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ABSTRACT.—Due to the paucity of long-term fire chronologies in the upper Midwest, we
studied basal cross-sections dating back to 1822 and the impacts of recent fire suppression in
pine and oak stands on the Menominee Indian Reservation in northeast Wisconsin. A total of
93 fire events with a fire-return interval (FRI) of 5.9–17.7 y were recorded across all stands
before fire suppression activities in 1935. After 1935, we recorded 29 fires. Most stands have
only burned 0–3 times since 1935, and only four of 16 stands yielded enough fire years to
calculate FRIs. Superposed Epoch Analysis (SEA) determined significantly lower Palmer
Drought Severity Index (PDSI) values 1 y before individual fire years. Fire wounding occurred
primarily in the dormant season and average tree diameter at time of wounding ranged from
7–30 cm. Current forest composition was dominated by white pine (Pinus strobus L.) and red
maple (Acer rubrum L.) overstories, whereas seedlings and saplings were predominantly
eastern hemlock (Tsuga canadensis (L). Carrière), witch-hazel (Hamamelis virginiana L.) and
sugar maple (A. saccharum Marsh.). Tree species recorded on similar soils in 19th Century
General Land Office surveys were mainly aspen (Populus), white pine and eastern hemlock.
We conclude that the combination of logging and decreased fire occurrence over the past
century resulted in a compositional shift from historic aspen, pine and oak forests towards
later successional northern hardwoods.

INTRODUCTION
In the Lake States, fire is thought to have been a recurring and pervasive ecological factor
in the historical development of regional forests (Maissurow, 1941; Curtis, 1959; Whitney,
1987). Prior to European settlement, forests supporting species such as jack pine (Pinus
banksiana Lamb.), northern pin oak (Quercus ellipsoidalis E.J. Hill), red pine (P. resinosa
Aiton), white pine (P. strobus L.) and aspen (Populus spp.) burned on average every 4–36 y
(Milfred et al., 1967; Heinselman, 1973; Wolf, 2004). Although lightning is an important
source of ignition in the western and southern U.S., it accounts for about 2% of fires in the
eastern U.S. (DeBano et al., 1998). Historically, lightning-caused fires may not have been as
frequent as fires set by Native Americans, even while considering the lowest possible
aboriginal population levels (Kay, 2007; Abrams and Nowacki, 2008). Curtis (1959) believed
so strongly in the use of fire by Native Americans that he credited them for the origin and
maintenance of nearly the entire vegetation complex of Wisconsin. However, the use of fire
by the Menominee Indians (Wisconsin’s oldest continuous residents; Mitchell and
Johannes, 2004), and its impact on forest ecosystems is largely unknown.
Following European settlement, wholesale logging throughout the Lake States from 1880
to 1900, the accumulation of logging slash and drought conditions resulted in devastating
fires throughout the Midwest (Pyne, 1982; Schulte et al., 2007). In response to fires in the
19th and early 20th centuries, fire suppression policies enacted in the 1920s effectively
removed fire from the landscape. In particular, the Midwest encountered the largest fire
reductions, where highly flammable grasslands, savannas and woodlands were converted to
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agricultural lands (Iverson and Risser, 1987; Anderson, 1998; Nuzzo, 1986). The
remaining oak savannas, brush prairies and pine barrens succeeded to closed forest
(Gleason, 1913; Cottam, 1949; Nowacki and Abrams, 2008). Continued fire suppression in
the 20th and 21st centuries has led to an increasing abundance of fire sensitive species
such as maple (Acer spp.) and beech (Fagus grandifolia Ehrh.), often replacing pyrogenic
vegetation that persisted before European settlement (McGee, 1984; Lorimer, 1985;
Abrams, 1998).
To better understand the historic role of fire in the development of pine and oak
ecosystems and the impacts of fire suppression we examined fire-scarred oak and pine crosssections and vegetation composition from select forest stands on the Menominee Indian
Reservation in northeastern Wisconsin. The Menominee Indian Reservation is unique
because it escaped wholesale logging that was common throughout the state of Wisconsin
in the late nineteenth and early 20th centuries, and it has been managed on a sustainedyield basis for nearly 160 y (Pecore, 1992). Although little is known about historical fires on
the Reservation, eyewitness accounts stated that fires burned frequently during the 19th
century (Keesing, 1939). Furthermore, the fact that old-growth trees exist on the
Reservation and that these trees are periodically harvested represents a rare opportunity
to study long-term fire history in the midwestern U.S. The specific objectives of the study
were as follows:
(1) Document the history of fire in mixed pine and oak forest stands.
(2) Record the present-day (2006–2007) overstory and understory forest composition and
size structure.
(3) Compile the pre-European settlement witness tree (19th century survey) data for select
areas of the Menominee Indian Reservation and make comparisons with present-day
composition.
METHODS
STUDY AREA

