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Anthropogenic fire history and red oak forests
in south-central Ontario

ii .

by Daniel C. Dey I and Richard P. Guyette 2

The regeneration and dominance of northern red oak (Quercus rubra L.) has been associated with fire throughout eastern North Amer-
ica. Red oak in central Ontario grows near the northern edge of its distribution in mixed hardwood-coniferous forests under mesic con-
ditions where it competes with more shade-tolerant species. We hypothesized that the abundance of red oak in these stands was large-
ly the result of anthropogenic burning and natural fires, which would favor the regeneration and recruitment of northern red oak over
such shade-tolerant species as sugar maple (Acer saccharum Marsh.). Fire histories dating from the mid-1600s were constructed by
dendrochron01ogicalmethods from fire scars on stumps, trees, and natural remnants of red pine (Pinus resinosa Ait.), white pine (Pinus
•strobus L.), andred oak at six sites in south-central Ontario. Fire histories of the sites are characterized by abrupt changes in fire inter-
val. AS much or more variance in fire interval is found within sites as is found among sites. Differences in the mean fire interval among
sites are related to the density and migration of historic aboriginal and European populations. The mean fire interval varied from more
than 70 years to six years depending on site location and historic period. The occurrence and abundance of red oak is linked to anthro-
pogenic fire regimes.

Key Words: northern red oak, white pine, fire history, ecology, anthropogenic, fire regime, dendrochronology
B

La r6g6n6ration et la dominance du chine rouge (Quercus rubra L.) ant 6t6 associ6es au feu dans tout l'est de l'Am6rique du Nard.
Le chine rouge du centre de l'Ontario croit _ proximit6 de la limite nordique de sa distribution-dans des for_.ts mixtes de feuillus et
de conif'eres sous des conditions m6siques oO il entre en comp6tition avec des esphces plus ombrophiles. Nous avons poser l'hypothhse
que l'abondance du chine rouge dens ces peuplements 6tait en grande partie le r6sultat de feux de for& anthropog6niques et naturels,
quifavoriseraient lar6g6n6ration et la croissance du chine rouge nordique par rapport aux esphces ombrophiles comme l'&able _t sucre
(Acer saccha_m Marsh.). L'historique des feux datant du milieu du XVIIe sihcle a 6t6 6tabli par des m6thodes dendrochronologiques
h partir des brfilures sur les souches, les arbres et sur les r6manents naturels de pin rouge (Pinus resinosa Ait.), de pin blanc (Pinus
strobus L.) et de chine rouge dans six stations du centre-sud de l'Ontario. L'historique des feux sur ces stations est caract6ris6 par d'abruptes
changement dans les intervalles entre le feux. Une variance semblable et encore plus prononc6e dans l'intervalle entre les feux est retrou-
V6 tantdans les stations qu'entre elles. Les diff6rences dans l'intervalle moyen entre deux feux entre les sites sent reli6es a la densit6
des populations historiques et des migrations d' Autochtones et d'Europ6ens. L'intervalle moyen entre deux feux variait de plus de 70
ans _isix ans selon la localisation de la station et de la p6riode historique. La pr6sence et l'abondance du ch_.nerouge est li6 aux r6gimes

• de feux anthropog6niques.

Mots-el4s: chine rouge nordique, pin blanc, historique des feux, 6cologie, anthropog6nique, r6gime des feux, dendrochronologie

Introduction
Aboriginal peoples in North America purposefully manip-

ulated their environment to favour those plants and animals
they needed for food, shelter, clothing, and the other neces-

sitieslof life (Williams 1989, Kay 1995). The main manage-
me/at tool they usedto alter the vegetation was fire (Pyne 1982,

Williams 1989, Davies 1994, Kay 1995, Anderson 1996,
Cowdrey 1996, Olson 1996, Barden 1997). While the pre-Euro-

pean landscape of eastern North America has been portrayed
as one dominated by primeval forest shaped by and in balance

with the forces Of nature, in actuality it was a "natural" arti-

fact, shaped by'the interactions of humans and nature over thou- Daniel C. Dey Richard P. Guye#e
sands of years. The burning of large portions of North Amer-
ica over the millennia affected the distribution of plant species, or non-equilibrium, and that humans are an important disturbance

the extent Of grasslands and the character of forests. That it was agent in the natural system (Williams 1989, Botldn 1990, Ander-
a land "untouched" by humans is an' idea now challenged by son 1996).

the concepts that ecosystems are constantly in a state of flux, Aborigines burned areas of one to over 1000 ha to clear them
for the growing of maize and other agricultural crops (Black

1ResearchForester,u.s. Forest Service,North Central ResearchStation, 202 Hawk 1833, Williams 1989). In south-central Ontario, the Hurons

AnheuserBuschNaturalResourcesBldg.,Columbia,MO 65211USA.E-mail: and other tribes developed an agricultural based economy on
ddey@FS.Fed.US
2professorof forestry,Schoolof Natural Resources,203AnheuserBuschNat- a large scale. They produced a surplus of cam, which was used
ural Resources Bldg., University of Missouri, Columbia, MO 65211 USA. in trade with the Nipissings, Cree and other tribes (Trigger 1994,
E-mail: guyetter@missouri.edu Trigger and Day 1994).
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Table1. Sitenamesandcharacteristics.(Mr=redmaple,Pw=whitepine,Mh=sugarmaple,By=yellowbirch,Pr=redpine,Bw=whitebirch,
At= aspen).

• Oakabundance Otheroverstory
. Sitename . Location (%) dominants Sitetype

Bracebridge _45°48' N 45 Mr,Pw,Mh AboriginalandEuropeansettlement
77047' W

JockoRiver 46036'N 10 Mh,By Majortravelcorridor
79o13'W

PapineauLake 45°21'N 39 Mh Europeansettlement
• 77048'W

Seguin Falls 45024'N 10 Pw,Mh Minortravelcorridor
77046'W

BasinLake 45075' N 45 Mh,Pr,Pw Algonkinhuntingandgathering
77046'W

Opeongol.ookout 45037' N 0 Pr,Pw,Bw,At Aboriginalandminortravelcorridor
78020' W

J

O

Throughout North America, the extent and abundance of has established a new disturbance regime that is promoting the
the tall grass prai_'es, oak and pine savannas, barrens, and other replacement of oak-pine forests with more shade-tolerant
such ecosystems so often noted by early European immigrants species. The history of fire in south-central Ontario is intricately
were largely the result of aboriginal burning practices (Williams linked with human populations and the history of land use.
1989, Pyne 1982, Whitney 1993, Barden 1997). Periodic Anthropogenic fire, both Native and European, has shaped
fires of low to moderate intensity were ignited in the spring the nature of our modem day forests, sPecifically the present
or fall to promote the production of grasses and forbs that pro- day abundance of oak forests throughout North America
vided habitat and forage for large game and fowl (Williams (Abrams 1992, Johnson 1993, Whitney 1993, Anderson

