Area,
who provided equipment and assistance throuzhont the study.

METHODY

This report is based on field studies condueted during the five sum-
mers of 1957 through 1961. A detailed description of the site and of
most of the methods used in this study has heen published (Tester and
Marshall, 1961). Summary statements will bo Fiven here.

A total of 70 acres of relatively undisturbed native prairic was
selected for study from the approximately 230 acres of unplowed land
which lies within a 640 acre tract known as the Wanlun Prairie Re.
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reach Area. The arca is located eleven miles southwest of the town of
Mahnomen in Section 33, Township 143 North. Range 42 West of the
5th Prineiple Meridian. The tract was acquired by thie Minnesota De-
partment of Conservation in 1954 and has heen reserved for hasic re-
search and experimental land manacement. .

Seven fen-acre plots were selecied on the study area on the basis of
topography and history of land use, particularly mowine. The selee-
tion of the treatments for each plot was made subjectively and was
based on the Toeation of the plots wirth respect to potholes and roads.
and the nature of yee of adjacent acrienltural land.

Two ploats were used as cantrols and are designated Control T and
Control 1T, One plot (Fall Darn) was hurned on October 28, 1957,
Two plots (Sprine Burn T and Sprine Born IT) were burned on
April 11,1958, One plot (Graze) was erazed durine the sumniers of
1958 and 1959,

The hay erop on one plot (Mow) was to bhe harvested each vear in
September. The harvest proeceded as planned in 1957, However, in
March 1958, a wildfire burned most of . this plot and in Septemher.
1958. the harvest was only partiallv eompleted. This plot was dropped
from the study. . ’ .

Discussions on the ¢ffects of mowine will he hased primarily on the
differences hetween the two oroups of plots which were observed before
freatments started. Control TT and Sprine Burn H-®ore in o part of
the prairie which was of lower elevation and which had more <oil

“moisture. This site had not heen mowed sinee 1951, The remaining

five plots were in an area which had heen mowed annually in late sum-
mer before 1957. o :

The non-woodyv upland vewetation was stndied by meaus of rectan-
aular quadrats 1.0 hy 0.5 meter in size. The offeets of grazing on wondy
vezetation were evaluated by means of 60- by 60-foot quadrats in
1958 and 1959. Tn 1959 ten 2. hy 60-foot transecets were added to the
study. Data in quadrats and transéels were recorded by 0-2 font,
2-4 foot, and 44 foot heieht elasses for aspen (Populus fremnloides)
and willow (Saliz spp.). Tn addition to these auantitative methods.
photographs were taken perindically from permanent stations durine
the studv and subjeetive evalnations of cerfaim conditions were made
in the field.

Censusing of song birds was aceomplished by the fervitory-mapping
technique. Tndices of population density of small mammals were ob-
tained by snap-trapping. Tndices of the population density of Or.
thoptera and Coleoptera, the two aronps of insecis Tikely to he most
abundant in a prairie (Smith. 1940). were obtained hy sweep sampline.

Many other larger species of animals live on or rangze over Wanbun
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Prairic. Censusing these forms was beyond the seope of this invesii.
cration and nmnfortunately most came species mmst be included in this
category of animnals, However, evalnation of the managenment practices
in terms of greater pravie chicken, wiaterfowl, and predators is made
on the hasis of “preferred” habitas as reported in the literature.

* .

Reaction or Coasiixary o TrEarvesTs

Data on litter, dominant wrasses, amd certain animals will be brieflv
sunnnarized here o provide backeronnd for the managenient discens.
sion whieh follows. The woody plants and shoreline vegetation not
previously reported on will he treated in detail.

Littcr—The most pronounced chanees in the communiiy in pe.
Sponse to the treatments were in the depth and arcal cover of the jf.
ter. We helieve that these changes in the vegetational component of
the community were responsible to a large extent for obseryved <hifts
in the animal populations.

