
Fire and the Northern 
Wisconsin Pine Barrens 

RICHARD ]. VOGL 

Department of Bot'lnY 
California State College, Los Angeles 

Los Angeles, California 90032 

THIS paper deals with the effects of fire on the 
pine barrens of northern Wisconsin; specifically those barrens north 
of the tension zone described by Curtis (1959). This zone diagonally 
separates Wisconsin into a northern hardwoods province and a 
southern prairie-forest province (Curtis and McIntosh 1951), cross
ing the State in a northwest-southeast direction, roughly passing 
through Minneapolis, Minnesota, to Wisconsin Rapids, and then 
down to Racine, Wisconsin (Fig. 1). Areas southwest of this ten
sion zone which have been, or might be, considered to be barrens, 
such as the northwest brush prairie savannas on the old lake bed of 
Glacial Lake Grantsburg (Vogi 1964a), the central oak-pine barrens 
of Glacial Lake Wisconsin, and the numerous other pine-oak savan
nas or oak openings that were once scattered from Polk and Barrens 
down to Milwaukee and Racine Counties and had typical tall-grass 
prairie understories, will not be considered. The pine barrens to be 
discussed are enclosed in the northern pine-hardwoods type, and 
are within the continuous ranges of red pine (Pinus resinosa Ait.) 
and jack pine (Pinus banksiana Lamb.) (Fowells 1965). 

These pine barrens are, or once were, open vegetation types within 
denser northern Wisconsin forests (Fig. 2). The areas consisted of 
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FIG. 1. Curtis's (1959) tension zone divides Wisconsin into a northern pine
hardwoods province and a southern prairie-woodland province. The locations of 
the pine barrens north of this zone (black line) are indicated in black, with the 
names adjacent to those barrens that were sampled quantitatively. 

scattered trees, predominantly red pine, jack pine, and oaks, grow
ing on sandy soils supporting herbaceous plants, ericaceous shrubs, 
bracken fern, and grasses and have been classified as true savannas 
(Curtis 1959). 

The objects of this paper are to describe the areas considered to 
have been occupied by pine barrens, to provide additional data on 
their structure since little accurate information is available (Curtis 
1959), to quantitatively evaluate the role of fire in these pine barrens, 
and to discuss the results as they relate to current timber and wildlife 
management. 

Not all the pine barren areas were sampled quantitatively because 
of the absence of controlled burns or wildfires at the time the field 
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FIG. 2. Northern Wisconsin pine barrens are sandy-soiled openings within a pine
hardwoods forest. Scattered jack pines and a grass-forb groundlayer cover this 
barrens. On other barrens the understories may be dominated by bracken fern 
(Pteridium aquilinum), sweet fern (Myrica asplenifolia), and/or blueberry (Vac
cinium angustifolium). 

work was conducted, or because the sites had been completely 
altered by forest plantations and/ or farm clearings. Those barrens 
areas in northeastern Wisconsin classified as bracken-grasslands were 
not included since they have been discussed elsewhere (Vogi 1964b). 
The literature review and history of this vegetation type have been 
adequately covered by Curtis (1959). 

METHODS 

To quantitatively determine the species composItIon and the ef
fects of fire from four to seven paired stands were selected for 
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FIG. 3. Control and bum plots were located adjacent to each other to eliminate 
variables in evaluating the effects of fire. The left side of the picture contains un
burned barrens' vegetation; red pines, oaks, and bracken fern separated from the 
bum on the right by two fire-plow furrows. 

sampling in each of four different regions across the State. Each 
paired stand was located on a burned area and on an adjacent un
burned area, the two sites usually separated by only a firebreak, 
road, or other barrier. The two areas were alike, as much as pos
sible, in topography, vegetational composition, and history; the burn 
differing from the control only in the treatment by recent fire 
(Fig. 3). 

An area of uniform vegetation and topography, approximately 
33 meters2 , was selected in each stand. Selection criteria included 
vegetation free from man-caused disturbances, vegetation repre
sentative of the area, and sites that were adjacent to similar un
burned plots. The sample was taken by randomly placing 20 
meter2 quadrats in this plot. All species present in each quadrat 
were recorded to obtain the frequency of occurrence for each spe-
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cies. The number of dead and living trees, recorded by size classes, 
was obtained from each 33 meter2 plot. Canopy cover was visually 
estimated. A presence list was made of all species found within the 
entire stand. 

The average percent frequency for each species in the unburned 
and burned stands was calculated to evaluate the effects of fire. 
This was obtained by summing the percent frequency for each 
species in all the burned or unburned stands and dividing the 
totals by the number of stands sampled in each category. 

Prevalent species lists were compiled for the unburned and burned 
stands using the method described by Curtis (1959). These lists 
were obtained by figuring the average number of species sampled 
per unburned or burned stand in each region. The prevalent spe
cies for each group were then selected by taking the average 
number obtained and counting off that many species from a spe
cies list which was arranged ina descending order according to 
their average percent frequencies. The total number of prevalent 
species, then, was equal to the average number of species sampled 
per stand for each treatment type. 

Average percent frequencies were then compared between the 
unburned and burned stands. All species were placed into increaser 
or decreaser categories depending upon their response to fire as 
reflected in the average percent frequency changes. Data from all 
species in the 23 pairs of stands for the four barrens regions were 
evaluated statistically using Student's t-test for paired data (Simp
son et al. 1960) to determine significant increases or decreases at 
95 percent confidence limits. Plant nomenclature follows Gleason 
(1958). 

DESCRIPTION OF AREA 

The original or pre-European settlement vegetation of Wisconsin 
about 1840, including the northern pine barrens, was mapped and 
discussed by Curtis (1959). Past barrens areas were mapped in de
tail by Thompson and Fassett (1945), Fassett (1944), Finley 
(1951), and others. Barrens descriptions occurred in accounts by 
explorers (Schoolcraft 1834, Hill 1891, Roth 1898, Rittenhouse and 
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Voss 1962), by botanists (Aldrich and Fassett 1929, McLaughlin 
1932, Wilson 1938, Buss 1956, Hough 1963), and geologists-geog
raphers (Owen 1848, Wooster 1882, Hansell 1930, Murphy 1931). 
Despite these references, Curtis's map (I959) is the only summary 
of the locations of all the barrens areas. The following descriptions 
augment this summary. 

The N amekagon River Barrens of northwestern Wisconsin oc
cur between the Namekagon and St. Croix Rivers, starting at their 
junction and extending upstream or northeastward to Gordon, 
Wisconsin, where they merge with the St. Croix-Brule River Bar
rens. The center of the area coincides with the junctions of the 
Burnett, Washburn, and Douglas County lines, with the St. Croix 
River serving as the western and the Namekagon River the south
ern boundaries. The soils are a very light sandy type, whereas the 
soils supporting northern pine-hardwoods immediately across these 
rivers are heavy clay or coarse glacial till. The area is a fairly level 
upland sand plain that becomes more rolling in Douglas County, 
particularly where it is dissected by creek and lake drainages. 

Most of the area, except where the Wisconsin Conservation De
partment has conducted controlled burns since 1958 and where 
wildfires occurred in 1947 and 1958, is closing in with oak grubs 
that are becoming trees, jack pines that are reaching maturity, and 
expanding brush. The last widespread fire, the Namekagon Fire, 
occurred between 1929 and 1931, and since then the woody vege
tation cover has been increasing. The prairie and barrens under
story vegetation most closely resembles the Danbury, Crex Mead
ows, and Fish Lake brush prairie savannas (Vogi 1964a) that oc
cur 10 to 20 or more miles to the southwest. These latter prairie 
areas are considered to be within the tension zone and were prob
ably once in contact with tall grass prairie . along their southern 
margms. 

