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PRESCRIBED BURNING FOR OAK SAVANNA
RESTORATION IN CENTRAL MINNESOTA

Alan S. White, Assistant Professor,..

School of Forestry
Northern Arizona University

Flagstaff, Arizona

Prior to European settlement, oak savannas domi- The results should be of use to land managers inter-
nated the prairie:forest ecotone in Minnesota (Drew ested in restoring similar areas to oak savanna as
1973, McAndrews 1966, Pierce 1954) as well as in well as to land managers using prescribed fire in oak
several other midwestern States (Cottam 1949, Cur- forests for other purposes, such as range improve-
tis 1959, Finley and Potzger 1951-52, Potzger et al. ment.
1956, Rohr and Potzger 1952, Stroessner and
Habeck 1966). Now, however, oak savannas are rare
because of agricultural land clearing, cattle grazing, STUDY AREA
and fire suppression (Curtis 1959). The purpose of
this Study was to evaluate an effort to restore oak The Cedar Creek Natural History Area is located
savanna through prescribed burning, approximately 32 miles north of St. Paul, Minne-

• sota,and has a temperate,continentalclimate.The
The presettlementroleoffireintheforest-prairie topographyrangesfrom gentlyrollingtofiat.Two

transitionzone was twofold.Occasionally,fires soilseries,Sartelland Zimmerman, dominatethe
spreadfromtheprairieintotheoak forests,killing prescribedburningarea.BothseriesaresandyEnti-
allbut the largesttrees,therebycreatingsavan- solscharacterizedby low fertilityand highperme-

_ nalike Conditions (Curtis 1959). Frequent, low- ability (Grigal et al. 1974). According to the General
intensity fires also maintained existing savannas Land Office survey notes of 1854, most of the up-
(Curtis 1959, Drew 1973), presumably by reducing lands at CCNHA supported scattered, scrubby
the number of oak sprouts and seedlings that sur- northern pin oak (Quercus ellipsoidalis) 1 and bur
vived or that made it into the overstory and by favor- oak (Q. macrocarpa) (Pierce 1954). These same two
ing the growth of herbaceous species that require species dominate the wooded sites in the prescribed
highlightlevels.When theforest-prairietransition burningareatoday,but in the unburned control
zonewassettled,fireswere suppressedand thesa- sitestheynow forma closed-canopyoak forest.
vannaswerequicklytakenoverby youngoak trees
andbrush,whichoftenresultedina denseoakforest
Within 25 to 30 years (Curtis 1959). METHODS

Today, prescribed fire is being used at the Cedar A prescribed burning program was initiated in
; Creek Natural History Area (CCNHA) in central 1964 on a portion of CCNHA (Irving 1970). The area

Minnesota in an attempt to restore existing oak was divided into blocks, some of which were sub-
forests to oak savannas (Irving 1970), like those that jected to varying prescribed burning schedules and
occupied much of the area in presettlement times some of which were maintained as unburned con-
(Pierce 1954). The concept is that prescribed fire can trols. Burns were conducted in April or May between
be used as a restoration management tool to reduce the disappearance of snow and the leafing out of the
oak 0verstory density, reduce shrub and sapling oaks. Preferred burning conditions were 30 to 40
height and density, and encourage grasses and forbs, percent relative humidity, steady 8 to 12 mile per
The objective of this study was to compare the vege-
tation on areas at CCNHA that had been subjected 1Nomenclature follows Gleason and Gronquist
to various prescribed burning regimes since 1964. (1963).

,
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Table 1.--Prescribed burning schedule, block size, and number of plots for blocks included in this study

Block Tot@ Planned2burning Actual
number size schedule numberofbums Firstbum Plots

Acre Year Number

..

la 6.5 2yrsbum/2yrsnobum 7 1967 3
1 33.6 4yrsbum/2yrsnobum 10 1964 6
3 28.7 Annualbums 14 1965 11
4 50.4 Annualbums 16 1965 19
5 39.5 3yrsbum/3yrsnobum 9 1965 15
6 20.0 2yrs.bum/1yrnobum 10 1966 9
8 70.6 2yrsbum/2yrsnobum 7 1967 14
Control -- Unbumed 0 -- 11

1Someunitsincludedoldfields,whichWereexcludedIromthisstudy.ThenumberofplotsperblockisproporlJonalonlytolhewoodedarea.
2Insomeyearsbumingwasnotpossiblebecauseoflackofsuitablebumingconditions.Consequently,actualbumingschedulesmaydeviateslightlyfromplannedburningschedules(seeWhite(1981)foramore

detaileddescriplion).

hour winds,and constantwind direction(Irving notburnedon scheduleduetounacceptableburning
1970).Theseburningconditionswerechosentorain- conditions.Also,althoughitwas assumed that
imizethe risktopeopleand structuresand to de- blocksweresimilarpriortoinitialburning,preburn
creasetheprobabilityofabrupt,undesirableeffects informationwas notavailable.
on theexistingplantcommunities.2Springburnsin