. 1989, Davies 1994, Kay 1995, Anderson 1996, Olson 1996, 1996, Martin 1996). Knowledge of the characteristics of
Barden 1997). wildland fire regimes and their effects on forest vegetation is

Woodlands 'were burned to increase the production of a prerequisite for understanding the present abundance of red
browse for wild game, and the yield of berries, fruits and nuts oak in south-central Ontario. The objectives of this study
that not:only provided a substantial part of the aboriginal diet, are to examine fire histories, and to relate changes in fire dis-
but also provided food for deer, bear, turkey and other wild turbances to anthropogenic factors and the presence of red oak
game. In the northeastern U.S., aborigines used fire to culture (Qt_ercus rubra L.).
nuttrees such as oaks, hickories and chestnuts (Davies 1994).
C_ilifornia aborigines practised a form of horticulture by Methods
using fire to create and maintain oak savannas for the production Site Locations and Characteristics

• of acorns (Martin 1996). Wherever oaks grew in North Amer- Over much of the range of red oak in south-central Ontario,
ica, acorns were a part of the aboriginal diet (Black 1980, Walk- partially decayed white pine (Pinus strobus L.) and red pine

•er1991, Martin 1996). (Pinus resinosa Ait.) stumps and natural remnants remain from
. During the initial period of European settlement, pioneers the earliest pine logging operations. Pine stumps, remnants and

adopted aboriginal fire practices (Pyne 1982, Whitney 1993, live red oaks were used to construct fire histories for six
Marti'n 1996). Their objectives in burning were very similar study sites. District foresters of the Ontario Ministry of Nat-

' to those of the aborigines. Fire was instrumental in clearing ural Resources were queried as to the locations of red oak stands
the forest for agricultural development. Woodlands were with old pine stumps and remnants. The presence of preserved
burned to improve grazing conditions for livestock that were pine remnants in the stand was necessary for dendrochrono-
raised on open range. Forests were also burned to enhance berry logical analysis of fire scars. Study site locations and stand infor-

' and nut production, to increase browse for wild game, to marion are given in Table 1. The study sites ranged in size from
facilitate hunting, and to control insects, disease and other ver- 50 ha to 100 ha. Sites ranged in elevation from 274 m to 502
rain. m. Sites varied in topographicroughnessfrom level to gen-

Fires burned over millions of hectares in the Lake States and fly sloping to steep with frequent changes in aspect. Fuels were
south-central Ontario around the turn of the century, fuelled mainly leaf litter from hardwoods and softwoods. The Brace-
by the slash left by the pine loggers (MacKay 1978, Pyne 1982, bridge and Jocko River sites were completely forested where-
Whitney 1993). Howe and White (1913) recorded how Euro- as the Seguin Falls, Papineau Lake, OIx_ngo Lookout, and Basin
peans affected the forests in south-central Ontario during Lake had small patches of open woodlands without complete
the settlement period. Logging, agricultural development canopy cover. All of the sites had mature red oak in the over-
and frequent fires (every five years) that burned over the storey with the exception of the site at Opeongo Lookout. The
land drastically altered the Character and extent of the forests. Opeongo site was included because it bordered an extensive
Beginni0g in the 1920s, suppression of wildfires in Ontario hardwood ridgetop, and because it had an abundance of old
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fire-scarred red pines that pre-dated European settlement in from Wac._ acetate overlays of ring-width radii. The traced acetate
this area. overlayswerenecessarybecausethe diameters(0.75to 1.4 m)

of thecross-sectionswere much too largefor the measuring
. Sample Collection equipment, and intact cross-sections were needed for fire

Cross-sections of red pine natural remnants and stumps were scar analysis. The radius of measurement was taken from the
cut with a chain saw. In the case of white pine, the sound wood most undisturbed ring-width series on the cross-section in order
of the stumps was dug out from under decayed wood and organ- to maximize climate related ring-width variation. The normally
ic debris to ground level. White pine stumps were preserved wide rings (some more than a centimetre) of the white pine cross-
by anaerobic conditions, the resin content of wood, water sat- sections permitted the use of the acetate overlay technique with
uration, low soil pH, and low soil temperature. Cross-sections very little loss of accuracy.
of white pine remnants were cut .with a chain saw (Stih166 with A floating chronology (undated in absolute time) was
a 76.2 cm bar) between ground level and 20 cm. Felling established from all samples at each site. The mean between
wedges were used to prevent the weight of the stump from pinch- tree correlation of ring widths was 0.48. Absolute dating of the

•ing the saw bar and chain. The remnants were selected for sam- pine remnants was accomplished by ring-width comparisons
piing by their soundness, degree of entirety, and the presence with a white pine ring-width chronology from Dividing Lake,
or possibility of fire scars. , Algonquin Provincial Park (Guyette and Dey 1995a), and anoth-

er white pine chronology from Hobbs Lake, Hobbs Township,
Fire Scars North Bay District (Guyette 1996). Both of these chronolo-