The St. Croix River-Bois Brule River Barrens occur in Doug
las County in extreme northwestern Wisconsin. These sandy up
lands flank both sides of the St. Croix River bottoms from Gordon 
up to its headwaters in Upper St. Croix Lake at Solon Springs, 
Wisconsin. The best remaining barrens vegetation exists on State
owned land immediately west of the river where pointing-dog 
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field trials are held annually and where the Wisconsin Conserva
tion Depanment has been control burning for prairie grouse man
agement since 1947 (Vogi 1967). The entire nonhwest was burned 
in 1871 (Lapham 1965) and in 1894 (Anonymous 1964). The 
last sizable wildfires in this area occurred in 1935 and 1943. Most 
of the barrens, particularly east of the river, have been cleared for 
farming and/or have been forested with pine plantations. 

The barrens associated with the Bois Brule River are or were 
much more local, occupying upland rises along the river from 
where it leaves Upper St. Croix Lake down to the vicinity of 
Brule, Wisconsin. All barrens terminate abruptly on the north 
near Brule, stop on the west just a few miles west of the rivers 
where the uplands meet the swampy boreal Lake Superior low
lands, and gradually wane on the east somewhere west of the Eau 
Claire Lakes, extending into Bayfield County north of the lakes 
(Musbach 1914). 

The topography of most of the region is generally level, the 
peripheries often giving way to large rolling hills or long ridges. 
The present vegetation is still somewhat open and dry in appear
ance, supporting clumps of jack pine and scattered open-grown 
red pine or red pine stumps. This area, like the N amekagon Bar
rens and Crex Meadows, has been swept by widespread fires in the 
past. Interestingly, the Bois Brule River apparently was named 
for the burned countryside adjacent to the river and corresponds 
to the name Burntwood used by Schoolcraft (I 834) in referring 
to the river. 

The Moquah Sand Barrens is a vast area of rolling sand hills 
that covers the interior portion of the Bayfield Peninsula within 
Chequamegon National Forest. This region, which lies to the north
east of Iron River, to the north of Moquah, and to the west of 
Washburn, Wisconsin, has been so worked over by loggers, deva
stating forest fires (Anonymous 1964), unsuccessful farming at
tempts, and tree planting operations (Doll 1953, Frome 1962, 
W oerpel 1963) , that little is left of its original extent and char
acter. These Bayfield County barrens marked the northern limits 
of a stretch of more or less continuous pine barrens that extended 
from the Minnesota prairie at the St. Croix River northeastward 
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through Burnett, northern Polk, Washburn, and Douglas Counties. 
This northeast-southwest oriented path of scattered barrens, large 
and small, is considered to be related to the distribution of sandy 
soils, the location of Glacial Lake Grantsburg and the levels of 
Lake Superior during glaciation (Musbach 1914), to the usual 
path taken by major forest fires (Lapham 1965, V ogl 1964a, 1967), 
and to the original distribution of pinelands in Wisconsin (Curtis 
1959). Sandy soils are in part related to the distribution of glacial 
outwash and major northern Wisconsin rivers. 

Curtis (1959) included the central portion of Washburn County 
as original pine barrens. Present evidence indicates this barrens is 
not that extensive, being confined to an area north of Spooner up 
to the N amekagon River at Trego, Wisconsin, then extending 
southeastward to Stone Lake. Some tall grass prairie species, simi
lar to those found on the Crex Meadows brush prairie savanna 
(V ogl 1964a), are present. This area has been burned at least 
once since it was swept by the fire of 1894. 

The Manitowish River Barrens are located in Vilas County. 
They occur on a series of scattered sand flats around the head
waters lakes, become extensive in the vicinity of Boulder Junction, 
Wisconsin, where they stretch north to Grassy Lake, south to 
Trout Lake, and west to the Trout River, surround most of the 
Manitowish Waters chain of lakes, and end downstream near 
Manitowish, Wisconsin in extreme eastern Iron County. The 
bracken-grasslands (Vogi 1964b), frost pockets, and openings that 
once existed or still occur around the springs and streams that 
feed the Manitowish headwaters lakes, extending north to the 
Michigan border and south almost to Star Lake, are included as 
part of the Manitowish Barrens. 

Additional barrens occurred on the Bear River upstream from 
where it joins the Manitowish River to form the Flambeau River. 
They occupied reddish sandy benches and flats adjacent to the 
river and between and around the Lac du Flambeau chain of 
lakes, extending east of Fence Lake and south to Squirrel Lake 
in Oneida County. Most of these barrens are now gone with only 
coppiced oaks, decadent open-grown jack pines, scattered red pine 
stumps, lakeshore stands of red pine, large juneberry bushes 
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(Amelanchier sp.), and dry openings remaining in a closed or 
planted forest. 

In northeastern Vilas County, barrens were associated with the 
upper Wisconsin River in the vicinity of Land 0' Lakes and 
Conover, Wisconsin. Only a few openings still exist. The rest 
haye been forested. 

In Oneida County, barrens were associated with the Wisconsin 
and Tomahawk Rivers. Open pockets occurred on sandy bends 
of the Tomahawk River, and openings in the vicinity of the Squir
rel and Tomahawk Rivers junction once spread from Pine Lake, 
Swampsauger Lake, and the Willow Reservoir east beyond Hazel
hurst and Bearskin Lake. The Tomahawk joins the Wisconsin 
Ri,'er at Tomahawk, Wisconsin in northern Lincoln County, and 
scattered barrens stretched north on sandy soils between these 
rivers up into Oneida County. This area was logged, homesteaded, 
and cleared for farming. Large fires occurred in 1893 and 1933. 

The barrens of Florence and northern Marinette Counties have 
been previously described (Vogi 1964b). Barrens were also asso
ciated with the upper Peshtigo River watershed in central Mari
nette County. Almost continuous barrens once stretched from 
north of Athelstane and Wausaukee, Wisconsin, south to the 
Peshtigo River and beyond (Lintereur 1959). This area contrib
uted substantial supplies of red pines during the first logging and 
was swept by the famous Peshtigo Fire of 1871. Much of the 
area re-burned in 1894 (Anonymous 1964). Smaller wildfires have 
swept portions of the area as recently as 1948 to 1953. The land
scape is generally level and sandy, with numerous scattered large 
boulders and rocky outcrops (Fig. 4). The understory vegetation, 
particularly adjacent to the Peshtigo River, still contains an ex
tensive prairie flora and may have once been in contact with tall 
grass prairie. Two of the last excellent dry prairies, one north of 
High Falls and the other southwest of Athelstane were unfortun
ately plowed and planted to pines in the late 1950's. These barrens 
contained a prairie-barrens understory, were dotted with oak grubs, 
New Jersey tea (Ceanotbus ovatus), prairie willow (Salix sp.), and 
prairie anthills. Above this grew occasional clumps of hazel 
(Corylus americana) and jack pine, and scattered individuals of 
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FIG. 4. Rocky outcrops and rocks are scattered across the Peshtigo River-Athel
stane Barrens of Marinette County. Hill's oaks and a prairie understory are visible. 

open-grown red pine, many of which reached magnificent sizes. 
One of the largest recorded red pines was cut in this area in 1963, 
a tree that survived the Peshtigo Fire by its location on the eastern 
shore of Sand Lake, and was over 8 ft in circumference, 98 ft 
high, more than 200 years old, and had an average crown spread 
of 34 ft (Anonymous 1963). 

Cunis (1959) also mapped original barrens in northeastern 
Shawano and adjacent Oconto Counties, but no detailed check 
was made of the present vegetational status of this region. 

Besides possessing a characteristic vegetational composition and 
physiognomy, northern pine barrens appear to correlate well with 
the distributions of great forest fires of the past (Curtis 1959, 
Davis 1959, Anonymous 1964, Lapham 1965), present crown fire 
and fire hazard problems (Anonymous 1931, Beaufait 1961, Beale 
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and Dieterich 1963, Dieterich 1963), the locations of sandy soil 
types (Musbach 1914, Kilburn 1958, Curtis 1959, Beaufait and 
Brown 1962, Dieterich 1963, Fowells 1965, Madison and Lee 
1965, Hole 1969), areas subject to local drought conditions, the 
strongholds or last occurences of prairie chickens and/or sharp
tailed grouse (Hamerstrom et al. 1952, Doll 1953, 1955, Dahlberg 
1954, Lintereur 1959, Guyant 1961, Hamerstrom 1963, Bublitz 
1964, Hamerstrom and Hamerstrom 1966), and with areas having 
difficulties and failures in establishing forest plantations (W oerpel 
1963, Wilde et al. 1964, Wilde 1970). 