' Minnesotaareoftenlessseverethanfallburnsbe- Plotlocationswithinblockswere establishedby

causeinthespringhighduffmoisturelimitsavail- stratifiedrandom sampling.Strataweredefinedby
ablefueland the downward transferofheat,and soilmappingunit,theonlypotentialsourceofvaria-
becauserapidgrowthofplantsfollowingspringfires tionthatwas alreadymapped.Thissystemensured
reducesnutrientlossesVia leaching(McColland thatallpossiblecombinationsofburningblocksand
Grigal1975).Actualweatherconditionsatthetime soilsthatoccurredon thestudyareaweresampled.
of each burn are on file at CCNHA. Plot locations within each stratum were chosen by

randomly generated coordinates at the sampling in-
Quantitative information on fire behavior at tensity of approximately one plot per 2.5 acres.

CCNHA is limited to studies on blocks 3, 4, and 6
(table 1). Oak litter consumption ranged from 0.04 Each plot consisted of one 1,075 square foot circle
(Wick 1966) to 0.67 tons per acre (Rimmel 1979), and one 269 square foot circle, both centered on the

• With percent consumption ranging from 9 percent same point, and ten 2.7 square foot circles dis-
(Wick 1966) to 72 percent (Rimmel 1979). Total con- tributed systematically within the 1,075 square foot
sumption (litter, herbaceous, 1 hour timelag fuels) circle (fig. 1). In the 1,075 square foot circle, all
ranged from 0.62 to 1.00 tons per acre, with percent woody stems ->2 in d.b.h, were recorded by species,
Consumption ranging from 44 to 66 percent (Rimmel d.b.h., and age at breast height. In the 269 square
1979). Rate of spread ranged from 8.5 (Wick 1966) to foot circle, all woody species with stems >--0.4in di-
55.1 feet per minute (White 1981). ameter at ground level (d.g.1.) and <2 in d.b.h, were

Seven burning blocks and a control were included recorded by percent cover. In each of the ten 2.7
in thisstudy (table 1). Excluded blocks were domi- square foot circles, woody species with stems <0.4 in
nated by abandoned agricultural fields, occurred on dgI and all nonwoody species present were recorded.
raresoil types, or had very irregular burning sched- The number of 2.7 square foot circles (out of 10 pos-
ules. Burning schedules varied according to the sible) in which a species was present was used to

•number of consecutive years of burning and the calculate percent frequency for each species in each
number of years between burns. Although blocks la plot. Nonvegetation variables were recorded for the
and 8 had the same burning schedule, as did blocks plot as a whole and included prescribed burning
3and 4, each block was considered a separate entity block, soil series, elevation, and slope. Data on the
for analysis because some blocks occasionally were 1,075 square foot and 269 square foot plots were

collected from late summer through early winter in
" 2Frank D. Irving, Professor, University of Minne- 1978 and data on the 2.7 square foot plots were col-

sota;personal communication, lected in June 1979. A preliminary sample of the 2.7



" tion variables were analyzed with a nonparametric
1,84 ft Kruskal-Wallis test (Conover 1971). This test was

used because most of the species data were not nor-
mally distributed and could not be transformed to
normality and because the nonvegetation variables
were either nonordinal, categorical (prescribed
burning block, soil series), or easily categorized (ele-
vation, slope).The relationsoftheunderstoryand
shrubstotheoverstorywe__ ,nalyzedusingSpear-
man'sRank CorrelationCoemcient,rs(Siegel1956).

Second,theplantcommunityasa wholewas ana-
lyzedin relationtothe same nonvegetationvari-
ables.One approachwas togroupsiteson thebasis
ofsimilarityinspeciescompositionand abundance
by usingOrloci's(1967)agglomerativeclusteranal-
ysistechnique.Once groupsofsiteswere formed,

: relationstothenonvegetationvariableswereinves-
tigatedusingcontingencytableanalysis.Thisanal-
ysisdeterminedwhetherornot siteswith similar

Figure 1.--Plot design. The largest circle is 1,075 nonvegetation characteristics tended to group to-
square feet, the inner circle is 269 square feet, and gether on the basis of species composition and abun-
each of the smallest circles is 2 7 square feet dance. The other approach involved reciprocal aver-

" " aging (Hill 1973), an ordination technique made
available through the ORDIFLEX program by
Gauch (1977). Reciprocal averaging (RA) places sitessquare foot plots taken in August 19783, indicated
in relation to one another on the basis of similaritythat species composition was similar regardless of
in terms of species composition and abundance. Itwhether sampling was done in June or August. The
differs from cluster analysis in that each site can be1979 sampling occurred at the end of the burning

cycle forblocks 1, 5, 6, and 8 but at the end of the rest seen in terms of its relation to all other sites and no
groups are automatically formed. Relations to non-period for block la (table 1). Blocks 3 and 4 are

burned annually. For the sake of simplicity, data vegetation variables were analyzed by inspecting
collected in the 2.7 square foot circle will be referred the RA distribution to determine if sites with similar
to as understory data, those in the 269 square foot nonvegetation characteristics tended to occur to-
circles will be referred to as shrub data, and those in gether.
the 1,075 square foot circles will be referred to as
overstory data.

