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ABSTRACT 

Red pine (Pinus resinosa) woodlands have been influenced by lightning ignited 

fires and fires of indigenous peoples for thousands of years.  However, little is known 

about historic frequency and seasonality of fire in red pine stands.   We examined fire 

frequency during three functional time periods; pre-European settlement (pre 1880), 

settlement (1881 to 1943), and suppression (1944 to present) in northern Wisconsin, 

USA.   A total of 50 cross-sections from living and dead pines were examined for fire 

scars on two sampling sites (Treehaven and Bradley Park, Tomahawk, Wisconsin, USA).  

Standard cross-dating procedures were used to assemble two independent fire 

chronologies dating to 1832 and 1784 A.D.  We found similar Mean Fire Intervals (MFI) 

at two sampling sites during the pre-settlement period (MFI = 5.1 years for Treehaven 

and 8.2 years for Bradley Park).  Our results show divergent trends in fire history at each 

sampling site during the settlement period with the Treehaven MFI decreasing to 3.3 

years and the Bradley Park MFI increasing to 16.0 years.  No fire intervals were recorded 

at either site during the suppression period.  Fire primary took place in early season (95% 

of samples) with the exception of one late season and one growing season fire event.  The 

change in fire regime closely coincided with forest community changes in the Northern 

Highlands Ecological Landscape. 

 

Keywords:  Red pine (Pinus resinosa), Wisconsin, fire history, landscape changes, 

management. 
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INTRODUCTION 

Historical evidence suggests that lightning and anthropogenic ignited fires, played 

an important role in the ecology of the Great Lakes Region (Drobyshev et al. 2008, 

Nowacki and Abrams 2008, Radeloff et al. 2000).  An estimated 50% of the vegetation 

and landscape of Wisconsin is believed to have been influenced by fires set by Native 

Americans (Curtis 1959).  Warren (1885) wrote of an observation made in 1850 near an 

Ojibwa village (east of modern day Rice Lake, WI).  He stated that the area was, 

“sparsely covered with pine trees, through which fires appear to have occasionally run, 

burning the smaller trees and thickets, and giving the country a prairie-like appearance.”  

The elimination of the native people’s fire in the early years of European settlement had 

important effects on vegetation and forest composition (Drobyshev et al. 2008, Curtis 

1959).  This elimination likely contributed to a shift in forest structure in Wisconsin 

(Curtis 1959).  In the Northern Highlands Ecological Landscape (NHEL) (Figure 1.1), 

structure shifted from pine (Pinus spp.) forests (Figure 1.2a) to the deciduous dominated 

forests of present day (Figure 1.2b) (Wisconsin Department of Natural Resources 

(WDNR) 2014, Nowacki and Abrams 2008, Abrams 1998). 

North central Wisconsin forests near modern-day Lincoln County were described 

by Norwood in 1847 as; “a narrow strip of small pines line the banks of the river [nearby 

Wisconsin River] at intervals; but as you recede into the country, there are few trees of 

any size to be seen.  Clumps of very small birch and pine are scattered over it.” (Owen et 

al. 1852).  Several miles southwest of this location and farther from the river, Norwood 

described a denser forested area as being “the finest pine regions of Wisconsin” where 

“first-rate pine abounds.”   The area described by Norwood is at the southern edge of 
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what is today known as the NHEL (WDNR 2014).  Gray (1846) described areas of 

Northern Wisconsin near the NHEL as only having dense pine present around the banks 

of lakes. 

Early Government Land Office (GLO) survey notes represent one of the most 

complete records of vegetation of the area between 1850 and 1860 (Figures 1.2a, and 

1.2b) (Sterns and Likens 2002, Abrams 2001, Nowacki et al. 1990, Finley 1976, Curtis 

1959).  Studies of these records show that pine was a significant pre-European settlement 

forest component on mesic to dry-mesic forests in north central Wisconsin (Figure 1.2a) 

(Abrams 2001, Nowacki et al. 1990).  Although white pine (P. strobus) and red pine (P. 

resinosa) are not documented as first-ranked species, they were main constituents 

(Abrams 2001, Nowacki et al. 1990).  On dry-mesic sites, white pine was as high as 35% 

of the landscape composition and red pine as high as 15% (Abrams 2001, Nowacki et al. 

1990). 

Conventional wisdom in this region suggests that a historical fire frequency 

between 25 and 100 years was typical in pine cover types (e.g., Frost 1998).  Studies 

conducted within the range of red pine suggest a fire return interval between 11.8 and 160 

years (Guyette and Dey 1995, Heinselman 1981, Burgess and Methven 1977).  However, 

observations made by Norwood, Gray, Warren, and GLO surveyors suggest a higher 

frequency of fire in the region.  During his travels along the length of the Wisconsin 

River, Norwood observed open areas typical of fire maintained landscapes that contained 

pine (Owen et al. 1852).  Based on interpretation of original GLO survey notes, Bolliger 

et al. (2004) estimated that 45% of pre-European landscape of Wisconsin was comprised 

of savanna (43%) and prairie (2%).  That estimate included areas of the NHEL. 
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The purpose of this study was to determine historical fire frequency in the NHEL 

and explore related changes in forest cover and density.  Our objective was to 

characterize fire frequency during three functional historical time periods.  These 

included: pre-European settlement (pre-1880), settlement (1881 to 1943), and 

suppression (1944 to present).  We predicted that fire frequency would be highest before 

European settlement when forest cover was dominated by open pine communities.  

During settlement, we predicted that fire frequency would decrease and that fire will be 

nearly non-existent during the suppression era when forest cover shifted to broadleaved 

cover types.  This will help us gain greater insight on how fire may have influenced pre-

settlement forests and how a lack of fire has led to current forest structure in the Northern 

Highlands Ecological Landscape. 

METHODS 

Study Area 

 Our study locations include the Treehaven Environmental Field Station (Figure 

1.3b) and Bradley Park (Figure 1.3a).  Treehaven is a 473 ha education, demonstration, 

and research facility located approximately 16 km east of Tomahawk in Lincoln County, 

Wisconsin, USA (45°29’22”N 89°34’28”W) (Burns 2009).  Our Treehaven sample site is 

part of the Treehaven Fire Plots (TFP), a study area dedicated to evaluating different fire 

frequencies and thinning levels in mixed pine-hardwood stands.  Bradley Park is a 45 ha 

recreational park located within the city limits of Tomahawk Wisconsin, USA 

(45°47’44”N 89°73’14”W).  Both sites are located north of the tension zone (Curtis 

1959) and are on the southern edge of the Northern Highlands ecological landscape 
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(WDNR 2014).  The Northern Highlands contain extensive forests and includes the 

state's largest area of dry-mesic and xeric white-red pine forest types (WDNR 2014, 

Curtis 1959). 

 The TFP and Bradley Park overstory was composed of mixed pine and 

hardwoods, categorized by the Society of American Foresters cover type 15 (Red Pine) 

(Eyre 1980).  Overstory composition in the study areas from most prevalent to least 

prevalent consisted of; red pine, white pine, white spruce (Picea glauca), red maple (Acer 

rubrum), balsam fir (Abies balsamea), paper birch (Betula papyrifera), and northern red 

oak (Quercus rubra).  The mature pines on the Treehaven study site are structurally even-

aged and uniform in size.  They were likely established after 3 fire events that took 

place between 1922 and 1929 (Steigerwaldt 2015).  Mature uneven-aged red pines on the 

Bradley Park study site were established after fire events of the late 1700s to early 1800s 

(Steigerwaldt 2015).  The Treehaven study area has received periodic thinnings 

throughout its lifespan (K. Burns, personal communication).  The Bradley Park study 

area has received no commercial thinnings throughout its lifespan and can be described 

as a “virgin” stand of mature pine. 

Topography on both sites was hilly and dissected with 6% to 35% slopes 

(Mitchell 1996).  Soil consisted of Vilas-Sayner types derived from elongated drumlins 

and outwash plains and classified as loamy sands (Mitchell 1996).  Both sites are within 

region three of the Forest Habitat Type Classification System (Kotar et al. 1988, WDNR 

2013).  The dominant forest habitat type was Pinus-Acer rubrum/Vaccinium (PArV) 

(Kotar et al. 1988).  This habitat type typically has poor nutrient soils and is drier than 

other habitat types of the region (Kotar et al. 1988, WDNR 2013).  Site index measured 



7 
 

for red pine was approximately 18.3m at 50 years for Treehaven (Gilmore and Palik 

2005).  No site index was measured for Bradley Park. 