Allpine remnants sampled had charcoal associated with the gies overlapped all of the sample ring-width series from the
remnant in the soil and organic debris. Charcoal was present study sites by at least 100 years.
on all of the red pine samples but was only rarely found o_ the
white pine cross-sections. Charred woody remains of the Population Estimates
stumps were often.found mixed in the organic debris around We calculated average human population density at the study
the white pine stumps. Fire Scars are defined as the death of sites for the period of the fire scar record from estimates and
a cambial section occurring near ground level on the tree trends of 17th and early 19th centuries populations in central
bole.They were identified by callus tissue, local cambial Ontario (Heidenreich 1971, Gentilcore 1987, Harris 1987, Thom-
growth disruption and traumatic resin canals, and sometimes ton 1987, Hessel 1993). These population estimates were
were associated with an overall growth response. Many averaged for comparison with the fire scar record from 1650
injuries were not counted as fire scars. Scars with evidence of to 1850. The 20th century Papineau Lake fire-scar chronol-
'mechanical damage (wood indentations, etc.) or small point ogy was compared with late 19th and early 20th century
injuri'es Were noted but not as fire scars. Injuries that may have records (Gentilcore 1987) of Euro-Canadian populations.
been fire scars were not included if callus tissue was not Population density for each site was calculated by summing
present. Fire scars ranged from large open injuries to small- density estimates of Nipissing, Huron, Temiscimi, Algonkin,
er injuries at ground level on buttress sides and ends. The anatom- and Northern Algonkin groups in central Ontario. The density
ical details of fire scar formation in white pine were verified of each group at each site was calculated by dividing their pop-
us'rag cross-sections cut from live trees at ground level in stands ulation by the area of a circle whose radius was the distance
with. recent and known histories of prescribed burning at between the population centre and a study site. This method
both the Petawawa Research Forest and near North Bay, provides a relative estimate or index of population density among
Ontario (Guyette et al. 1995). Cross-sections were cut from the study sites because it does not account for the great vari-
a site suspected of having few fires along the Opeongo River ation in population density within an area or the actual terri-
in Algonquin Park, Ontario as a control for fire scar verification, tory of the population. These population density estimates are,
stump condition, and age. Records for that Opeongo site however, close to the range of population densities (0.07 to six

• indicated that logging took place along the fiver in the 1860s. humans per km 2) given for the Great Lakes region and east-
ern North America (Kroeber 1934, Dobyns 1983, Ramenof-

Cross-dating sky 1987, Thornton 1987).The relative pattern of population
Thedetai!" ed observations of annual rings necessary for cross- densities calculated in this paper are similar to present day demo-

dating required that cross-sections be surfaced to reveal the graphics because of the dependence of agriculture and com-
structure of the rings. Cross-sections were surfaced with an elec- merce on factors such as climate, soil fertility, and topography.
tric hand planer with a sharp carbide blade. Where rings
were narrow or indistinct, the ring structure and cellular Results and Discussion
detail were revealed by sanding (220 to 600 grit) the sample. Fire Interval

Visual cross-dating was used to identify years (signature years) Fire intervals, the number of years between two successive
in which climate limited the growth of all trees (Stokes and fires in a given area (Agee 1993), at the study sites (Table 2)
Smiley 1968, Guyette and Cutter 1991). Ring-width plots with were more variable but within the range of fire intervals
anatomical notes on ring structure (e.g., false tings and late- found by others in oak forests in Ohio (Sutherland 1997), Mis-
Woodchamcteristics) were used for visual cross-dating and com- souri (Guyette and McGinnes 1982, Guyette and Cutter 1991,
parison. Computer programs (Holmes etal. 1986,Grissno-Mayer Cutter and Guyette 1994, Guyette and Cutter 1997), and
1996) were used to insure the accuracy of relative dating among Arkansas (Jenkins et al. 1997). Cwynar (1977) found evidence
the samples, absolute dating of the samples, and to graph fire for 16 fires between 1696 and 1920 in Barron Township
scars. From one to three ring-width series from each sample (18 600 ha in Algonquin Park). He calculated a mean fire inter-
were measured either from pie-wedges of the cross-section or val of about 70 years. The mean fire interval is the arithmetic

,
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Table 2.Fire intervalsat varioussites in south-centralOntario.Themean fire interval and range of individual fire intervals aregiven in years.The sum
of the number of annual ringsin all cross-sectionsfor a periodis the "years of record." (* = the site mean fire interval).

Mean fire Range in individual
Site Period interval fire free intervals Years of record Number of fire scars

Bracebridge - 1852-1811 >42 260 1
1810-1741 5 873 19
1740-1664 >76 583 1
1850-1700* 10 2to39

PapiiaeauLake 1840-1643" 29 10to60 2535 15

PapineauLake2 1994--1875" 6 2to18 2432 17
..

SeguinFalls 1861-1780 >70 582 1
1779-1656 15(3-17) 1281 13
1850-1650" 21 3to70

BasinLake 1856-1781 >44 730 1
1780-1733 12 1212 25
1732-1665 >20 1218 2
1840-1670" 21 5to44

J

JockoRiver 1920-1721" 12 5to29 3584 24
e

OpeongoLookout 1940-1780 17 1520 33
1779-1636 >117 1324 1

' 1850-1660" 27 10to45

average of all fire intervals in a given area over a given time land and Belleville. Elsewhere in south-central Ontario, light-
period (Agee 1993). In this study, the mean fire interval is about ning causes from one to five fires per 400 000 ha per year.
69 years for historic periods (Table 2) of less frequent fire aver- If we assume that the mean fire intervals observed at our study

aged across the sites, which is consistent with Cwynar' s esti- sites, which were each about 1 km 2 in area, were representa-
mate. HoWever, many of our site-mean fire intervals for tive of the surrounding country, then about 58 wildfires per
other periods of the chronology (1636 to 1994) are much short- year burned in an area of 400 000 ha during periods of rela-
er than 70 years. Cwynar's mean fire interval may be higher tively low fire activity over the past 300 years. This was cal-
because he selected trees along lake shores (i.e., fire breaks), culated using an overall mean fire interval of 69 years. Dur-
and he sampled little of the upland areas in Barron Township. ing periods of higher fire activity in the study area (i.e., when
Thus, the 70-year mean fire interval may be an underestimate the mean fire interval was 20 years), as many as 200 fires per
ofthe actual occurrence of fire in this region. Differences may year may have burned throughout a 400 000 ha area. These

also be"attributable to variations in demographics and thus anthro- levels of fire occurrence are substantially greater than the rate
pogenic ignitions between the study sites. Loope (1991) esti- of natural fires caused by lightning. The difference in our esti-
mated a mean fire interval of 21.8 years in a mixed white pine- mates of wildfires and the observed number of lightning
hardwood forest in Michigan before the late 19th century. This fires in the study area is probably due to anthropogenic igni-
estimate is very close to the overall mean fire interval (20 years) tions, unless the level of lightning activity has changed that
for theperiod before 1850 among the sites in this study. A study much over the past 300 years, and we have no reason to
of a single tree near Sault Ste. Marie, Ontario (Alexander et believe that is has. Loope and Anderton (1998) observed
al. 1979) yielded a mean fire interval of about 29 years, that 100 fires per year per 400 000 ha burned in coastal pine
' forests of the Great Lakes in northern Michigan and Wisconsin
Natural Versus Anthropogenic Fire during the period 1750 to 1910. They attributed this signifi-

Natural fires generally refer to those that result from igni- cant increase in the rate of wildfire above the background level
tion sources other than human. Lightning is the primary igni- due to lightning to burning by Native Americans. The
tion source of natural fires. Basedon weather and fire records widespread use of fire by Native Americans and early Euro-

from the past century, lightning causes six to 10 fires per 400 pean settlers is well documented (refer to introduction). In the
000ha annually in a zone extending from about Parry Sound, absence of humans, natural fire would have shaped the devel-
Ontario northeast into Quebec (Schroeder and Buck 1970). In opment of vegetation in the study area and provided oppor-
this same area, fire managers with the Ontario Ministry of Nat- tunities for red oak to persist. However, the current abundance
ural Resources have observed that lightning has ignited five of oak and other genera such as the Pinus in south-central Ontario
fires per 400 000 ha per year in Algonquin Provincial Park, would not exist if it were not for anthropogenic fire.