' Priortoanalysis,thenumber ofunderstoryspe- RESULTS
cms was reducedfrom123to50 usingtheSCREEN

program(Grigaland Ohmann 1975),which ranks Individualunderstoryspeciesoccurredin5 to94
eachspecieson thebasisoffivecriteria:occurrence percentoftheplotswhileaveragefrequencyvalues
Overallplots,averagefrequencyperplot,ratioof perplotrangedfrom1 to77 percent.Shrub species
computed.standarddeviationtopredictedstandard werelesswidespread,theiroccurrencerangingfrom
deviation,informationcontentbasedonspeciespres- 10 to 15 percentoftheplots,with averagecover
enceorabsenceby plot,and relativecontributionof valuesperplotrangingfromlessthan 1 percentto
eachspeciesinthecalculationofinterstanddistance 2 percent.In theoverstory,pinoak occurredin 60
in ordinationSpace.Only a few specieswere percentoftheplotswithan averagedensityof127
recordedin theshruband overstoryplots;thoseoc- stems per acreand an averagebasalarea of52
curringin->10percentofthesiteswereincludedin squarefeetperacre,whileburoak occurredinonly
subsequentanalyses. 34 percentoftheplotswithan averagedensityof40

Dataanalysisinvolvedtwoapproaches.First,the stems per acreand an averagebasalarea of 13
relationsbetweenindividualspeciesand nonvegeta- squarefeetperacre.

In the understory, 36 species (72 percent of the
. 3Unpublished data on by Author. total) had significantly different average frequen-



Table 2.--Relations of species to blocks as indicated by a Kruskal-Wallis test. Table entries under each block are
average frequencies (understory plots), average cover (shrub plots), and density and basal area (overstory plots).
P indicates the probability that values were distributed randomly among blocks

Blocks

Species P la 1 3 4 5 6 8 Control

Understoryplots

Agropyronrepens 0.001t 0 22 0 4 0 O 1 O
Ambrosiapsilostachya .O02t 7 20 32 56 45 40 27 4
Amorphacanescens .O03t . 0 3 9 3 4 19 9 0
Amphicarpabracteata .O00t 93 92 32 19 25 8 47 41
Andropogongerardi .O00t 0 12 44 5 26 26 4 5
Andropogonscopanus .071 0 0 12 7 3 14 3 0

($chizachYdumscopan'umi
Anemonespp. .O06t 0 0 2 1 3 11 4 0
Ar/emisialudoviciana• .O03t 0 0 20 9 8 13 17 0
Asclepiasspp. .O08t 7 0 13 11 8 12 3 0
Bromusinermis .O00t 40 0 1 0 0 0 0 0
Calamagrostiscanadensis .467 30 0 4 4 5 0 2 0
CalamovilfaIongifolia • .O01t 0 0 5 20 8 27 6 0
Carexspp. .028t 37 17 33 24 25 10 22 44

' Celastrusscandens .O01t 7 0 0 8 5 1 23 2
Chenopodiumspp. .177 0 0 3 2 1 0 0 6
Comandrafichardsiana .O00t 0 2 26 3 23 24 24 0
Coreopsispalmata 243 3 5 11 2 3 10 11 2
Con//usamericana .O00t 0 7 18 11 13 2 29 37
Cypemsspp. .O01t 53 83 83 78 85 90 86 40

-Fragadavirginiana. .583 0 3 6 5 9 3 6 5
Galiumboreale .O00t 77 17 0 2 0 0 0 9
Helianthemumbicknellii .O01t 0 0 6 21 19 6 4 0
Helianthuslaetiflorus .213 0 2 20 5 5 3 6 4
Lathyrusvenosus .O00t 3 32 0 9 0 40 0 2
Lespedezacapitata .147 0 2 3 6 6 0 0 0
b'thospermumcarolinense .001t 0 0 1 3 11 1 4 0
Panicumoligosanthes .O02t 10 3 9 25 14 9 6 0
Panicumperlongum .O08t 0 0 1 12 6 10 2 0
Panicumcf.praecocius .O04t 0 0 12 23 14 13 8 2
Padhenocissusv#acea .O00t 40 38 14 21 25 6 44 65
Physa/isvirginiana .O00t 0 2 6 28 13 7 8 0
Poaspp. .034t 40 17 15 31 15 7 4 16
Prunuscf.virginiana .022t 0 0 1 2 3 0 6 7
Quercu,sel#psoidalis .142 3 13 23 32 17 23 21 21
Quercusmacrocarpa .027t 0 0 0 2 5 4 11 1
Rhusgiabra . .010t 0 0 2 13 6 13 8 3
Rhusradicans .001t 7 28 13 6 23 20 62 6