Tn 1957 litter was sparse on those plots which had heen mowed an-
mially and was dense in those plots which had not heen mowed sinee
1951. Burning in fall of 1957 and spring of 1958 reduced litter cover
markedly in the Burn plots. Lisht arazing in 1958 did not have a
noticeable effeet on ditter in the QGraze plot. Tn 1939, erazine on this
plot was moderate t'n‘hmn'_\' and caused pronounced chanees in litter.
Most areas were heavily trampled, and litter was ohly a few centi-
meters deep, hut small patehes of untrampled Titter wepe prosent
throughout the plot. ’

The data indicate that protection after burnine oy mowinge would
result in an acenmulation of litter in two or three vears which is simi-
lar in depth and percentage of cover to that in an area such as Control
1T which had been undist arbed for civht vears. These findines support
those of Ehrenreich (1957) and Dix (1960) who stadied litter accu-
mulation rates on Towa and North Dakota prairies, respectively, It
appears that on prairies in the north-central states a condition of
equilibrium is reached two to xix years after protection from burning

“or mowing heging — in thig condition {le annual increment of new
litter seems to be balanced by the decomposition of old litter,

Upland grasses and forbs.—m)pruximnre‘._\' 100 species of vrasses
and forbs were present on {he upland areas. The dominant speetes in
the community were big bluestem (Andropogon gerardi), little blue-
stem (A. seoparius), Indian arass (Sorghastrim nutans) and needle-
arass (8lipa spartea). Followine treatment chanees in the contribu-
tion of these specics to the cover wepe small. No attempt was made in
this study o determine the actual amonnt of forawe prodaced under
the various treatments sinee we considered areal ¢cover 1o be the phyto-
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sociological ehavacior which would provide ihis hest moasure of each
speeies with regavd to the compnity,

In general the (Osw!mn ol ninwine on four plots allowed the mnl-
..md late-summer aspecis 0f the veootation fo matyre and prodice :

-for the first iime in many vears, Howe e, B sTRED m'r thnn"‘ ]
species composition were noled during the m‘uw of theiny (*\n_dt‘mn
Weaver (1934 states that. theovemoval of \(w [..nmn In Hiow mk'r (Lf[(.I
“maturity has o iyl Ve laimn e !u T I TR mn" II: i <»~'f11

matnrity the <ompclxll\(- dblllllL\ m SO SPevis m.n .'-l}(:j'
(Curtis, 1959). y i . e

~Both spring unl Fall hurnine n\sult(d inan advahes off IU Fo 20 davse K

in the development. of plants on the Jmn plots, ln\.uhhlmn new
growth on these plots was more Tnxnviant amd b aoval of l.ln(.hi«:k

mat of Titter seemed fo “release” many of 1the forbs such as yelow |
stareriss (][]/]):;.u\' hivsilay, SUMF woldenrod (Nolidage rigida’y. Frost.

weed aster (Aster NI(I/I!/I\). and pasque flower Cluomone pateas).
Alany species produced more abundan, see A erops alter hurning, This
wspun\o has also been observed by Fvans and Grover r]‘)ll)\ Ehren-
eich (1957) and Aikinan (1055). ‘
Burning did not bring abont. any noficeable shifts i species com-

position. Dix (1960) {onmnd o similar situation in comparisons of

burned and unbhurned praivies in North Dakota, Fire can be used to
control or reduce the density ol certain undesivable Spevies ol con-
sidered native to pmixiv as shown hy Curtis and Parteh (1948) .m]

" Aldous (1934). Titerature regarding elfects of burning on viehland /e

cover is contradictory. Tnereases alter burning are reported hy -\ll\-
man (1955) and Kelting (1957) whereas Herve v IO and Hophins
et al. (1918) found in']“(‘r vields, Whrenreich (l()n) Tound no differ-
ence in total yields on burned and non-hurned praivie in Towa .
Usaze of the Toraze on the Cruze plot was light in 1958 and mod.
erate with small areas df heavy use in 1939, Muoeh of the CrOWINY
vegetation was removed by the eattle. owever, no elitnee in speetes
composition in this plot was observed. We heliove that ihe low o

moderate utilization of the forawe aud the intermittent. SUAZING pro-.

agram used acconunt. for this lack of chianee. Lannchbaneh (1955 Tonnd
that periodic moderate grazine allowed for vegetaiional unnnmi:ion
similar to that in ungrazed arcas and \Wes aver (19543 states that eraz.
ing by wild animals had little effect on the composition ol grasslands
boc(msc it was both widespread-and intermittent. Heavy, prolonged
grazing, on the other hand, canses reduction in cover of HATIVE Crasses,
incereases in undesirable species and compaction of suil (E} nmnmch,
1957; Kucera, 1956 and 1958; Weaver, 1954).