Ontario during the past 60 years (Strickland 1990). In the last Lighting is responsible for about 35% of the annual fires in
30 years, the upper limit of lightning fires in pine forests in the Ontario, whereas humans have caused 60% or more of the fires
upper Great Lakes region has varied from two to eight fires over the past 30 years based on Canadian fire statistics com-
per year per 400 000 ha (Loope and Anderton 1998). In con- piled by the Petawawa National Forestry Institute (Ramsey and
trast, lightning started less than one fire per 400 000 ha every Higgins 1991, Higgins and Ramsey 1992). The percentage of

year in southern Ontario south of a line drawn between Mid- human-caused fires in south-central Ontario is probably high-
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er than reported provincially because the incidence of light- traders was five to six times that of those with legal permits.
ning and severity 0f fire climate decreases from west to east Thus, by the 1740s there may have been as many as several
in Ontario, lightning generally occurs with precipitation dur- thousand traders moving into and through the study region. The
-ing the summer months, vegetation has high moisture content trade in beaver brought anthropogenic ignitions into more iso-
during most summers, _and the density of human population lated areas that were visited less often by humans in the past.
is greater than in the boreal region (Heinselman 1981). In more

densely populated regions of eastern North America, humans Historic Populations and Site Level Interpretations
are responsible for most of the fires in modem times (West- Bracebridge
in 1992, Garner 1999). In Arkansas and Missouri, lightning The mean fire interval for the entire chronology averaged
caused _ 2% of all fires during the last 30 years. 15 years at this site but varied by historic period from more

than 76 years (1664-1740) to as few as five years (1741-1810).
Regional population Density and Fire This change in fire intervals illustrates the great temporal vari-

Historical aboriginal population densities are an important ability in anthropogenic fire regimes. The abrupt decrease in
factor influencing the frequency of ignitions and wildland fires the length of fire intervals in the 1740s is attributed to increas-
(Guyette and Cutter 1997). For example, the occupation of south- es in human population near the study site, which is located
ern Ontario (Crawford Lake area) by the Iroquois from 1360 on the north branch of the Muskoka River, a major travel route
to 1650 caused substantial increases in fire as evidenced in the (Guyette et al. 1995). Aboriginal occupation within a few kilo-
amotmt of charcoal in lake sediments (Clark and Robinson 1993, metres of the site has been documented (Murray 1963). The
Clark and RoyaU 1995). They used fire to develop their corn- abundance of red oak in this forest and the documented use
based agricultural economy and in the process caused the decline of acorns by Algonkin groups 03lack 1980)may have contributed
of beech and sugar maple forests and promoted the domin_tnce to visitation and igni'tions at the site. The Bracebridge site was
of oak and pine. Population densities in south-central Ontario the closest of the sites to the fertile soils and large populations
Varied greatly over the past 400 years. Decreases in the mean of southern Ontario. ' Upwards of 40 000 Hurons and Iro-
f'lre intervals of the seven study sites were inversely related to quois lived within 200 km of this site at the time of European
average population densities for the period 1650 to 1850. This contact (Harris 1987, Thornton 1987). Huronia, with a pop-
relationship is described by the equation and graph in Fig. 2. ulation of over 20 000 Hurons, was about 120 km southwest
A log _ansformation of the population density estimates of the Bracebridge site (Heidenreich 1971). Disease and Iro-
enables the use of a linear regression to describe the non-lin- quois conquest reduced and scattered this Huron population
ear relationship between the site-specific mean fire intervals in the mid-1600s (Trigger 1994).
andpopu!ation density. The non-linear relationship between
population and the mean fire interval in time series data has Seguin Falls
been found in a previous study (Guyette and Dey 1997). The Seguin River may have been a travel corridor that would

have contributed to the frequency of anthropogenic ignitions

Regional Temporal Interpretations around the study site (Dey and Guyette 1996a). A large pop-
Unfortunately, the spatial and temporal influence of humans ulation of Iroquois and Huron occupied an area 100 to 250 km

at each Of the study sites is difficult to quantify. General south of the Seguin River (Harris 1987). Northern Algonkin

anthropological principles and historical details regarding groups lived in villages along Georgian Bay near the present
the activities of humans near the study sites can be used to inter- day Parry Sound area, just 30 km from Seguin Falls. The peri-

od of most frequent burning at the Seguin Falls site, which begins
pret temporal variations. Some important processes affecting in 1741, parallels that at the Bracebridge site 50 km to the south-
humanpopulations and subsequent fire regimes were disease, east. Fires occtmrxt at both sites in 1741, 1744, and 1761. Topog-
migration, resource exploitation, and conflict. Here, we relate raphy may have influenced the frequency of fires near Seguin
temporal trends in fire history to population at the regional, Falls. Although the site is somewhat insulated from the spread
and when possible, at the site level, of fire by the several small lakes less than 3 km to the west and

Regionally, the de-population of aboriginal peoples caused northeast of the site, there are large areas of nearly level
by European-borne diseases may have reduced anthropogenic land to the north and south. Fires could spread rapidly through
ignitions and increased the length of fire intervals in the the fine fuels of these level areas.
early part (before 1730) of the fire scar record (Fig. 2). The

•effects of disease on early Aboriginal populations is well Jocko River
documented (Dobyns 1983, Ramenofsky 1987). Heidenreich Many of the fires at the Jocko site between 1721 and 1937

are hypothesized to have resulted from anthropogenic ignitions(1971) described an abrupt decline of the major population con-
associated with travel corridors and local aboriginal popula-centrati0n in south-central Ontario, that of the Hurons, in the
tions (Dey and Guyette 1996b). Perhaps most important, themid-1600s.
Jocko site is near the confluence of two major travel routes,Another factor related to the shift in fire interval in the mid-
the Ottawa and Mattawa Rivers, that served as passageways