•Rosaarkansana 254 0 0 6 5 3 11 4 1
Rubusspp. .104 10 15 18 6 9 0 1 5
Scutellan'aparvula .012t 0 0 14 6 21 10 14 5
Smilacinastellata .521 10 20 19 15 17 16 4 10
Solidagospp. .O00t 0 3 26 18 9 7 6 1

• $oh'dagograminifolia .023t 0 0 8 8 1 7 5 0
$orghastrumnutans .O01t 0 0 25 11 33 31 9 1
Stipaspar/ea .029t 13 23 27 25 35 32 24 6

(Table2continuedonnextpage)
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Table 2.'--Continued

mocb

Species P la 1 3 4 5 6 8 Control

Tradescanh'aocddenta/is .O00t 0 0 14 19 13 4 1 0
Vaociniumangustifolium .069 0 0 4 1 0 0 0 11
Vidapedata .O06t 3 2 7 9 9 17 4 0
Violapeda_da .124 13 3 10 8 9 9 11 1
Violasagittata .082 0 0 11 7 7 4 0 2

Shrub_ots
Co/y/usamericana .O00t 0 0 0 1 1 0 3 12
Quercuse/h'psoida/is .O03t . 0 0 0 1 1 0 0 1
Quecusmacrocarpa .470 0 0 0 1 1 1 1 1

owmtr m
Quercuse/lipsoida/is .O00t 81 250 177 49 40 153 46 353
densi_(stems/ac)

Quercuse/lipsoida/is .001t 74 91 70 39 30 48 26 113
basalaxea(_/ac)

Quercusmacrocarpa .O02t 0 0 15 28 40 23 136 7
density(stems/ac)

Quercusmacrocarpa , .O02t 0 0 4 9 13 9 3g 4
basalarea(_/ac)

.tSignificant(P<-0.05).

cies among the blocks (table 2). 4 Only four of those man series while bur oak in the overstory peaked in
36 species, however, had their highest average fre- the Sartell series. Unfortunately, it was not possible
quency per plot in the control block. Twenty-one of to statistically separate the effects of soil from the
the remaining 32 species had peak average frequen- effects of fire because not all burning blocks occurred
cies in the three most frequently burned blocks (3, 4, on both soil series. 5 For example, the Sartell series
and 6). However, the range in number of species dominated blocks 4, 5, 6, and 8, and the Zimmerman
peaking in any one block was small, with one species series dominated blocks la, 1, 3, and control.

peaking in block 1 and nine peaking in block 4. Ten understory species had significantly different
In the shrub layer, American hazel (Corylus amer- average frequency values with respect to elevation,

icana) peaked in the control block (table 2). Pin and with 6 of those 10 species peaking in the lowest ele-
bur oak did not exhibit noticeable peaks. In the over- vation category (table 3). Because the total range in
story, pin oak had its highest density and basal area elevation was only 22 feet, elevation probably re-
in the control blockwhereas bur oak had its highest flected differences in depth to water table. 6 Only one
values in burning block 8 (table 2). species, smooth sumac (Rhus glabra), showed signif-

icant differences with respect to slope, which was
Over half (52 percent) of the understory species divided into four categories: -<1percent, >1 percent

had significantly different average frequency values and -<2percent, >2 percent and -<3percent, and >3
with respect to soil series, with 19 peaking in the
Sartel| series and seven peaking in the Zimmerman percent. Given the very limited topographic varia-
series (table 3). American hazel in the shrub layer tion at CCNHA, this result was not surprising.
and pin oak in the overstory peaked in the Zimmer- The relations of understory species and shrubs to

. the overstory were analyzed using pin oak density
4A nonparametric equivalent to Tukey's multiple and bur oak density separately as representative of

comparison tests (Zar 1984) proved to be weak, only
showing where the differences between blocks oc- 5This was due to the lack of information on soil
cuffed for less than half the species that had signifi- series distribution at the time burning blocks were
cant differences according to the Kruskal-Wallis test. established in 1964 (Frank D. Irving, Professor, Uni-
Consequently, peak average values per block were versity of Minnesota; personal communication).
used to make subjective inferences about the block in 6David F. Grigal, Professor, University of Minne-
which a.species was most common, sota; personal communication.
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Table 3.--Relations of all species to soil series and elevation and of understory and shrub species to overstory
density. P indicates the probability that values were distributed randomly among soil series or elevation cate-
gories " "