The Menominee Indian Reservation (45u09N, 88u419W) is located in northeastern
Wisconsin (Fig. 1). The Reservation, officially established by treaty in 1854 and 1856,
currently occupies 94,560 ha, of which approximately 89,000 ha are forested. The
topography, relief and drainage of the study area are primarily a result of the Wisconsin
glaciation about 15,000 y B.P. to 9500 y B.P. (Mitchell and Johannes, 2004). Elevation ranges
from 256–437 m above sea level. Drainage patterns are irregular throughout the Reservation
with lakes, marshes and bogs characterizing the landscape. Moderately fertile loam and
sandy loam soils range from moderately well drained to excessively drained and are
underlain by crystalline bedrock known as the Wolf River batholith granites (Mitchell and
Johannes, 2004). Common soil series include Keshena (Oxyaquic Glossudalfs) and Grayling
(Typic Udipsamments) of sandy outwash over loamy or silty glacial till with very low gravel
content.
The Menominee Indian Reservation exists in a northern temperate zone. The average
annual temperature is 4.7 C, with extremes of 244 C in winter to +41 C in summer. The
average annual precipitation is 82 cm and varies from 46 cm to 96 cm per year. Of this total,
66% falls between Apr. and Sept. (Mitchell and Johannes, 2004). Average snowfall on the
Reservation is 119 cm, with snow typically remaining on the ground about 110 d per year
(Newman, 1967). The length of the frost season averages 126 d.
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FIG. 1.—Location of the Menominee Indian Reservation, Wisconsin, USA. Forest cover and
disturbances based on the 1914 logging operations map compiled by Earnest Brigham on the
Menominee Reservation, WI. This 1914 planning map was recreated with permission from Menominee
Tribal Enterprises
SITE SELECTION

Annual forestry reports and harvest maps, provided by Menominee Tribal Enterprises,
documented forest fires and harvesting on the Menominee Indian Reservation from 1927 to
present. Stands with evidence of fire before 1927 were targeted due to the paucity of fire
history records. Using a map of white pine, red pine, red oak (Quercus rubra L.) and
northern pin oak harvests from 1996–2007, numerous sites were examined for scarred
stumps, and a total of 16 sites were selected to reconstruct fire history.
Study sites for vegetation composition and structure were chosen based on the vegetation of
stands where tree cross-sections were harvested. Because cross-sections were cut from
shelterwood harvests, adjacent unharvested stands or unharvested stands in close proximity to
fire history study sites were chosen based on sites that were identical in their vegetation
classification utilized by Menominee Tribal Enterprises (MTE). In two instances, classification
of vegetation was identical among stands where cross sections were harvested and resulted in
14 different vegetation classifications. As a result, vegetation was sampled in 14 stands.
RECONSTRUCTION OF STAND FIRE HISTORIES