Sampling 

 We selected potential samples on Treehaven using a two-step strategy.  Samples 

were first identified in the course of conducting research related to the TFP study.  

Samples were then prioritized, giving preference to samples that had the presence of old 

charring, fire scarring, completeness, minimum decomposition, or by size and age alone 

(North et al. 2009).  This was to make sure the maximum number of fire scars could be 

observed from our samples for our record.  Samples consisted of full cross-sections from 

living trees, recently dead trees with a known year and season of mortality, and long-dead 

fire-hardened red pine stumps (Arno and Sneck 1977).  We were granted permission to 

take one sample from Bradley Park; however, this sample contained a large cat face that 

effectively recorded many recurrent fire events.   

Cross-sections from living and recently dead trees were cut in the field, within 30 

cm of the root collar after DeSantis et al. (2010).  Fire hardened stumps were gathered 

whole in the field and then sectioned into layers with a portable sawmill.  Each cross-

section was progressively sanded with finer sandpaper, ending with 400 to 600 grit, to 

distinguish fire scars and highlight tree rings (North et al. 2009, Vaillant and Stephens 

2009, Stokes and Smiley 1977).  Scars were identified by the disruption and healing 

caused by injury (Vaillant and Stephens 2009) and by the presence of charcoal.  
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Analysis 

Time periods were determined by examining regional and local historical 

information (Tomahawk Area Historical Society (TAHS) 2015).  This consisted of 

examining cultural changes such as human population movements, European settlement 

trends, and the start of the Smoky Bear campaign.  Historical time period were identified 

as; pre-1880 (pre-European settlement), 1881 to 1943 (settlement), and 1944 to present 

(suppression).  Standard cross dating procedures were used to date samples and fire 

events for each of these historical periods.  Marker years were identified for samples with 

a known bark date and matched with unknown dates in the chronology (Stokes and 

Smiley 1977).  Rings, scars, and fire season were identified with the use of a lighted 10 

power hand lens.  Fire season was estimated by classifying scars as occurring in early, 

middle, or late wood.  We used Fire History Analysis and Exploration System (FHAES) 

2.0 to record and analyze a single composite fire record for each sampling site (Grissino-

Mayer 2001).  The mean fire interval (MFI) and range were calculated for each 

composite and.  A two factor analysis of variance without replication on ranked data was 

used to examine differences in MFI and range between periods and sampling sites (P ≤ 

0.05).  As at least two fires are needed to determine MFI and range, no MFI or range 

were reported if less than two fires were identified during a historical period.  To examine 

differences between periods and sampling sites when no MFI could be reported due to 

few fires, a hypothetical minimum MFI was determined by assigning a fire to the year 

directly following each chronology.  By doing so we were able to run our analysis for all 

time periods. 
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RESULTS 

  In total, we collected 80 samples between both sites.  Fifty of those samples (49 

from Treehaven and one from Bradley Park) proved stable enough to process and help 

construct two fire chronologies.  The general fire history for each sampling site (Table 

1.1 and 1.2) and composite fire history diagrams for both study sites (Figures 1.4 and 1.5) 

show that fire was part of the Northern Highlands Ecological Unit from the early 1800s 

to the beginning of the fire suppression period.    Of the 50 processed samples gathered 

across both sites, 48 (96%) had fire scars, 33 (66%) were datable, and 29 (58%) were 

datable and contained fire scars.  Our chronologies dated back to 1832 for Treehaven and 

1784 for Bradley Park.  The earliest recorded fire for either site was in 1798.  The 

average length of a tree ring series was 89 years (standard deviation (SD) ±35 years) with 

a range of 45 years to 229 years. 

 Similar MFI and ranges were found at both sites during the pre-European 

settlement period (Tables 1.3 and 1.4).  During the pre-European settlement period, 

Treehaven had a MFI of 5.2 years with a range of 1 to 17 years.  Similarly, Bradley Park 

had a MFI of 8.2 years and a range of 2 to 12 years.  We found slight differences in MFI 

and range at each site during the settlement period.  The MFI at Bradley Park increased to 

16 years with a broader range of 6 to 35 years.  The MFI of 3.3 years and range of 1 to 14 

years at Treehaven stayed close to the same.  No MFI or range could be calculated for 

either site during the suppression period due to a lack of years with fire. 

 Because no MFIs were observed at either site for the suppression period, a 

hypothetical minimum MFI was assigned based off of the last fire observed at each site 
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and the year following this study.  This created a hypothetical MFI of 68 years for the 

Treehaven and 59 years for Bradley Park.  Using this method we failed to reject the null 

hypothesis of no difference between sampling sites (F1,2 = 0.75, P = 0.478) and time 

periods (F2,2 = 3, P = 0.25).   

We were able to place 100% of scars in our study as occurring in either the early 

season, growing season, or late season. (Tables 1.5 and 1.6).  Early growing season fires 

represented 95% (38 of 40 fires) of all fires observed.  One fire that did not follow this 

tendency was a late growing season fire in 1863 observed during the pre-European 

settlement period at Bradley Park.  The other was a growing season fire in 1946 observed 

during the suppression period at Treehaven.   

In 1910 we observed a fire that scared 100% of samples at Treehaven included in 

our sample depth at that time.  This was a high severity event that was not seen in the 

Bradley Park chronology.  In 1880 we observed a narrow band of latewood production at 

both sites, likely caused by climatic factors.  These two indicators proved vital for 

construction of our chronologies.  

DISCUSSION 

Changes in Fire Return Interval 

We found that fire occurred more often in the NHEL before European settlement 

than previously thought.  Our finding of a MFI between 5.2 and 8.2 years is far less than 

the pre-European settlement MFI of 25 to 200 years commonly assumed by forest 

managers of the region (e.g., Frost 1998).  Our observed pre-European settlement MFIs 

are also less than those found in other studies (between 11.8 and 160 years) conducted 
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within the range of red pine (Guyette and Dey 1995, Heinselman 1981, Burgess and 

Methven 1977).  However, our results affirm a study of the Northeast and Northwest 

Sands Ecological Landscapes (Guyette et al., unpublished research).   When examining 

the time period of 1805 to 1864, Guyette et al. (unpublished research) found a range of 

MFI between 6.0 and 22.5 years at four different sites.  Similarly, Muzika et al. (2015) 

found a range of MFI between 8.3 and 24 years at eight sites in Huron Mountain 

Michigan when examining the time period of 1752 to 1897. 

Although fire was part of the landscape during all time periods, there have been 

changes in the frequency of this process over time.  Fire in our study was most prominent 

during the pre-European settlement period at both sampling sites.  The beginning of fire 

suppression appears to be closely associated with European settlement.  After the city of 

Tomahawk was first permanently settled by Europeans (approximately 1880) (TAHS 

2015), the number of fires were reduced at the Bradley Park sampling site.  This change 

in MFI after European settlement corresponds with results from Guyette et al. 

(unpublished research) and Muzika et al. (2015).   

For the period between 1805 and 1864, Guyette et al. (unpublished research) 

found a range of MFIs between 6.0 and 22.5 years at four different sites.  For MFIs 

between 1925 and 2010, Guyette et al. (unpublished research) found an increased range 

of 43 to 87 years.  This increase in MFI also coincided with the progression of European 

settlement (Guyette et al., unpublished research).  Similar to our study, Guyette et al. 

(unpublished research) and Muzika et al. (2015) were unable to measure a MFI for some 

of their sampling sites due to a lack of fire scar evidence over the past century. 
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Even though there was a dramatic increase in MFIs during the suppression period, 

we failed to reject the null hypothesis of no difference between sampling sites and time 

periods.  This was due to a high level of variance within our small amount of sampling 

sites.  The addition of more sampling sites in the future could decrease our variance and 

allow us to reject our null hypothesis. 

Fire Season 

 For both of our study sites, fire season was similar and remain relatively 

unchanged during all historical periods (Tables 1.5 and 1.6).  Fire primary took place in 

early season (95% of samples) with the exception of one late season and one growing 

season burn, similar to Guyete et al. (unpublished research).  However, 75% of fire scars 

observed in the Huron Mountains of Upper Michigan were documented near the end of 

the growing season or possibly early dormant season (Muzika et al. 2015).  Additionally, 

in a study of wilderness and non-wilderness areas in the Seney National Wildlife Refuge 

of Upper Michigan, Drobyshev et al. (2008) found no significant difference between 

early and late-season fires dating back to 1707.  This variation in primary fire season 

among studies in the Lake States is surprising.   