WoodJ plants —Onuly those \\00(]) plants which are considered io be

5oty 'h"g-

[ 4I:-J_|,'(| v o
.
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“invaders” on natural praie wil be disciesed heres On Waubun
Prairie these are Hmited to six species of willow (Selie Gcbbiana. S.
discolor, S. gracdis, S hooiilis, N fuderiors wnd SOpigida’ whieh will
be treated as a wroup, wod quakine a<pen,

Numerous investicators have reported on the invasion of prairvies
by trees and shrubs, Moss 1222 fonnd aspen invading crasslands in
the prairie provinces of Central Canwda when fire was kept out and
Bird (1961) states ihat wspen replaces pradrie in the parklands o
western Canada if there is sofficient moisiure and 1F fres are not oo
frequent.” Prairies in, Wisconsin ¢ Dix and Buder, 19607 and lows
{(Moyer, 1953) are currently being invaded by willow, aspen and other
woody speeies. Mixed hardwood aned Lrush stands Found on the praivie
soils of northwestern Minnesota have heen deseribed by Bwine 19245
and aspen and aspen-oak wroves in the sane arei are disenssed by
Buell and Facey (1960).

Ecesis of aspen seedlings on praivie ix difiiculi beeause of the dense
sod and shading by the grass (Bivd. 1961). However, onee a plant is
established 1t has great potential to spread into surronnding aveas by
means of rhizomes or propagating roots (Duell and Buell, 1939).

Quaking aspen clones are seattered over Wanbun Peadcie, Phe aoe
of these clones varies from 1 to cu. 20 years (ML L Parteh, unpuab-
lished data). We have observed development of new thickels from
seed ou sites whieh have been unidisturbed for as short a time as 1wo
years. Figure 1 illustrates the esiablishment of aspen by natureal seed-
ing on a site which had been wowed annually prior to 1957, The
stems in the 1938 photorraph had developed in twe orowing seasons.,
By 1961 mumnerous plants execeded GO inches iu heieht,

Prairvie willow (Salir hoailisy oceurred only as isolated plants seat-
tered on the upland. The other spreies of willow were ecnerally e
stricted to wel arcas or the borders of porholes,

Annual hay havvesting precludes the ecesis of asper i willow on
sites that can be mowed. It three fo five or more vears eligse hefween
hay mowines aspen and/or willuw may becomne extablishod and orow
to such size that the stens caonnot be ot off with a hay mower, In this
event the farmer usually mows avound the elone cach vear. This wllows
the woody plants to inerease in size and density but restricls their
spread.

Burning has a wide range of effects on willow and aspen. The
effect is primarily determined by the date. duration and intensity of
the fire. Aspen is fairly suseeptible to fire with plhints heine killed in
some cases or with bark dirnaze which oceurs under loss severe burns
allowing the entrance of wood-rotting fungi or disease (Strothmann
and Zasada, 1957 ; Stoeckeler, 1942,




Fig. 1.

istablichment of up aspen

clone on native prairie,
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Fig. 2. Changes in an aspen clone due to burning on April 11, 1958. See text for explanation.

Aspen clones were present on both Spring Burn plots on Waubun
Prairie but none was located on Fall Burn. Several small plants less
than 35 centimeters high were scattered in the burn plots, but numbers
were too small to be of use in evaluating the effects of fire.

The changes in the aspen clone on Spring Burn I are illustrated in
Figure 2. This stand was locatéd near the center of the 10-acre plot
which was burned when fuel was abundant and very dry. A wind esti-
mated at 15-20 miles per hour by the Beaufort Scale at the time of
burning resulted in a fire which was hot and fast.

The photograph of September 5, 1957, shows the thicket before
burning. The next photograph, June 5, 1958, was taken about two
months after the fire and shows that all the aspen smaller than 11 feet
in height were killed and that leaves on larger trees were present only
above 11 fect. These leaves dried up in approximatly six weeks and
the photo one year later on July 4, 1959, shows that all of the trees
are dead. On this same photo new aspen sprout growth can be seen
behind and to the right of the dead trunks. Two years later, as illus-
trated in the photo of Aug. 27, 1961, this new growth is over six feet
high in places and the thicket again appears as a prominent feature
of the landscape.

Figure 3 illustrates the effects of fire on the aspen thicket located
10 feet in from the west edge on Spring Burn II. Fuel and wind




Iffect of fire on an aspen clone.