The size of individual barrens in northern Wisconsin appears 
to be controlled not only by the extent of sandy soils, but by 
the nature of the terrain. Large tracts are usually associated with 
level, gentle rolling, or undulating topography which permits the 
unrestricted spread of fires (Curtis 1959). Rough or broken ter
rain, potholes, bogs, lakes, rivers, and muskegs not only interrupt 
barrens, but also serve as firebreaks which impede the spread of 
fires to and through barrens or potential barrens areas. 

RESULTS AND DISCUSSION 

NAMEKAGON RIVER BARRENS 

Five paired stands were sampled. The experimental half of each 
pair had been control burned in the spring of one or two suc
cessive years and was sampled the same year or the year after 
the burn. A total of 99 species was recorded for all stands, but 
31 (31 percent) of these were so uncommon that they were not 
sampled. The average number of individuals sampled per unburned 
stand was 34 and per burned stand was 36, the averages deter
mining the number of prevalent species (Table 1). Galium boreale 
and Vaccinium angustifolium were the unburned dominants and 
Andropogon gerardi and Aster azureus the subdominants. The 
burned stands were dominated by Andropogon gerardi and Galium 
boreale, followed by sub dominants Carex sp. and Vaccinium an
gustifolium. 

All the species encountered were also found on Crex Meadows 
prairie savanna (Vogi 1964a), and 73 percent of the prevalent 
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species were common to the Namekagon Barrens and the brush 
prairie savanna. Myrica asplenifolia, Amelanchier sp., Agropyron 
repens, Comandra richardsiana, Pedicularis canadensis, Bromus 
kalmii, Arctostaphylos uva-ursi, Aster sagittifolius, and Prunus vir
giniana reached prevalent status on Namekagon, but did not on 
Crex Meadows prairie. Of these species, only Myrica asplenifolia 
was listed by Curtis (1959) as a prevalent species for pine barrens. 
Only 45 percent of his prevalent groundlayer species of pine bar
rens were prevalents on the Namekagon Barrens. The vegetational 
and species composition of this area is much more characteristic 
of prairie, or even oak barrens, than it is of pine barrens. A num
ber of prairie species found on Crex Meadows (V ogl 1964a) 
were not present on the Namekagon Barrens, but the vegetation 
contained enough prairie elements to react to fire like typical 
prairie. Among the prevalent species (Table 1), 21 showed an 
increase and 19 showed a decrease with burning. Four species de
creased enough to be dropped from the burned prevalents and 
six species increased enough with burning to be added to the list. 
Eleven species were sampled in the burned stands but were only 
found to be present in the unburned stands, and seven species 
were sampled only in the unburned stands. 

To avoid minor or insignificant fluctuations with burning, 
Tables 2,4,6, and 8 were constructed by eliminating all species 
with an average percent frequency change of 10 percent or less. 
In other words, a species had to increase or decrease in more 
than two quadrats on the average between unburned and burned 
stands to be considered a species with a major change. Table 2 
contains 11 increasers, the most prominent being the prairie grasses 
Koeleria cristata and Andropogon gerardi, followed by a number 
of prairie forbs. Sucker sprouting of Populus tremuloides and 
Quercus macrocarpa accounted for their increases in average per
cent frequencies. Thirteen species showed a major decrease with 
burning, the two most important being H elianthus rigidus and 
Myrica asplenifolia. The decrease of the woody species Myrica 
asplenifolia, Amelanchier sp., Pinus banksiana, Gaultheria procum
bens, and Prunus virginiana was expected, but the decrease among 
prairie species like Helianthus rigidus, Aster azureus, Fragaria vir-
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TABLE 1. NAMEKAGON RIVER BARRENS PREVALENT SPECIES FOR FIVE PAIRED UN
BURNED AND BURNED STANDS WITH AVERAGE PERCENT FREQUENCIES AND DIFFERENCES 

PRODUCED BY BURNING 

Unburned Burned Avg. Freq. 
Species Avg. % Freq. Avg. % Freq. Difference 

Galium boreale 89% (± 5.5) 76% (±27.2) -18% 
Vaccinium angustifolium 74 (±15.2) 70 (±18.2) - 4 
Andropogon gerardi 70 (±86.7) 97 (± 2.7) +27 
Aster azureU8 65 (±18.4) 48 (± 9.1~ -22 
Helianthu8 rigidu8 62 (±24.6) 28 (±25.6 -84 
Carex sp. 57 (±11. 0) 74 (±19.8) +17 
Andropogon scopariu8 58 (±18.6) 57 (±19.9~ +4 
Myrica asplenifolia 49 (±44.8~ 22 (±29.5 -27 
Amelanchier sp. 45 (±41.1 20 (±15.4) -25 
Corylus americana 85 (±11.2 88 (±18.9) +8 
Ceanothu8ovatu8 54 (±46.6) 44 (±40.5) +10 
Fragaria virginiana 54 (±20.4) 18 (±12.5~ -21 
Convolvulu8 spithamaeu8 82 (±20.2) 28 (±82.7 - 9 
Gaultheria procumbens 28 (±88.8~ 14 (±81.8) -14 
Agropyron repen8 27 (±25.4 -21 
Poa praten8i8 27 (±84.7) 12 (± 7.6) -15 
Comandra richard8iana 24 (±82.9) 12 (± 5.7) -12 
Helianthu80ccidentalis 24 (±82.9) 50 (±88.9) +26 
M onarda jistulosa 24 (± 8.2) 47 (±41.6) +28 
Phlox pilosa 28 (± 8.4) 82 (±21.9~ +9 
Achillea mille folium 22 (±12.5) 7 (± 6.7 -15 
Koeleria cristata 21 (±17.5) 51 (±40.4) +80 
Pedicularis canadensis 18 (±16.0) 24 (±26.1) + 6 
Pinus banksiana 18 (±24.6) -18 
Rosa sp. 18 (±17.5~ 10 (±10.6) - 8 
Quercus macrocarpa 16 (± 4.2 28 (±20.8) +12 
Bromu8 kalmii 15 (±18.7) 16 (±17.5) + 1 
Lathyru8 venosus 15 (±88.5) 27 (±89.0) +12 
Arctostaphylos uva-ursi 14 (±19.2) 12 (±14.4) - 2 
Aster sagittifolius 14 (±10.8) 28 (±24.9) + 9 
Helianthemum canaden8e 14 (±19.2) - -10 
Prunus pumila 14 (±19.2) 17 (± 6.7) + 8 
Lithospermum canescens 12 (± 8.4) 12 (± 8.4) 0 
Prunu8 virginiana 12 (±16.4) -12 
Anemone quinque folia 19 (±18.4) +16 
Maianthemum canaden8e 17 (±19.9) +18 
Solidago missouriensis 17 (±16.8) +11 
Populus tremuloides 16 (±18.2) +16 
Antennaria neglecta 11 (±12.5) +5 
Salix di8color 11 (±16.4) + 9 

84 unburned 86 burned 21 19 
prevalents prevalents increasers decreaser 

gtntana, Achillea millefolium, Galium boreale, and Comandra 
richardsiana was not expected. Explanations of these latter decreases 
might be that these forbs were reduced by the competition cre
ated by the increasing prairie grasses, or these species are at the 
edges of their ranges and might be more readily reduced by burn
ing. Weedy grasses like Agropyron rep ens and Poa pratensis de-
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TABLE 2. NAMEKAGON RIVER BARRENS PREVALENT SPECIES THAT CHANGED MORE 
THAN 10% AVERAGE PERCENT FREQUENCY WITH BURNING 