1700SIS the increase in the number of French fur traders trav- for aboriginal commerce and provided access to the western
eMngby canoe through the study region in the spring, fall, and interior during the fur trade era. Both French and indige-
summer. The number of traders under contract leaving Mon- nous peoples travelled to and from Montreal by fiver. Fire could
treal With legal permits increased from less than 40 before 1715 have easily spread to the Jocko site from the Ottawa, Jocko,
to more than more than 400 in the early 1740s (Harris 1987). and Mattawa Rivers or from the vicinity of Lake Nipissing.
Francis et al. (1992) estimated that the number of actual As an illustration, in 1922, a fire burned just north and east of
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the Jocko site (< 3 km away) a distance of 20 to 25 km to the Papineau Lake 2
Ottawa River (Donnelly and Harrington 1978). Because the Fire intervals decreased in length during the late 19th and
Jocko River site is adjacent to travel routes, the changes in human early 20th centuries, at a site bordering the Papineau Lake site

. population density and anthropogenic ignitions may have mentioned above, to a mean fire interval of six years (Guyette
been more stable than at sites near transient villages and and Dey 1995d). This decrease in fire interval was coincident
hunting camps, with limited agricultural developmentand settlement in the area.

The Jocko River site is within travel corridors used by the Increases in fire disturbances may have favoured the regen-
Huron, Nipissing, Cree, Kipawa, Iroquois, French, and English eration of red oak and its present dominance in this mixed hard-
for trade, seasonal hunting, and warfare for hundreds of years wood forest. The 19th century logging of all white pine at the
(Harris 1987). A population of Kipawa lived about 30 km to site followed by frequent fires may have contributed to the dras-
the northeast of the Jocko site. These people practised some tic reduction in white pine at the present day study site.
agricultural burning as well as burning to promote the growth Before European settlement, white pine regeneration, as indi-
and fruiting of blueberries (Moore 1982). In 1755, 120 packs cated by germination dates (circa 1640), occurred in this

•of fur were shipped from near Lake Temiscaming, about 50 mixed hardwood-coniferous forest in response to a stand
km nOrtheast of the Jocko site. About 500 to 1000 Nipissing replacement event such as severe fire or windthrow.
people liVed 50 km to the southeast of the J,ocko site at the time

of European contact. Although non-agricultural (Harris 1987), Oak Regeneration and Fire
they were highly mobile. The Nipissing crossed the Jocko River Periods of short fire intervals observed in most of these fire

when traveling between Lake Nipissing and Lake Temis- histories are hypothesized to have advanced the regeneration
caming where they traded at the French fort. and dominance of red oak over sugar maple and contributed

° to the presence of red oak within these forests, especially on
Basin Lake the more mesic sites. Red oak is intermediate in its ability to

The upland location of the Basin Lake site, along the tolerate shade, and it is unable to replace itself in the overstorey
northeast side of the Bonnechere River, increased its exposure by development bf regeneration in understoreys characterized
to anthropogenic ignitions. Algonkins lived, hunted, and by low light levels (Crow 1992, Dey and Parker 1996). The

fished along'the Bonnechere River for hundreds of years environment in the open park-like, pre-European forests pro-
(Hesse! 1993). The frequency of anthropogenic ignitions vided enough light at the forest floor for the growth of red oak
probably changed with the plagues of war and disease. The Iro- seedlings. Frequent fires maintained the open nature of these
.quois Wars resulted in the genocide of many Algonkin tribes forests by inhibiting the more shade-tolerant species such as
and families. As a result, Algonkin peoples fled into remote sugar maple, beech and ironwood, and the more intolerant species
locations, perhaps through or into areas near the study site. Intro- such as aspen and white birch. Oaks are better adapted to sur-
duced diseases decimated the Algonkins during the 1600s and viving surface fires than their competitors because of (1) the

• abundance of dormant buds about the root collar, which is often
this may have caused a reduction in anthropogenic fires and buried in moist mineral soil, insulated from the heat of surface

may account for much of the variability in the fire scar record fires, (2) their ability to sprout prolifically following death of
at this site (Guyette and Dey 1995b). the shoot by drought, grazing or fire, and (3) their ability to

develop thick bark that protects the cambium from fire.
Opeo'ngo Lookout Oak seedlings exhibit slow shoot growth during the early

The fire scar chronology from Opeongo Lookout (Guyette years following germination. It is at this stage that they are most
and Dey 1995c) perhaps best illustrates how the fire interval susceptible to suppression by larger reproduction of shade-tol-

.can change abruptly with the introduction of anthropogenic erant species (e.g., sugar maple) or faster growing intolerant
fire. Fire intervals decreased by more than an order of mag- species (e.g., white birch). Oak seedling sprouts that survive

• nitUde beginning in 1780 as Aboriginal peoples were pushed repeated fires are able to develop a large root system and the
into more remote areas by Euro-American settlers. This site carbohydrate reserves needed for accelerated shoot growth.

• , lies close to the Opeongo Road in Algonquin Park where fires Under a disturbance regime with fire intervals from five to 10
have been suppressed since the 1930s. years, oaks remain in a "grub" or seedling-sprout stage, con-

tinuing to accumulate root biomass. Early explorers have
Papineau Lake described oak barrens and scrub oak-pine forests throughout

Topographic and cultural factors most likely affected the North America where fires occurred frequently (Whitney
length of fire intervals near Papineau Lake during the 17th and 1993). In these forests, oaks were kept in the grub stage by fire.