Correlation(rs)cwithoverstory
Soil_ Bevation2 density

Quercus Quercus
Species P Peak P Peak ellipsoida/is macrocarpa

Understoryplots
.Agropyronrepens 0.315 0.637 0.10 0.08
AmbroSiaps#ostachya .0071" Sartell .203 -.511" .12
Amorphacanescens .1061" Sartell .0361" M,H -.14 .19
Amphicarpabracteata .0161" Zimmerman .555 .371" -.06
Andropogongerard .450 .282 -.01 .01
Andropogonscoparius .584 .334 -.14 .05

(SchizachFiumscopafium)
Anemonespp. .0231" Sartell .199 -.09 .281"
Artemisialudovidana .471 .527 -.251" .05
Asdepiasspp. .0321" Sartell .436 -27"1" -.04

I Bromusinermis .0101" Zimmerman .0011" L .09 -.15
Ca/amagrostiscanadensis .742 .0011" L -.211" -.01
Ca/amo#lfaIongifolia .0021" Sartell .050 -.451" .08
Carexspp. .0081" Zimmerman .0211" L .06 .00

•Ce/astrusscandens .070 .0491" H -.12 281
•Chenopodiumspp. .145 .150 .14 221"
Comandrarichardsiana .0401" Sartell .527 -.01 .18
Coreopsispalmata .555 .051 .09 .03
Co/y/usamericana .0251" Zimmerman .036t L .331" .17
Cypemsspp. .010t Sartell .0251" H -.17 .07
Fraga/iavirginiana .573 .776 -.10 .05
Galiumboreale .O00t Zimmerman .165 .31t -291"
He/ianthemumbicknellii .025t Sartell .619 -.421" -.09
Helianthuslaet/florus .127 .493 -.20 .13
Lathyrusvenosus .756 .578 .16 -.14
Lespedezacapitata .698 .178 -.32. -.14
/JthOspermumcarolinense .O00t Sartell .119 -.33t .11

•. Panicumoligosanthes .020t Sartell .480 -.35t .08
•Panicumper/ongum .035t Sartell .926 -.36t -.07
Panicumd.praecocius .011t Sartell .833 -.31 .06
Parthenodssusvitacea .284 .267 .48t .16
Physa/is#r_niana .0051" Sartell .405 -.471" .06
Poaspp. .537 .961 .01 -.04
Prunusof.vir_niana .515 .024"1" H .19 .17
Quercusellipsoidalis .300 .877 .09 .18
Quercusmacrocarpa .0011" Sartell .363 -.261" .31
Rhusglabra .0251 Sartell .310 -.291" .11
Rhusradicans ' .0331" Sartell .054 .21 241
Rhosaarkansana .357 .916 -.13 .02
Rubusspp. .0101" Zimmerman .0041" L -.02 -.02
Scutelladaparvula .153 .220 -.231" .07
Smilacinastellata .646 .130 -.321" -.11
$oHdagospp. .353 .866 -.17 .03
Sol/dagograminfo/ia 0.685 0.696 -.17 .231"

. Sorghastmmnutans .0401" Sartell .099 -.361 -.02
(Table3continuedonnextpage)



Table 3.--Continued

Correlation(rs)cwithoverstory
- Soil1 Bevatiow_ density

Quercus Quercus
Species P Peak P Peak e/lipsoida/is macrocarpa

Sh_spartea .026t Sartell .102 -.20 .05
Tradescantiaoccidenta/is .958 .931 -.28t _ -.02
Vacciniumangustifolium .002t Zimmerman .201 .13 -.10
Violapedata .040f Sartell .957 -.17 .11
I/io/apeda_da .196 .334 -.17 -.10

, Violasagiltata .999 .027t -.10 .03

Shrubplots
B

Con//usamerican- .001t Zimmerman .244 .18 -.02
Quercuse/lipsoidalis .816 .593 -.12 -.06
Quercusmacrocarpa .329 .839 -.21 .05

Overstoryplots
Quercuse/Jipsoidalis .001t Zimmerman ,841 ....

densily(stems/ac)
Quercuse/lipsoidlis .001t Zimmermn .926 -- --

basalarea(_/ac)
Quercusmacroca_a .O02t Sartell .626 -- --
-density(stems/ac)
Quercusmacrocarpa .O02t Sa_ell .723 -- --

basalarea(_/ac)
1Whereaspecieswassignificantlyrelatedtosoilseries,asindicatedbyaKruskal-Wallistest,lheseriesinwhichthespedesreacheditspeakvalueisindicated.
2Whereaspecieswassignificantlyrelatedtoelevation,asindicatedbyaKruskal-Wallistest,lheelevationcategoryinwhichlhespeciesreacheditspeakvalueisindicated.BevalJoncategoriesareasfollows:L

(low= -<924fl),M(medium=925-929It),H(high= >929fl).
3SpearmanRankCorrelationCoefficient(rs).
t Signilicant(P<_0.05).

