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ABSTRACT: The objectives of this study were to reconstruct historical fire regime characteristics of red
pine (Pinus resinosa) forests in the Adirondack Mountains, and to highlight potential implications for
the conservation and preservation of fire-dependent natural communities. Tree-ring dating of dead and
living fire-scarred trees at two sites produced records spanning from 1577 to 2015. Historical fire years
spanned the years 1693 to 1913 with a concentration of events in the mid-1800s. Fires were primarily
low to moderate severity, dormant-season events that were not associated with summer drought. The
historical fire record establishes that fire disturbances were historically present in the Adirondack Moun-
tains and silvicultural intervention (e.g., prescribed burning) may be needed to maintain fire-dependent
red pine communities, thus preventing their inevitable succession to northern hardwoods.

Index terms: dendrochronology, EuroAmerican settlement, fire scars, Mohawk, Pinus resinosa

INTRODUCTION

In recent decades, wildland fire research
and outreach efforts have increased in
less-studied regions of the eastern United
States such as New England. Despite
fire-dependent communities being scattered
throughout the region, little is known about
fire regimes and little active prescribed fire
management occurs. Quantitative and long-
term fire regime information is particularly
valuable in that it can provide a foundation
for understanding wildfire potential, inform
natural resource management, and identify
opportunities for preserving unique natural
communities. Long-term fire scar data,
in particular, is especially useful in cases
where disturbance regimes and vegetation
conditions are long departed due to early
and intensive land uses since European
settlement. In this way, large contiguous
forest landscapes, like in the Adirondack
Mountains, may be particularly valuable
as evidence and legacies of the deep past
may be well preserved.

Charcoal studies in the northeastern United
States provide evidence that fire events
have occurred in this region for millennia
(Patterson 2006). In the north-central Ad-
irondacks, sedimentary charcoal records
from Bloomingdale Bog show continuously
fluctuating levels of microscopic charcoal
deposition over the past 6000 years (LeB-
oeuf 2014). Large peaks in microscopic
charcoal, indicative of regionally extensive
upland fires, occurred about 550 y BP and
again at the time of EuroAmerican land
clearance (LeBoeuf 2014). Pollen records
from multiple northeastern United States
sites show a shift from shade-tolerant spe-
cies (Tsuga, Acer, Betula) to xeric species
(Pinus, Quercus) about 500 y BP, which has
been attributed to widespread drought and

increased fire (Fuller et al. 1998; Clifford
and Booth 2013; LeBoeuf 2014).

Descriptions of the Adirondacks at the
time of early exploration and settlement
provide somewhat inconclusive accounts
of the pre-EuroAmerican settlement (EAS)
fire regime. Early settlers described the
Adirondacks as thickly forested, which
contrasted the open, fire-maintained wood-
lands often described for other regions in
the northeastern United States (e.g., pine
barrens, oak-pine savannas; Day 1953;
Stewart 2002). Day (1953) concluded that
the Adirondacks were not subjected to the
relatively frequent purposeful burning of
woods by Native Americans like other
areas, due to lower population levels and
differing hunting and travel practices.
However, land surveyors at the time of
early EAS recorded multiple observations
of burned forests in the Adirondacks, with
more observations of fire disturbance in the
eastern than western areas (Cogbill 2000).

Though fire has been thought to be his-
torically rare in the northern hardwood
forests of the northeastern United States
(Lorimer 1977; Bormann and Likens 1979;
Fahey and Reiners 1981; Frost 1998),
the presence of red pine (Pinus resinosa
Ait.)—a fire-adapted species—suggests
that fire must have played some role in
presettlement forests. Red pine is depen-
dent on fire for establishment, early growth,
and perpetuation (Van Wagner 1970), and
several fire history studies have associated
relatively frequent fire with red pine ecol-
ogy (Heinselman 1973; Mann et al. 1994;
Guyette and Dey 1995; Brose et al. 2013,
2015; Muzika et al. 2015; Guyette et al.
2016; Johnson and Kipfmueller 2016). Red
pine requires a mineral seedbed with little
or no competing vegetation to successfully
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regenerate, conditions that are created by
moderate to severe surface fires (Flannigan
1993). Although the species can persist in
localized areas due to topoedaphic influ-
ences, some studies of red pine suggest
that the species needs low to moderate
severity fires every 20—40 y in conjunction
with more intense crown-killing fires every
150-200 y (Bergeron and Brisson 1990).

Despite multiple lines of evidence that fires
occurred in the Adirondacks prior to EAS,
natural archival fire records are limited,
and quantitative analyses of historical fire
regimes are lacking. This study presents
the first annually resolved fire history data
from fire scars for the region. Our objec-
tives were to use fire scars to reconstruct
fire regime characteristics and, from this,
discuss the relevance to the conservation
of fire-dependent natural communities.

METHODS

Study Sites

The Adirondack Mountains in northeastern
New York, USA, comprise a geologically
and ecologically unique region. An ancient
domed Pre-Cambrian erosion surface,
the Adirondacks were highly glaciated
and have a correspondingly diverse flora
and fauna (Cressey 1977). The region is
in the transition zone between the boreal
and deciduous forest types (Goldblum
and Rigg 2010), and a wide variety of
natural communities exist along elevation,
soil, temperature, and moisture gradients
(NYSDEC 2004).

Field reconnaissance in July 2012 resulted
in the identification of two fire history
study sites with an abundance of fire-
scarred living and remnant (dead trees
either as tree stumps or snags) red pine
trees. The first study site was located on
Baxter Mountain (BXT) in Adirondack
Park (Figure 1), central Essex County, NY
(N44°13.022°, W73°45.843’; elevation 708
m a.s.l.), within the Western Adirondack
Foothills ecozone (Edinger et al. 2014).
Shallow and very rocky soils of the Hog-
back-Knob Lock complex (Smith 2010)
are underlain by metamorphic anorthositic
bedrock of igneous origins (Isachsen and
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Figure 1. Map of New York with the boundary of Adirondack Park (dashed line) and study site locations
separated by approximately 34 km (Baxter Mountain, square; Potter Mountain, circle).