Forest stands were selected for study if they contained stumps with fire scars dating earlier
than 1927 that were free from excessive rot or damage. Sample size varied from 7–16 stumps
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per stand. The 173 stumps were re-cut with a chainsaw at 0.3 m. The cross-sections or wedges
were dried and sanded with increasingly finer sand paper to examine tree rings and fire
scars. Due to the large size of cross-sections, samples were often trimmed to remove non-fire
scarred wood with a band saw to ease handling and measurement. The samples were
examined for signature years to help identify missing, partial or false rings (Stokes and
Smiley, 1996). Signature years are years in which radial growth shows an abrupt decrease or
increase across samples and are often associated with years of drought or disturbance. Two
drought years, 1931 and 1988, were designated signature years and were used to cross date
the samples. Dates of fires were then recorded and seasonality of wounds, determined by
location within earlywood or latewood, was noted.
Variation in fire frequency was examined using fire-years from cross-sections and the fire
analysis software FHX2 (Grissino-Mayer, 2001). All fire years were plotted and composite fire
chronologies were developed for each stand as well as all stands combined. Composite filters
for major fires defined by Grissino-Mayer (1996) include percentage of samples scarred,
minimum number of samples and a minimum number scarred. Composite fire intervals for
all stands combined were evaluated using all fire-years (no filter), $10% of cross-sections
scarred, $25% of cross-sections scarred and for major fire events ($25% of cross-sections
scarred and a minimum of two cross-sections with the same recorded fire). KolmogorovSmirnov tests were then used to examine goodness-of-fit for fire interval data and to
determine whether normal or Weibull median probability interval (WMPI) distributions
should be used to model data. Weibull distributions are more flexible than normal
distributions and provide a better measure of central tendency for asymmetrical
distributions (Grissino-Mayer, 1996). Fire intervals were calculated using FHX2 beginning
with the first fire event within a stand and ending with the last fire event (Skinner and
Chang, 1996). Fire intervals were then evaluated for the time spanning the entire composite
and the periods before and after 1935 (the latter representing active fire suppression).
Palmer drought severity index (PDSI) data from 1800 to 2003 was obtained from the
nearest location to Menominee County (PDSI cell Id: 216) (Palmer, 1965; Cook et al., 2004).
The PDSI integrates temperature, precipitation and evapotranspiration into a measure of
soil moisture availability that is representative of conditions in the study area. Values
normally range from 24 (extremely dry) to +4 (extremely wet) while values near zero are
considered normal conditions (Palmer, 1965). Index values from 1800 to 1894 were
reconstructed from tree-ring chronologies and values from 1895 to 2003 were derived from
instrumental readings. The software program EVENT in the International Tree Ring Data
Bank (ITRDB) was used to examine whether there was a significant difference between
selected years and simulated values. Superposed epoch analysis (SEA) superposes a window
of time over an event (we examined the event year, 5 y prior and 5 y after) and average
corresponding climate indices for the years in question. Applying the list of fire intervals
and the superposed windows randomly to the series of PDSI values (1000 times), it is
possible to estimate confidence intervals via bootstrapping and compare them to mean
values at and around the actual fire events (Baisan and Swetnam, 1995; Grissino-Mayer and
Swetnam, 2000).
VEGETATION COMPOSITION AND STRUCTURE SAMPLING

During the summers of 2006 and 2007, 14 forest stands with similar dominant trees
species and densities to those areas selected for fire history analysis were surveyed for forest
composition and structure. Twenty circular nested plots per stand were systematically
located along transects at 20 m intervals. Transects were oriented to avoid edge effects.
Woody vegetation was surveyed and classified as overstory trees (§8 cm diameter breast
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height, dbh), saplings (tree species ,8 cm dbh and taller than 1.4 m tall) and seedlings
(tree species ,1.4 m tall). Within each stand, trees were tallied by dbh and species in plots
with a radius of 14.14 m, and each tree was classified as dominant, codominant,
intermediate or suppressed (Smith, 1986). Saplings and seedlings were tallied by species
using plots with a radius of 1.69 m and 1.26 m, respectively. For each overstory tree species, a
relative importance value was calculated as the average of the relative frequency (presence
or absence in plots), relative density (number of individuals) and relative dominance (basal
area) (Cottam and Curtis, 1956).
(Rel: FrequencyzRel: DensityzRel: Dominance)
Importance Value~
3
NINETEENTH CENTURY FOREST COMPOSITION

Prior to European settlement the Menominee Indian Reservation was described as a
mixed mesic forest of sugar maple (Acer saccharum Marsh.), hemlock (Tsuga canadensis (L.)
Carriére), beech, yellow birch (Betula alleghaniensis Britton) and basswood (Tilia Americana
L.), with extensive areas of sandy soils that supported open pine and northern pin oak (Kay,
1982). Reconstruction of historical dominant tree species was conducted by analyzing
General Land Office surveys of the Menominee Indian Reservation conducted from 1852–
1854 and 1891 on the Reservation. Soil map units (downloaded from USDA-NRCS Soil Data
Mart) were extracted from the 14 forest composition and structure stands using ArcMap 9.3.
All soil map units within the Reservation that matched the 14 forest composition and
structure stands were then extracted and the dominant tree species recorded at corners and
quarter-section corners that overlapped with extracted soil units were used to reconstruct
forest composition.
RESULTS AND DISCUSSION
Most of the tree cross-sections used for this study originated in the 1800s and were evenaged, with the exception of Stand F11, which contained samples that recruited in both the
late 19th and early 20th centuries. Stand F11 was the only stand that was predominantly
northern pin oak and red pine, while other stands consisted primarily of white pine, red
pine, red oak and other northern hardwoods. The majority of white pine and red pine in
the study stands recruited from 1820 to 1850 and again from 1880 to 1890 (Fig. 2). Red oak
recruitment was highest between 1850 and 1870 and again from 1890 to 1910. Northern pin
oak samples recruited almost entirely in the early 20th century, from 1920 to 1930.
FIRE HISTORY