Increasers 

Koeleria cristata 
Andropogon gerardi 
H elianthus occidentalis 
Monarda fistulosa 
Carex sp. 
Anemone quinqueJolia 
Populus tremuloides 
M aianthemum canadense 
Quercus macrocarpa 
Lathyrus venosus 
Solidago missouriensis 

Avg. Freq. 
Difference 

+80% 
+27 
+26 
+28 
+17* 
+16 
+16* 
+18 
+12 
+12 
+11* 

Decreasers 

H elianthus rigidus 
Myrica aspleniJolia 
Amelanchier sp. 
Aster azureus 
Fragaria virginian a 
Agropyron repens 
Pinus banksiana 
Poa pratensis 
Achillea milleJolium 
Gaultheria procumbens 
Galium boreale 
Comandra richardsiana 
Prunus virginian a 

Avg. Freq. 
Difference 

-84%* 
-27 
-25* 
-22 
-21 
-21* 
-18 
-15 
-15* 
-14* 
-18 
-12 
-12 

* Species showing a statistically significant difference in all four barrens areas. 

crease with burning under natural conditions (Curtis and Partch 
1948). In general, burning did not dramatically change the vege
tational or species composition, but merely intensified the prairie 
understory by removing woody species and increasing percent 
frequency of occurrence of most prairie species, as well as by in
creasing growth, flowering, and vigor. 

ST. CROIX-BOIS BRULE RIVER BARRENS 

Four of the seven paired stands were control burned once in 
spring and sampled the same growing season, and two were burned 
twice and sampled a year after the last burns. A total of 83 spe
cies was found in the unburned and burned stands. Nineteen of 
these species (23 percent) were not encountered in the sampling, 
and 30 of the 83 were unsampled in the unburned stands and 
28 were unsampled in the burned stands. The average number 
of species sampled in the seven unburned stands was 24 and in 
the seven burned stands was 23 (Table 3). The unburned domi
nants were Myrica asplenifolia and Andropogon gerardi and sub
dominants were Carex sp. and Vaccinium angustifolium. The burn 
dominants were Myrica asplenifolia and Carex sp., followed by 
sub dominant Andropogon gerardi and Vaccinium angustifolium. 
With burning, 15 prevalent species increased and 14 decreased. 
Six species decreased so they were no longer prevalent species 
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TABLE 8. ST CROIX-BRULE RIVER BARRENS PREVALENT SPECIES FOR SEVEN PAIRED 
UNBURNED AND BURNED STANDS WITH AVERAGE PERCENT FREQUENCIES AND DIFFER

ENCES PRODUCED BY BURNING 

Unburned Burned Avg. Freq. 
Species Avg. % Freq. Avg. % Freq. Difference 

Myrica aspleniJolia 78% (±80.S) S6% (±17.2) +18% 
Andropogon gerardi 54 (±4S.7) 66 (±42.4) +12 
Carez sp. 51 (±82.0) 70 (±82.S) +19 
Vaccinium angu8tiJolium 87 (±27.5) 58 (±40.5) +16 
A8ter azureus 86 (±24.4) 24 (±15.4) -12 
Andropogon scopariu8 84 (±24.S) 85 (±28.4) + 1 
Prunus pumila 82 (±25.S) 49 (±87.9) +17 
Rosa sp. 81 (±81. 0) 87 (±85.1) + 6 
A8ter ciliolatu8 27 (±28.6) 20 (±22.4) - 7 
Convolvulus spithamaeu8 26 (±80.6) 24 (±2S.5) - 2 
M aianthemum canadense 26 (±31. 0) 16 (±21.2) -10 
Solidago mi8sourien8i8 23 (±20.4) 27 (±20.2) + 4 
Amelanchier sp. 22 (±17.8) 16 (±19.1) - 6 
Poa praten8i8 21 (±86.4) 19 (±15.5) - 2 
Oryzop8i8 racemosa 17 (±29.8) -16 
Oryzopsis pungen8 14 (±20.5) S 
Arctostaphylos uva-ur8i 12 (±16.0) - 6 
Bromu$ kalmii 12 (±14.1) 9 (±10.8) - 8 
Rubus-- dewberry 12 (±82.1) 9 (±22.7) - 8 
Pinu8 banksiana 11 (±11.0) -10 
Agropyron repens 10 (±IS.2) 9 
Koeleria cri8tata 10 (±16.8) 81 (±80.2) +21 
Liatris aspera 10 (±10.S) - 6 
Anemone quinqueJolia 9 (±18.S) IS (±26.6) + 9 
Pteridium aquilinum 14 (±2S.1) +18 
Aster 8agittiJoliu8 11 (±17.5) + 5 
Schizachne purpura8cens 10 (±26.4) + 9 
Dien·illa lonicera 9 (±IS.6) + 5 
Viola adunca 9 (± 9.9) + S 

24 unburned 28 burned 15 14 
prevalents prevalents increasers decreasers 

and five increased to be included as prevalents with burning (Table 
3) . Ten species not found in the unburned samples increased to 
where they appeared in the burns, and seven species present in 
the unburned samples decreased so they were unsampled in the 
burns. 

Seven species increased and only two decreased grossly In av
erage percent frequencies with burning (Table 4). Prairie grasses 
Koeleria cristata and Andropogon gerardi, along with Carex sp., 
increased as expected with burning. Vaccinium angustifolium and 
Myrica asplenifolia are characteristic of pine barrens (Curtis 1959) 
and increased despite their woody nature. The increase in Prunus 
pumila is related to its vegetative reproduction. In general, the 
response to fire was only moderate, with most of the change af-
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TABLE 4. ST. CROIX-BRULE RIVER BARRENS PREVALENT SPECIES THAT CHANGED 

MORE THAN 10% AVERAGE PERCENT FREQUENCY WIT II BURNING 

Increasers 

Koeleria cristata 
Carex sp. 
Prunus pumila 
Vaccinium angustifolium 
Myrica asplenifolia 
Pteridium aquilinum 
Andropogon gerardi 

Avg. Freq. 
Difference 

+21%* 
+19* 
+17 
+16 
+13 
+13* 
+12 

Decreasers 

Oryzopsis racemosa 
Aster azureus 

Avg. Freq. 
Difference 

-16% 
-12 

* Species showing a statistically significant difference in all four barrens areas. 

fecting minimal to medium increases. Part of this increase was re
lated to the presence of prairie elements, particularly the per
sistent Andropogon spp. But the groundlayer vegetation, including 
dominants, approaches typical northern Wisconsin pine barrens, 
despite these prairie intrusions. The reaction to fire is subdued in 
comparison to the N amekagon Barrens. 

MANITOWISH RIVER BARRENS 

F our unburned and burned stands were sampled. The burned 
stands were swept by spring wildfires and sampled the next year. 
A total of 59 species was present in all stands, all of which were 
encountered in at least the control or burn samples. The average 
number of species sampled in the unburned stands was 28, and 
in the burned stands was 30 (Table 5). The dominant unburned 
species were Oryzopsis asperifolia and Rubus-blackberry and sub
dominants were Vaccinium angustifolium and Waldsteinia fra
garioides. The burn dominants were Vaccinium angustifolium and 
Aster sagittifolius and sub dominants were Carex sp. and Fragaria 
virginiana. With burning, 20 prevalents increased and 14 decreased 
in average percent frequencies. Six species increased enough to 
reach prevalent status in the burned stands, and four species lost 
prevalent status with burning. Eight of the total 59 species were 
sampled in the burned but not the unburned stands, and 13 other 
species were sampled in the unburned but not the burned stands. 