the overstory (table 3). The correlation of density more similar in species composition to other plots in
and basal area for each species was very high the same group than to plots in other groups. Fig-
(rs = 0.91 for pin oak and rs = 0.98 forbur oak); thus, ure 2 shows that plots from certain burning blocks
using basal area in addition to density would have (e.g., block 8) tended to cluster together, but that in
beenredundant. Twenty-two of the understory spe- no case did all the plots from any one burning block
cies (44 percent of the total) had a significant corre- occur in the same group.
lation with pin oak density (17 were negative and
five were positive). In contrast, seven species had a The contingency table analysis showed that the
significant correlation with bur oak density; six of groups formed from cluster analysis were signifi-
the correlations were positive. The absolute values cantly related to fire (burning blocks) and soil series
of the correlations were typically low, ranging from (table 4); that is, certain groups contained more plots
0.21 to 0.51. representative of one burning block or soil series

The plots were clustered by species composition than would be expected if such plots were distributed
(fig. 2). Five groups of plots were designated (W1 to randomly among the five groups. Adjusted standard-
W5),_eachof which was composed of plots that were ized residuals (Haberman 1973) from the contin-

gency table analysis were used to make qualitative
7The choice of what constitutes a group when clus- judgments as to which burning blocks or soil series

teranalysis is applied is arbitrary. I chose five groups were the most closely associated with which groups.
that were relatively distinct from one another and

Results indicated that plots from the control blockthat contained enough plots for contingency table
analysis. Groups could have been chosen differently, and block la tended to occur together in Wl, plots
which Would have influenced the results of contin- from block 8 tended to occur in W2 or W3, plots from
gency table analysis, block 6 tended to occur in W4, and plots from blocko
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Figm'e 2.--Groupbtg of plots from cluster analysis. Each plot is labled according to the block in which it is
•located.Five groups ofplots are designated as W] to WS.Dotted lines incZicat_a reversal, which is a geometric
effect that results in a lowered average within-group dispersion when certain groups are joined in the hier-
archy.

4 tended to occur in W5 (table 4). Plots from blocks proach was used to evaluate which species were most
1, 3, and 5 showed little association with any of the strongly associated with which cluster groups (table
groups. Plots on Zimmerman soil dominated W1 5).

whereas those on Sartell soil dominated W3, W4, Because cluster analysis forms distinct groups of
.. and W5. The cluster groups were not significantly plots, it was not possible to determine the relations

related to either elevation or slope. The same ap- of individual plots to one another outside the group
Table 4.--Relations of groups formed from cluster structure. Consequently, reciprocal averaging (Hill

analysis (fig. 2) to fire (burning block), soil series, 1973) was used to look at all plots simultaneously
slope, and elevation. Relations were determined and see their relations to one another. The resultant
from contingency table analysis and subsequent ex- ordination of plots is shown in figure 3. From the
amination of adjusted standardized residuals ordination, it is apparent that plots from certain
(Haberman 1973) blocks (e.g., the control block) tended to be quite

P Wl W2 W3 W4 W5 similar with respect to species composition, but that
there was a considerable amount of overlap.

Fire 0.000t Con_ol,1t 82 8 6 4
Soilseries .O00t ZimmermanNone SarlellSartell2 Sartell2 Thus, both cluster analysis and reciprocal averag-
Slope .231 .......... ing indicated that there was a tendency for plots in
Eleva_0n .147 .......... certain blocks to have similar species composition,

and that no block had such a unique species composi-
t Significant(P<-0'05)" tion that it was completely distinct from all other

lWlmmtwocategonjpreferenceswereindicatedbyadjustedstandardizedresiduals>2.00,they
axelistedhereinorderofpreference, blocks. The control plots were apparently more sire-

. 20nly'aweakprefeencewasindicatedforanycategopjbyanadjustedstandardizedresidual ilar to one another than were the plots in any of the
>1.00a_<zOO. burned blocks.



Table 5.--Characteristic species of each group of plots formed from cluster analysis (see fig. 2.), determined from
contingency table analysis and subsequent examination of adjusted standardized residuals (Haberman 1973)

Group

Wl W2 W3 W4 W5

Amphicarpabracteata Amphicarpabracteata Celas_sscandens Andropooongerard/ Ambrosiapsi/ostachya
Ga/iumboreale Carexspp. Comandranchardsiana ,4ndropooonscopanus Asclepiasspp.
Par_enocissus_tacea Corylusamericana Coreopsispalmata (Schizach_umscopanum) Ca/amovilfaIongifolia
Quercuselli_ida/is. Rhusglabra Cyperusspp. Asdepiasspp. Helianthemumbicknellii

overstorydensity, Rubusspp. Parthenocissusvitacea Cypemsspp. Lespedezacap/tara
basalarea /_nuscf.virginiana LathFUSvenosus Panicumoligosanthes