Spring is typically considered the predominant fire season of the Lake States 

today (Werth et al. 2011).  The differences in predominant fire season among these 

studies suggest a greater interrelation of fire regimes and aboriginal culture than 

previously thought.  However, Muzika et al. (2015) points out that much remains 

unknown about the interrelation of human population density and activities on fire 
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regimes.  Additionally, many factors relating to fire ecology of the region including the 

influence of climate and topography remain poorly understood (Muzika et al. 2015). 

Early Forest Structure and Development 

 Several observations of forest structure and development were made from cross-

sections.  Three cross-sections indicated that fire was a part of early forest development 

(Figure 1.6).  These samples placed fire occurrence as early as three years (1.5 cm caliper 

diameter) into their life.  One cross-section (TH-Key) placed five fires as occurring in the 

first nine years of the samples life.  Occasionally, these fires occurred in successive years 

to every two years.  Guyette et al. (unpublished research) noted the same phenomenon of 

fire during early stand development.   

The occurrence of fire and survivability of red pine at early development stages 

contradicts conventional understanding of red pine ecology.  Hunter (1990) wrote that, 

“Coniferous forests seem to be primarily affected by fires, disturbances that come 

relatively infrequent, but cover large areas.”  Curtis (1959) wrote that, “repeated ground 

fire at such a stage may destroy most of the red pines.”  When describing the repeated fire 

scars of a 220-year-old red pine observed by Spurr (1954), Ahlgren (1974) noted that, 

“Such survival is a negligible part of fire ecology in this region.”  Van Wagner (1970) 

concluded that the fires observed by Spurr (1954) must have been low in intensity or the 

tree would not have survived.  However, all of the samples we observed that survived fire 

events had minimal damage, had fully recovered from injury, and some exhibited a 

positive growth response after fire.  After its first fire scar that occurred at age 22, one red 

pine (Bradley Park PR) lived for an additional 215 years.  Another red pine (TH-Key) 
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had a fire occur at age four and it lived for an additional 170 years.  This suggests that red 

pine is possibly more fire resilient than previously thought.   

 Additional inferences of pre-European settlement forest structure can be made 

from cross-sections in our study.  Prior to an intense fire event in 1910 that left large 

scars on 100% of samples at Treehaven, approximately one third of fire hardened stumps 

had growth ring characteristics consistent with densely stocked trees (Figure 1.7).  The 

remaining specimens had ring characteristics consistent with open grown histories at the 

same point in time (Figure 1.8).  Placement of both growth forms at the same point in 

time supports the open, yet clumpy structure described by Norwood in 1847.  In 1847, 

Norwood made written descriptions of forest structure within a few miles of our 

Treehaven sampling site.  He stated that, “as you recede into the country, there are few 

trees of any size to be seen.  Clumps of very small birch and pine are scattered over it.” 

(Owen et al. 1852).  Growth increments from cross-sections in our study support this 

observation.  However, many forests of the Lake States have been altered from their pre-

European settlement condition due to logging practices of the late 19
th

 and early 20
th

 

centuries (Curtis 1959, Karamanski 1989).   

Red pine is conventionally managed as an even-aged species because of its low 

shade tolerance (Ahlgren 1976, Benzie and McCumber 1983, Rudolf 1990).  Shade 

tolerant associates often out-compete red pine regeneration (Benzie and McCumber 1983, 

Rudolf 1990).  Additionally, regeneration commonly suffers mortality from several 

needle cast diseases when grown under an infected red pine overstory (Benzie and 

McCumber 1983, Rudolf 1990).  Red pine is commonly managed as an even-age species 

that is planted or develops naturally following a disturbance event.  However, ten 
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specimens from our Treehaven chronology appear to have originated at different 

moments in time.  We identified seven different cohorts originating between 1832 and 

1854 from samples inside the 22.5 ha Treehaven Fire Plots study area.  Our data does not 

support the traditional idea of a singular disturbance that initiates an even-aged forest.  

This suggests that red pine can successfully grow in an un-even aged structure.  However, 

red pines ability to survive may be dependent upon influences of fire and density. 

Changes in Forest Composition  

Implementation of fire may have affected composition of original forests, but the 

extent and impacts are difficult to estimate (Radeloff et al. 2000).  Our data shows that 

there has been a decrease in fire on the landscape that coincides with European 

settlement.  Since European settlement, there have also been changes in forest 

composition (Figure 1.2a and 1.2b).  It is difficult to partition out the possible effects the 

original cut over has had on shifting forest composition and fire regimes.  However, our 

Bradley Park sampling site is composed of dense 235 year old mature red pine and has 

received no commercial thinnings.  Yet our Bradley Park site has had similar changes in 

fire regime to that of our Treehvan sampling site.  This indicates that changes in fire 

regime are not directly tied to changes if forest structure caused by logging of the late 

1800s.   

Both sites today contain an abundance of fire intolerant hardwood species.  

According to observations made by Norwood, Gray, and interpreting early photographs 

of Bradley Park, this was not always the case (Owen et al. 1852, Gray 1846).  This 

invasion of fire intolerant species appears to coincide with the removal of fire from these 
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two sites.  While it is difficult to estimate, Nowacki and Abrams (2008) warn that if 

managers don’t act soon to restore burning regimes, mesophication will create an 

increasingly difficult and expensive problem in the future. 

Management Implications 

The best data quantifying past fire regimes come from tree fire scars (Nowacki 

and Abrams 2008).  This information is vital and relevant for land managers planning 

prescribed burns (Vaillant et al. 2009).  Based off of our results, we recommend that 

managers incorporate fire as part of red pine management in the Northern Highlands 

Ecological Landscape.  We recommend managers burn within the range of 1 to 17 years 

with a MFI of 5 years.  In a 20 year period, managers should burn a total of 4 times.  We 

base this recommendation off of our lowest observed pre-European settlement MFI 

values and the full range of intervals observed.  It is likely our estimates of MFI in this 

study are conservative as it is possible that some low intensity and low severity fires did 

not produce scars on trees in our study areas or because of our small sample size.   

We also recommend that managers using prescribed fire in red pine stands for 

restoration, fuels reduction, regeneration, and other purposes to implement predominantly 

early season burns as this follows the dominant fire season observed.  Because we 

observed early season, growing season, and late season burns when examining all 

periods, it may prove useful for managers to incorporate a full range of fire seasons into 

management when operability allows.  Studies in other regions suggest that incorporating 

a wider range of burn seasons will have largely minimal effects on species richness 

(Engle and Bidwell 2001, Knapp et al. 2007, Sparks et al. 1998). However, incorporating 
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different seasons of fire could alter the frequency and density of certain desired grasses, 

forbs, and woody shrubs (Engle and Bidwell 2001, Knapp et al. 2007, Sparks et al. 1998).  

Doing so, managers could meet a wider range of ecological goals. 

While our single sample taken from Bradley Park recorded 16 fire events, it too 

could prove to be conservative.  If allowed, additional samples should be taken in the 

future to verify the fire regime represented by this sample.  Additionally, while the 

Treehaven chronology is a composite of 28 samples, it also could be conservative given 

the nature of this type of study.   
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Table 1.1.  General composite fire history attributes for Treehaven. 

 

General Fire History Information Value 

Total Sample Size 49 

Samples With Fire Scars 29 

Cross Section Age Range (Yr) 45 to 174 

Chronology Length (Yr) 182 

Number of Years with Fire 24 

Number of Fire Intervals 23 

Mean Fire Interval (yr)(SD) 4.4 (4.4) 

Median Fire Interval (yr) 2 

Fire Interval Range (yr) 1 to 17 

Last Fire 1946 
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Table 1.2. General composite fire history attributes for Bradley Park. 

 

General Fire History Information Value 

Total Sample Size 1 

Number Samples Scarred 1 

Cross Section Age Range (Yr) 
 Chronology Length (Yr) 230 

Number of Years with Fire 16 

Number of Fire Intervals 15 

Mean Fire Interval (yr)(SD) 10.5 (7.6) 

Median Fire Interval (yr) 9 

Fire Interval Range (yr) 2 to 35 

Last Fire 1955 
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Table 1.3.  Fire history attributes for Treehaven during three functional historical periods. 

 

  Functional Historical Period 

  
Pre-European 

Settlement 
Settlement Suppression 

Period Range 1832-1880 1881-1943 1944-2014 

Number of Years 49 63 71 

Number of Years with Fire 6 16 1 

Number of Intervals 5.0 15.0 0 

Mean Fire Interval (yr)(SD) 5.2 (5.7) 3.3 (3.0) 
 Median Fire Interval (yr) 2.5 2 
 Fire Interval Range (yr) 1 to 17 1 to 14 
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Table 1.4.  Fire history attributes for Bradley Park during three functional historical 

periods. 