Nine species increased, and only two decreased in a major way 
(Table 6). The types and magnitudes of change were similar to 
those produced in the St. Croix-Bois Brule Barrens. This barrens 
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TABLE 5. MANITOWISH RIVER BARRENS PREVALENT SPECIES FOR FOUR PAIRED UN
BURNED AND BURNED STANDS WITH AVERAGE PERCENT FREQUENCIES AND DIFFERENCES 

PRODUCED BY BURNING 

Unburned Burned Avg. Freq. 
Species Avg. % Freq. Avg. % Freq. Dierence 

Oryzopsis asperiJolia 69% (±~8.4) 4~% (±~9.0) -~7% 
Rubus--blackberry 68 (±~4. 7) 59 ~±~5.8) 9 
Vaccinium angustiJolium 61 (±80.4) 68 ±~~.~) + 7 
Waldsteinia Jragarioides 54 (±58.7) 49 (±48.0) 5 
Schizachne purpurascens 48 (±~4.0) 56 (±~8. 7) + 8 
Myrica asplenifolia 41 (±87.9) 49 (±~6.6) + 8 
Convolvulus sp~thameaus 40 (±88.9) 81 (±19.7) - 9 
Maianthemum canadense 88 (±48.5) 81 (±86.1) - 7 
Gaultheria procumbens 86 (±4~.8) ~6 (±~8.9) -10 
Fragaria virginiana 85 (±84.9) 60 (±~l. 6) +~5 
Carex sp. 84 (±89.7) 6~ (±~6.6) +~8 
Aster sagittiJolius 8~ (±21.0) 65 (±~8.4) +88 
Pteridium aquilinum 81 (±~9.8) 44 (±49.~) +18 
Aster macrophyllus ~4 (±~7.5) 9 (±1l.8) -15 
Solidago missouriensis 21 (±19.8) 8'l (±15.5) +11 
Poa pratensis 19 (±21.4) ~8 (±40.1) + 9 
A melanchier sp. 18 (±~6.0) 11 (±18.1) 7 
Danthonia spicata 15 (±~6.8) 6 (± 9.5) 9 
Campanula rotundiJolia 12 (±15.0) 14 (±1~.5) + ~ 
Comandra richardsiana 11 (±16.5) 8 (± 9.6) 8 
M uhlenbergia racemosa 11 (±1O.8) ~8 (±40.1) +17 
Symphoricarpos orbiculatu8 11 (±~'l.5) 7 
Antennaria neglecta 10 (±18.5) -10 
Aster azureus 10 (±1~.~) l'l (±15.0) + ~ 
Epigaea repens 9 (±14.4) 9 
Melampyrum lineare 9 (±10.8) 10 (±10.8) + 1 
Apocynum androsaemiJolium 8 (± 6.4) 8 
Rosa sp. 8 (± 8.7) 9 (±10.8) + 1 
Populus tremuloides 'l8 (±89.8) +~8 
Agropyron trachycaulum 20 (±17.8) +14 
Diervilla lonicera 18 (±~6.0) +12 
Agrostis hiemalis 8 (±1l.9) + 8 
Lactuca canadensis 6 (± ~.5) + 1 
Panicum latifolium 6 (± 7.5) + 5 

~8 unburned 80 burned ~O 14 
prevalents prevalents increasers decreasers 

is without a prame flora, the closest prairie remnants occur about 
80 miles south near Wausau, Wisconsin. The majority of species 
with large increases (Table 6) were probably responding to the 
opening of the canopy with fire; the general changes produced 
by fire being inconsequential in altering the total species compo
sition of this typical northern Wisconsin pine barrens. 

PESHTIGO RIVER-ATHELSTANE BARRENS 

Seven paired stands were sampled. Three stands were burned 
in a 1953 wildfire and sampled in 1960. Two stands were burned 
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TABLE 6. MANITOWISH RIVER BARRENS PREVALENT SPECIES THAT CHANGED MORE 
THAN 10% AVERAGE PERCENT FREQUENCY WITH BURNING 

Increasers 

Aster sagittifoliu8 
Carex sp. 
Fragaria virginian a 
Populus tremuloides 
M uhlenbergia racemosa 
Agropyron trachycaulum 
Pteridium aquilinum 
Diervilla lonicera 
Solidago mis80uriensia 

Avg. Freq. 
Difference 

+88%* 
+28* 
+25 
+28* 
+17 
+14 
+18* 
+12 
+11* 

Decreasers 

Oryzopaia asperifolia 
Aster macrophyllus 

Avg. Freq. 
Difference 

-27%* 
-15 

* Species showing a statistically significant difference in all four barrens areas. 

in 1951 and 1953 wildfires and then subject to two consecutive 
controlled spring burns, being sampled the same year as the last 
burn. One stand was burned by a 1948 wildfire and a 1958 con
trolled burned and sampled in 1959. Another stand was subject 
to a 1951 wildfire and a 1959 controlled burn, and was sampled 
in 1959. A total of 96 species was present in all stands. Of these, 
20 species were not encountered in the sampling. The average 
number of species sampled in the unburned stands was 34, and 
in the burned stands was 26 (Table 7). The dominant species of 
the unburned stands were Andropogon gerttrdi and Carex sp. and 
the subdominants were Myrica asplenifolia and Prwnus pumila. 
Burn dominants were Myrica asplenifolia and Carex sp. and sub
dominants were Andropogon gerardi and A. scoparius. With burn
ing, 18 prevalent species increased and 20 decreased in average 
percent frequencies .. Thirteen species decreased enough to be de
leted from the burned prevalent's list, and five species increased 
to be added to the list. Among all species, 15 were sampled in 
unburned but not burned stands, and 13 species were sampled in 
burned but not unburned stands. Eight prevalent species possessed 
major increases and nine species decreased in average percent fre
quencies with burning (Table 8). The two most important in
creasers were prairie species Andropogon scoparius and Liatris 
aspera, followed by Rubus-blackberry and Myrica asplenifolia. 
The frequent and repeated fires might account for the decreases 
in species like Prunus pumila, Ceanothus ovatus, Vaccinium an
gustifolium, Symphoricarpos orbiculatus, Poa pratensis, and Gaul-
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TABLE 7. PESHTIGO RIVER-ATHELSTANE BARRENS PREVALENT SPECIES FOR SEVEN 
PAIRED UNBURNED AND BURNED STANDS WITH AVERAGE PERCENT FREQUENCIES AND 

DIFFERENCES PRODUCED BURNING 

Unburned Burned Avg. Freq. 
Species Avg. % Freq. Avg. % Freq. Difference 

Andropogon gerardi 67% (±~S.5) 64% (±88.6) - 8% 
Carez sp. 60 (±8~.1) 66 (±~7.S) + 6 
Myrica aspleni/olia 54 (±15.4) 71 (±~7.S) +17 
Prunus pumila 49 (±IS.4) ~4 (±IS.I) -~5 
Convolvulus spithamaeus 44 (±19.7) 89 (±16.7) - 5 
Ceanothus ovatus 85 (±~5.0) 1~ (±~4.5) -~8 
Aster azureU8 84 (±14.5) 89 (±81. 7) + 5 
Vaccinium angusti/olium 8~ (±16.0~ 11 (±15.5) -~1 

Andropogon 8coparius ~9 (±81.0 68 (±81.6) +84 
Helianthus strumosus ~4 (±~S.S ~9 (±~9.S) +5 
Koeleria cristata ~1 (±~0.1) ~7 (±~5.0) + 6 
Rosa sp. ~O (±19.1) ~6 (±~5.7) +6 
Symphoricarpo8orbiculatu8 ~O (± 19.1) -16 
Bromus kalmii 17 (±17.5) -18 
Liatris aspera 16 (±19.8) 89 (±~9.6) +!l8 
M onarda jistulosa 16 (± 5.6) U (±14.8) - 4 
Poa pratensis 15 (±16.8) -14 
Fragaria virginiana 14 (±10.6) -13 
Helia.nthus occidentali8 14 (±!l0.1) 14 .(±16.S) 0 
Anemone quinque/olia 14 (±14.9) -18 
Arctostaphylo8 uva-ursi 14 (±!l8.!l) 9 (±IS.4) - 5 
Lithospermum canescens 1!l (±14.1) - S 
Corylus americana 11 (± 8.5) 14 (±14.9) + 8 
Gaultheria procumbens 11 (±19.5) -11 
Schizachne purpurascen8 11 (±18.4) -10 
Aster ciliolatus 10 (±16.8) !l4 (±!lO.S) +14 
Pinus banksiana 10 (±17.1) !l6 (±48.9) +16 
M elampyrum lineare 9 (±14.6) S 
Oryzopsis asperiJolia S (±ll.S) 7 
Viola pedata 7 (± 9.5) 7 
Amelanchier sp. 6 (± 8.S) 6 
Aster sagitti/olius 6 (± S.O) 6 
Lysimachia quadriJolia 6 (±17.0~ 11 (±80. !l) + 5 
Rubus-blackberry 6 (± S.O !l9 (±88.1) +!l8 
Solidago nemoralia 16 (±!l6.6) +14 
Ceanothus americanus 16 (±!l0.1) +1!l 
Pteridium aquilinum 18 (±15.!l) +10 
Quercus ellipsoidalia 1!l (±17.S) + S 
Prunus virginiana 9 (±!l!l.7) + 5 

84 unburned ~6 burned IS !l0 
prevalents prevalents increasers decreasers 

theria procumbens. The stronger and more diverse species response 
to fire is, as in the N amekagon Barrens, considered to be related 
to the prairie understory. 