Fisher 1970). The site is readily accessible
due to the presence of trails and moderate
terrain (Figure 2), and evidence of past
logging activities (i.e., tree stumps) was
observed at the site. Fire-scarred living and
remnant red pines were located only on the
south-facing shoulder landscape positions.
Surrounding overstory forests were domi-
nated by species typical for the Adirondack
section of the Hemlock-Pine-Northern
Hardwood forest region (e.g., red maple
[Acer rubrum L.], beech [Fagus grandi-
folia Ehrh.], birch [Betula spp.], eastern
hemlock [Tsuga canadensis (L.) Carriere],
white pine [Pinus strobus L.], and northern
red oak [Quercus rubra L.]; Braun 1950).

The second study site was located approxi-
mately 34 km north of BXT, on the eastern
side of Potter Mountain (PMT) on privately
owned timberland (Lyme Adirondack For-
est Company, LL.C) held in conservation
easement within Adirondack Park (Figure
1), southwestern Clinton County, NY
(N44°31.197°, W73°49.429’; elevation
572 m a.s.l.). PMT is located within the
Adirondack High Peaks ecozone (Edinger
et al. 2014). Shallow and very rocky soils

of the Ricker Hogback complex (Trevail
2006) are underlain by metamorphic bed-
rock of uncertain origins (e.g., charnockite,
granite, quartz; Isachsen and Fisher 1970).
The site terrain is rugged and steep, and
no evidence of past logging activities was
observed. Fire-scarred living and remnant
red pine trees were found only on, and
immediately above, a south-facing cliff
in a nearly pure red pine stand (Figure
2). Forest overstory vegetation of nearby
landscape positions was similar to Baxter
Mountain, with northern hardwood species
being dominant. Both study sites are rep-
resentative of the red pine rocky summit
ecological community as classified by
the New York Natural Heritage Program
(Edinger et al. 2014).

The regional climate is humid continental,
though local variability can be pronounced
and heavily influenced by aspect, elevation,
local topography, and distance from large
bodies of water and mountains. Summers
in the Adirondacks are generally warm with
cool nights, and winters extremely cold and
snowy (NYSDEC 2004). Average annual
precipitation is 94 cm at BXT and 90 cm
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Figure 2. Photographs and topographic maps of the study sites (Baxter Mountain, top; Potter Mountain, bottom) showing the topographic differences between
the sites. Sample locations are represented by black triangles.

at PMT, and average seasonal snowfall is
165 cm at BXT and 193 cm at PMT (Tre-
vail 2006; Smith 2010). Based on climate
conditions of the region, fires are expected
to be relatively historically infrequent (e.g.,
30-150 y; Guyette et al. 2012).

The notion that the Adirondacks were
largely uninhabited prior to EuroAmerican
settlement is increasingly becoming out-
dated. Archaeological sites are continually
being discovered, and it seems likely that

Native American presence in the Adiron-
dacks has been generally underestimated
(Starbuck 2018). The rugged topography
and general unsuitability for agriculture
probably precluded major permanent set-
tlements in the mountainous portions of
the Adirondacks, but the region was used
seasonally by Native Americans for hunting
and travel purposes (Donaldson 1921). The
Champlain Valley, located approximately
30 km east of the study sites, was an
important travel corridor both before and

after EuroAmerican contact (Smith 1885;
Schneider 1997). At the time of Euro-
American contact and throughout the Fur
Trade era, the area was controlled by the
Mohawk tribe, the easternmost tribe of the
Iroquois Confederacy (Schneider 1997).

At the end of the French and Indian War
in 1763, EuroAmerican settlement began
along the western shores of Lake Cham-
plain and then gradually spread westward.
The first settlers in the Keene Valley, in
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the central Adirondacks near BXT, ar-
rived in 1797 (Smith 1885), and by the
early 1800s the region around the study
sites was beginning to be a focal point
for iron and charcoal production (Smith
1885; NYSDEC 2013). The 19™ century
began an era of resource extraction, with
charcoal manufacturing, iron production,
and logging the most important industries.
By 1885, an estimated two-thirds of the
Adirondack forests had been cut over at
least once (Schneider 1997). Public sen-
timent shifted toward preservation of the
Adirondack region, and the Adirondack
Forest Preserve was established in 1885
(Donaldson 1921). Today, the 2.5-million
hectare Adirondack Park is constitution-
ally protected by the state of New York
as a wilderness preserve, though logging
activities do occur on privately held tracts
within the park. The resident population
is relatively low (est. 130,000) but high
numbers of tourists visit the Park each
year (est. 7-10 million/year).

Sample Collection

In April 2016, study site locations were
intensively searched for suitable (100+
rings, evidence of fire scars) living and
remnant red pine trees for sample collec-
tion. Full and partial basal cross-sections
(~20 cm thick) of trees were collected
using a chainsaw. Multiple cross-sections
were taken from some trees when visual
inspection suggested it was necessary to
capture the complete record available.
Cores from live red pine trees were also
collected using an increment borer at each
site to assist in cross-dating (Speer 2010).
Sample locations were determined using
a GPS unit, and slope degree and aspect
were recorded.

Fire Scar Dating

Cross-section and increment core surfaces
were prepared for analysis using an elec-
trical orbital sander with progressively
finer sandpaper (80 to 1200 grit) to reveal
cellular detail of annual rings and fire scar
injuries. There was great variability in the
structural integrity of sample surfaces.
Tree-ring widths were measured along a
radius (pith-to-bark) of each cross-section

with the least amount of ring-width vari-
ability due to injuries. All tree-rings were
measured to 0.01-mm precision using a
binocular microscope and a Velmex mea-
suring stage (Velmex, Bloomfield, NY,
USA). Tree-ring width series were visually
cross-dated using ring width plots (Stokes
and Smiley 1968) and verified statistically
using the COFECHA computer program
(Holmes 1983; Grissino-Mayer 2001a).
Cores from live trees aided in the construc-
tion of absolutely dated master ring width
chronologies for each site. Fire scars were
identified by the presence of callus tissue,
traumatic resin canals, liquefaction of resin,
and cambial injury (Smith and Sutherland
1999). The entire chronology of each sam-
ple was considered to have the potential to
record fire. Fire scar dates were assigned
to the year and, when possible, season of
cambial response to injury based on the
position within or between rings (Kaye
and Swetnam 1999; Smith and Sutherland
1999). Dormant-season scars were assigned
the date of the ring formed after the scar,
since this is the first evidence of cambial
response to the injury.