Given a sufficiently long fire interval, larger oak grubs, or seedling18th centuries (Dey and Guyette 1996c). The close proxim-
sprouts, are capable of growing rapidly enough to have a good

ity of surrounding lakes and the steep, hilly topography of the chance of surviving another fire, and then of growing into the
area may have limited the spread of fire to the site and thus overstorey.
increased the length of fire intervals by reducing fire size and Over the past 300 years, the length of the fire interval was
spreadrate. The study site is 1 km northeast of Papineau Lake, highly variable at almost all of our study sites (Table 2, Fig.
7 km southwest of Kamaniskeg Lake, and 8 km south of Bark 1). Periods of short fire intervals would have favoured oak regen-
Lake. The average slope surrounding the study site is 9 eration by controlling competition and allowing oak seedling
degrees. The study site was isolated from known 17th and 18th sprouts to develop. During longer fire intervals, which we
century travel routes and villages (Harris 1987) that might have observed may have been as long as 40 to 70 years since the
contributed to an anthropogenic fire regime, mid-1600s, the oaks would have been able to grow into the over-
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storey. These cycles of short and long fire intervals may transforming the forests by gap dynamics processes that
have contributed to the development of multi-aged oak forests favour shade-tolerant species over the oaks (Runkle 1985, Crow
in Ontario (Guyette and Dey 1995d). Analyses of pith dates 1988, Pallardy et al. 1988, Lorimer 1993). Now, managers are
of overst0rey oaks indicates that there are pulses of regener- increasingly interested in restoring the historical and ecological
ation that account.for many of the codominant and dominant role of fire through prescribed burning to ensure oak regen-

. oaks_A small number of seedlings survive to grow into the over- eration because traditional forest management practices have
storey between the major regeneration events, thus creating failed to stop the loss of oak throughout North America

•a multi-aged stand of.oaks. The age structure of oaks is prob- (Nyland et al. 1982, Van Lear and Waldrop 1988, Lorimer 1993,
ably also affected by the occurrence of more extensive, high- Schlesinger et aL 1993, Lorimer et al. 1994, Schuler and Miller
er intensityfires that coindde with years of severe regional drought 1995, Brose and Van Lear 1997).
(Cwyna r 1977).

Frequent disturbances, first by aboriginal and then by Conclusions
European-set fires, and later by European logging and settlement, 1 Fire intervals varied greatly among the study sites and
favoured the regeneration of red oak in south-central Ontario.
Europeans increased the occurrence and extent of fire and other through time at a given site. Mean fire intervals ranged from
human disturbances at the turn of the 20th century (Guyette six to 29 years among sites and from five years to more than
and Dey 1995d). Then, fire was suddenly and effectively 76 years between historic periods at some sites.
eliminated as a significant disturbance factor with the adop- 2. Fire intervals at the sites were positively related to region-

al human population density, indicating that the fires were large-tion of fire suppression programs by the provincial government
and industry. For the past 40 to 70 years, forests have been pro- ly of anthropogenic origin.
tected from fire in south-central Ontario (Lynham 1985). 3. Abrupt changes in fire interval were common during the peri-
Initially, in the absence of fire, oaks were able to gain dom- od of early Euro-aboriginal contact. Changes in anthro-
inance in the overstorey, especially on upland sites. But with pogenic ignition frequency and fire resulted from population
the continuedsuppression of fire, new disturbance regimes are shifts and migrations caused by subsistence economics,
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of frequent fire followed by periods with few fires. Dey, D.C. and R.P. Guyette. 1996c. Early fire history near Papineau" Lake,Ontario.Ont.For.Res. Inst.,For.Res.NoteNo. 54.SaultSte
5. Oak forests flourished trader anthropogenic disturbance regimes Marie, Ontario. 4 p.
dominated by fire. _ De),, D.C. and W.C. Parker. 1996. Regeneration of red oak (Quer-

cus rubra L.) using shelterwood systems: ecophysiology, silvicul-
Acknowledgments ture and management recommendations. Ont. Min. Nat. Res., Ont.

The authors would like to acknowledge the Ontario For- For. Res. Inst., For. Res. Info. Pap. No. 126. 59 p.
est Research Institute and the Ontario Ministry of Natural Dobyns, H. 1983. Their numbers become thinned: Native American

Resources for their support. Considerable credit should also population dynamics in eastern North America. Univ. of Tennessee

be given to Blake Laporte, Steve Kirk, Matt Myers, Chip Dun- Press. Knoxville, Tennessee. 378 p.
can, DanGalley, Darrel Davis, Dave Deugo, Mike Walsh, Bruce Donnelly, R.E. and J.B. Harrington. 1978. Forest fire history
Fleck, Joe Yaraskovitch, A1 Stinson, Chris McDonell and Doug maps of Ontario. Ont. Min. Nat. Res. Aviation and Fire Manage. Ctre,
Henson for their assistance in site location and sample collection. For. Fire Res. Inst., Misc. Rep. FF-Y-6.

"Francis, R.D., R. Jones and D.B. Smith. 1992. Origins: Canadian
• history to confederation.

References Holt, Rinehart and Winston of Canada, Limited. Toronto. 442 p.
Abrams, M.D. i992. Fire and the development of oak forests. Garner, M.E. 1999. Risk mitigation of wildfire hazards at the
BioSci. 42: 346-353. wildland urban interface of northwest Arkansas. Thesis. Univ.

Agee,_J.K. 1993. Fire ecology of Pacific Northwest forests. Island Arkansas. Center for Advanced Spatial Technologies.
Press, Washington, DC. 493 p. http://www.cast.uark.edu/cast/projects/urban/wild_fire/Chap-
Alexander, M.E., J.A. Mason and B.J. Stocks. 1979. Two arid a ter4.html. 21 p.
half centuries ofrecorded forest fire history. Great Lakes For. Res. Genlileore, R.L 1987. Historical atlas of Canada, the land transformed,
Ctre. Sault Ste. Marie; Ontario. 2 p. 1800-1891. Vol. II, Uni_,. of Toronto Press. Toronto. 184 p.
Anderson, M.K. 1996. Tending the wilderness. Restoration & Grissno-Mayer, I-'l.1996. Software for the analysis of fire history
Manage. Notes ! 4(2): 154-166. from tree-rings. Laboratory of Tree-ring Research. Univ. Arizona,
Barden, L.S. 1997. Historic prairies in the Piedmont of North and Tucson, AZ.
South Carolinal USA. Nat. Areas J. 17(2): 149-152.