GROUNDLAYER VEGETATION SUMMARY 

The understory vegetation of the St. Croix-Bois Brule River 
and the Manitowish River Barrens, along with the northeastern 
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TABLE 8. PESHTIGO RIVER-ATHELSTANE BARRENS PREVALENT SPECIES THAT 

CHANGED MORE THAN 10% AVERAGE PERCENT FREQUENCY WITH BURNING 

Increasers 

A ndropogon scoparius 
Liatris aspera 
Rubus-blackberry 
Myrica asplenifolia 
Pinus banksiana 
Aster ciliolatus 
Solidago nemoralis 
Ceanothus american us 

Avg. Freq. 
Difference 

+34%* 
+23 
+23 
+17 
+16 
+14 
+14 
+12 

Decreasers 

Prunus pumila 
Ceanothus ovatus 
Vaccinium angustifolium 
Symphoricarpos orbiculatus 
Poa pratensis 
Anemone quinque/olia 
Bromus kalmii 
Fragaria virginiana 
Gaultheria procumbens 

Avg. Freq. 
Difference 

-25% 
-23 
-21 
-16* 
-14 
-13 
-13 
-13 
-11* 

* Species showing a statistically significant difference in all four barrens areas. 

Wisconsin bracken-grasslands (Vogi 1964b), most closely resem
bles the pine barrens characterized by Curtis (1959). Even these 
areas differ considerably from each other and those described by 
Curtis, indicating that the general barrens composition is variable, 
each region affected by local floral constituents from the sur
rounding vegetation types. The Namekagon and Peshtigo-Athel
stane Barrens, for example, contained a number of prairie plants 
(Table 1, 7) since they were, or still are, in contact or in proxim
ity to tall grass prairie. Only 34 species were present in all four 
areas, whereas 62 species were confined to one of the four areas. 
The data obtained augments Curtis's (1959) description of pine 
barrens by giving additional information on their diverse vegeta
tional compositions. 

Despite this variability, certain phytosociological generalizations 
can be made. The St. Croix-Bois Brule and Manitowish Barrens 
were the most similar of the four study areas, and were most 
comparable to Curtis's descriptions. The Namekagon and Peshtigo 
Barrens also shared similarities, but were more like the prairie 
savannas found on or south of the tension zone, areas sometimes 
classified as barrens or oak barrens because of their open, dry, 
and often impoverished nature. 

The most common understory species characterizing the St. 
Croix and Manitowish Barrens were Myrica asplenifolia, Andro
pogon gerardi, Carex sp., Vaccinium angustifolium, Oryzopsis as
perifolia, Rubus-blackberry, Aster sagittifolius, Waldsteinia fra
garioides, and Schizachne purpurascens (Table 3, 5). Those com-
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mon to the prairie-like Namekagon and Peshtigo Barrens were 
Galium boreale, Vaccinium angustifolium, Andropogon gerardi, 
Aster azureus, Carex sp., Myrica asplenifolia, Prunus pumila, and 
Andropogon scoparius. Hieracium canadense was found in both 
the St. Croix and Manitowish Barrens, but not the other two 
areas, and Cean 0 thus ovatus, Lysimachia quadrifolia, Monarda 
fistulosa, Physalis virginiana, Rudbeckia hirta, Smilacina stellata, 
Lithospermum caroliniense, Heuchera richardsonii, Lechea inter
media, and Potentilla canadensis were found in both the Nameka
gon and Peshtigo Barrens but not in the others. Eleven species 
were present only on the St. Croix and 10 only on the Manitowish 
Barrens, whereas there were 21 species confined to Namekagon 
and 20 to the Peshtigo Barrens. The prevalent species common to 

all four areas as prevalents were Myrica asplenifolia, Vaccinium 
angustifolium, Carex sp., Aster azureus, Convolvulus spithamaeus, 
Amelanchier sp., Rosa sp., and Poa pratensis. Curtis (1959) listed 
Vaccinium angustifolium, Cory Ius americana, Euphorbia corollata, 
Fragaria virginiana, and Apocynum androsaemifolium as his most 
prevalent groundlayer pine barrens species. Euphorbia corollata 
was not encountered in the present study, but is abundant in the 
central Wisconsin prairie savannas which were not included be
cause they occur south of the tension zone. Apocynum andro
saemifolium was encountered in all four areas, but only reached 
prevalent status on the Manitowish River Barrens. Among the 
present widespread prevalents, Carex sp., Aster azureus, Convol
vulus spithamaeus, and Poa pratensis were not listed as pine barrens 
prevalents by Curtis (1959) . Northern Wisconsin pine barrens, 
then, possess some characteristic species even though they reflect 
individual differences. 

The St. Croix and Manitowish Barrens had totals of 83 and 
59 species comprising their floras, respectively. The St. Croix Bar
rens were possibly higher because of the addition of prairie spe
cies. The total species sampled on the St. Croix Barrens was 64 
while the average number, or the number of prevalent species, 
was 24 in the unburned and 23 in the burned stands. The number 
of species sampled on the Manitowish Barrens was 59, the average 
numbers being 28 and 30. Contrastingly, the Namekagon Barrens 
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had a total of 99 and the Peshtigo a total of 96 species present. 
The number of species sampled on Namekagon Barrens was 68, 
with 34 and 36 averages, and on Peshtigo Barrens was 76 with 
34 and 26 averages in the unburned and burned stands, respectively. 
Thus the floras of the two prairie-influenced barrens, the Nameka
gon and Peshtigo, were richer in both common and rare species 
than the perhaps more typical St. Croix and Manitowish Barrens. 
In other words, the prairie-influenced barrens possessed an average 
of 26 more species present, 10 more species sampled, and four 
more prevalents, as well as twice as many species confined to one 
stand, than the northern barrens. 

A different response to fire was noted between the prairie-like 
Namekagon and Peshtigo Barrens and the non-prairie St. Croix 
and Manitowish Barrens. The total number of increasers and de
creasers was about equal in all areas, except in the Manitowish 
Barrens where there were almost twice as many increasers as de
creasers. But when major responses are compared, distinct differ
ences are apparent. The prairie-like barrens had 11 major in
creasers and 13 decreasers on Namekagon (Table 2) and eight in
creasers and nine de creasers on the Peshtigo River Barrens (Table 
8), whereas St. Croix had seven increasers and only two decrea
sers (Table 4) and Manitowish had nine increasers and only two 
decreasers (Table 6). In other words, gross changes in average 
percent frequencies were observed in 36 species in the two prairie
like barrens, with slightly more decreasers than increasers, but 
were found in only 18 species in the two non-prairie barrens, with 
a majority of the species showing increases. About twice as many 
species, then, reacted substantially to fire in the prairie-like bar
rens than in the non-prairie barrens. Meaningful statistics were 
not applied to each individual study area because of the low sample 
numbers due to a lack of burns in some areas and because of the 
wide variations encountered. Average percent frequency changes 
of more than 10 percent (Table 2, 4, 6, 8), however, were con
sidered to be changes of a magnitude that would most likely be 
classified as significant with most statistics. Student's t test for 
paired data was used to evaluate the species in all areas to deter
mine those showing significant increases or decreases at 95 percent 
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TABLE 90 SPECIES WITH A SIGNIFICANT INCREASE OR DECREASE AT 95% CONFIDENCE 
LIMITS USING STUDENT'S t TEST FOR PAIRED DATA USING ALL FOUR STUDY AREAS 