Analysis

We used FHX2 software (Grissino-Mayer
2001b) to construct fire event chronolo-
gies for each site, analyze fire intervals,
summarize fire scar seasonality, and graph
individual tree and composite fire intervals
(i.e., all fire events occurring at the site).
Fire interval summary statistics were
calculated for time periods when at least
three samples were in the record. Mean
fire intervals (MFIs) and summary statis-
tics were calculated using the composite
(site-level) fire intervals. Weibull median
fire intervals were recorded when Kolm-
ogorov-Smirnov (K-S) goodness-of-fit
tests indicated that the Weibull distribution
modeled the interval data better than a
normal distribution (Grissino-Mayer 1999).
Lower and upper exceedance intervals
(LEI/UEI) were calculated to detect fire
intervals significantly longer or shorter
than the mean. Fire interval statistics were
stratified by two sub-periods that reflected
changes in human occupation and land use:
pre-1797, representing the era of primarily
Native American influence (NAI), and
1797-1909, representing the era of EAS.

Where a fire interval spanned both time
periods, interval data were assigned to the
era in which the majority of the interval
occurred. This applied to the 1815 fire
at PMT, which was included in the NAI
period calculations, and the 1913 fire at
PMT, which was included in the EAS era
statistics. Statistics were generally not
calculable for the NAI period due to the
low number of fire events at both sites (n
= 3 at PMT, n = 0 at BXT), though an
MFI was calculated for PMT as a mean of
the two fire intervals. Statistics were not
calculable for the period of fire protection,
which began ca. 1910 when a new wildfire
detection, prevention, and control plan
was implemented in the Adirondacks and
dramatically reduced the amount of losses
due to wildfire (Donaldson 1921).

Superposed Epoch Analysis (SEA) was
conducted in the Fire History Analysis
and Exploration System (FHAES v. 2.0.2;
Brewer et al. 2016) to explore the possible
association between regional drought con-
ditions and fire occurrence. Fire event years
were compared to reconstructed summer
season Palmer Drought Severity Indices
(PDSI) (Gridpoint 260; Cook et al. 2004)
to test whether climate was significantly
wetter or drier than expected the year of the
fire or during any of the 6 y preceding the
fire. The PDSI data were bootstrapped for
1000 simulated events to derive confidence
limits. Pearson correlation analysis was
also used to explore associations between
the percentage of trees scarred and drought
conditions for the years of fire.

RESULTS

At Baxter Mountain, cross-sections from
16 trees were collected, of which 13 were
cross-dated and included in the fire history
analysis. The tree-ring record spanned the
period from 1687 to 2010 (323 y) and
fire scar dates ranged from 1799 to 1880
(Figure 3). The average number of rings
per sample was 183 and ranged from 100
to 305. Thirty-five fire scars were dated,
representing a total of six fire years. Fire
intervals ranged from 6 to 28 y, and the
MFI was 16.2 y for the entire period of
record (Table 1). All fire years occurred
during the era of EAS (1797-1909).
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Figure 3. Fire-scar diagrams for Baxter Mountain and Potter Mountain, Adirondack Mountains, New York. Each horizontal line represents the lifespan of
an individual tree (sample number on right). Slanted or vertical lines at the earliest year shown for each sample indicate either the innermost ring or pith
date, respectively. Similarly, for the last year recorded, a slanted line indicates the outermost ring present, a vertical line indicates bark year. Bold vertical
lines are fire-scar years.
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Table 1. Summary statistics of fire scars and fire intervals by site and time periods. *Calculations include 1815 fire; **calculations include 1913 fire. NA
= not available.
Baxter Mountain Potter Mountain
NAI EAS All Years NAI EAS All Years
1689-1796 1797-1909  1689-1997 1611-1796* 1797-1909**  1611-2014
Scars (1) 0 35 35 5 36 41
Fire years (n) 0 6 6 3 9 12
MFI (years) NA 16.2 16.2 61 10 20
SD NA 8.1 8.1 NA 6.3 21
Range (years) NA 6-28 6-28 59-63 5-22 5-63
WMI (years) NA 15.7 15.7 NA 10.8 15.1
LEI (n) NA 7.9 (1) 7.9 (1) NA 4.9 (0) 3.5(0)
UEI (n) NA 24.8 (1) 24.8 (1) NA 18.4 (1) 40.4 (2)
Mean % scarred NA 64.3 64.3 22.4 22.2 22.2

At Potter Mountain, 23 samples were col-
lected, of which 22 were cross-dated and
included in the fire history analysis. The
tree-ring record spanned the period from
1577 to 2015 (438 y) and fire scar dates
ranged from 1693 to 1913 (Figure 3). The
average number of rings per sample was
233 and ranged from 139 to 413. Forty-one
fire scars were dated, representing a total of
12 different fire years. Fire intervals ranged
from 5 to 63 y, and the MFI was 20.0 y
for the entire period of record (Table 1).
Seventy-five percent of fire events occurred
during the era of EAS (1797-1909). Only
one fire (1913) was recorded following the
advent of fire protection activities in the
Adirondacks.

At both sites, the majority of seasonally
identifiable fire scars were formed in the
dormant season (Table 2). At BXT, grow-
ing-season fires occurred in 1811 and 1880;
at PMT, growing-season fires occurred in
1752 and 1862 (Figure 4). The sites had one
shared fire year (1862), but seasonality of
this fire year differed between the sites and
likely represents two separate fire events.

The SEA revealed no significant rela-
tionships between PDSI and fire events
at either site. Fire events were not as-
sociated with either wet or dry summer
conditions at any of the lag years tested.
No significant correlations were found
between percentages of trees scarred in
a fire year and reconstructed PDSI, even
during fire years with high percentages of

trees scarred. PDSI values for fire years
ranged from —1.7 (1840) to 3.0 (1815).
The driest year during the entire period
of record was 1748 (PDSI = —4.1), which
preceded by four years the growing season
fire at PMT in 1752.