Quercusmacrocarpa Rhusglabra Panicumpedongum
" Rhustad/cans 6milacinastellata Panicumd.praecocius

_, ,_utelladaparvula Sorghas_mnutans Physa/is_rginiana
" . Quercusmac_arpa- _'paspar/ea Poaspp.

overstorydensity, Violapedata Rhusglabra
basalarea Trade.cantiaoccidenta/is

DISCUSSION understory, 9 of the 12 grass species had signifi-
cantly different average frequencies with respect to

Although no distinct patterns in overall species burning blocks. Although five grass species were
composition could be found among the burned found in the control plots, no grass species had its
blocks, the majority of species in the understory, highest average frequencey in the control block. The
shrub, and overstory layers had significantly differ- sedges (Carex spp. and Cyperus spp.) were common

ent distributions with respect to burned blocks ver- throughout the study area, but Carex spp. had its
sus the control block. However, the response of vari- highest average value in the control block whereas
ous groups of species was different. In the Cyperus spp. had its lowest average value in the

control block. Forbs showed a similar pattern to
grasses. Of the 25 forb species, 17 had significantly

,o_>- ,. differentdistributionswith respectto burning
"4

blocks;noneofthe17had itshighestaveragevalues
34."'5.6 4

_.,."3,_ inthecontrolblock.Threeofthe11woodyspeciesin
., '_'._ the understorylayerhad maximum valuesin the

_" _- ._ -_ controlblock,whereasfourhad maximum valuesin
6. "4 "8 "8

•" "_ "8 theburnedblocks;thefourothersshowedno signif-• o6

"_ "3 '° _ "" "6 hip,_...__ , .... _ icantrelations toblocks.Insummary,allgrasses• 5"_
" _ "l ._ "s _ "4

_ .cr%,_,v "5 _ ,. and forbs that showed a significant relationship to
_ _'._ "_ blocks had maximum average values in the burned

-_ "_ "5 blocks; approximately half the sedge and woody spe-x

I _ ._ ciesalsohad maximum valuesintheburnedblocks• whilethe otherhalfhad maximum valuesin the

I ' ._ controlblock.

I "_ Only three species (northern pin oak, bur oak, andAmerican hazel) occurred frequently enough in the
I shrub layer to be analyzed. The most obvious result

was thattheshrublayerwas virtuallyabsentinthe
o _ burnedblocks(reachinga maximum of4 percent
.0 I(_0 cover in block 8) while reaching approximately 14

Ax_s, percentcoverin the controlblock.In allblocks,
Americanhazelwas thesinglebiggestcontributorto

Figure3.--Distributionofplotson thefirsttwoaxes shrub cover.AlthoughAmerican hazelwas most
fromreciprocalaveragingordination.Eachpointis prominentintheshrublayerofthecontrolblock,it

. labeled according to the block in which it is located, is also able to maintain itself by sprouting following



fire, as evidenced by its occurrence in the understory statistically separate the effects of burning from the
plots of most burned blocks. This is consistent with effects of soils because not all burning treatments
other studies (Axelrod and Irving 1978, Buckman were conducted on both soil series, as mentioned ear-
1962), which have shown that although the average lier. The influence of soil would appear to be rela-
size of hazel stems may be reduced by low intensity tively minor, however, because the two soil series
burning, it is hard to eliminate hazel with such fires, are so similar in texture, pH, nutrient status, and

Northern pin oak was the most common overstory water-holding capacity (see Grigal et al. (1974) for a
more complete description of each series). A similar

species in the study area. It had maximum average problem exists for differentiating the influences of
density (353 stems per acre) and basal area (113 fire and elevation. With only 10 species showing sig-
square feet per acre) in the control block with mini- nificant relationships to elevation, and with the
mum average density (40 stems, per acre) in block 5 range of elevation being small (---22 feet), it is un-
and minimum average basal area (26 square feet per likely that elevational differences were of major ira-
acre) in block 8. Thus, even though blocks 5 and 8
have been burned periodically since 1965 and 1967 portance.
respectively(see table 1), the pin oak overstory has Second, and more importantly, preburn stand
notbeen reduced to the 5 to 15 stems per acre levels structure and species composition were not known.
of early oak savannas as reported by Bray (1955). Use of an unburned control block partially allevi-
Bur oak was not as abundant overall as pin oak, but ated this problem, but it is not clear how well the
it did occur in all blocks except I and la. In contrast control represented the pretreatment stands of each
to pin oak, bur oak had its maximum average den- burned block. Although all the blocks were domi-
sity (136 stems per acre) and basal area (39 square nated by an oak canopy prior to burning, differences
feet per acre) in a burned block (8); in fact, block 8 in structure and composition due to natural varia-
was theonlyblockinwhichburoakwas more abun- tionaswellasoccasionalwood cutting,grazing,and
dantthanpinoak intheoverstory, burningmostlikelyinteractedwithfiretoproduce