Sce text for explanation.
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conditions for this burn were nearly identical to those on Spring Burn
I. The clone was located close to the edge of the plot from which the
fire was started. Fuel within the thicket was not as abundant as in the
surrounding grassland and since the fire had Just burned a few feet
from its starting point it did not carry through the stand with uni-
form intensity. Only about 15 per cent of the trees were killed and

~ these were mostly on the west edge.

A few clumps of willows were located around potholes and in each
of the thickets on the Burn plots. In every case the parts of the plants
above eround were killed by the fire but abundant sprouting oceurred
during the first growing season. Ewing (1924) also found that in wet
habitats fire kills the tops of willows but does no apparent harm to
underground parts.

- ~>The Graze plot contained three thickets of aspen and willow. Data

on the effect of grazing on woody plants in the 60- by 60-foot plots
and the 2- by 50-foot transects are given in Tables 1-4. In an ungrazed
thicket one would expect an increase in the number of stems in cach-
height class due to normal growth and regeneration during the sum-
mer. Grazing or browsing on the woody plants would be revealed if
this increase did not appear in the data or if fewer stems were present
after grazing. Statistical tests cannot be applied to the data in Tables
1 and 4 because no thickets were present in the Control plots for com-
parison or for determining expected values required in the Chi-square
analysis.

Table 1 reveals that, under the light grazing which occurred in
Quadrats 1 and 2 in 1958, numbers of aspen shoots increased particu-
larly in the 0-2 foot class. Under moderate grazing in 1959 some of
the aspen in these two quadrats was utilized and the numhers of shoots
reduced. Quadrat 3 was grazed heavily during both seasons and the
aspen in all three size classes showed a marked reduction in number
after grazing.

The effects of moderate grazing compared to heavy srazing in 1959
are demonstrated more elearly in the 0-2 foot height class of the tran-
sect data (Tables 2 and 3). The location of each plant was recorded
when the transect was run before grazing. During the “Afier” run
we determined the effects of the grazing on known stems. Tho data in
the tables are adjusted for growth of new plants and increases in
height of plants present before grazing. Analysis revealed a Chi-
square of 8.68 between the numbers of 0-2 foot aspen before and after
moderate grazing and a value of 34.40 in the transccts subjected to
heavy grazing. The probability of a greater difference oceurring under
moderate grazing is .13 whereas the difference observed under heavy
grazing is significant at the 0.01 level. We have concluded on the basis




TABLE 1.
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BFFECTS OF GRAZING ON NOUMBER OF ASPEN

STEMS

FOOT QUADRATS, WAUBUN PRAIRIE. 2195581959

277

N 60- BY 60-

Quadrat Height of Stems Grazing
No. n-f 2.4 f1. BN [ntensity
Refore After Yefure Alter After
! 46 81 EH 26 laghit
6 . [ A il Moderate
2 B Tu <1 1 1 1izht
IR ! 82 o S Moderate
3 8! 0 P o Heavy
245 1 o0 Heavy
TABLE 2. EFFLECTS OF MODERATE GRAZING ON NUMBER OF ASPEN STEMS IN
2- BY 50-FOOT TRANSECTS, WAUBUN PRAIRIE, 1959
Transect Height of Stems
No. 0-2 ft. 2.4 ft. 44 f1.
Before After Belore After Belore After
i 4 1 n R 2 R
2 3 2 3 2 2 2
3 1} 0 4 3 2 3
4 13 6 A 19 ] 1
5 7 3 6 H 1 0
6 1 1 2 b1 5 4
Chi-aquare (5 d.f.) 8.68 1.84 1.70

Chi-square (.05) = 11.07, (.01) = 15.09

TABLE 3. EFFECTS OF HEAVY GRAZING ON NUMBER OF ASPEN STEMS IN 2. BY
- 50-FOOT TRANSECTS, WAUBUN PRAIRIE, 1959

Transect Height of Stems
No. 02 ft. 2.4 ft. 4+ ft
Before After Refore After Before After
7 2 10 4 2 2 2
8 20 4 1 1 2 1
9 29 15 11 7 2 2
10 11 5 2 0 1 1
Chi-square (3 d.1.) 34.40 445 . 0.5

Chi-aquare (.05) = 7.81, (.01) = 11.34.