NAI and EAS Periods

At PMT, two fire events occurred in the
NALI period (1611-1796; MFI = 59.0 y;
Table 1, Figure 4). One of these fires oc-
curred during the growing season (1752).
No fire scars were identified in the NAI
period at BXT.

At both sites, the majority of fire events
(BXT = 100%; PMT = 88%) occurred
during the era of EAS. At BXT, fires were
slightly less frequent (MFI = 16.2) but
scarred more trees on average (64.3%) than
at PMT (MFI = 10.0, mean % trees scarred
=22.2%; Table 1, Figure 4). Each site had

one significantly long fire interval during
this era (1817-1845 at BXT, 1862—-1884
at PMT; Figure 3). There was no evidence
of a climatic effect for these intervals: the
interval 1817-1845 had an average PDSI
of —=0.216, and the interval 1862—1884 had
an average PDSI of —0.589.

An Additional Observation of Interest

The year 1903 is a well-documented wide-
spread fire year in the Adirondacks, with
over 240,000 ha burned in April through
June (Suter 1904). No 1903 fire scars were
found at the study sites, which is corrob-
orated by a burned area map made soon
after the fires (Suter 1904). Interestingly,
however, a 1903 false ring was consistently
observed in our samples (58% of PMT
samples, 71% of BXT samples; Figure
5). A false ring is an intra-annual band of
small, thick-walled latewood-type cells
followed by the formation of large, thin-

Table 2. Percentages of fire scars by their position within or between rings.

Scar seasonality

Baxter Mountain

Potter Mountain

1689-1997 1611-2014
% Undetermined 429 51.2
% Dormant 343 39.0
% Earlywood 8.6 0.0
% Middle Earlywood 0.0 7.3
% Late Earlywood 0.0 0.0
% Latewood 14.3 2.4
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Figure 4. Percentage of trees scarred during fire years at BXT and PMT. Years with growing season fires
are denoted with an asterisk (*). Time periods separated by vertical dotted lines.

walled earlywood-type cells. False rings this study the 1903 false ring was found
are readily formed when a tree is young in mature individuals. False ring formation
and occur less often as a tree ages, but in ~ can frequently be attributed to a climatic

Figure 5. The 1903 false ring (right) found in many of the study samples, from a scan of sample BXT016
(left).

pattern of dry spring conditions followed
by wet summer conditions (Villalba and
Veblen 1996; Wimmer et al. 2000; Ed-
mondson 2010), which appears to be the
case in this situation. Over a 51-day period,
from April 16 to June 7, less than five
mm of rain fell in the Adirondacks (Suter
1904). The combination of this spring
drought, significantly lower snowfall in
the preceding winter months, high levels
of logging debris, and abundant anthropo-
genic ignition sources led to the widespread
severe fires (Suter 1904). The reconstructed
summer drought index (PDSI) for 1903 is
2.568 (very wet), which does not reflect
the anomalous spring drought of that year.
False rings located in older portions of
trees are potentially useful indicators of
historical spring drought conditions condu-
cive to extensive growing season wildfire
occurrence in the Northeast.

DISCUSSION

Fire Regime

Historical fire frequency at the study sites
was generally characterized by infrequent
fire during the NAI period, followed by a
period of increased fire frequency during
EAS and associated land use changes,
followed by a cessation of fire after the
advent of fire protection policies. During
the NAI period, only two fire events were
recorded at Potter Mountain, yielding an
MFI of 61.0 y. At Baxter Mountain, sample
trees recorded 110 y before the first fire
scar in 1799. The long fire intervals at our
study sites are similar to or longer than
those found by other red pine fire history
studies in the northeastern United States.
In northern Pennsylvania, four study sites
had pre-settlement MFIs ranging from 16
to 57 y (Brose et al. 2013; Stambaugh et
al. 2018). Three of the Pennsylvania sites
each had one 100+ year-long fire-free in-
terval in the presettlement era, similar to
both of the Adirondack sites. In Vermont
red pine stands, Mann et al. (1994) found
a presettlement MFI of 23 y (Brose et al.
2014), with the longest fire-free intervals
around 40 y.

These data support the notion that wild-
fires were relatively infrequent in the Ad-
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irondacks in the century preceding EAS.
Naturally ignited fires are uncommon in
the Adirondacks as lightning strikes are
relatively rare (<1 flash/km?/yr; Ziegler
2007) and are typically accompanied by
rain. We surmise that human-caused fires
in the century prior to EAS were also
likely uncommon, as Native American
populations were low compared to other
regions of the northeastern United States
(Donaldson 1921; Schneider 1997; Ziegler
2007) and the Mohawk tribe, the main
inhabitants of the surrounding region,
suffered substantial depopulation in the
17 century due to warfare and disease
(Schneider 1997). In addition to an overall
low ignition potential prior to EAS, spread
of ignitions was further limited by the low
flammability of the surrounding northern
hardwoods forests that are predominant
in the Adirondacks, which have been
described as “asbestos forests” (Ziegler
2007). While fire was very infrequent at
PMT, and absent at BXT in the pre-EAS fire
scar record, it did occur more often at PMT
than the 200-600+ year fire rotation that
has been suggested for pine forests within
the northern hardwoods region (Bormann
and Likens 1979; Fahey and Reiners 1981).
This and the other red pine studies in the
Northeast suggest that pockets of more
frequent fire occurred within a larger ma-
trix of less-flammable northern hardwood
forests in the northeastern United States
(Bormann and Likens 1979; Engstrom and
Mann 1991; Mann et al. 1994), and that
existing red pine stands in the Adirondacks
are an artifact of historical fire occurrence.