theplantcommunitiesseentoday.
Differencesin bur oak densityand basalarea

among blocksWere most likelyrelatedtoprebum Clusteranalysisand reciprocalaveragingwere
conditionsbecausematureburoakisquitefireresis- usedinan attempttodiscerndifferencesamong the
tant(Fowells1965).The low-intensityprescribed blocksin termsofoverallspeciescomposition.Al-
burnsresultedinlittlemortalitytolargediameter, thoughtherewas atendencyforcertainblocks(e.g.,
thick-barkedstems.Sincesmallstemswererather control)tohavesimilarcompositionamong many of
rare,thefiresprobablyhad littleinfluenceon the the plotsin the block,no blockhad a distinctly
advancementofsuchstemsintotheoverstory, uniquespeciescomposition.Thiswas notsurprising

Northern pin oak is less resistant to fire, possibly given the relative uniformity of environmental con-
ditions throughoutthe studyareaand the appar-

because of its thinner bark. In a specific comparison ently individualistic (Gleason 1917, 1926) distribu-
of block 3 and the 10 control plots immediately adja- tion of species with respect to blocks.
cent to block 3, White (1983) determined that pin
oak density was 50 percent less in the annually

burned block. These two areas were almost identical CONCLUSIONS

in environmental and preburn conditions (as deter- Several conclusions can be drawn from this study
mined from early air photos and average overstory
age). Thus, it was assumed that the lower density in concerning the utility of prescribed burning for oak
the burned block was due to considerable fire-caused savanna restoration. First, fire has apparently al-

tered thestructureoftheplantcommunity.Grasses
mortalityofsmallpinoak stems(White1983).The and forbsweremore abundantintheburnedblocks.

currentdifferencesin densityofpin oak among Sincemany ofthesespeciesaremore common in
blocksis probablydue in parttofireinfluenceon
smallerstems.Differencesinpreburnabundanceof prairiesand savannasthaninclosedcanopyforests

(Curtis1959),thiseffectwas probablylinkedtothe
largerstemsisalsolikely,sincemany oftheburn loweroverstorydensitiesand basalareasfoundinblockswerenotassimilartotheunburnedcontrolas

theburnedblocks.Sedgesand woody speciesinthe
was block3. understoryhad mixed responsesto burningtreat-
Itistemptingtoascribeallthedifferencesinindi- ments.Speciesintheshrublayerwerevirtuallyab-

vidualspeciesabundancesamong blockstotheinflu- sentintheburnedblocks.Burningreducedtheoak
°

enceofprescribedburning.However,thiscannotbe overstory,primarilyby killingsmallerdiameterpin
done fortwo reasons.First,itwas notpossibleto oak stems.
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Second, "itwas not possible to distinguish among more understory species. If the management objec-
ttie prescribed burning regimes in terms of which tive is to reduce the overstory quickly and promote
was best suited for oak savanna restoration. In all typical savanna/prairie understory species, perhaps
the burned blocks, at least one species reached its overstory reduction by cutting or girdling, followed
maximum abundance; in five of the seven blocks, by prescribed burning, would best meet the objec-
between four and eight species reached their maxi- tive. If more modest overstory reduction and under-
mum abundance. Although fire seemed to promote story promotion is the objective, any one of the
prairie and savanna species, different burning regimes tried at CCNHA should be effective. Safety
regimes Could not be qualitatively separated. In should, of course, always be a primary concern, and
other words, many different periodic burning sched- patience is necessary as immediate restoration is not

! ules shifted the community towards oak savanna, likely. Also, the uses of prescribed fire for restora-
but thedevelopment pattern differed in details, tion and maintenance should be considered sepa-

Third, pretreatment community 'structure and rately. The type of fire (frequency, intensity, season,
composition probably influenced the effects of burn- etc.) needed for restoration of the savanna commu-nity may be quite different from the type of fire
ing. Postfire structure and composition may best be needed to maintain the savanna community once it
predicted on a species-specific basis. By knowing is achieved.
what species are present on a site (or surrounding a
site) prior to _burning, and by knowing how each
species responds to fire (e.g., by individual resis-
tance, sprouting, germination of buried seeds or in- LITERATURE CITED
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i ' Low intensity,springprescribedburnshavebeenusedsince1964
at the Cedar Creek Natural History Area in Minnesota in an at-
tempt to restore the area to an oak savanna. Burned areas are now
more savannalike (having greater grass and forb and lower shrub
and tree representation) than unburned areas but still have higher
overstory densities than apparently existed in presettlement times.
No particular burning frequency could be distinguished as best for
savanna restoration. Results indicated a possible interaction be-
tween fire effects and pretreatment stand structure and composition.

KEY WORDS: Fire ecology, fire effects, prescribed burning, oak,
savanna.
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