
In a nutshell
• Records from red pine remnants provide the longest fire-

scar record in eastern North America (1402-1966 CE), 
offering unique foundational ecological information 
regarding pre-Columbian fire regimes of central 
Appalachian fire-dependent forest communities. 

• Fire scars provide physical evidence that fire was an 
important ecological force in this landscape before and 
after Euro-American colonization and that the modern 
period of reduced fire activity is unprecedented in the 500 
years prior to the onset of the fire exclusion era (ca. 1915). 

• The historical fire regime was dominated by frequent 
dormant season fires, detected at relatively small spatial 
extents (e.g., mean fire extent detected (1620-1966) = 4.1 
km2), resulting in a forest community characterized by a 
spatially and temporally transient patchwork of varying 
vegetation age and structures.

• Fire activity through time was associated with known 
changes in regional human cultures. Ignitions were largely 
human caused based on lack of regional lightning ignitions, 
and fire extent and landscape-scale scarring synchrony 
were modulated by drought.

• Beyond fire scars, the ubiquitous distribution and ages of 
red pine remnant wood relative to the paucity of living red 
pine provides evidence that this fire-dependent species was 
historically a much more important component here than it 
is today. 

• The conservation of many remaining central 
Appalachian red pine ecosystems will require 
human engagement and recurring prescribed fire for 
successful regeneration and perpetuation in the face 
of increasing pressures.
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Tree rings and fire scars recovered from 267 red 

pine (Pinus resinosa) trees across a north-central 

Pennsylvania, USA, landscape (34.4 km2) deliver 

an unmistakable and clear message regarding 

the conservation of red pine communities in the 

central Appalachians in light of land-use and 

climate change pressures, including rapidly 

northward advancing southern pine beetle 

(Dendroctonus frontalis) populations.  

Map showing the temporal and spatial distribution of 267 fire-scarred red pine trees sampled across a landscape in north-central Pennsylvania, USA. 
White dashed lines indicate approximate locations of documented Native American paths (Wallace 1965), white italicized sample numbers and black-
dashed arrows indicate locations for the four oldest trees in the study, and one tree of special interest (BHA006) which recorded nine fires between 
1535-1564, a period for which very few fire scars have been recovered in the eastern US. 

Fire history chart (FHAES v. 2.0.2, Brewer et al. 2016) for the studied landscape in 
north-central Pennsylvania, USA. Horizontal lines represent the tree-ring record for 
individual trees; bold vertical ticks on horizontal lines indicate fire scar years. On the left 
ends of lines, vertical ends indicate pith years, and diagonal ends indicate inner-most 
ring year (unknown number of rings missing to pith). On the right ends of lines, 
diagonal ends indicate outer-most ring years (unknown number of rings missing to 
bark). At the bottom of the graph, a composite record of all fire event years recorded at 
the site is shown. The inset figure on the left shows all trees (n=267) included in the 
study, the central graph shows the oldest 50 trees in record (marked by black dashed 
line in inset). The four lowest lines (with sample no. labels) in the central graph 
represent four trees sampled in the course of previous research (Marschall et al. 2019) 
at the site that previously did not crossdate due to insufficient overlap with existing 
local tree-ring growth chronologies. The red dashed line encompasses the 10 oldest 
trees collected in subsequent targeted sampling efforts, which allowed for the four 
previously undatable trees to be crossdated (Marschall et al. in press). 

Time series plot for the time period recorded by red pine tree-rings (1370–2016) across the 
entire study area showing 11-year moving mean and annual values for the percentage of trees 
recording scarred per fire year (Marschall et al. in press).  

Sample no. IV2003 (see map and fire history chart) with fire scars and years labeled, a red pine remnant which contained the oldest known 
fire scars in eastern North America. White dashed lines indicate where the two cross-sections pictured at left were removed. This sample 
spanned the years 1370-1710 and had fire scars (indicated by white arrows) from 19 different fire events.

Left: Red pine remnants (circled in red, and in foreground) are abundant in the studied landscape, though the modern forest is nearly 
entirely comprised of hardwood tree species (e.g., Quercus montana, Q. rubra, Acer rubrum). Multiple red pine remnants exhibiting 
evidence of historical turpentine collecting practices (i.e., ‘box cuts’) were observed in the study area (e.g., foreground, tree-ring record of 
1755-1905). Right: Small (e.g., 0.5-5.0 ha), nearly pure, stands of red pine are scattered throughout the hardwood-dominated forest 
primarily found on west-facing slopes. 

Red pine remnants were found in the uplands of Pennsylvania State Game 037, located in Tioga Co., Pennsylvania, USA. Photo centered on landform 
Bald Hill, taken from near sample no. PKH007 (see map) on Park Hill. 

Above: Scatterplot of relative fire extent (RFE, based on 
locations of fire-scarred and not-scarred red pines trees) 
(see Marschall et al. 2019) and the percentage of trees 
scarred (scarring synchrony) in the fire-extent area 
(%ScarFE) for the time period 1620-1914. Red dashed line 
marks the mean RFE value (15.9%), blue dashed line 
depicts the mean %ScarFE value (40.5%). Fire years were 
grouped into four categories separated by mean values (I) 
small RFE/low %ScarFE; (II) small RFE/high %ScarFE; (III) 
large RFE/high %ScarFE; and (IV) large RFE/low %ScarFE. 
Filled circles indicate fire years reported by Brose et al. 
(2015) at two or more red pine fire history study sites 
located ~40–60 km to the southwest (Marschall et al. 
2019).
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Below: Frequency distributions of red pine regeneration by 
years since fire (white bars, left axis). Black line represent 
best-fit distribution functions (see Stambaugh et al. 2019, 
Table 1) that estimate percent of tree occurrences in years 
since fire (right axis). The black arrow indicate location of 
the 50% quantile (Stambaugh et al. 2019).

Results of superposed epoch analyses (SEA) which 
compared moisture conditions (Palmer Drought 
Severity Index, PDSI (Cook et al. 2014)) six years before 
and four years after fire events, conducted separately 
for different fire size and scarring categories, (A) 
relative fire extent: percentage of area recording 
included in fire-extent area per fire year; (B) 
percentage of trees recording within fire-extent area 
scarred (%ScarFE); and (C) fire years for which fires 
were detected on more than one landform. Time 
period for all, 1620–1914; gray horizontal lines show 
confidence intervals at the 0.05 level; gray bars indicate 
years where conditions are significantly different than 
expected. Year of fire is lag year = 0 (Marschall et al. 
2019).

Far-left: Cumulative distribution of 
trees based on 267 dead and live 
trees sampled for fire history (arrows 
indicate abrupt changes in the 
number of trees entering the record 
in the early 1600s and mid-1700s). 
Near-left: Timing of tree 
establishment years (radial axis) by 
aspect. Note that the trees most 
recently established (late 1800s) are 
predominately on west-facing 
aspects, while in earlier periods trees 
established on a wider range of 
aspects (Marschall et al. in press).  
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