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INTRODUCTION

Disturbanceisintegralto the regenerationand logging has become an important disturbance fac-

growth of northern red oak (Quercusrubra L) in tot while fire has become lessimportant because of

Ontario, and historicallyfire has favoured red oak suppressionefforts,which began in the 1920s in On-

regeneration (Lorimer1985, 1989, 1993; Abrams tario (Cwynar 1977, MacKay1978, Lynham 1985).

1992; Abramsand Nowacki1992; Johnson 1993; In this report, we examine the occurrence of fire,

Van Lear and Wait 1993). In the pre-suppression and the effectsoffireand climateonthe growthand

era, fire was an important disturbance event that regeneration of northern red oak in central Ontario.

affected forestsuccession and regeneration in On- Oak and red pine (PiousresinosaAit.) stem cross-

tario (Cwynar 1977, 1978; Lynham 1985), and sections taken near the ground were used to deter-

many firesburned annually overlarge areas {Howe mine:1) the dates of firescars,2) serialvariations in

and White 1913; Cwynar 1977, 1978; MacKay growth,3) periods of regeneration,and 4) the dates

1978; Ward and Tithecott 1993). More recently, ofgrowth release and suppression.

METHODS

Thestudytreeswerelocatedon a two-hasite ash(FraxinusamericanaL.) and basswood(Tilia

nearBarry'sBay,Ontario(Figure1). Thesample americanaL.)comprisedonty19%ofthebasalarea,

treesgrewin anuplandoakforeston fiatto sloping but a majorityof thesetreesweregreaterthan 20

terrain (0 to 35%slope). Thesitewassomewhat cmin dbh. Therewerealsominorcomponentsof

pyrogenic,with fine fuels(e.g.hardwoodleaflitter, blackcherry (PrunusserotinaEhrh.),white pine

grassesand forbs),a southwesternaspect,and a (PinusstrobusL.), beech(FagusgrandifoliaEhrh.)

positionat thetopof along,slopinghillside(Figure and hemlock[Tsugacanadensis(L.) Cart.) in the

2). The oldestoaksampledwas179yearsold.and overstorey.

theyoungestwas68. Tables1and2 summarizethe
A singlecross-section(takenapproximately

characteristicsof the studysite,the standand the
15 to 30 cm abovethe ground)from eachof 22

treesusedin the dendrochronologyanalyses.Red
northern redoak and one redpine wereusedto

oak comprised39% of the stand'sbasalareaand
collectgrowthandfire scardata. Twochronologies

waspresentprimarily in theoverstorey.Sugarma- forredoakgrowthwereconstructedfromring-width

pie (AcersaccharumMarsh.)wasthe mostnumer- measurementsmadeon onegrowthradius(ground
oustreespecieson the site,but 88% of themaples

level)for each of the 22 trees. Series of ring-width
were less than 20 cm in dbh. Sugar maple dotal- measurements were cross-matched and checked
nated the understorey with other species such as

throughCOFECHA.atree-ringanalysisprogramthat
ironwood(OslryavirEiniana(Mill.)K. Koch} White m

[]



Figure 1. Locutionof the studysitenearBarry'sBay,Ontario.

\

matches ring-width series, to ensure the absolute thatbestreflectsthe growth _endofthe standdueto

dating of each of the 2461 annual rings(Holmeset climate and tree biology and 2) a residualchronol-

al. 1986). Belween-tree ring-width correlations ogy (Figure 4) that uses auto-regressivemodelling

ranged from0.59 to 0.86. Curveswere fittedto the to maximizethe annual climatesignal in the ring-

raw ring-widthseriesto minimizering-widthvariance width data. The chronologieswere developed us-

due to nonclimatiefactorssuch as release, suppres- ingARSTAN,a standardizalionand chronology-con-

sion and treesize. Tworing-widthchronologieswere s_ction program (Cook and Holmes1984).

constructed: i) a standard chronology (Figure3]

I



Figure 2. Representativephotographs of the upland oak study site, showing typical
stand and site characteristics.
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Table 1. Siteand treecharacteristicsfor norlhernred oaksampledin this study.

Variable N Minimum Maximum Mean StdDev

Aspect(degrees) 22 0 340 226 87.9

Diameter(cm) 21 18.5 66.7 37.4 12.23

Growth(mm/dia/year) 21 2.3 5.4 3.6 0.7

Table2. Characteristicsof the studystand.