 

  Functional Historical Period 

  
Pre-European 

Settlement 
Settlement Suppression 

Period Range 1784-1880 1881-1943 1944-2013 

Number of Years 97 63 70 

Number of Years with Fire 11 4 1 

Number of Intervals 10 3 0 

Mean Fire Interval (yr)(SD) 8.2 (2.9) 16 (12.3) 
 Median Fire Interval (yr) 9 7 
 Fire Interval Range (yr) 2 to 12 6 to 35 
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Table 1.5.  Fire season attributes for Treehaven during three functional historical periods. 

 

  Functional Historical Period 

  
Pre-European 

Settlement 
Settlement Suppression 

Period Range 1832-1880 1881-1943 1944-2014 

Number of Years with Fire 7 16 1 

Early Season Fires 7 16 0 

Growing Season Fires 0 0 1 

Late Season Fires 0 0 0 
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Table 1.6.  Fire season attributes for Bradley Park during three functional historical 

periods. 

 

  Functional Historical Period 

  
Pre-European 

Settlement 
Settlement Suppression 

Period Range 1832-1880 1881-1943 1944-2014 

Number of Years with Fire 11 4 1 

Early Season Fires 10 4 1 

Growing Season Fires 0 0 0 

Late Season Fires 1 0 0 
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Figure 1.1 Ecological Landscapes of Wisconsin as described by the Wisconsin 

Department of Natural Resources (WDNR 2014). 

 

 

 

 

 

Northern Highland Ecological Landscape 
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Figure 1.2. a. Major forest cover types of the Northern Highland Ecological Landscape 

during the mid-1800s.  Based on interpretations by Finley (1976) from federal public land 

survey information (WDNR 2014).  b. Forest Inventory and Analysis (FIA) plot data 

showing forest cover types with greater than 17% crown cover in the Northern Highland 

Ecological Landscape (WDNR 2014).  Data shown as a percentage of the current total 

forested land area (WDNR 2014).  
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Figure 1.3. a. Bradley Park study site located within the city limits of Tomahawk, WI.  

b. Treehaven Fire Plot study site located approximately 8 km east of Tomahawk, WI. 
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Figure 1.4. Composite fire history for the Treehaven study site. 
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Figure 1.5.  Composite fire history for the Bradley Park study site, Tomahawk, WI. 
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Figure 1.6.  Two of three red pine cross-sections sampled that have evidence of fire scars 

and survivability at early stages of stand development. Sections were collected from 

Treehaven Fire Plots, Tomahawk WI.  (Photos Courtesy of Ron Masters). 

 

Sample Number: TH-Key 

 

Sample Number: Steig-1 
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Figure 1.7.  Cross-section of a fire hardened red pine sample indicating dense growth 

prior to a fire related release event of 1910.  Sample was collected from Treehaven Fire 

Plots, Tomahawk WI.  (Photo Courtesy of Ron Masters). 
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Figure 1.8.  Cross-section of a fire hardened red pine sample indicating open growth prior 

to a 1910 fire.  Sample was collected from Treehaven Fire Plots, Tomahawk WI (Photo 

Courtesy of Ron Masters). 
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Chapter II 

Effects of Fire and Thinning on Woody Composition in Red 

Pine Forest Communities of Wisconsin 
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ABSTRACT 

We examined influences of thinning and fire frequency on woody density, cover, 

richness, and diversity in pine and mixed pine hardwood stands in the Northern 

Highlands Ecological Landscape, Wisconsin, USA.  Following the application of 

thinning and fire, average basal area (BA) of mature trees was lowered by 38.4% 

(±0.02%) across thinned treatments.  We found no difference in BA among treatments 

post thinning because of previous management history (P = 0.843), but percent canopy 

cover was significantly lowered by thinning (P = 0.010).  Woody species richness was 38 

(≥ 0.5 m in height).  Average species richness was unchanged (P = 0.738) after treatment 

implementation.  In 2015, species diversity (H’) was less in TS1 treatments than TNB 

and TS3.  Woody stem density was highest on TS1and similar to all other treatments (P = 

0.007) in 2015.  Beaked hazelnut in 2014 to 2015 had the largest net changes in density 

on RRB (+5,629 ±9,922) and TS1 (+18,011 ±8,689) treatments.  We found no 

relationship (P < 0.05) between BA or percent canopy cover and woody stem density 

across all treatments.  Although woody percent cover decreased as fireline intensity 

increased (r
2
 = 0.630), stem density was not related to fireline intensity.  Fireline intensity 

ranged from 27 to 404 kW/m.  Limited treatment effect on woody species richness, 

diversity, and density was likely a result of low fireline intensity and patchy nature of 

several burns.  We recommend future studies quantify fireline intensity because 

qualitative descriptions of fire behavior give little basis for comparison. 

 

Keywords:  Red pine (Pinus resinosa), beaked hazelnut (Cornus cornuta), prescribed 

burning, thinning, silviculture, Wisconsin, management. 
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INTRODUCTION 

Pine species of the Lake States have played an important economic and ecological 

role in the years during and following European settlement (Pilon et al. 2006, Curtis 

1959).  However, since European settlement there have been changes to the landscape 

(urbanization, agriculture, forestry practices, and removal of fire) that have resulted in a 

vast reduction in area and changes to the basic ecology of pine forests (Li and Waller, 

2015, Buckman et al. 2006, Abrams 2001, Nowacki et al. 1990, Curtis 1959).  Before 

widespread European settlement, red pine (Pinus resinosa) covered up to 3.0 million ha 

(Bender et al. 1997, Benzie 1977) across its range.  By the early 20
th

 century, total 

acreage in the Lake States was reduced to around 300,000 ha (Buckman et al. 2006).  

Today red pine is the most intensively managed conifer cover type in the Lake States 

region, but only covers 567,000 ha (Bender et al. 1997).  Current acreage of the red pine 

cover type in the Northern Highlands Ecological Landscape, Wisconsin is; 12,229 ha of 

natural stands and 15,311 ha in plantations (Wisconsin Department of Natural Resources 

(WDNR) 2013). 

Intensively managed red pine stands are commonly considered to be ecological 

deserts (Bender et al. 1997, Benzie 1977).  Contemporary management of many pines is 

in plantation settings that typically lack understory structure, diversity, and wildlife food 

(Campbell et al. 2015, Bender et al. 1997, Dickmann et al. 1987, Benzie and McCumber 

1983).  Even-aged management is most commonly prescribed for red pine because of 

concerns about successful regeneration and because higher yield can be obtained 

(Buckman et al. 2006, Rudolf 1990).  Red pine regeneration commonly suffers mortality 

from several needle cast diseases when grown under an infected red pine overstory 
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(Gilmore and Palik 2006, Rudolf 1990).  Because of these silvical concerns, a clearcut 

and re-plant system of silviculture is typically recommended for stand regeneration 

(Gilmore and Palik 2006, Pilon et al. 2006, Rudolf 1990, Smith 1962).  Even-aged 

management with a two cut shelterwood that reduces overstory density with a first cut is 

sometimes employed as an alternative to this method (Pilon et al. 2006, Rudolf 1990, 

Smith 1962).  However, this method of achieving natural regeneration remains elusive 

with limited success (Buckman et al. 2006, Rudolf 1990).   

Fire was once frequent in natural stands and maintained open understories with 

greater herb diversity; however, fire prevention and suppression measures have largely 

excluded fire from the landscape (Dickmann 2004).  Successful regeneration and 

maintenance of natural red pine communities may depend upon more frequent fire for 

establishment.  Fire can expose mineral soil that other species may not necessarily require 

for successful regeneration (Abrams 2001, Barrett 1995).  However, fire alone may be 

problematic for successful regeneration for red pine (Ahlgren 1976).  Ash left after fire 

has been observed to impede regeneration (Ahlgren 1976) and an adequate seed source is 

needed to facilitate red pine regeneration (Rudolf 1990).   

Attempts at natural regeneration of red pine stands have had varying levels of 

success (Rudolf, 1990).  Regeneration failure of pine forests can occasionally be 

attributed to changes in the disturbance regimes and subsequent proliferation of fire 

intolerant hardwoods (Abrams 1998, Tappeiner 1971).  This transition from a disturbance 

dependent cover type to one of red maple (Acer rubrum) or other hardwoods has been 

described in the eastern United States as the “red maple paradox” (Abrams 1998).  This 

paradox is one where forest succession is altered due to a change in fire regimes, causing 
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a transition to fire intolerant hardwoods as the cover type (Abrams 1998).  Deviation 

from historically present fire regimes may cause the shift of pine forest communities to 

an alternate stable state (Nowacki and Abrams 2008). 