Guyette, R.P. 1996. Tree-ring data, Ontario and Missouri. Interna-
Biaek, M.J. 1980. Algonquin ethnobotany: an interpretation of tional tree-ring data bank. IGBP PAGES/World Data Center-A for
aboriginal adaptation in southwestern Quebec. National Museums Paleoclimatology, Data Contribution Series No. 96-0(0. NOAA/NGDS
of Canada. Ottawa. 266 p. Paleo climatology Program, Boulder, CO.Black Hawk. 1833. Life of Ma-ka-tai-me-she-kia-kiak or Black Hawk.
In D. Jackson (ed.). Black Hawk- an autobiography. Prairie States Guyette, R.P. and B.E. Cutter. 1991. Tree-ring analysis of fire his-
Book edition, 1990. pp. 33-177. Univ. of Illinois Press. Chicago. tory of a post oak savanna in the Missouri Ozarks. Nat. Areas J. 11:
Botkin, D. 1990. Discordant harmonies. Oxford Univ. Press. New 93-99.
York. 241 p. Guyette, R.P. and B.E. Cutter. 1997. Fire history, population,
Brose, P. and D. Van Le,ar. 1997. Effects of seasonal prescribed fires and calcium cycling in the Current River watershed. In S.G. Pallardy
on hardwood advance regeneration in shelterwood stands. In S.G. Pal- et al. (eds.). Proc. 1lth central hardwood forest conf. pp. 354-372.
lardy etall (eds.). Proc. 1lth central hardwood forest conf. March 23-26, U.S.D.A. For. Serv., Gen. Tech. Rep. NC-188.
1997. Columbia, MO. p. 285. U.S.D.A. For. Serv., Gen. Tech. Rep. Guyette, R.P. and D.C. Dey. 1995a. Age, size and regeneration of
NC-188. old growth whitepine at Dividing Lake Nature Reserve Algonquin

Clark, J.S. and J. Robinson. 1993.Palecr,c,ology of fire. In P.J. Crutzen Park, Ontario. Ont. For. Res. Inst., For. Res. Rep. No. 131. Sault Ste.
and J.G. Goldammer (eds.). Fire in the environment the ecological, Marie, Ontario. 1 lp.
atomospheric, and climatic importance of vegetation fires. Rep. Of Guyette, R.P. and D.C. Dey. 1995b. A presettlement fire history in
the Dahlem workshop 15-20 March 1992. Berlin. pp. 193-214. an oak-pine forest near Basin Lake, Algonquin Park, Ontario. Ont.
John Wiley & Sons. Chichester, England. For. Res. Inst., For. Res. Rep. No. 132. Sault Ste Marie, Ontario. 7 p.
Clark,j.S. and P.D. Royail. 1995. Transformation of a northern hard- Guyette, R.P. and D.C. Dey. 1995c. A dendrochronological fire his-
wood forest by aboriginal 0roquois) fire: charcoal evidence from Craw- tory of Opeongo Lookout in Algonquin Park, Ontario. Ont. For. Res.

, ford Lake, Ontario, Canada. The Holocene 5: 1-9. Inst., For. Res. Rep. No. 134. Sault Ste Marie, Ontario. 4 p.
Cowdrey, A.E. 1996. This land, this South an environmental history. Guyette, R. and D. Dey. 1995d. A history of fire, disturbance, and
The Univ. Press of Kentucky. Lexington, KY. 240 p. growth in a red oak stand in the Bancroft District, Ontario. Ont. For.
Crow, T.R. 1988. Reproductive mode and mechanisms for self-replace- Res. Inst., For. Res. Info. Pap. No. 119. Sault Ste. Marie, ontario. 14p.
ment of northern red oak (Quercus rubra) - a review. For. Sci. 34: Guyette, R.P. and D.C. Dey. 1997. Fire history at Huckleberry Hol-
19-40. ' low, Shannon County, Missouri. Missouri Dept. Conserv., For.
Crow, T.R. 1992. Population dynamics and growth patterns for a cohort Res. Rep. No. 1. Jefferson City, MO. 10 p.
of northern red oak (Quercus rubra) seedlings. Oecologia 91: Guyette, R.P., D.C. Dey and C. McDoneli. 1995. Determining fire
192-200. history from old white pine stumps in an oak-pine forest in Brace-
Cutter, B,E. and R.P. Guyette. 1994. Fire frequency on an oak-hick- bridge, Ontario. Ont. For. Res. Inst., For. Res. Rep. No. 133 Sault
ory ridgetopintheMissouri Ozarks.Am.Midl. Nat. 132:393-398.
Cwynar, L.C. 1977. The recent fire history of Barron Town- Ste. Marie, Ontario. 9 p.
ship, Atgonquin Park. Can. J. Bot. 55: 1524-1528. Guyette, ILP. and E.A. McGinnes, Jr. 1982. Fire history of an Ozark
Davies,K.M., Jr. 1994. Some ecological aspects of Northeastern Amer- glade in Missouri. Trans. Missouri Acad. Sci. 16: 85-93.
ican Indian agroforestry practices. Northern Nut Growers Assoc. 1994 Harris, C. 1987. Historical atlas of Canada, from the beginning to
Annual Rep. 85: 25-37. 1800. Vol. I. Univ. of Toronto Press. Toronto. 198 p.
Dey, D.C. and R.P. Guyette. 1996a. Early fire history near Seguin Heidem'eich, C. 1971. Huronia, a history and geography of the Huron
Falls, OntariO. Ont. For. Res. Inst., For. Res. Note No. 55. Sault Ste Indians. Ont. Min. Nat. Res., Historic Sites Branch. McClelland and
Marie,Ontario.4 p. StewartLimited.337 p.