Species BasalArea' (mVha) TreesPerHa * AverageDbh(cm)

SugarMaple 10.22 675.4 10.6± 8.9

WhiteAsh 2.35 48.1 22.6± 10.5

WhitePine 0.49 1.2 67.5

Beech 0.40 20.6 12.4± 10.1

Total 31.51 1095.9 22.3

Fortrees > 2.5 cm in dbh.
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Figure3. A standardring-widthindexderivedfrom 22 redoak trees,whichmaximizesthe biological
responseof thestand,includingshort-termautocorrelatedgrowthtrends.An indexvalueof
1.0 representsthe averagering-widthgrowthfor red oak in thisstudy.
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Figure 4. A residual ring-width index, which maximizesthe annual growth response of the oak stand to
climate. An indexvalue of 1.0 representsthe average ring-width growth for red oak in this
study.



FIRE FREQUENCY

Based on thetrees inthe study,the mean fire- Fireyears maybe relatedto years of lowpre-

free interval (MFI)was calculatedat sixyears for the cipitation, as documented by the presence of nar-

period be_een 1875 and 1954 based on 17 dated row annual growthrings. Eightof the 13 firesoc-

fire scars (Figure 5). Fire-freeintervals varied in curredin years withnarrow rings. Several ofthe fire

length from two to more than 18 years. The most years (1884,1936,1941,1952) coincidedwithyears

recent evidence of fire was in 1954 and the earliest rankedby their extremegrowthreductions(Table3).

firewas in 1884. The lack offiresbefore 1870may The probability of firesthat produce scars on trees

be due to the smallsample of oaksthat weregreater may be greater during years of low precipitation.

than 120 years old. Cwynar (1977) found that the Cwynar (1977) reported that most major fires in

mean fire frequency from 1696 to 1974 was 11.2 BarronTownship,AlgonquinParkfrom1696to 1974

years in Barron Township,Algonquin Park. Many probablyoccurred duringperiods ofdrought ofsub-

of the fires on the study site occurred in the same continental extent, and that major fire years (e.g.

years as other extensivefiresin Ontario (Howeand 1875) coincided with periods of drought in south-

White 1913, MacKay 1978, Lynham 1985). For em Ontario.

example, firesin 1911 and 1916 on the study site

occurred at the same time as the great Porcupine

(1911) and Matheson (1916) fires(MacKay1978).

§



Figure 5. Achr_n_g_ _f red _ak pith dates_whichiden_i_es_eri_ds_f s_'eminitiati_n_anda fire chron_bgy
derivedfrom oak and pine fire scars.The meanfire-free intervalbetween 1875 and 1954 is six
years. The lack of fires before 1870 may be due to the small sample (threetrees)of oaks with
pith dates before 1870. One oak with a pifh date of 1814 is not shown in the upper graph.
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Table 3. Theten largestannualgro_h reductions overthelast t20 years.Yearsare rankedin orderof
decreasingannualgrowth reductions. Annual growthreductionis calculatedby dividing the
diametergrowthof a specifiedyear by thepreviousyearsgrowth.

Rank CalendarYear PercentageofPrevious
YeatsGrowth

2 1941 49

1944 56

I



REGENEPTION

About38% ofthe trees that were analyzedwere Ontario (40km from the study site)revealed that: I)

established during a period (1880 to 1919) of high mean precipitationduring May-July,2) precipitation

fire frequency(MFI= fiveyears). Another22% be- duringMay-Julyinthe previoustwoyears, 3) extreme

came establishedin the early 1920s at the beginning maximum temperature during June-August and 4)

of a period of lower firefrequency (MFI= 15 years, ex_eme maximumtemperature in the previous Sep-

1920 to 1949) (Figure5). These data indicate that tember were significantlycorrelated to red oak ring-

regeneration of the current forest was disturbance- width growth (r=0.63, p=0.0001). Ring-widthsof

based on this site. Frequent disturbances (e.g. fire, the Bancroftred oak chronologyalsowere correlated

logging,settleractivity)have led to an extended oak withthe yearto yearring-widthvariations ofoak spe-

regenerationperiod (1840s-1920s) on this site. Fire cies(e.g. r = 0.38, p=O.001, n= 100) growingas far

has been a significantdisturbance factor that has fa- to the southwestas the Americanstates of Missouri,

voured oakregenerationand developmenton thissite. Arkansas, and Texas (Stable et al. 1985).