A crucial solution to the red maple paradox could be the reintroduction of fire 

regimes (Abrams 1998).  Reintroducing fire could also help shift pine communities from 

one alternate stable state to another (Nowacki and Abrams 2008).  Abrams (1998) stated, 

“The increased use of prescribed understory burning may be the most effective ecosystem 

management approach for keeping red maple in check and restoring the health and vigor 

of historically dominant oak and pine forests.”  Mortality of woody competition such as 

beaked hazel (Corylus cornuta) and red maple can be related to intensity and time of fire 

(Abrams 1998, Tappeiner 1971).  In a mortality study by Hare (1965), red maple 

cambium was found to be more susceptible to heating than pine species.  Therefore, 

frequent fire may keep red maple and similar hardwoods competitors off site and favor 

historically present pine species.  

 In contrast to fire, thinning is used by foresters to facilitate growth of a few large 

trees in a space that was once occupied by many small trees (Hunter 1990).  Natural 

thinning of a stand is a process that typically happens over time as part of natural forest 

succession (Hunter 1990).   As a natural process, competition induced mortality removes 

trees from below the main canopy because of light requirements tree species (Gilmore 

and Palik 2006, Hunter 1990).  The thinning process is mimicked to some extent in 

forestry operations by removing trees from under the canopy, a thinning from below 

(Hunter 1990).  Thinning is administered to capture volume otherwise lost through 

mortality (Gilmore and Palik 2006, Helms 1998, Hunter 1990).  Periodic thinning is one 
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of the most important ways to influence stand composition and development (Gilmore 

and Palik 2006). 

 Proper thinning can increase growth and vigor of residual trees, limit further stand 

mortality, salvage trees that are dead or about to die, foster growth of grasses, forbs, and 

shrubs from light influx, and change vertical diversity and species richness among other 

changes (Bradford and Palik 2009, Bender et al. 1997, Hunter 1990).  Stands maintained 

near minimum recommended stocking levels have the most rapid diameter growth 

(Benzie 1977, Gilmore and Palik 2006).  High intensity thinning can influence 

microclimate that can affect plant assemblages and wildlife (Hunter 1990, Dickmann et 

al. 1987).  Low intensity thinning and/or no thinning will result in decreased vertical 

structure and ultimately lower species richness (Bender et al. 1997, Hunter 1990).  

Thinnings should be conducted before stands reach upper limits of recommended 

stocking levels and before natural mortality begins to take place (Benzie 1977, Gilmore 

and Palik 2006, WDNR 2013).   

The purpose of our research was to characterize responses of woody shrub 

composition and regeneration potential for trees in red pine forest communities subjected 

to fire, thinning, and fire plus thinning treatments.  We hypothesize that woody species 

will respond across a fire frequency gradient with adapted species increasing among each 

treatment.  We predicted that thinning will facilitate growth of woody vegetation present 

prior to treatments.  In contrast, we predicted that fire will result in the top killing of 

woody vegetation such as beaked hazelnut, red maple, and balsam fir (Abies balsamea).  

However, we predict that beaked hazelnut and red maple in units subjected to fire would 

show a marked increase in stem density as a result of fire stimulated root and stem 
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sprouting.  Further, with this being preliminary results of a long-term study we expect to 

see minimal immediate effects of treatments. 

METHODS 

Study Area 

 This experiment was conducted on the Treehaven Fire Plots.  The Fire Plots are 

located on the Treehaven environmental field station.  Treehaven is a 473 ha education, 

demonstration, and research facility located approximately 16 km east of Tomahawk in 

Lincoln County Wisconsin, USA (45°29’22”N 89°34’28”W) (Burns 2009).  The site is 

located north of the tension zone (Curtis 1959) and is on the southern edge of the 

Northern Highlands ecological landscape (WDNR 2014).  The Northern Highlands 

contain extensive forests and includes the state's largest acreage of dry-mesic and xeric 

white pine (Pinus strobus)-red pine forest types (WDNR 2013, Curtis 1959). 

 The Treehaven Fire Plots are composed of mixed pine and hardwood and match 

Society of American Foresters cover type 15 (Red Pine) (Eyre 1980).  Overstory 

composition in the study area from most prevalent to least prevalent consists of: red pine, 

white pine, white spruce (Picea glauca), red maple, balsam fir, paper birch (Betula 

papyrifera), and northern red oak (Quercus rubra).  The mature pines on the Treehaven 

study site were structurally uniform in size and appeared even aged.  They were likely 

established after 3 fire events that took place between 1922 and 1929 (Steigerwaldt 

2015).  Mean fire return interval measured on Treehaven prior to European settlement 

(1880) was 5.2 years with a range of 1 to 17 years (Steigerwaldt 2015).  The Treehaven 
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study area has received varied and periodic thinnings throughout its lifespan (K. Burns, 

Treehaven ecologist).   

Topography is hilly and dissected with 6% to 35% slopes (Mitchell 1996).  Soil 

consists of Vilas-Sayner types derived from elongated drumlins and outwash plains and 

are classified as loamy sands (Mitchell 1996).  The site is within region three of the 

Forest Habitat Type Classification System (Kotar et al. 1988, WDNR 2013).  The 

dominant forest habitat type is Pinus-Acer rubrum/Vaccinium (PArV) (Kotar et al. 1988).  

This habitat type has a poor nutrient regime (Kotar et al. 1988, WDNR 2013).  Site index 

measured for red pine is approximately 18.3m at 50 years for Treehaven (after Gilmore 

and Palik 2005). 

Experimental Design 

The 17 ha study area was divided into 24, 0.81 ha units separated by 3.7 m wide 

fire breaks constructed in 2013.  The study is composed of eight treatments in a 

completely randomized design with three replications of each treatment.  Prior to 

treatment, 12 permanent plots were established within each unit.  A total of 288 plot 

centers were equally distributed across long axis transects in each unit in a random 

systematic fashion using a Geographical Information Systems (GIS) program (ArcGIS 

2013).  This created minor variation in distance between plot center locations from unit to 

unit, but ensured all 12 plots could be equally distributed within each unit.  Plot center 

locations were marked in the field with a steel pipe after being located with a 60 cm 

resolution Global Positioning System (GPS) antenna attached to a Nomad field data 

recorder using a Solo Forest GIS application.  Plots were excluded from a 10 m buffer 
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established along the inside edge of each unit to eliminate bias from adjacent treatments 

and edge effect.  The treatments were: control, no thinning and no burning (CONT); 

rough reduction burn (control for thinning but with a 4-year spring burn cycle) (RRB); 

thin no burn (TNB), thin with a 1-year spring burn cycle (TS1); thin with a 2-year spring 

burn cycle (TS2); thin with a 3-year spring burn cycle (TS3); thin with a 4-year spring 

burn cycle (TS4); and thin with a 2-year fall burn cycle (TF2) (Figure 2.1). 

Thinning 

 Prior to harvest, all balsam fir ≥2 m in height were removed by hand across burn 

treatments to reduce ladder fuels.  In fall 2013, the thinning treatments were implemented 

across 18 units.  Six units were left un-thinned as thinning controls.  This created 

comparison for a range of density levels.  Units receiving thinning were marked from 

below.  Units were marked by a crew of three foresters where trees were marked for 

removal instead of retention.   

Order of removal favored red pine first; followed by white pine, white spruce, and 

red maple.  Basal area (BA) was determined and marked to a target level by randomly 

spinning plots throughout the marking process.  Each unit was examined after initial 

marking and areas of dense timber were identified for re-marking to come as close to 

target residual BA as possible.  Shortly after marking was completed, the site was round 

wood harvested using a tracked processor and wheeled forwarder to a 10.2 cm top end 

diameter specification.  Actual utilization was closer to a 7.6 cm top.  In order to reduce 

potential mortality of, and damage to residual mature trees from prescribed fire, the 



 

48 
 

logging operator was required to shear remaining balsam fir with a diameter breast height 

(DBH) ≥7.6 cm and remove all logging slash within 2.4 m of mature residual trees. 

Canopy and Mature Tree Density 

Pre-treatment tree density was measured in the fall of 2013 with a 100% tree 

inventory of all living stems with a DBH ≥7.6 cm.  We identified species, measured 

DBH, determined GPS coordinates, and assigned a unique identification tag to 8,182 

trees.  We determined pre-treatment overstory density and create a stem map (Figure 2.2).  