- TABLE 4. EFFECTS OF GRAZING ON NUMBER OF WILLOW STEMS 1IN 60- BY 60-

FOOT QUADRATS, WAUBUN PRAIRIE, 1958-1959

Quadrat Height of Stems Grazing
No. ) 0.2 ft. 2-4 ft. 4 ft. Intensity
Before After Before Aficr snfore After N
1 1958 127 241 28 63 2 6 Light
1959 231 233 76 st T 13 Moderate
2 1958 105 329 115 140 7 13 Light
. 1959 782 451 203 177 L 3 Moderate
3 1958 56 39 Heavy
1959 65 23 Heavy

of these findings that annual heavy grazing might control aspen in-
vasion of grassland. ]

Willow stems were counted in the 60- by 60-foot quadrats in both
yvears (Table 4). Nunibers of stems were less after moderate grazing

in Quadrat 2 in 1959 and after heavy grazing in Quadrat 3 in both

T e
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years. Observations in Quadrat 3 after grazing revealed that the grass
\vas eaten to an average height of 7-10 centimeters and the only plants
which were not heavily utilized were several species of goldenrod
(Solidago spp.) and willow, Although these data cannot be tested
- Turther, we feel that they indicate that cattle will utilize some willow
on heavily grazed areas. , »
Effects of grazing on aspen and willow have been reported from
other localities. Baker (1918) found that if all new aspen suckers are
destroyed by mowing or heavy grazing for three successive years food
materials in the roots become exhausted. With no opportunity for re.
plenishment suckering usually ceases. Annual grazing by sheep com-
pletely suppressed aspen development in areas in central Utah (Samp-
son, 1919) and in aspen groveland in Montana (Lyneh, 1955). In
southeastern Alberta (Kieth, 1961) observed that cattle prevented
willow and aspen growth on some sites where conditions were other-
wise favorable. Bird (1961) states that in the parklands of Canada
trampling and browsing of young aspen by livestock or big game may
prevent regeneration. Snowshoe hares (Lepus americanus) and bison

aspen in prairie (Moss 1932).

Shoreline vegetation—Some information was obtained during this
investigation on the effects of the treatments on vegetation growing at
the edges of the potholes. The dominant species occurring here were

ery could not traverse the soft mucky ground. In other areas, where
the ground will support machinery, mowing twice per year has been
effective in controlling cattails and some other species (Martin ot al.,
1957 ; Martin and Uhler, 1939),

In the Burn plots no changes were noticed in the vegetation around
the small potholes which were completely dry at the time of treatment

of emergent aquatic species.

Grazing, in contrast to mowing or burning, has pronounced effects
‘on the marsh edge community. The Graze plot on the study area
bordered a ten-acre pothole. Light use on the plot in 1958 resulted in
limited feeding on and a few trails through the cattail and bulrush.
In 1959, when grazing was moderate to heavy, the cattle trampled the
nmarsh edge extensively (Figure 4) and ate substantial amounts of

cattail but avoided feeding on bulrush and the other dominant spe-
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Fig. 4. Effect of maderate to heavy grazing on shoreline vegetation,

‘cies. New growth of cattail was often completely caten. Kieth (1961)
found similar effects on grazed marshes in Alberta but mentions that
cattle preferred softstem bulrush (Scirpus validus) to cattail. In
western South Dakota stock ponds Bue ef al. (1952) found grass
type shorelines existing under light grazing and mud shorelines un.
der heavy grazing.

Responses of animals—The responses of passerine birds, small
mammals and two orders of insects on Waubun Prairie to mowing,
burning and grazing have heen reported (Tester and Marshall 1961)
using correlation analysis. The animal populations responded in vari.
ous ways to the changes in vegetational cover. Some species or aroups
of related species increased, some decreased or even disappeared from
a particular locality, while other populations appeared to be un.
affected. Some were affected immediately following application of a
treatment and others exhibited a time lag. Snmmary statements for
the components studied are quoted directly :

“There were important changes in the distribution and abundance
of breeding pairs of bobolinks (Dolichonyz oryzvorus), savannah
sparrows (Passerculus sandwichensis), and LeConte’s sparrows (Pas-
serherbulus caudacutus). On the basis of correlation analysis these
changes appeared to be most closely associated with changes in litter.”
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“Changes in populations of the meadow vole (Microtus pennsyl-
ranicus) were positively associated with increasing litter. Those of the
prairie deer mouse (Peromyscus maniculatus bairdit) were negatively
associated with increasing litter. Numbers of the masked shrew (Sorex

_cinereus) scemed to be independent of the vegetative characteristies

measured.’’ ,

“Analysis of the data for the two groups of insects indicated that
while grasshoppers (Orthoptera) were most abundant where light or
moderate amounts of litter were found, large beetle (Coleoptera) pop-
ulations appeared, on the other hand, to be associated with sparse
litter.”