346 MARS/AVRIL 2000, VOL. 76, NO. 2, THE FORESTRY CHRONICLE



Heinselman, M.L. 1981. Fire intensity and frequency as factors in Pallardy, S.G., T.A. Nigh and H.E. Garrett. 1988. Changes in for-
the distribution and structure of northern ecosystems. In Proc. Fire est composition in central Missouri: 1968-1982. Amer. Midl. Natur.
regimes and ecosystem properties. Dec. 11-15, 1978. Honolulu, Hawaii. 120: 380-390.
pp. 7-57. USDA For. Serv. Gen. Tech. Rep. WO-26. Pyne, S.J. 1982. Fire in America a cultural history of wildland and
Hessel, P. 1993. The Algonkin Nation. Kichesippi Books. Arnpri- rural fire. Princeton Univ. Press. 654 p.
or, Ontario. 124 p. Ralnenofsky, A.F. 1987. Vectors of death, the archaeology of
Higgins, D.G. andG.S. Rmnsey. 1992. Canadian forest fire staffs- European contact. Univ. of New Mexico Press. Albuquerque, New
tics: 1988-1990. Forestry Canada, Petawawa National For. Inst. Info. Mexico. 300 p.
Rep. PI-X- 107E/F. 76 p. Ramsey, G.S. and D.G. Higgins. 1991. Canadian forest fire statis-
Holmes, R.L., H. R.K. Adams and H. Fritts. 1986. Quality con- tics: 1984-1987. Forestry Canada, Petawawa National For. Inst. Info.
trol of crossdating and measuring: a users manual for program Rep. PI-X-74E. 163 p.
COFECHA. In Tree-ring chronologies of western North America: Runlde, J.R. 1985. Disturbance regimes in temperate forests. In S.T.A.
California, eastern Oregon and northern Great Basin. pp. 41--49. Lab. Pickett and P.S. White (eds.). The ecology of natural disturbance and
of Tree-Ri'ng Res. Univ. of Arizona. Tucson, Arizona. patch dynamics, pp. 17-33. Academic Press. New York.
Howe, C.D. and J.H. White. 1913. Trent watershed survey.The Bryant Schlesinger, R.C., I.L. Sander and K.R. Davidson. 1993. Oak regen-
Press. Toronto. I56 p. - eration potential increased by shelterwood treatments. North. J.
Jenkins, S.E., R.P. Guyette and A.J. Rebertus. 1997. Vegetation- .Appl. For. 10:149-153.
site relationships and fire history of a savar!na-glade-woodland Schroeder, M.J. and C.C. Buck. 1970. Fire weather. USDA For.
mosaic in the Ozarks. In S.G. Pallardy et al. (eds.). 1 lth central hard- Serv. Agric. Handb, 360. 229 p.
wood forest conf. March 23-26, 1997. Columbia, MO. pp. 184-201. Schuler, T.M.and G.W. Miller. 1995. Shelterwood treatments fail
U.S.D.A. For. Serv., Gen. Tech. Rep. NC- 188. to establish oak reproduction on mesic forest sites in West Virginia
Jolmson, P.S. 1993. Perspectives on the ecology and silviculture of - 10-year results. In K.W. Gottschalk and S.L.C. Fosbroke (eds.). Proc.
oak-dominated forests "m the central and eastern States. U.S.D.A. For. 10th central hardwood forest conf. March 5-8, 1995. Morgantown,
Serv.:, Gen..Tech. Rep. NC-153.28 p. * WV. pp. 375-387. U.S.D.A. For. Serv., Gen. Tech. Rep. NE-197.
Kay, C.E. 1995. Aboriginal overkill and native burning: implications Stokes, M.A. and T.L. Smiley. 1968. Introduction to tree-ring dat-
for modern ecosystem n'mnagement. West. J. Appl. For. 10(4): 121-126. ing. Univ. of Chicago Press. Chicago. 78 p.
Kroeber, A.L. 1934. Native American Population. Amer. Anthro. Strickland, D. 1990. Why fire is like rain. Ont. Min. Nat. Resourc.
36: 1-25. • The Raven 31(9)" 1-2.
Loope, W. L. 1991. Interrelationships of fire history, land use his- Sutherland, E.K. 1997. History of fire in a Southern Ohio second-
tory, and landscfipe pattern within Pictured Rocks National Lakeshore, growth mixed-oak forest In S.G. Pallardy et al. (eds.). Proc. 1lth cen-
Michigan. Can. Field-Natur. 105: 18-28. tral hardwood forest conf. pp. 172-183. U.S.D.A. For. Serv., Gen.
Loope, W.L. and J.B. Anderton. 1998. Human vs. Lightning igni- Tech. Rep. NC- 188.
tion of presettlement surface fires in coastal pine forests of the Thornton, R. 1987. American Indian holocaust and survival. Univ.
tipper Great Lakes. Am. Midl. Nat. 140:206-218. of Oklahoma Press. Norman, Oklahoma. 292 p.
Lo ,rhner, C.G. 1993. Causes of the oak regeneration problem. In Proc. Trigger, B.G. 1994. The original Iroquoians: Huron, Petun, and Neu-
Oak regeneration: serious problems, practical recommendations tral. In E.S. Rogers and D.B. Smith (eds.). Aboriginal Ontario his-
symp. pp. 14-39. U.S.D.A. For. Serv,, Gen. Tech. Rep. SE-84. torical perspectives on the First Nations. pp. 41-63. Dundurn Press.
Lorimer, C.G., J.W. Chapman and W.D. Lambert. 1994.Tall under- Toronto.

storey vegetation as a factor in the poor development of oak seedlings Trigger, B.G. and G.M. Day. 1994. SouthernAlgonquian middlemen:
beneath mature stands. J. Ecol. 82: 227-237. Algonquin, Nipissing, and Ottawa, 1550-1780. In E.S. Rogers and
Lynham, T.J. 1985. History and natural role of fire in Ontario. In D.B. Smith (eds.). Aboriginal Ontario historical perspectives on the
Proc. Forest fire management symp. Sept. 15-18, 1984. Sault Ste. First Nations. pp. 64-77. Dundurn Press. Toronto.
Marie, ON. pp.43-48. Can. For. Serv., Great Lakes For. Res. Ctre. Van Lear, D.H. and T.A. Waldrop. 1988. Effects of fire on natu-
COJFRC symp. proc. O-P-13. ral regeneration in the Appalachian Mountains. In Proc. Guide-
MacKay, D. 1978. The lumberjacks. McGraw-Hill Ryerson Ltd. lines for regenerating Appalachian hardwood stands, pp. 56-68. Soc.
Toronl/o, 319 p. Amer. For. Publ. 88-03.

Martin, G. 1996. Keepers of the oaks. Discover 17(8): 45-50. Walker, L.C. 1991. The Southern forest a chronicle. Univ. Of
Moore, K.A. 1982. Kipawa: portrait of a people. Highway Book Shop. Texas Press. Austin, TX. 322 p.
(_0balt, ON. 117 p. Westin, S. 1992. Wildfire in Missouri. Missouri Dept. Conservation,
Murrayi F.B. 1963. Muskoka and Haliburton 1615-1875. A collection Jefferson City, MO. 161 p.

• , of documents. The Champlain Soc. for the Government of Ontario. Whitney, G.G. 1993. From coastal wilderness to fruited plain, a his-
Univ. Of Toronto Press. Toronto. 445 p. tory of environmental change in temperate North America, 1500 -
Nyland, R.D., L.P. Abrahamson and K.B. Adams. 1982. Use of present. Cambridge. 451 p.
prescribed fire for regenerating red and white oak in New York. In Williams, M. 1989. Americans and their forests a historical geog-
Proc. 1982 S_I Amer. For. National Conv., America's hardwood forests raphy. Cambridge Univ. Press. Cambridge, England. 599 p.
• opportunities unlimited, pp. 163-167. Soc. Amer. For.

Publ. 83-04.
Olson, S.D. 1996. The historical occurrence of fire in the Central Hard-
woods, with emphasi s on southcentral Indiana. Natur. Areas J.
16(3):248-256.

0

MARCH/APRIL 2000, VOL. 76, NO. 2, THE FORESTRY CHRONICLE 347