Multi-agedoaks now comprise a significantportion In 1988, redoak diameter incrementwas only

of the dominant overstoreytrees (Table2). 45% of the previousyear's growth (Table3). This

Severalof the sample trees (sixof 22 trees) had wasthe greatestannual growthreductionin morethan

very slowinitialstem growthforperiods rangingfrom 120 years. Severe growth reductions such as these

13 to 56 years. Each tree eventuallyshowed a sud- in the red oak groupmay lead to a subsequent long-

den growthincrease presumably due to release from term decrease in growth potential and ultimatelyto

competition. Diametergrowththe year after"re_ease" oak decline (Wetteroff1993). During the fiveyears

wasfrom182%to 680%ofthe previousyear's growth, since 1988,growthhas been both below averageand

These oaks were sapling-sized(three to ten cm in di- has shown reduced ring-width variance over time.

ameter at ground level)and ranged in ages from 13 These are two signs of a growth decline (Wetteroff

to 56 years when they were released. 1993). Further climatic analysis and monitoringof

Red oak growth was autocorrelated (Ist order these stands may be warranted.

r=0.31) from year to year indicatingthat the present Toidenlifyyearsofsudden, "long-term"growth

year's growthwas highlydependent on the previous changes, a comparison between the future seven

3 or 4 yearsof growth Treesizeand age were highly years diameter growth and the previous 7 years

correlated(r=0.69, p=0.05) among the sampletrees, growthwasused foreach year of the chronology(Ta-

Growth of the red oaks decreased duringmajor dry ble 4). Forexample, diameter growth from 1956 to

periods in centralNorth Americasuch as 1913-1914. 1963 was 144% of the growth from 1949 to 1956.

1930-1936and 1952-1954(Cooket al.1992). Analy- Thus, there was a sudden growthincrease beginning

sis of long-term weather data collectedat Bancroft. in 1956. Similar comparisons were made using a

m



four year growthperiod. Table4 listsspecificyears the largest sudden growth increase began in 1956.

of suddengrowthincreases(percentages> I00)and These changes are probably related to climate,

growth reductions(percentages < 100). Thelargest climate-reducedbiologicalpotential, or disturbance

"long-term"growth reductionbegan in 1906 while (e.g. fire).

Table 4. Sudden"long-term"growthchangesin redoak between1880and 1986 basedon seven-and
four-yearcomparisons. Percentagesareweightedaveragesof seven,or four yearsof growth
dividedbythe precedingseven,or four yearsof growth,respectively.Calendaryearsindicatethe
firstyear of the suddengrowthchange. Thedatahavebeenrankedbypercentage.

Rank Year 7-YearAverage(%) 4-YearAverage(%)

Largest
Growth
Increase

1924 141 141

1896 127 126

1913 81 75

1977 81 80

Largest
Growth
Reduction 1906 69 63



CONCLUSIONS

Theoccurrenceoffire,and the effectsof fire Firesoccurredevery2 to 18years at thissite

and climateon theregenerationand growthof red before1955.Thepre-1950sfireregime,withitsshort

oak werestudiedin anuplandred oakforestincen- fire-freeintervals,favouredthedevelopmentofoak

_ralOntario.Red oakcomprisesa majorportionof advancedreproductionbylimitingthedevelopment

the overstoreyin thismature,mixed-speciesforest, of less fire-resistant,shade-tolerantspecies in the

Regenerationofredoakoccurredoveranextended understorey(e.g.sugarmaple,beechand ironwood).

period(i.e., the early1800s to the 1920s),which Therewasno evidenceoffireafter1955. Theab-

wascharacterizedbyfrequentfiredisturbances.The senceoffirehasled to the dominanceof shade-tol-

agesofdominant,overstoreyoaksrangedfrom68 erantspeciesoverred oak intheunderstorey.Con-

to 179years. Frequentfiredisturbancesfavoured sequenfly,futureremovalof theoverstoreymayre-

the developmentofsapling-sizedred oak advance sultina reductioninthenumberofredoakandother

reproduction.Withthe adventof firesuppression less shade-toleranttree species,especiallywhere

and a reductionin firefrequency,theseoak were shade-tolerantspeciesdominatetheunderstorey.Fire

ableto growintotheoverstorey.Redoakdiameter suppressionand theconsequentlossof oakmayre-

growthwasaffectedby: I) lowprecipitationin the sult in the reduction of both economic and

springandearlysummerduringthecurrentandpre- biodiversityvalueson thesesites.

viouslwogrowingseasons,2J highsummertem-

peraturesand 3) highfalltemperaturesintheprevi-

ousgrowingseason. Annualdiametergrowthwas

reducedby about50%in yearswithhot,drysum-

merssuchas 1988.
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