MANAGEMENT IMPLICATIONS

. On the basis of the findings from this and other studies we feel that
proper management of the land for prairie chicken and waterfowl is
also the best method for maintaining prairie for research and aesthetic
values in this ecotone region. When the habitat requirements of a
particular game species are considered the management must be more
precise than when only vegetational composition is considered. These
requirements and management methods will be discussed for greater
prairie chickens, waterfowl production and furbearers.

Greater prairie chicken.—The greater prairie chieken is the upland
game species most likely to be benefited by the proper management

of grassland areas in this region. This bird requires large sweeps of

open prairie unbroken by windbreaks or fence rows., Small areas .with-
in this general expanse of grassland must have very short cover which
might Le the result of burning, grazing, mowing or flattening by snow.
These areas are used by the birds as “booming” or courting grounds
in the spring (Ammann, 1957 ; Hamerstrom et al., 1957). The species
of grass may not be as important as height, density, growth forms,
spacing and growth rate (Hamerstrom et al., 1957) ; however, Swope
(1953) found that prairie chickens appeared to increase on western
range land when grazing intensity was reduced and certain grasses

_increased. Mohler (1952) states that heavily grazed pastures were de-

ficient in tall grass cover and litter and were avoided by prairie
chickens. i

Nests are most common in mixed vegetation rather than pure stands
of grass with some preference being shown for areas with small clumps
of brush (Bent, 1932; Hamerstrom, 1939).

Little is known about ‘the relationship between brood behavior or
movements and vegetational cover. The need for paths or travel lanes
on the ground has been considered by Grange (1948), Baker (1953),
Hamerstrom et al. (1957), and Ilammond (1961). These workers con-

i
i
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cluded that dead grass or litter must not be too thick or dense and that
¢lump-forming grasses provide optimum cover with bare areas between
clumps being used for travel. Baker (1953) states that such bare areas
are required for drying-oft (sunning) when the grass is wet. ITeavy
litter may also act as a barrier to feeding (Grange, 1948). ‘

Roosting and loafing habits were studied by Mohler (1952), who
found that the birds preferred a dense cover of mixed native grasses
with some stems over two feet high and with a dense understory of
litter eight inches or more deep. In winter prairie chickens often
roost in the snow (Monson, 1934 ; Bent, 1932) but Hamerstrom et al.
(1957) found them to use stands of coarse scdges and grasses such as
cattail and reed canary (Phalaris arundinacea) provided the vegeta-
tion is standing up through the snow. This type of vegetation is most
common along pothole margins. '

Although the diet of prairie chickens varies seasonally, by far the
majority of the food is composed of seeds of wild and cultivated plants
during the entire year (Martin et al., 1951; Ammann, 1957 ; Mohler,
1952; and others). Buds and twigs of trees are utilized during the
winter (Hamerstrom ¢t al., 1941; Schmidt, 1936). Adult birds may
utilize large amounts of animal food at certain times or in certain
localities depending upon availability. Young prairie chickens on the
other hand are known to require a high proportion of animal food n
their diet (Baker, 1953; Hamerstrom and Hamerstrom, 1957). Grass-
hoppers (Orthoptera) and beetles (Coleoptera) have been shown to be
the most important components of the animal food in most parts of the
range of the greater prairie chicken (Martin ¢t al., 1951; Baker, 1953;
Judd, 1905).

Waterfowl —Assuming adequate breeding populations, production
of waterfowl in the prairies is related to the nature of shoreline cover
and its influénce on loafing spots and territories; to nesting cover; and
to the movement of broods from the nest site to water and between
water areas. Numerous studies have shown that breeding pairs are
likely to be more abundant on ponds which have a medinm amount of
shoreline cover (Bue et al., 1952; Glover, 1956 ; Kieth, 1961). This
provides for easy accessibility of loafing spots and an unobstructed
view. Bare, muddy shorelines and those solidly filled with emergents
such as cattail and bulrush had fewer breeding pairs..