Definitive answers as to the source of
ignitions in the NAI era remain elusive
for the Adirondack sites. Seasonality of
fire scars can sometimes shed light on the
ignition sources of historical fires but is of
limited usefulness in this study. Only two
fires were recorded at one site, one growing
season and one dormant. Dormant-season
scars are typically associated with human
ignitions due to patterns of human-caused
fire seasonality in modern times. However,
these scars could be formed at the very end
of dormancy in late spring and, although
normally outside of the lightning-strike
season, could conceivably represent
lightning-ignited fires (Lafon et al. 2017).
Lightning has been shown to be a histori-

cally important source of ignitions at high-
er-elevation red pine sites within a northern
hardwood landscape in Michigan (Muzika
etal. 2015). Conversely, despite low human
population densities in the Adirondacks,
humans were hunting and travelling in
the area and could have been the ignition
source for fires in any season. Indeed, as
perpetual “keepers of the flame,” Native
Americans possessed the ability to light
fires whenever and wherever they wanted,
provided that conditions were conducive
to burning (Abrams and Nowacki 2008).

Fire frequency increased at both sites
following the arrival of EuroAmerican
settlers to the region, a pattern documented
at other fire history sites in the north-
eastern United States (Brose et al. 2015;
Marschall et al. 2016; Stambaugh et al.
2018). As population density increased,
the fire regime shifted to one controlled
by anthropogenic ignitions, usually at-
tributable to land clearing, promotion of
browse for domestic animals and game, and
also industrial activities such as logging,
charcoal and iron production, and railroads.
Surveyor records in Essex and Clinton
counties indicate that extensive cutting
and burning of red pine stands had already
occurred early in the EAS period (before
1820; Cook et al. 1952). The majority of
seasonally identifiable scars were formed
in the dormant season (~September—-May),
a pattern that continues to present day.
Recent wildfire statistics for New York
(1992-2016) indicate a great majority
of wildfires continue to occur in the late
winter/early spring months and are largely
attributable to human ignitions (NYSDEC
2016). The period of more frequent fire
due to EAS ended around 1910 when the
advent of fire control policies and practices
dramatically reduced the acreage burned
by wildfires (Donaldson 1921).

We found a marked contrast between the
two study sites in percent trees scarred in
fire events, with BXT exhibiting a gen-
erally higher percentage of trees scarred
than PMT. This is likely attributable to
topoedaphic and sample spatial distribution
differences between the sites (Figure 2).
The local topography of PMT is char-
acterized by steep, rugged cliffs, with
extensive areas of exposed rock, which

likely disrupted fuel continuity and fire
spread, whereas BXT has no cliffs and
much less area composed of exposed rock.
Samples at BXT were spatially clustered
(max. distance between samples = 340.3 m)
and were more likely to have synchronous
scarring, while samples at PMT were sep-
arated by greater distances (max. distance
between samples = 2446.0 m) along the
cliff edges and therefore less likely to have
synchronous scarring.

The relationship between summer drought
conditions and fire occurrence at the study
sites was not statistically significant, a
result found at other red pine fire his-
tory sites in the Northeast (Brose et al.
2015; Stambaugh et al. 2018). While not
statistically significant in this analysis,
climate was certainly part of a suite of
factors influencing fire occurrence both
before and after EAS. In Vermont red
pine stands similar to those in this study,
Mann et al. (1994) surmised that histori-
cal fire occurrence was a function of the
interaction between climate and the time
required for sufficient fuel accumulation,
and drought conditions corresponded to fire
only when fuel conditions were optimal. In
this study, prior to EAS, fires were likely
similarly the result of interactions among
fuel accumulation, topoedaphic conditions,
and climate, coupled with occasional
lightning/human ignitions. EuroAmeri-
can settlement increased the frequency
of ignitions, disrupting the long cycle of
climate and fuel accumulation that existed
previously. Humans override the influence
of climate on fire occurrence through in-
creased ignitions, artificial lengthening of
the fire season, fuel fragmentation, land
use changes, and altered spatial occurrence
of fires across the landscape (Syphard et
al. 2017). While ignitions are much more
suppressed in modern times compared to
the era of EAS, anthropogenic ignition
pressure, in conjunction with fuel con-
ditions and weather factors (e.g., high
wind speeds), remains the primary driver
of large fires in the eastern United States
(Nagy et al. 2018).

Red Pine Ecology and Conservation

Successful red pine regeneration requires
that three conditions be met: bare mineral
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seed bed, lack of competing vegetation in
the understory, and openings in the forest
canopy allowing increased light in the un-
derstory (Van Wagner 1970). A relatively
high-severity fire is the only natural distur-
bance known to simultaneously provide all
three conditions. On more productive sites
(e.g., Great Lakes region), recurring light
surface fires may also be required to control
the competing hardwood brush (Gilmore
and Palik 2005), but on low productivity,
shallow-to-bedrock sites (e.g., mountain-
ous Northeast sites), topoedaphic factors
can naturally provide suitable understory
conditions for red pine regeneration (Cook
et al. 1952; Van Wagner 1970).

At PMT, many sampled trees were estab-
lished during the 59-year fire-free interval
following the 1693 fire, and a smaller
cohort of sample trees established during
the 22-year interval between 1862 and
1884. At BXT, the oldest sampled trees
had similar pith dates and represent a co-
hort formed after an unknown disturbance
(possibly fire) ca. 1675. A second cohort
at BXT formed during the 28-year interval
following the widespread fire of 1817.
These observations of associated fire events
and regeneration cohorts correspond well
with the known ecological requirements of
red pine (Stambaugh et al. 2019). A trend
may exist whereby successful red pine re-
generation and cohort establishment tends
to correspond to long fire-free intervals,
possibly following severe fires.