In the summer of 2014 and 2015, BA and percent canopy cover were measured at each of 

the established 288 plot centers across all 24 units.  Standard variable radius plot 

sampling with a 10 basal area factor (BAF) prism was used to measure BA for all stems ≥ 

7.6 cm DBH (Husch et al. 2002).  Percent canopy cover was measured in 2014 and 2015 

with a spherical densitometer by averaging canopy cover readings in each cardinal 

direction from plot centers within each unit. 

Burning 

 Fire frequency treatments for the Treehaven Fire Plots were 1-, 2-, 3-, or 4-year 

intervals with unburned control and thinning units (Table 2.1).  Burns were conducted in 

the fall, early summer, and spring.  Fuel types consisted of: leaf litter and grass or shrub 

mixed with litter from forest canopy (timber-understory) and activity fuel (slash) (Scott 

and Burgan 2005) (Table 2.1). 

 Fireline intensity was quantified by the formula (I = hwr), where h = heat of 

combustion (18,620 kJ/kg), w = weight of fuels consumed (kg/m²), and r = rate of spread 

(m/sec.) (Byram 1959).  Heat of combustion was adjusted by the fuel moisture content 
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and heat of vaporization (after Masters and Engel 1994).  Rate of spread was quantified 

by timing runs of flaming front between reference markers at 5 or 10 m intervals.  Weight 

of live and dead fuels consumed was estimated by weighing fuels in 1-, 10-, and 100- hr 

fuel size classes to determine weight of fuels consumed (Pyne at al. 1996).  Fuels were 

sampled in two to five 0.25 m² quadrats that were placed along randomly located 

transects in each unit (Brown 1974).  Pared plots were taken pre- and post-burn to 

determine post burn residue for calculation of fuel consumption (Brown 1974).  Percent 

live and dead fuel moisture was calculated by the formula: (green weight of fuels - oven 

dry weight of fuels) ÷ oven dry weight of fuels) × 100 (Pyne et al. 1996).  Flame lengths 

were estimated across units by making random estimates associated with height reference 

markers throughout burn units.  Weather data including air temperature, relative humidity 

and surface wind speed were gathered before and during prescribed burning activities 

with the use of a belt weather kit and a Kestrel 3000 weather system (Fischer and Hardy 

1976, Schroeder and Buck 1970).  

 Ignition patterns for each unit were dependent upon topography and prevailing 

winds the day of the burn (Schroeder and Buck 1970).  The preferred pattern of ignition 

was a strip-head fire with flanking fires along either side (Waldrop and Goodrick 2012).  

Ten hour fuel moisture was measured with a Forester Fuel Moisture Scale, model 11552 

and four standard 10-hour ponderosa pine fuel moisture sticks (Fischer and Hardy 1976, 

Schroeder and Buck 1970).  Ignition was accomplished with a drip torch.   
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Woody Shrub Sampling 

 In 2014 and 2015, we sampled woody shrubs using 0.002 ha circular plots located 

at each of the 12 predetermined fixed plots within each unit.  During mid to late summer 

we determined: species, density, height class, and percent cover of each woody species 

present.  We identified species down to a genus and species level.  Height classes were 

estimated on a scale of 1 to 4 (1 = 0.5 to 1.4m, 2 = 1.4 to 2m, 3 = 2 to 3m, and 4 = > 3m).  

We ocularly estimated percent cover on a scale of 0 to 10 (0 = 0%, 1 = Trace Amount, 2 

= 1 to 2%, 3 = 2 to 3%, 4 = 3 to 5%, 5 = 5 to 10%, 6 = 10 to 25%, 7 = 25 to 50%, 8 = 50 

to 75%, 9 = 75 to 95%, and 10 = > 95%) after Sparks et al. (1998).  The class mid-point 

was used to calculate means.  

Only woody vegetation rooted within each plot was counted.  We tallied total 

stems for each species instead of unique individuals as many species were rhizomatous.  

This was because an accurate count of rhizomatous species requires destructive 

techniques (Morgan et al. 2015).   

Analysis 

 We used descriptive statistics to summarize mean (±SE) response variable data 

(density, BA, and percent canopy cover).  We calculated species richness and diversity of 

woody vegetation after Ludwig and Reynolds (1988) (H’ = − ∑  𝑝𝑖 
𝑁
𝑖=1 (ln𝑝𝑖).  We used 

the Kruskal-Wallis nonparametric test to test for treatment differences (P < 0.05) in 

species richness, diversity (Shannon-Weaver diversity index), density, BA, and percent 

canopy cover estimates between treatments and years after Sparks et. al (1998).  We 

conducted statistical analysis using SAS 9.2 (SAS Institute 2011).  When data were 
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analyzed across years, the year × unit × treatment Type III mean square was used as the 

error term.  Multiple comparisons between mean ranks were made with Tukey’s test and 

Duncan’s multiple range test with α = 0.05 (Conover and Iman 1981).  We evaluated the 

relationship between BA and canopy cover using regression techniques.  At this point in 

the study TS2, TS3, and TS4 have had one burn respectively and are essentially the same 

treatment.  A total of two burns have been applied to TS1 treatment units. 

RESULTS 

Overstory Basal Area and Canopy Cover 

 Average pre-treatment BA measured in 2013 ranged from 20.9 ±3.6 to 31.4 ±3.1 

m
2
/ha.  Following the application of thinning and fire average BA was lowered by 38.4% 

±0.02% across thinned treatments.  We found no significant difference in BA among 

treatments (P = 0.843).  Observed mean BA remained relatively unchanged from 2013 

through 2015 for un-thinned CONT and RRB treatments (Table 2.2).  In contrast, 

observed mean BA decreased for thinned treatments.  In 2014, mean BA across all 

treatments ranged from 12.6 ±3.1 to 23.0 ±3.9 m
2
/ha (Table 2.2).  In 2015, mean BA 

across all treatments ranged from 12.6 ±3.1 to 23.0 ±3.8 m
2
/ha (Table 2.2). 

In 2014, mean percent canopy cover across all treatments ranged from 39.6 ±1.9 

to 65.7 ±2.8 percent.  We found a significant difference (P = 0.010) in percent canopy 

cover between treatments (Table 2.3).  This difference existed between CONT and TS4.    

Mean percent canopy cover from 2014 to 2015 (Table 2.3) increased with the exception 

of the TS4 treatment.  Observed mean canopy cover for the TS4 treatment decreased 

from 40 ±1.9 percent in 2014 to 37 ±6.4 percent in 2015.  In 2015, percent canopy cover 
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ranged from 37.4 ±6.4 to 72.5 ±5.4 percent (Table 2.3).  We did not find a significant 

relationship (P > 0.05) between BA and percent canopy cover (Figure 2.3).   

Fireline-Intensity 

   Fireline intensity of burns applied in spring 2014 ranged from 81 to 268 kW/m.  

Burns applied in fall 2014 ranged from 8 to 260 kW/m.  We were unable to detect any 

differences in fireline intensity among burn treatments in 2014.  Burns applied in spring 

2015 ranged from 27 to 404 kW/m.  We found significant differences in 2015 fire line 

intensity among units with CONT, RRB and TNB being the lowest with the remainder of 

the treatments similar (P = 0.001).   We found that as fireline intensity increased, percent 

woody cover decreased (R
2
 = 0.630) (Figure 2.4a).  We found a weak relationship (R

2
 = 

0.380) between total woody stems and fireline intensity (Figure 2.4b).    

Woody Richness and Diversity 

A total of 38 woody species ≥ 0.5 meters in height occurred on our study site area 

from 2014 to 2015 (Appendix A).  Average species richness across treatments did not 

differ (P = 0.738) in 2015.  Average species richness ranged from 11.3 ±1.8 to 14.3 ±2.4 

in 2014 and from 11.0 ±1.7 to 14.7 ±1.4 in 2015 (Figure 2.5a).  The largest net change in 

average species richness observed from 2014 to 2015 occurred in TS3 (-1.7 ±1) (Figure 

2.5b).  The second largest net change in species richness was observed across the CONT 

(0.7 ±0.7), TNB (0.7 ±1.8), and TF2 (0.7 ±1.0) treatments. 

Average species diversity in 2014 was 1.31 ±0.20 across all treatments.  Species 

diversity did not differ between treatments in 2014 (Figure 2.6a).  Species diversity for 

treatments ranged from 0.89 ±0.10 to 1.59 ±0.10 in 2014.  Across all treatments, average 
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species diversity in 2015 was 1.28 ±0.22.  Species diversity for treatments ranged from 

0.84 ±0.02 to 1.63 ±0.17 in 2015.  Species diversity ranged from 1.63 ±0.17 to 0.84 ±0.02 

in 2015.  The greatest observed net change in species diversity from 2014 to 2015 was 

observed for RRB (-0.14 ±0.13), TS2 (-0.11 ±0.11), and TS1 (-0.05 ±0.08) treatments 

(Figure 2.6b).  Treatment species diversity did not differ (P = 0.154) among years.  In 

2015, treatments began to diverge from one another as species diversity in TS1 

treatments differed from TNB and TS3.     