We recorded a total of 122 fires over a 183 y record (93 fire events occurring before active
fire suppression (1935) and 29 following this time), with the earliest recorded fire in 1833
(Fig. 3). Nearly 77% of fires were recorded prior to 1935. Twenty- five fires met the criteria
for major fire events, and all were recorded between 1850 and 1920. Major fires occurred at
multiple sites during the same years in 1855, 1869, 1900 and 1925, and stands F4 and F14
both recorded three major fires (Fig. 3). Lightning accounted for only 5% of ignitions
documented in annual forestry reports (Thomsen et al., 1999; Sands, 2008). Fire wounding
occurred primarily during dormant seasons, accounting for 76% of recorded fire events.
Fire scars were recorded on stems ranging in diameter from 1.5 to 101.2 cm, with averages
ranging from 7.1 to 29.7 cm (Fig. 4). Northern pin oak yielded the lowest mean diameter at
fire-scarring among cross-sections, followed by white pine, red oak and red pine,
respectively. All species were able to survive fire wounding at relatively small diameters.
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FIG. 2.—Decade of recruitment for the 173 trees used for fire history reconstruction in 16 study sites
on the Menominee Indian Reservation, Wisconsin

FIG. 3.—Fire history diagram for 16 study sites on the Menominee Indian Reservation, WI. Horizontal
lines represent time series of the total yearly growth of cross sections at study sites. Vertical lines
represent all fire events recorded in each stand, and bold vertical lines represent major fire events ($2
scarred samples and .25% of samples scarred). Triangles represent major fires and years in which fire
burned more than one stand
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FIG. 4.—Diameter of white pine, red pine, northern pin oak and red oak at the time of fire events
recorded on cross-sections collected from 16 study sites on the Menominee Indian Reservation, WI

Kolmogorov-Smirnov goodness-of-fit tests suggested that fire-interval distributions were
asymmetrical in several instances and could not be modeled with a normal distribution.
Instead, the WMPI provided a better measure of central tendency (Table 1). WMPIs for
individual stand composites (i.e., all fire years within a stand) ranged from 4.9 to 20.5 y
(Table 1). Fire-return intervals for composites examining all stands combined show
considerably shorter intervals, indicating fire occurred over all study sites between 1.8 to 5.8 y
depending on the filter. Requirements for major fires yielded a return interval of 7.2 y
among study sites (Table 1).
A separate analysis of fire-return intervals before and after 1935 showed little temporal
variation and yielded WMPIs ranging from 5.9 to 17.7 y and 7.9 to 13.5, respectively
(Table 2). However, fire-return intervals could only be calculated for 4 of 16 stands after
1935 due to the lack of fires during this period. Also, fire intervals do not include the period
from the last fire to the year trees were harvested. This interval often exceeds the maximum
fire-return interval for each stand, ranging from 13 to 111 y (x 5 58 y; Table 2).
THE INFLUENCE OF CLIMATE ON FIRE OCCURRENCE

The driest weather was recorded in 1821, 1931, 1988, 1934, 1910, 1864, 1874 and 1839
with Palmer Drought Severity Index (PDSI) values ranging from 24.28 to 23.12,
respectively. PDSI values for all fire events ranged from 23.66 to 3.05, indicating that fire
occurred during both dry and wet years. Mean PDSI values for the year before each fire
event was significantly lower (P , 0.05) than the years following fire (Fig. 5). These findings
are consistent with McEwan et al. (2007) who also reported fire occurrence during wet and
dry climate conditions. Superposed epoch analysis (SEA) yielded a lagged relationship
between PDSI values and fire years, suggesting that fire frequently occurred after dry years.
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TABLE 1.—Fire-return interval statistics for composites of all 16 stands and all stands combined for the
period 1822 to 2005. Statistical description of fire-return intervals (FRI) for the 16 stands include the
mean fire interval (MFI), the median fire interval, the Weibull median probability interval (WMPI), and
the minimum and maximum intervals between fires. Highlighted values indicate asymmetrical
distribution of fire intervals and WMPI provides the best fire-return interval estimate

This lag might partially be explained by the fact that 76% of fire-scars found on crosssections were found in the latewood of many growth-rings, suggesting dormant season fires
(e.g., late fall to early spring).
FOREST COMPOSITION AND STRUCTURE