Relationships between nesting and vegetational cover have been rve-

viewed recently by Kieth (1961). The amount and structure of the
Vive and dead vegetation appears to be more important than its species

nest and nest cover in many instaoces. Mallards (Anas platyrhyncos
composition. Dead vegetation forms an important part of the actual
platyrhyncos), pintails (Anas acuta) and other early nesting species

)
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make more extensive use of old vegetation than do those such as the

. lesser scaup (Aythya affinis) which nest later in the season.

Hammond (1961) has studied the effects of haying on waterfowl
nesting and has concluded that fewer nests can be expected on mowed
areas than on unm areas, assuming the location of the areas with
respect to water is similar. Nest densities were often 3 to 4 times
greater on unmowed than on adjacent mowed areas.

Burning generally removes nearly all of the cover from an area and
consequently one would expeet 2 minimum number of nests to be
present. Pintails have been found nesting in sparse cover and on
recent burns (Bent, 1923; Milonski, 1958; Kieth, 1961). Glover
(1956) found three nests of blue-winged teal (Anas discors) in an area
five weeks after burning in Iowa.

The effects of grazing have been observed by numerous workers who
conclude that heavy grazing is detrimental to waterfowl nesting and
that light grazing may be beneficial (Bennett, 1937; Bue et al., 1952;
Glover, 1956 ; Kieth, 1961). Data are not conclusive with regard to the
effect of light grazing but in general these investigators seem to feel
that it 1s not detrimental to duck nesting.

Duck broods may move long distances overland from the place of
hatching to water and frequently make extensive movements between
water areas (Evans et al., 1952). Kieth (1961) and Mendall (1958)
have reported loss of ducklings due to exposure during the first few
days after hatching. Tt is not difficult to imagine ducklings only a few
hours old dying from heat exhaustion or exposure to the sun while
trying to travel through the dense litter present on the Control plots
at Waubun Prairie.

Predators.—Some nest predators have been found to occur more
commonly in certain habitat types. For example, Hammond (1940)
found that skunks (Mephitis mephitis) were more active on mowed
areas. Kieth (1961) and Bennett (1938) reported that skunks pre-
ferred hunting in heavy ungrazed cover. These observations appear
contradictory except that the skunks may be using the mowed areas
or areas of sparse vegetation as travel lanes while they move from one
area of heavy cover to another. The presence of crows (Corvus
brachyrhychos) in an area may be determined by the availability of
aspen trees which are used as nest sites (Kieth, 1961).

RECOMMENDATIONS

The results of the present study and information obtained from the
literature, as presented above, may be used to make certain recom-
mendations for managing native prairie so as to guarantee its main-
tenance over a period of time.
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The ideal management practice for areas such as Waubun Prairie
would be a rotdtionm system whereby approximately one-fourth of the
area could be burned each year and where portions of the shoreline
vegetation could be moderately grazed each year. This rotation should
follow a four-year sequence: burn, no treatment, graze, no treatment.
The system would be feasible if an area could be divided roughly into
quarters, which would be fenced and provided with firebreaks.

In this study temporary measures of controlling fire and grazing
were used. Firebreaks were mowed in late summer and backfires were
started from them to widen the gap before the major fire was set to
burn with the wind. Cattle were controlled by the use of an electric
fence on temporarily installed wooden posts. Accurate cost records
were not kept but the burning was done in two hours and utilized 11
man hours per 10-acre burn. There was no income from the grazing
or mowing because of the experimental nature of the study. In many
cases, where larger areas are being managed on a long-time program,
some income from both grazing and mowing might be realized.

This type of rotation management would result in a habitat in
which most of the cover requirements of prairie chickens and breeding
waterfowl would be available on the same area within their seasonal
home ranges. In addition the supply of insect food for young prairie
chickens would be maintained at a high level.

If only one of the management methods can be utilized on a given
area, spring burning appears to be the best. However, during the year
following the burn, waterfowl and prairie chicken nesting will prob-
ably be at a minimum due to a lack of cover if the entire area is
burned. The area will be suitable for these species during the succeed-
ing three years. Insect food supplies will be adequate with this type
of management as with the rotation system.

‘We do not think that annual grazing or even periodic grazing
would be a suitable method in itself since light to moderate grazing
will not control the invasion of woody species, and moderate to heavy
grazing would be required to attain the desired effects on litter and
shoreline vegetation. Grazing at this latter intensity could well result
in destruction of certain components of prairie vegetation which are
considered desirable.