Increasers 

Avgo Freqo 
Difference / 

Region Decreasers 

Avgo Freq. 
Difference/ 

Region 
----------------------------------------------------
Andropogon scoparius 
Aster sagittifoliu8 
Carex spo 
Koeleria cristata 
Lysimachia quadrifolia 
POpUlU8 tremuloides 
Pteridium aquilinum 
Solidago missouriensis 

+10% 
+11 
+18 
+14 
+8 
+10 
+10 
+7 

Achillea mille folium 
Agropyron repens 
Amelanchier spo 
Gaultheria procumbens 
Helianthus rigidus 
Oryzopsis asperifolia 
Symphoricarpos orbiculatus 

- 4% 
- 8 
-11 
- 8 
- 8 
-10 
- 6 

limits (Table 9). The average percent frequency changes of a 
number of these is less than the arbitrarily set 10 percent limits 
for individual areas, but of course, Student's t test takes into ac
count more than just average changes. Eight species increased 
and seven decreased significantly at the 95 percent level using all 
four study areas (Table 9). Stallard (1929) observed that a num
ber of these same species responded to fire in northern Minnesota. 
Carex sp. and Koeleria cristata had the largest average percent fre
quency increases and Amelanchier sp. and Oryzopsis asperifolia 
had the greatest decreases. The total number of species with sta
tistically significant changes at the 95 percent level was 15 (Table 
9), which is the same as the average number of species with 
changes of more than 10 percent average frequency, indicating that 
these latter arbitrary limits approximate statistically significant dif
ferences. 

Curtis (1959) stated "that the immediate cause of a pine barren is 
fire" with soil and topography as major contributing factors. The 
present data tend to support those conclusions, but only to a degree. 
Fire did not appear to adversely effect the general groundlayer vegeta
tion of the four study areas. In fact, the overall response to fire was 
rather repressed, since an average 58 percent of the prairie-like barrens 
species and an average 86 percent of the non-prairie barrens species 
were without significant responses. These unchanged species might 
be adapted to fire (Buell 1955), or possess wide amplitudes of toler
ance enabling them to withstand extreme conditions, including fire. 
Even in areas where fire had been absent for 30 or more years, and 

197 



RICHARD J. VOGL 

was then re-introduced, the changes in species composition were not 
striking. Vegetational adjustments often appeared to be as much a 
response to canopy opening or removal as to the direct effects of fire 
(Buell and Cantlon 1953). In general, it appears that fire produces less 
effects and changes, and is less essential in these northern Wisconsin 
pine barrens, than it is in prairie and prairie savannas. 

As in prairie, the majority of groundlayer species produced new 
and increased growth, initiated vegetative reproduction, and increased 
flowering, fruiting, and seed production with burning. Fires, particu
larly crown fires, reduced the heights and cover of most woody 
species, except conifers, and returned the characteristic open nature 
to the barrens (Fig. 5) (Buell and Cantlon 1953). Occasional fires, 

FIG. 5. Oaks are reduced in size and cover with each burning but recover by 
producing root-crown sprouts. Woody plant encroachment on these barrens appears 
to be controlled edaphically with fires contributing to the open nature of the 
barrens. 
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perhaps of a frequency of once every 20 to 40 years would help 
maintain this open nature by reducing woody plant sizes. Fires of 
higher frequencies would probably produce few additional effects, 
except to stimulate and maintain vigorous and flourishing understories 
(Fig. 6). Annual fires might fimilly produce adverse effects on some 
of the poorer sites by the excessive removal of organic matter, re
peated burning of plant tops without adequate energy recycling or 
recovery, and the prevention of fruiting and the gradual weakening 
of some woody species (Vogi 1967, Smith 1968). Some of the more 
stark and impoverished barrens may have been produced by the com
bination of higher than normal fire frequencies and poor substrates. 

The encroachment of woody species, other than conifers, on pine 
barrens is suspected of being controlled more by edaphic and climatic 

FIG. 6. A large juneberry bush has been converted to palatable resprouts with 
controlled burning on the St. Croix barrens. 
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conditions, than by occasional fires. Some barrens are open, despite 
40 years of fire protection, or might still be open except that per
sistent tree-planting efforts finally succeeded on sites that are normally 
hostile to woody plant invasion (Wilde 1970). 

The question of whether fire is necessary to maintain northern 
Wisconsin pine barrens is perhaps not an appropriate question, for all 
factors including soil type, soil fertility, topography, climate, drought, 
and fire are inseparably linked and operate together or in chain reac
tions and cannot be considered individually. Fire is one of the essential 
ingredients of pine barrens, but the critical factor in determining the 
presence of barrens among northern pine-hardwoods forests is not so 
much fire, but the presence of sandy plains; sites with low fertility 
that lend themselves to droughts and fires of the proper intensities and 
frequencies to produce a vegetational structure and composition called 
barrens. 

PINE BARRENS TREES 

Fires of a certain frequency are apparently critical in determining 
the kinds and numbers of conifer species occurring in the overstory 
of pine barrens. The most common trees were jack pine, bur oak 
(Quercus macrocarpa), Hill's oak (Q. ellipsoidalis) , quaking aspen 
(Populus tremuloides), and red pine. Uncommon species included 
paper birch (Betula papyrifera), big-tooth aspen (Populus grandi
dentata) , black chefl"Y (Prunus serotina) , and northern red oak 
(Quercus borealis). 

Although Curtis (1959) also found jack pine to be the most com
mon barrens' tree, I believe that red pine was the dominant species 
prior to logging and settlement. Red pine was drastically reduced and 
virtually eliminated from most barrens by the initial high-grade log
ging, followed by severe and repeated fires along with more cutting 
and clearing, which effectively removed the seed sources and seedling 
requirements. In some places, only surveyors' witness trees remain. 
The rapid growing, short-lived, serotinous-coned, prolific-seeding 
(Beaufait 1960), and non-commercial jack pine is believed to have 
spread under the same conditions that reduced or eliminated the long
lived, infrequent-seeding, and heavily logged red pine (Corson et ill. 
1929, Fowells 1965). Red pine stumps were found on all the study 
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FIG. 7. A large red pine witness tree still remains on the Athelstane Barrens. 
Jack pine has been eliminated by repeated fires and the oak trees have been again 
reduced to bushes. Red pine is considered to have been the dominant tree on the 
barrens prior to logging and settlement. 