 Understory Woody Density and Cover 

 We found that total density of woody vegetation in 2014 ranged from 14,510 

±4,402 to 32,027 ±3,662 (Figure 2.7a).  In 2014, stems/ha among treatments did not 

differ (P = 0.561).  We found that density of woody vegetation in 2015 ranged from 

9,966 ±4,058 to 46,029 ±5,483 (Figure 2.7a).  After additional burns and another growing 

season, density among treatments differed (P = 0.007) in 2015.  We found that CONT, 

RRB, TNB, and TS1 all increased in density from 2014 to 2015 (Figure 2.7b).  

Differences seen in density from 2014 to 2015 were from large net changes in red maple 

and beaked hazelnut (Figure 2.8).  The largest net change in density was observed for 

beaked hazelnut in RRB (+5,629 ±9,922) and TS1 (+18,011 ±8,689) treatments (Figure 

2.8).  We observed little to no pine regeneration in any treatment.  We did not find a 

significant relationship (P > 0.05) between BA and density (Figure 2.9a) or percent 

canopy cover and density (Figure 2.9b).  
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DISCUSSION  

Overstory Basal Area and Canopy Cover 

  Although overstory BA was reduced in all thinning treatments, we found no 

significant difference in BA between treatments after thinning was implemented.   

Implementation of thinning treatments was less intensive and applied less evenly than 

intended.  This created a range of BA within each treatment.  Overstory trees were 

largely unaffected by the prescribed burning.  Our treatment BA post thinning was 

similar to a study of burn, chemical, and mechanical treatments in red pine by D’Amato 

et al. (2012).  However, Neumann and Dickmann (2001) reported 46.7 to 48.8 m
2
/ha of 

BA in their study of burning in mature red pine. 

We found a significant difference in percent canopy cover between treatments.  

The absence of a  relationship between overstory BA and percent canopy cover is 

possibly due to a combination of atypically small crowns of densely stocked trees found 

prior to treatments, spatial variability of trees, and wide range of species found on our 

study site (Figure 2.2).  Because of this lack of a relationship, percent canopy cover may 

be a more important attribute to gather in the future than BA.  Doing so, we could better 

partition out the effect of overstory density on the understory vegetation. 

Fireline-Intensity 

 Our fireline intensities were low and variable because individual burns were 

conducted when 1-hr fuel moistures were close to the moisture of extinction.  This 

resulted in a patchy burn pattern in units with generally < 150 kW/m.  We found 
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similarities to Masters and Engel (1994) in that 10-hr fuels were not consumed and 

contributed little to fireline intensity.  

Woody Richness and Diversity 

Implementing prescribed burning in red pine stands has been shown to increase 

species richness and influence cover of woody vegetation (Neumann and Dickmann 

2001).  Neumann and Dickmann (2001) noted a 20% to 25% increase in species richness 

of all vegetation.  In our study, thinning, burning, and thinning plus burning did not result 

in any immediate changes in species richness.  However, thinning, burning, and thinning 

plus burning did result in changes of diversity and density.  Notable changes were not the 

result of an invasion of non-native species, but species already present.  Changes in 

diversity were likely due to increased evenness of species that re-sprouted after being top 

killed by fire.  Examples of this would be beaked hazelnut and red maple that typically 

re-sprout after burning (Buckman 1964) (Figure 2.8).   

Understory Woody Density 

Frequent summer burns (1 to 3 year intervals) in red pine have been more 

effective at reducing beaked hazelnut understory when compared to spring and less 

frequent summer burns (Alban 1977, Buckman 1962, 1964).  Van Wagner (1965) found 

that two consecutive summer burns virtually eliminated the hazel understory in an 80 

year old red pine stand.  D’Amato et al. (2012) found that increase in density of beaked 

hazel was observed 5 years post late summer burning in 90 year old red pine.  The 

immediate and vigorous re-sprouting of beaked hazelnut after burns in our study was not 

consistent with these studies.  This could be due to the timing, number of, and/or the 
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intensity of burns. Currently, TS1 is the only treatment that has been burned twice.  Yet it 

exhibited the largest increase in stem density over all other treatments (Figure 2.7a).  

Most studies examining the application of fire in red pine fail to quantify fireline intensity 

for comparison, therefore we were unable to directly compare results. 

While we did not observe a strong relationship between fireline intensity and stem 

density like Sparks et al. (1999), we did observe a relationship between fireline intensity 

and percent cover of woody vegetation.  They observed a reduction of stem density of 

stems >3 m in height, at approximately 400kW/m.  Our observed fireline intensity was 

less than theirs throughout burn treatments.  As a result, reducing the presence of beaked 

hazelnut similar to other studies may require higher intensity burns.   

Structural changes typically result from top killing and re-sprouting of hazel 

species after fire (Buckman 1964).  The top killing and re-sprouting of beaked hazelnut 

after burns created stands much different than those present prior to treatment.  Top killed 

species created understory structure that appeared more open than unburned controls.  

Hazelnut sprouting also created a denser shrub layer close to the surface.   

Bender et al. (1997) also found that woody stem density was up to 327% greater 

in stands thinned down to 16.1 m
2
/ha than stands thinned down to 25.3 m

2
/ha.  Other 

studies have long linked understory development to overstory thinning (Dickmann et al. 

1987, Wolters et al. 1982, Thill et al. 1983).  Li and Waller (2015) found that biotic 

homogenization of previously pine dominated stands in the Central Sands Ecological 

Landscape, WI was driven by increases of canopy cover and increases shade intolerant 

species following fire suppression.  Currently, woody vegetation responses on the TFP 
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appear more closely tied to the fireline intensity than thinning.  As our study progresses, 

we expect to see overstory density play a more important role in woody vegetation 

assemblage than the initial effects from burning.   

Management Recommendations 

Treatments such as ours have long been suggested by others to maintain the 

production and accessibility of wildlife forage in southern pine stands (Halls 1973, Halls 

and Boyd 1982).  Others have suggested similar treatments for restoration and 

maintenance of the red pine ecosystem (Li and Waller 2015, Nowacki and Abrams 2008, 

Booiger et al. 2004, Radeloff et al. 2000,).  Van Wagner (1970) noted the dependence of 

natural stands of red pine on fire. This includes the use of fire as a natural control of 

hardwoods and balsam fir.  Findings like ours highlight the importance of fire ecology in 

red pine communities.  The need for restoration of fire dependent communities in 

Wisconsin has also been well identified (Bolliger et al. 2004, Radeloff et al 2000).  This 

need includes natural red pine forests.  Nowacki and Abrams (2008) warn that if 

managers don’t act soon to restore fire regimes, restoration may become increasingly 

difficult and expensive.  Thinning and burning similar to those in our study show great 

promise for helping managers control the encroachment of fire intolerant understory 

species and create more diverse and rich red pine communities.  Changes in structure like 

these can have important benefits for wildlife.  Bender et al. (1997) found increased 

wildlife use in thinned red pine stands followed more structurally complex understories 

that were created post thinning.   
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For restoration purposes, we suggest being flexible with prescriptions as effects 

from thinning and burning can vary from site to site and the intensity of treatments.  

Effects such as reducing percent cover of fire intolerant hardwoods can depend upon 

fireline intensity.  Focusing implementation of burns during optimal burn conditions 

could be more effective than several low intensity burns at reducing hardwood 

components.  Even if burns have relatively high fireline intensity, it may take several 

burns to reduce hardwood competition.  Additionally, repeated fire appears to have more 

positive effects of reducing the dominance of beaked hazelnut than not implementing fire 

at all. But because this study was replicated in small plots in the Northern Highlands 

Ecological Landscape and long-term fire interactions are not yet known, inferences are 

limited to similar sites in the ecological landscape.  
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Table 2.1.  Pre-burn standard fire behavior fuel models based off of Scott and Burgan 

(2005) and prescribed burn frequency for the Treehaven Fire Plots, Tomahawk, WI. 

Treatment Fuel Type
a,b Fire Frequency 

(yrs.) 