The 14 forest stands sampled in 2006–2007 were comprised of 23 tree species in the
overstory (Table 3).White pine had the highest relative importance (x 5 31%) due to high
frequency and basal area values. Red maple (Acer rubrum L.) had the second highest
importance (x 5 18%) due to high density of relatively small diameter trees. In the
understory, eastern hemlock (6950 per ha) and sugar maple (1521 per ha) were the
predominant seedling species. Red oak and white pine seedlings also had relatively high
mean densities; however, recruitment into the sapling stage was considerably less than
shade-tolerant competitors. This pattern was also reported by Nowacki et al. (1990) and
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TABLE 2.—Fire-return interval statistics for composites all 16 stands and all stands combined for the
period 1822 to 1935 and 1936 to 2005. Highlighted values indicate asymmetrical distribution of fire
intervals and WMPI provides the best fire-return interval estimate

referred to as the sapling bottleneck. Saplings of hemlock (561 per ha), witch-hazel
(Hamamelis virginiana L.; 425 per ha) and sugar maple (332 per ha) were most common.
These findings are consistent with trends reported elsewhere in the mid-western and eastern
United States (Lorimer, 1984; McCune and Cottam, 1985; Host et al., 1987).
The U.S. General Land Office’s (GLO) original Public Land Survey (PLS), conducted
from 1852–1854 and 1891 on the Menominee Indian Reservation listed aspen, white pine
and hemlock as the most common tree species during the three periods surveyed (Table 4).
In contrast, red maple represented ,1% of species in GLO surveys, suggesting a sharp
increase since the time of the original surveys. Aspen and pine regenerated in even-aged
cohorts following large disturbances such as wind events, logging and historical fires
commonly noted by other studies throughout the Midwestern United States (Maissurow,
1941; Frelich, 1995; Schulte and Mladenoff, 2005). Aspen, unlike more shade-tolerant
species such as maple, may have provided optimal conditions for the establishment of white
pine into the overstory due to its relatively short lifespan and its ability to self-prune,
providing high shade as opposed to low dense shade (Curtis, 1959). Red oak likely benefited
from disturbances in the 19th and early 20th centuries. In north-central Wisconsin, Nowacki
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FIG. 5.—Superposed epoch analysis showing mean PDSI departures for all fire years and 5 y before
and after the fire event. The asterisk denotes a departure that is greater than would have occurred by
chance as determined from 1000 random simulations (P , 0.05)

et al. (1990) showed red oak may have been less common prior to European settlement but
increased dramatically following early logging and fire. However, red oak may be limited to
a single generation as lower disturbance regimes favor more shade tolerant species such as
red or sugar maple (Abrams, 1992). Similarly, we believe that the abundance of white pine
TABLE 3.—Mean relative importance values and standard error for overstory tree species; and mean
seedlings and saplings/ha for 14 stands on the Menominee Indian Reservation, WI. *Other species
include: A. balsamea (L.) Mill., B. alleghaniensis Britton, C. caroliniana Walter, P. banksiana Lamb., P.
tremuloides Michx., P. serotina Ehrh., Q. velutina Lam., T. occidentalis L., T. americana and U. rubra Muhl
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TABLE 4.—Dominant overstory tree species recorded by General Land Office surveyors on the
Menominee Indian Reservation for identical soil types as the 14 stands sampled to reconstruct forest
composition and structure

will decrease in the future as forest composition shifts towards shade-tolerant competitors in
the absence of historical fire regimes.
CONCLUSION
Over the 183 y chronology, 122 fire events with a FRI of 4.9 to 20.5 y occurred on the
Menominee Indian Reservation. Nearly 77% of fires were recorded prior to 1935, and
afterwards the interval since the last fire increased to 13 to 104 y. Fire was found to have a
significant relationship with PDSI 1 y prior to fire years. We believe that frequent fire
promoted aspen, pine and oak recruitment in the 19th and early 20th centuries. A decrease
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in fire and increase in logging over the past century led to a large increase in red maple in
the former white pine and aspen forests.
The forest of the Menominee has been highly dynamic over the past 200 y. Although the
Menominee Indian Reservation did not experience wholesale logging that was common
throughout the Lake States in the 19th century, river transport of pine logs occurred as early
as the 1840s. By 1890, the federal government allowed the Menominee to harvest
commercially for the first time, with logging conducted from the eastern to western border
at a rate that could be repeated by the time the western border was reached (Beck, 2002). As
late as 1914, much of the eastern portion of the Reservation was still considered scattered
open pine (Thomsen et al., 1999). Logging and frequent fire promoted pine and oak
currently observed as dominate species in many stands. Twentieth century fire suppression
impeded recruitment of pine and oak while increasing abundance of late-successional, firesensitive hardwood species. The nearly 200 y history of fire and vegetation composition this
study provides is insight into the mechanisms underlying the potential loss of dominance
for major pyrogenic tree species in the eastern U.S. Silvicultural treatments focused on
reducing shade-tolerant competitors combined with prescribed fire are recommended for
the perpetuation of pine and oak forests on the Menominee Indian Reservation.
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