Based on red pine ecological requirements,
age cohorts, and fire scars, our data suggests
that high-intensity canopy-opening fires
have occurred approximately once every
120-170 y prior to EAS, with more fre-
quent low-intensity fires occurring during
the EAS period. Red pine is known to
thrive in rough topography where small-
scale variability in fire intensity occurs
(Van Wagner 1970), and this is reflected
in the fire-scar records of the study sites.
The presence of young, small-diameter
trees with fire scars at the sites suggests
that these were either light surface fires or
fires with spatially variable fire intensity.
Red pine bark is too thin and flammable
until about age 50 to survive high-intensity
fires, and young red pines are susceptible
to crown scorch (Van Wagner 1970). In

addition, mature red pines are extremely
vulnerable to crown scorch and death when
surface fires are too intense (Van Wagner
1970). Even during the canopy-opening,
regeneration-stimulating fire years, many
mature sample trees survived, indicating
these fires must have been patchy in their
intensity. Since successful red pine regener-
ation is dependent on a sufficiently intense
fire corresponding with a good seed crop,
which only occurs approximately once
every five y (Van Wagner 1970), not all
canopy-opening fires necessarily lead to
red pine recruitment (Engstrom and Mann
1991), so the frequency of higher severity
fires may be underestimated.

CONCLUSIONS

Red pine—dominated ecological commu-
nities on rocky summits in New York are
considered vulnerable and at moderate risk
of extinction due to their restricted range
and relatively low number of populations or
individuals (Edinger et al. 2014). Red pine
is unique from other pine species in that
it is known to have extremely low genetic
diversity, which may negatively impact the
species’ ability to adapt to changing envi-
ronments (Mosseler 1992). The potential
consequences of climate change on these
vulnerable populations, including increased
risk of high-severity wildfires due to warm-
er and drier conditions (Huntington et al.
2009; Clifford and Booth 2013; Guyette et
al. 2014) and range expansion of formerly
absent pathogens and pests (e.g., southern
pine beetle [Dendroctonus frontalis]) into
northeastern forests (Dodds et al. 2018),
could be devastating (Mohan et al. 2009).
Local extinction of small populations of
red pine is possible with only one high-in-
tensity wildfire (Mosseler 1992).

In the face of these threats, quantitative fire
history information can be used to guide
management decisions that increase the
chances for sustaining these ecologically
important natural communities. While red
pine may persist in the absence of fire on
individual dry and rocky sites where com-
peting vegetation is at a minimum, other
sites may require the intentional use of fire
to sustain the species. Historically, a fire
regime of infrequent, patchy, low-intensity
fires and occasional higher-intensity fires

created and sustained natural red pine
communities in the Adirondacks. Today,
ignitions are suppressed and landscapes are
more fragmented, meaning that intentional
fire or mechanical treatments that emulate
the effects of fire are likely required to
ensure red pine regeneration and perpet-
uation. While the future of these commu-
nities is uncertain in a changing climate,
management for regeneration and reduced
vulnerability to catastrophic loss may be
the best path for preservation of natural
red pine communities in the Adirondacks.

ACKNOWLEDGMENTS

We are grateful to Ben Pokon, Eric Ross,
Sean Ross (Lyme Adirondack Forest
Company, LLC), and Robert Daley (New
York State Department of Environmental
Conservation) for study site identification
assistance and sampling permission.

ErinAbadir is a Senior Research Technician
with the Missouri Tree-Ring Laboratory at
the School of Natural Resources, University
of Missouri-Columbia. She participates in
all aspects of research conducted at the
Missouri Tree-Ring Laboratory, which
includes studies of fire history, historic
climate and environmental conditions,
and forest health and disturbance history.

Joseph Marschall is a Senior Research
Specialist with the Missouri Tree-Ring
Laboratory at the School of Natural Re-
sources, University of Missouri-Columbia.
He is involved in all aspects of research at
the Missouri Tree-Ring Laboratory, which
includes studies of fire history, historic
climate and environmental conditions, and
forest health and disturbance history. In
addition to his research with the Missouri
Tree-Ring Laboratory, he is coordinator
of the Oak Woodlands and Forests Fire
Consortium, part of the Joint Fire Science
Program’s Fire Science Exchange Network.

Daniel Dey is a Research Forester and
Project Leader with the USDA Forest
Service, Northern Research Station. His
research is broadly focused on silvicultural
practices in relation to forest regeneration
and restoration management practices in

234 Natural Areas Journal

Volume 39 (2), 2019



the Central Hardwoods and Great Lakes
regions. His research on vegetation and
fire history in oak and oak—pine forests
provides an ecological foundation for forest
restoration work.

Michael Stambaugh is an Associate Re-
search Professor with the School of Natural
Resources, University of Missouri, and the
director of the Missouri Tree-Ring Labora-
tory. His research focuses on the ecology
and management of a range of ecosystems,
from forests to grasslands, and commonly
uses dendrochronology.

LITERATURE CITED

Abrams, M.D., and G.J. Nowacki. 2008. Native
Americans as active and passive promoters
of mast and fruit trees in the eastern USA.
The Holocene 18(7):1123-1137.

Bergeron, Y., and J. Brisson. 1990. Fire regime
in red pine stands at the northern limit of
the species’ range. Ecology 71:1352-1364.

Bormann, FH., and G.E. Likens. 1979. Cata-
strophic disturbance and the steady state in
northern hardwoods forests: A new look at
the role of disturbance in the development
of forest ecosystems suggests important
implications for land-use policies. American
Scientist 67:660-669.

Braun, E.L. 1950. Deciduous Forests of East-
ern North America. MacMillan Publishing,
New York.

Brewer, P.W., M.E. Veldsquez, E.K. Sutherland,
and D.A. Falk. 2016. Fire History Analysis
and Exploration System (FHAES) version
2.0.2 [computer software]. <http://www.
fhaes.org> <doi:10.5281/zenodo.34142>.

Brose, PH., D.C. Dey, R.P. Guyette, J.M.
Marschall, and M.C. Stambaugh. 2013.
The influence of drought and humans on
the fire regimes of northern Pennsylvania,
USA. Canadian Journal of Forest Research
43:757-767.

Brose, PH., D.C. Dey, and T.A. Waldrop.
2014. The fire-oak literature of eastern
North America: Synthesis and guidelines.
General Technical Report NRS-135, USDA
Forest Service, Northern Research Station,
Newtown Square, PA.

Brose, P.H., R.P. Guyette, J.M. Marschall, and
M.C. Stambaugh. 2015. Fire history reflects
human history in the Pine Creek Gorge of
north-central Pennsylvania. Natural Areas
Journal 35:214-223.