Haying likewise would not be a suitable management tool because it
would have virtually no effect on the shoreline vegetation, would re-
sult in lack of winter cover each year, would eliminate much nesting
cover, and would not control existing thickets of woody species al-
though it may prevent new invasion.

There is, of course, the possibility (not studied in this project) that
herbicides could be used to control woody vegetation. However, this
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would not have any effect on the litter, grasses, or forbs. We believe
that the use of herbicides would not result in maintaining the prairie
in its optimum condition.

There is an exceedingly Interesting philosophical point in connec-
tion with these conclusions. If one reviews the history of our prairies
one can only conelude that from time immemorial they have been sub.

Jected to periods of drought (due to climate variations)), repeated

chicken and prairie waterfowl evolved through time, They were found
in tremendous numbers during settlement of the prairie. Is it startling
then that fire anq grazing are essential to maintaining their habjtat "

SuMMARY

A field study to determine the effects of four treatments—spring
burning, fall burning, grazing, and mowing — on the flora and fauna
of native tall 8ra8s prairie was carried on at the Waubun Prairie Re.
search Area in Mahnomen County, Minnesota, from 1957 to 1961. A
total of 70 acres of relatively undisturbed natjve Prairie was selected
within the 640-acre tract. On five 10-acre plots mowing, grazing, or
burning was carried out. Two plots were Jeft untreated and useq as
controls.

The effects of the four treatments on litter, upland grasses and
rbs, upland woody plants, and shoreline vegetation are discussed.

of both prairie chickens and breeding waterfowl, suggestions for
management are made. In brief a four-year rotation of spring burn,
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DISCUSSION

CHAIRMAN ScnuLTz: Thank you, John. If I am correet, I should mention that
the details of this study are available in a publication by the Museum of Nat-
ural History, University of Minnesota.

MR, WiLLiAM RUTHERFORD [Colorado]: Johu, does the one-shot removal of
woody species, which seems to be the treatment most often applied—that is, burn-
ing or spraying with berbicides—actually promote rather than discourage the in-
vasion of woody species?

Dr. TesTER: I don’t think the one-shot treatment promotes the invasion, and it
would definitely not control the invasion unless it is operated on a rotation basis as
recommended here. If one burns an area that is being subjected to an invasion by
willows or aspen every four years, you will control it because you will kill off the
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big four-year-old trees. You will have new ones coming in, but if you burn again
four years later they will not grow back. So one can maintain the prairie by this
type of rotation, but definitely not with Jjust one burning.

MR. Ricrarp HUNT [Wisconsin]: I assume your chickens are resident on the
area?

Dr. TEsTER: Yes, they are.

Mr. HuNT: If you were not making these for the resident species, would you
recommend & fall burn instead of a spring burnt My reason for this is that I
suspect we have some early nesting mallards in some of our prairies in Wisconsin,
and I think the fall burn would discourage this,

Dr. TESTER: Dick, this would be the only benefit that I could see for fall burn-
ing. If the conditions are such that you can burn before the early nesting species
gets started, I would still recommend the spring burn. I think there are numerous
disadvantages to the fall burn, which I didn’t mention, such as subjecting the soil
to loss of moisture due to evaporation. When all the litter and vegetation are
removed, the moisture in the soil will be pulled out in the wintertime. This wouldn’t
happen if you conducted a spring burn. Perhaps you’d have erosion problems in
some cases, although not on a good prairie site.

Me. R. 8. DriscoLL [Oregon]: Have you evaluated the effects of spring burn-
ing on the vegetation composition or production?

Dr. TesTER: Yes. Let me say that I am in the process of working with the
data. A certain amount of it has been published in the Museum bulletin. I’ll just
mention that another publication will be coming out on the effects of these treat-
ments on the individual plants in the area.

Dr. DaNIEL Q. THOMPSON [Wisconsin]: John, what waa the picture in these

potholes in pre-settlement dayst Have you been able to gather any information on
that?

Dr. TESTER: In regard to what, Dan?t

Dr. THOMPBON: To willow and aspen invasion around potholes.

Dr. TESTER: Oh, yes. I think one can safely say that this area has been sub-
jected to invasion by woody species for hundreds and perhaps thousands of years,
but that the invasion was controlled to a very large extent by wildfires which
were set both by lightning and by the Indians. This is reasonably well docu-
mented in several papers by Dr. Murray Buell.

Dr. THOMPSON: I would say that that is pretty much the picture on the Wis-
consin marshes in regard to the invasion of willow.
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