CONT TU5 None 

RRB TU5 4 

TNB SB1 None 

TS1 SB1 1 

TS2 SB1 2 

TS3 SB1 3 

TS4 SB1 4 

TF2 SB1 2
c
 

   
a  

TU5 = Grass or shrub mixed with litter from forest canopy (Timber-Understory).  Fuel 

bed is high load conifer litter with shrub understory.  Spread rate moderate; flame length 

moderate.  SB1 = Activity fuel (slash) or debris from wind damage (blowdown) (Slash-

Blowdown).  Fine fuel load is 22.4 to 44.8 metric tons/ha, weighted towards fuels 2.54 

cm to 7.62 cm diameter class, depth is less than 0.3 meters.  Spread rate moderate; flame 

length low. 
b
 Standard fire behavior fuel models prior to first burn.   

c
 Indicates fall burn cycle. 
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Table 2.2.  Basal area (m
2
/ha) by year for Treatments on the Treehaven Fire Plots, Tomahawk, WI from 2013 to 2015.

a
 

Treatment
b
 

 
CONT RRB TNB TS1 TS2 TS3 TS4 TF2 

Year (n=3) (n=3) (n=3) (n=3) (n=3) (n=3) (n=3) (n=3) 

2013
c
 20.9 (3.6) 23.6 (3.7) 29.7 (4.5) 24.6 (6.7) 24.9 (6.1) 24.9 (4.6) 23.0 (4.0) 31.4 (3.1) 

2014 19.6 (2.7) 23.0 (3.9) 20.1 (1.8) 15.8 (3.6) 14.5 (2.5) 16.1 (1.2) 12.9 (3.1) 17.9 (2.4) 

2015 19.4 (2.5) 23.0 (3.8) 20.5 (1.6) 15.9 (3.6) 14.6 (2.6) 15.9 (1.1) 12.9 (3.1) 18.0 (2.4) 

 

a  
Row means without a letter or followed by the same letter within a column did not differ (P > 0.05). 

b
 CONT= No Treatments, RRB= Rough Reduction Burn (no thinning with a spring burn frequency of 4 years), TNB= Thin No 

Burn, TS1= Thin with a spring burn frequency of 1 year, TS2= Thin with a spring burn frequency of 2 years, TS3= Thin with a 

spring burn frequency of 3 years, TS4= Thin with a spring burn frequency of 4 years, TF2= Thin with a fall burn frequency of 

2 years.   
c 
2013 BA was calculated with use of a 100% inventory of all trees across our study site. 

 

 

 

 

x (SE) x (SE) x (SE) x (SE) x (SE) x (SE) x (SE) x (SE) 
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Table 2.3.  Percent canopy cover by year for Treatments on the Treehaven Fire Plots, Tomahawk, WI for 2014 and 2015.
a
 

Treatment
b 

 
CONT RRB TNB TS1 TS2 TS3 TS4 TF2 

Year (n=3) (n=3) (n=3) (n=3) (n=3) (n=3) (n=3) (n=3) 

2014 66 (2.8)a 58 (6.5)ab 53 (2.5)ab 43 (1.2)ab 45 (3.1)ab 50 (9.3)ab 40 (1.9)b 43 (2.4)ab 

2015 73 (5.4)a 61 (5.8)ab 61 (3.2)ab 47 (1.9)ab 46 (3.1)ab 59 (9.9)ab 37 (6.4)b 46 (2.5)ab 

 

a 
Row means followed by the same letter within a column did not differ (P > 0.05). 

b 
CONT= No Treatments, RRB= Rough Reduction Burn (no thinning and spring burn frequency of 4 years), TNB= Thin No 

Burn, TS1= Thin with a spring burn frequency of 1 year, TS2= Thin with a spring burn frequency of 2 years, TS3= Thin with a 

spring burn frequency of 3 years, TS4= Thin with a spring burn frequency of 4 years, TF2= Thin with a fall burn frequency of 

2 years. 

x (SE) x (SE) x (SE) x (SE) x (SE) x (SE) x (SE) x (SE) 
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  Figure 2.1.  Unit and treatment number for the Treehaven Fire Plots, Tomahawk, WI. 
ab

 

 

a 
Top number in each unit indicates unique unit number. 

b
 Bottom series in each unit indicates treatment type.  These are: CONT= No Treatments, 

RRB= Rough Reduction Burn (no thinning with a spring burn frequency of 4 years), 

TNB= Thin No Burn, TS1= Thin with a spring burn frequency of 1 year, TS2= Thin with 

a spring burn frequency of 2 years, TS3= Thin with a spring burn frequency of 3 years, 

TS4= Thin with a spring burn frequency of 4 years, TF2= Thin with a fall burn frequency 

of 2 years. 
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Figure 2.2.  Map of tree stems with a DBH of 7.6 cm or greater on the Treehaven Fire 

Plots, Tomahawk, WI, fall 2013. 
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Figure 2.3.  Regression of average 2014 to 2015 BA (m
2
/ha) and percent canopy cover 

for the Treehaven Fire Plots, Tomahawk, WI. 

 

 

 

 

 

 

 

 

y = 10.751x0.558 
R² = 0.4197 

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0

P
e

rc
e

n
t 

C
an

o
p

y 
C

o
ve

r 

BA m2/ha 

♦ 
♦ 

♦ ♦ ♦♦ 

• 
♦ 

♦ 



 
 

74 
 

Figure 2.4. a. Regression of average percent cover of woody vegetation and fireline 

intensity (kW/m) b. average stem density (stems/ha) of woody vegetation and fireline 

intensity (kW/m) for the Treehaven Fire Plots, Tomahawk, WI, 2015. 
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Figure 2.5.  a. Average species richness by treatment and year and b. net change in 

average species richness by treatment (from 2014 to 2015) for the Treehaven Fire Plots, 

Tomahawk, WI.  Means were the same (P ≤ 0.05) and did not differ from 2014 to 2015. 
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Figure 2.6.  a. Average Shannon-Weaver species diversity (H’) by treatment and year and 

b. net change in Shannon-Weaver species diversity (H’) by treatment (from 2014 to 

2015) for the Treehaven Fire Plots, Tomahawk, WI.  Means with different letters were 

different (P ≤ 0.05) in 2015.  Means were not different (P ≤ 0.05) in 2014. 
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Figure 2.7.  a. Average woody stems/ha by treatment and year and b. net change in 

average woody stems/ha by treatment (from 2014 to 2015) for the Treehaven Fire Plots, 

Tomahawk, WI.  Year means among treatments with different letters are different (P ≤ 

0.05). 
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Figure 2.8.  Net change in average stems/ha of red maple and beaked hazelnut by 

treatment (from 2014 to 2015) for the Treehaven Fire Plots, Tomahawk, WI.   
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Figure 2.9.  a. Regression of average stems/ha and BA (m
2
/ha) and b. average stems/ha 

and percent canopy cover for the Treehaven Fire Plots, Tomahawk, WI. 
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A.  Woody species observed on Treehaven Fire Plots by functional group, 2014 to 2015. 

  Scientific Name Common Name 
Trees 

  
 

Abies balsamea balsam fir 

 
Acer rubrum red maple 

 
Acer saccharum sugar maple 

 
Acer spicatum mountain maple 

 
Amelanchier spp. serviceberry 

 
Betula papyrifera paper birch 

 
Carpinus caroliniana  musclewood 

 
Larix laricina tamarack 

 
Picea glauca white spruce 

 
Picea mariana black spruce 

 
Pinus resinosa red pine 

 
Pinus strobus white pine 

 
Populus grandidentata big-toothed aspen 

 
Populus tremuloides trembling aspen 

 
Prunus pensylvanica pin cherry 

 
Prunus serotina black cherry 

 
Prunus virginiana choke cherry 

 
Quercus rubra red oak 

 
Salix spp. willow spp. 

 
Sorbus americana American mountain ash 

 
Tsuga canadensis eastern hemlock 

Shrubs 

  
 

Alnus incana tag alder 

 
Chamaedaphne calyculata leather-leaf 

 
Comptonia peregrina sweetfern 

 
Cornus sericea red-osier dogwood 

 
Corylus americana American hazelnut 

 
Corylus cornuta beaked hazelnut 

 
Diervilla lonicera bush honeysuckle 

 
Ilex mucronata mountain holly 

 
Ilex verticillata common winterberry 

 
Lonicera canadensis American fly honeysuckle 

 
Lonicera xylosteum European honeysuckle 

 
Ribes spp. currant spp. 

 
Vaccinium angustifolium low sweet blueberry 

 
Vaccinium myrtilloides velvet leaf blueberry 

 
Viburnum acerifolium maple-leaved viburnum 

 
Viburnum rafinesqueanum downy arrowwood 

Vines 

    Clematis occidentalis western blue virgin's bower 
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