Clifford, M.J., and R.K. Booth. 2013. Increased

probability of fire during late Holocene
droughts in northern New England. Climatic
Change 119:693-704.

Cogbill, C.V. 2000. Vegetation of the preset-
tlement forests of northern New England
and New York. Rhodora 102(911):250-276.

Cook, D.B., R.H. Smith, and E.L. Stone 1952.
The natural distribution of red pine in New
York. Ecology 33:500-512.

Cook, E.R., D.M. Meko, D.W. Stahle, and M.K.
Cleaveland. 2004. North American summer
PDSI reconstructions. World Data Center for
Paleoclimatology Data Contribution Series
#2004-045. <http://www.ncdc.noaa.gov/
paleo/newpdsi.html>.

Cressey, G.B. 1977. Land Forms. Pp. 19-53
in J.H. Thompson, ed., Geography of New
York State, Paperback Edition. Syracuse
University Press, New York.

Day, G.M. 1953. The Indian as an ecological
factor in the northeastern forest. Ecology
34:329-346.

Dodds, K.J., C.F. Aoki, A. Arango-Velez, J.
Cancelliere, A.W. D’Amato, M.F. DiGi-
rolomo, and R.J. Rabaglia. 2018. Expansion
of southern pine beetle into Northeastern
forests: Management and impact of a pri-
mary bark beetle in a new region. Journal
of Forestry 116:178-191.

Donaldson, A.L. 1921. A History of the Ad-
irondacks, Volumes 1 and 2. The Century
Co., New York.

Edinger, G.J., D.J. Evans, S. Gebauer, T.G.
Howard, D.M. Hunt, and A.M. Olivero,
eds. 2014. Ecological Communities of New
York State. Second Edition. A Revised
and Expanded Edition of Carol Reschke’s
Ecological Communities of New York State.
New York Natural Heritage Program, New
York State Department of Environmental
Conservation, Albany.

Edmondson, J.R. 2010. The meteorological
significance of false rings in eastern red-
cedar (Juniperus virginiana L.) from the
southern Great Plains, U.S.A. Tree-Ring
Research 66:19-33.

Engstrom, F.B., and D.H. Mann. 1991. Fire
ecology of red pine (Pinus resinosa) in
northern Vermont, USA. Canadian Journal
of Forest Research 21:882-889.

Fahey, T.J., and W.A. Reiners. 1981. Fire in
the forests of Maine and New Hampshire.
Bulletin of the Torrey Botanical Club
108:362-373.

Flannigan, M.D. 1993. Fire regime and the
abundance of red pine. International Journal
of Wildland Fire 3:241-247.

Frost, C.C. 1998. Presettlement fire frequency
regimes of the United States: A first approxi-
mation. Proceedings of the Tall Timbers Fire

Ecology Conference 20:70-81.

Fuller, J.L., D.R. Foster, J.S. McLachlan, and
N. Drake. 1998. Impact of human activity on
regional forest composition and dynamics in
central New England. Ecosystems 1:76-95.

Gilmore, D.W., and B.J. Palik. 2005. A revised
manager’s handbook for red pine in the North
Central region. General Technical Report
NC-264, USDA Forest Service, North Cen-
tral Research Station, St. Paul, MN.

Goldblum, D., and L.S. Rigg. 2010. The decidu-
ous forest—boreal forest ecotone. Geography
Compass 4:701-717.

Grissino-Mayer, H.D. 1999. Modeling fire
interval data from the American Southwest
with the Weibull distribution. International
Journal of Wildland Fire 9:37-50.

Grissino-Mayer, H.D. 2001a. Evaluating cross-
dating accuracy: A manual and tutorial for
the computer program COFECHA. Tree-
Ring Research 57:205-221.

Grissino-Mayer, H.D. 2001b. FHX2-Software
for analyzing temporal and spatial patterns
in fire regimes from tree rings. Tree-Ring
Research 57:115-124.

Guyette, R.P., and D.C. Dey. 1995. A presettle-
ment fire history in an oak-pine forest near
Basin Lake, Algonquin Park, Ontario. Forest
Research report No. 132, Ontario Forest
Research Institute, Sault Ste. Marie, ON.

Guyette, R.P., M.C. Stambaugh, D.C. Dey, and
R. Muzika. 2012. Predicting fire frequency
with chemistry and climate. Ecosystems
15:322-335.

Guyette, R.P.,, ER. Thompson, J. Whittier, M.C.
Stambaugh, and D.C. Dey. 2014. Future fire
probability modeling with climate change
data and physical chemistry. Forest Science
60:862-870.

Guyette, R.P,, M.C. Stambaugh, D.C. Dey, J.M.
Marschall, J. Saunders, and J. Lampereur.
2016. 350 years of fire-climate-human
interactions in a Great Lakes sandy out-
wash plain. Forests 7(9):189. <https://doi.
org/10.3390/£7090189 >.

Heinselman, M.L. 1973. Fire in the virgin
forests of the Boundary Waters Canoe Area,
Minnesota. Quaternary Research 3:329-382.

Holmes, R.L. 1983. Computer-assisted quality
control in tree-ring dating and measurement.
Tree-Ring Bulletin 43:69-78.

Huntington, T.G., A.D. Richardson, K.J. Mc-
Guire, and K. Hayhoe. 2009. Climate and
hydrological changes in the northeastern
United States: Recent trends and implica-
tions for forested and aquatic ecosystems.
Canadian Journal of Forest Research
39:199-212.

Isachsen, Y.W., and D.W. Fisher. 1970. Geo-

Volume 39 (2), 2019

Natural Areas Journal 235



logic Map of New York—Adirondack Sheet,
1:250,000 (reprinted 1995). New York State
Museum and Science Service, Map and
Chart Series No. 15. Albany.

Johnson, L.B., and K.F. Kipfmueller. 2016.
A fire history derived from Pinus resinosa
Ait. for the islands of eastern Lac La Croix,
Minnesota, USA. Ecological Applications
26:1030-1046.

Kaye, M.W,, and T.W. Swetnam. 1999. An
assessment of fire, climate, and Apache
history in the Sacramento Mountains, New
Mexico. Physical Geography 20:305-330.