areas, but red pine trees were rare and reproduction was generally 
absent. Almost all surviving red pines had basal wounds or fire scars 
and, in addition, a number possessed spiral trunk splits produced by 
lighming (Fig. 7). Frome (1962) stated that, "You would never know 
the [Moquah] Barrens once possessed timbered riches. One fire 
burned a million dollars' worth of lumber awaiting shipment on the 
west coast near Cornucopia Village." Strong (1877) in writing of 
northwestern Wisconsin pine barrens stated, "The timber occupying 
these tracts is peculiar and does not justify the application of the term 
barrens." The Marinette County portion of the Peshtigo Barrens once 
contained 200,000 acres of virgin pinelands (Anonymous 1963) 
dominated by red pine (Lintereur 1959). 
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Red pine apparently was able to establish itself on the bare mineral 
soils of the barrens by its ability to extract nutrients from raw quartz 
and infertile sands more efficiently than other northern pine-hard
woods species, with the possible exception of jack pine (Fowells 
1965). Its low moisture and well-drained soil requirements also made 
it well suited for barrens sites. F owells (1965) stated that red pine 
"seedlings will not grow beneath dense brush, on heavy litter or sod, 
or on recent burns where there is a heavy cover of ashes;" conditions 
which were generally absent on barrens but common in adjacent 
northern pine-hardwoods. Once established, its thick bark and ability 
to survive basal wounding (Corson et at. 1929, Verral 1938) and its 
longevity, permitted red pine to dominate the barrens. The pines 
were of low to medium densities; scattered open-grown trees with 
clear trunks, towering above the other trees. Localized dense stands 
of even-aged jack pines, with occasional open-grown trees with 
branches extending nearly to the ground, occurred throughout the 
red pine savannas (Fig. 8). Coppiced birches or sucker-sprout stands 
of aspen occurred on barrens' edges, moist depressions, or on heavier 
soils. Hazel (Cory Ius americana), willow (Salix spp.), and oak grubs 
(Quercus spp.) formed a discontinuous shrub layer. It is not known 
if the red pines were even-aged, or occurred in even-aged groups, or 
how often they successfully reproduced, and the role fire played in 
their establishment and maintenance on these barrens. They apparently 
were able to survive passing surface fires which probably increased 
cone crops and prepared seed beds for more red pine. The present 
tree composition is greatly altered from what it was, and the almost 
complete elimination of red pine seed sources and the disruption of 
natural fire frequencies have made it nearly impossible to determine 
the natural sequences and events necessary to understand the ecology 
of red pines on these barrens. The problem has been further compli
cated by extensive tree planting (WoerpelI963). For example, Frome 
(1962) stated that 32 million trees were planted on the Moquah 
Barrens since 1929. 

The densities of trees in the unburned stands ranged from 52 to 
278 per acre, with jack pine the dominant tree. With an average of 
two controlled burns or wildfires, the pre-burn canopy cover was 
reduced from an average of 55 percent to an average 3 percent. All 
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FIG. 8. Jack pine probably occurred in even-aged stands or thickets on the original 
barrens, particularly on north-facing slopes. Red pines were widely scattered and 
oaks were most common on hilltops and ridges as shown in the background. 

the jack pines, except the very large trees were eliminated and the 
oaks were again reduced to grubs. Birch produced root crown sprouts 
and aspen produced clones of root sucker sprouts. As a result, the 
oaks and birches retained their pre-burn densities, along with the 
larger jack and red pines. Aspen increased in number as did jack pine, 
but the second fire usually eliminated the jack pine seedlings estab
lished as a result of the first burn, whereas. the aspen resprouted again. 
A 1953 wildfire on the Athelstane Barrens had pre-burn jack pine 
densities of 70 trees ranging from 1 to 4 inch dbh, 130 from 4 to 10 
inch dbh, and 13 from 10 to 16 inch dbh per acre which were replaced 
by groves of reproduction with up to 1722 individuals per acre from 
1 to 4 inches dbh 6 years after burning. This great response to fire, 
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however, could be completely negated by the passage of another 
wildfire prior to the development of cones on the present reproduc
tion (Anonymous 1931). In fact, the tree composition of pine barrens 
was apparently determined more by the frequency of fires than by 
their intensities. 

Fire, then, is considered a critical and controlling factor in determin
ing the conifer composition of these barrens. Frequent fires apparently 
favored jack pine and less frequent fires, or perhaps fire-free periods 
alternating with periods of repeated fires, favored red pine. 

MANAGEMENT IMPLICATIONS 

The elimination or alteration of most northern Wisconsin pine 
barrens is considered an ecological loss to the State. This vegetation 
type was not only of interest to botanists and plant ecologists, but 
also of importance to wildlife managers, foresters, hunters, berry 
pickers, photographers, outdoor enthusiasts, and tourists. 

These barrens provided essential, and often the only, habitat for 
sharptailed grouse and prairie chickens in northern Wisconsin (Dahl
berg 1954, Lintereur 1959, Hamerstrom and Hamerstrom 1966). For 
example, on the St. Croix Barrens, Hamerstrom (1963) made 80 per
cent of his sharptailed grouse observations in open cover, 14 percent 
in edge types, and only 5 percent in the forest. The barrens also fur
nished openings and edges for deer and other wildlife as well as song 
birds, and may be necessary for the maintenance of certain species 
such as the rare Kirtland's warbler that occurs on Michigan'S jack 
pine barrens (Line 1964). They provided refreshing and much
needed breaks in otherwise monotonous and homogeneous second
growth northern pine-hardwood forests, created variety and scenic 
beauty, and helped to check the spread of disease epidemics, insect 
outbreaks, and widespread crown fires. 

The establishment of jack and red pine plantations of normal stock
ings has often failed and is considered to be ecologically foolhardy 
(Wilde 1970). When planting is done, not only are valuable, desirable, 
and much-needed openings lost, but crown fire problems (Beale and 
Dieterich 1963, Dieterich 1963), disease and insect infestations, and 
stand stagnation and drought complications are created or intensified. 
The end results are often costly failures. Many barrens produced fine 
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virgin pine timber under nature's conditions, and if trees must be 
grown despite the infertile soils, these natural conditions must be un
derstood and then applied. It appears that this type of silviculture 
would include minimal stockings of red pine and maximal use of con
trolled fire. The recycling of organic matter and energy with fire may 
be the key to producing a relatively high yield on these very infertile 
sandy soils, and may account for the high productivity of virgin pines 
on these seemingly impoverished sites. These secrets will never be un
covered, however, if foresters continue to plant these barrens without 
asking questions, conducting research, or setting up natural experi
ments (Cantlon and Buell 1952). 

If a barren is only to be managed for wildlife, especially for sharp
tails, prairie chickens, and white-tailed deer, intervals of up to 10 years 
between fires appear to be most appropriate (VogI1967, 1970). This 
would allow for species like blueberries (V accinium spp.) and june
berries to produce maximum yields and give time for maximum fuel 
accumulation to insure hot enough fires to reduce the sizes of oaks, 
aspens, and birches and to stimulate vegetative reproduction for 
browse. Fires of this frequency would also tend to keep the ground
layer vegetation in a vigorous state. This periodicity might have to be 
altered if red pine were to be re-established along with the prairie 
grouse. An integrated program of research that would study, among 
other things, the vegetational history, the tree species, the groundlayer 
vegetation, the soils, hydrological aspects, climate, fire, and the wild
life would help to formulate sound management needed to restore a 
part of Wisconsin's wild heritage. 

SUMMARY 

1. The locations of northern Wisconsin pine barrens correlate with 
the distributions of sandy soils, great forest fires, present fire hazard 
areas, sites subject to local drought, the last strongholds of prairie 
grouse, and areas of past farming failures and forest planting diffi
culties. The sizes of individual barrens appear to be controlled by 
the local topography as well as the extent of sandy soils. 

2. The barrens possess some characteristic species even though they 
have individual species differences. The prairie-influenced Nameka-
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gon and Peshtigo Barrens had an average of 26 more species present, 
10 more species sampled, and four more prevalents than the 
St. Croix and Manitowish Barrens. 

3. An average of 58 percent of Namekagon and Peshtigo Barrens 
species and 86 percent of the non-prairie St. Croix and Manitowish 
Barrens species were without significant responses in frequency of 
occurrence with burning. 

4. Fires of a frequency of once every 20 to 40 years would help main
tain the open nature of the barrens by reducing woody plant sizes. 
Fires every 10 years or less would promote vigorous understory 
growth and benefit wildlife. The critical factor in determining the 
presence of barrens among northern pine-hardwoods forest appears 
to be the presence of sandy plains, that is, sites with low fertility 
that lend themselves to droughts and fires of the proper intensities 
and frequencies to produce barrens. 

5. Fire is considered a controlling factor in determining the conifer 
composition. More frequent fires favored jack pine and less fre
quent fires, or perhaps fire-free periods, alternating with periods of 
repeated fires, favored red pine. The relatively high yields of timber 
on the original barrens may be related to the role fire played in 
recycling energy from the groundlayer vegetation and litter to the 
overstory trees, conteracting the infertile sands, arrested decay, 
and low organic matter content. 
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