Lafon, C.W., A.T. Naito, H.D. Grissino-Mayer,
S.P. Horn, and T.A. Waldrop. 2017. Fire
history of the Appalachian region: A review
and synthesis. General Technical Report
SRS-219, USDA Forest Service, Southern
Research Station, Asheville, NC.

LeBoeuf, K.A. 2014. Holocene vegetation,
hydrology, and fire in the north-central
Adirondacks of New York. Master’s thesis,
Lehigh University, Bethlehem, PA.

Lorimer, C.G. 1977. The presettlement forest
and natural disturbance cycle of northeastern
Maine. Ecology 58:139-148.

Mann, D.H., EB. Engstrom, and J.L. Bubier.
1994. Fire history and tree recruitment in

an uncut New England forest. Quaternary
Research 42:206-215.

Marschall, J.M., M.C. Stambaugh, B.C. Jones,
R.P. Guyette, P.H. Brose, and D.C. Dey.
2016. Fire regimes of remnant pitch pine
communities in the Ridge and Valley region
of central Pennsylvania, USA. Forests 7:224.

Mohan, J.E., R.M. Cox, and L.R. Iverson. 2009.
Composition and carbon dynamics of forests
in northeastern North America in a future,

warmer world. Canadian Journal of Forest
Research 39:213-230.

Mosseler, A. 1992. Life history and genetic
diversity in red pine: Implications for gene
conservation in forestry. Forestry Chronicle
68:701-708.

Muzika, R.M., R.P. Guyette, M.C. Stambaugh,
and J.M. Marschall. 2015. Fire, drought, and
humans in a heterogeneous Lake Superior
landscape. Journal of Sustainable Forestry
34:49-70.

Nagy, R.C., E. Fusco, B. Bradley, J.T. Abat-
zoglou, and J. Balch. 2018. Human-related
ignitions increase the number of large
wildfires across U.S. ecoregions. Fire 1(1):4.
<http://dx.doi.org/10.3390/fire1010004>.

[NYSDEC] New York State Department of
Environmental Conservation, Division of
Land and Forests. 2004. Unit Management
Plan, Giant Mountain Wilderness Area and
Bouquet River Primitive Area.

[NYSDEC] New York State Department of
Environmental Conservation, Division of
Land and Forests. 2013. Unit Management
Plan, Taylor Pond Management Complex.

[NYSDEC] New York State Department of
Environmental Conservation, Division of
Forest Protection. 2016. Annual Report.

Patterson, W.A. III. 2006. The paleoecology of
fire and oaks in Eastern forests. Pp. 136-149
in M.B. Dickinson, ed., Fire in eastern oak
forests: Delivering science to land managers.
General Technical Report NRS-P-1, USDA
Forest Service, Northern Research Station,
Newtown Square, PA.

Schneider, P. 1997. The Adirondacks: A History
of America’s First Wilderness. Henry Holt
and Co., New York.

Smith, G.W. 2010. Soil Survey of Essex County,
New York. USDA Natural Resources Con-
servation Service.

Smith, H.P,, ed. 1885. History of Essex County
with Illustrations and Biographical Sketches
of Some of its Prominent Men and Pioneers.
D. Mason and Co., Syracuse, NY.

Smith, K.T., and E.K. Sutherland. 1999. Fire-
scar formation and compartmentalization in
oak. Canadian Journal of Forest Research
29:166-171.

Speer, J.H. 2010. Fundamentals of Tree-Ring
Research. University of Arizona Press,
Tucson.

Stambaugh, M.C., .M. Marschall, E.R. Abadir,
B.C. Jones, P.H. Brose, D.C. Dey, and R.P.
Guyette. 2018. Wave of fire: An anthropo-
genic signal in historical fire regimes across
central Pennsylvania, USA. Ecosphere
9(5):€02222.

Stambaugh, M.C., J.M. Marschall, E.R. Aba-
dir, B.C. Jones, P.H. Brose, D.C. Dey, and
R.P. Guyette. 2019. Successful hard pine
regeneration and survival through repeated
burning: An applied historical ecology ap-
proach. Forest Ecology and Management
437:246-252.

Starbuck, D.R. 2018. Archeology in the Adiron-
dacks: The Last Frontier. University Press of
New England, Hanover and London.

Stewart, O.C. 2002. Forgotten Fires: Native
Americans and the Transient Wilderness.
University of Oklahoma Press, Norman.

Stokes, M.A., and T.L. Smiley. 1968. Intro-
duction to Tree-Ring Dating. University of
Chicago Press, Chicago, IL.

Suter, H.M. 1904. Forest Fires in the Adiron-
dacks in 1903. Circular No. 26, Bureau of
Forestry, US Department of Agriculture.

Syphard, A.D., J.E. Keeley, A.H. Pfaff, and
K. Ferschweiler. 2017. Human presence
diminishes the importance of climate in
driving fire activity across the United States.
Proceedings of the National Academy of
Sciences USA Early Edition. <https://doi.
org/10.1073/pnas.1713885114>.

Trevail, T.D. 2006. Soil Survey of Clinton

County, New York. USDA Natural Resourc-
es Conservation Service.

Van Wagner, C.E. 1970. Fire and red pine. Pro-
ceedings of the Tall Timbers Fire Ecology
Conference 10:211-219.

Villalba, R., and T.T. Veblen. 1996. A tree-ring
record of dry spring-wet summer events in
the forest-steppe ecotone, northern Patago-
nia, Argentina. Pp. 107-116 in J.S. Dean,
D.M. Meko, and T.W. Swetnam, eds., Tree
Rings, Environment, and Humanity. Ra-
diocarbon, University of Arizona, Tucson.

Wimmer, R., G. Strumia, and F. Holawe.
2000. Use of false rings in Austrian pine to
reconstruct early growing season precipita-
tion. Canadian Journal of Forest Research
30:1691-1697.

Ziegler, S.S. 2007. Postfire succession in an
Adirondack forest. Geographical Review
97:467-483.

236 Natural Areas Journal

Volume 39 (2), 2019





