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ABSTRACT

The vascular plants of the Bois Brule River watershed are listed, and over 160 years of change in
plant communities observed is described. The watershed covers approximately 51,300 ha in north-
western Wisconsin, primarily in Douglas County with a short arm extending eastward into Bayfield
County. The Bois Brule River travels southwest to the northeast 71 km from its headwaters and
drains into Lake Superior. The diverse landscape supports boreal forest, northern mesic forest, north-
ern wet-mesic forest, pine barrens, and other forested and non-forested communities. Five general-
ized changes in the watershed were noted: (i) the pine barrens community declined by more than
95%, (ii) the northern wet-mesic forest (dominated by 7huja occidentalis) immediately surrounding
the river has been reduced to a narrow band, (iii) the large complex of conifer wetlands is greatly re-
duced, (iv) northern hardwood swamp (dominated by Fraxinus nigra), Alnus incana thickets, and the
boreal forest in the lower reaches of the forest have been reduced and converted largely to timber pro-
duction, and (v) old growth forest has been reduced to less than 1% of its pre-EuroAmerican settle-
ment extent. A total of 839 vascular plant species have been documented in the watershed, 747 of
them during our survey. Additionally, we documented 233 species new to the watershed, of which 53
are new county records and 13 are listed as endangered, threatened, or special concern in Wisconsin.
This study has shown that the Bois Brule River watershed harbors a diverse assemblage of plants and
is worth further conservation action. It is recommended that additional survey work continue in the
future to inform and guide land managers.

KEYWORDS: Flora of Wisconsin, land cover change, pre-settlement conditions, Brule River
Survey.
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INTRODUCTION

This is the second of two articles (the first of which is Hlina et al. 2020) re-
porting on a three-year project to re-survey and analyze vegetative and land use
changes in the exceptional Bois Brule River watershed in northwestern Wiscon-
sin over the last 160 years. The watershed of the Bois Brule River (hereafter re-
ferred to as the Brule River) exhibits an exceptionally diverse array of habitat
types and outstanding water resources that support fish and wildlife species and
numerous rare flora and fauna. The watershed is on the southwest side of Lake
Superior, in northwestern Wisconsin. The watershed crosses through three ecore-
gions: Lake Superior clay plains, covering the northern third, the Bayfield sand
plains from the southwest to the northeast and the Milles Lacs uplands to the
west. The consistent flow of cold waters of the Brule River moving through hun-
dreds of feet of outwash sandy plains to arise on the valley floor is a product of
the cedar swamps in the headwaters and groundwater-connected springs. The
vegetative cover of the Brule River watershed is exceptional, with large tracts of
lowland forest at the region of the headwaters and old growth pine forest ex-
tending to Winneboujou, an unincorporated community located where County
Highway B crosses the Brule River. The narrowing lower reaches of the water-
shed consist of boreal forest heavily influenced by Lake Superior.

For more than a century, the Brule River has been recognized as one of the
premier trout streams of the Upper Midwest, with presidents of the United States
and influential families fishing its waters and occupying its shores. By the late
1930s, managers, residents, and visitors noticed a significant decline in the fish-
eries, even after in-stream improvements and heavy stocking programs. These
early observations led to the first comprehensive study of the Brule River water-
shed in northwest Wisconsin. As Schneberger and Hasler (1944) noted:

The need for an intensive study on this stream became evident when it was realized that dur-
ing a five-year period extending from 1937 to 1941, a total of $34,247.67 was expended for
the planting of fish and that stocking was not bringing about the desired results of maintain-
ing or improving fishing.

The Brule River was studied from 1942—-1945 and 1954 using a watershed ap-
proach. The Brule River Survey started in 1942 as a collaborative study con-
ducted by the Wisconsin Conservation Commission, the University of Wiscon-
sin-Madison, University of Wisconsin-Superior (then the Superior State
Teacher’s College), and private citizens (Schneberger and Hasler 1942). The sur-
vey examined the physical, biological, and chemical characteristics of the Brule
River watershed and resulted in a series of eleven papers: Bean and Thomson
(1944), Churchill (1945), Evans (1945), Fassett (1944), Fischthal (1945),
O’Donnell (1944), O’Donnell (1945), O’Donnell and Churchill (1954),
Schneberger and Hasler (1942), Thomson (1944), Thomson (1945).

The survey’s objective was to pinpoint environmental disturbances that may
be impacting fish populations. Botanists Norman Fassett and John Thomson
conducted vegetative studies and floristic inventories of the Brule River valley
and its forests, pine barrens, and wetland communities to document change and
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provide baseline vegetative data. This work provided a critical view of the vege-
tation in the watershed in the early 1940s.

These earlier studies lend themselves to follow-up research to document veg-
etative changes, which we have now undertaken some seventy years later, the re-
sults of which are reported in this article. The objectives of this study were 1) to
undertake a comprehensive floristic inventory of the forests of the Brule River
watershed, focusing on complete species identification and voucher specimens,
2) to make qualitative summaries of floristic changes between our time and that
of Fassett and Thomson, and 3) to characterize large-scale land cover changes in
the watershed over three time periods: 1852—1856, 1932—1943, and 2014-2017.

METHODS AND MATERIALS

Study Site

The Brule River watershed is in northwestern Wisconsin, primarily in Douglas County with a
short arm extending eastward into Bayfield County. The watershed consists of more than 51,300 ha
of forests, barrens, lakes, spring ponds, and the Brule River itself, which traverses 71 km, including
32 km as a steep river gorge draining into Lake Superior. The river channel is remarkable in that it
flows northeastward in the ancient channel of the much larger Glacial Lake Duluth outlet that in
glacial times (approximately 9,500-10,000 years ago) flowed southwesterly in what is now the St.
Croix River (Clayton 1984; LaBerge 1994). The headwaters of both rivers are in the Divide Swamp,
which is part of the Brule Glacial Spillway State Natural Area. The Brule River State Forest follows
the river gorge and consists of 19,020 ha of forest lands managed by the State of Wisconsin for har-
vest, management and protection. There are four state natural areas in the state forest: Brule Glacial
Spillway 1,070 ha, Mott’s Ravine 265 ha, Brule River Boreal Forest 263 ha and Brule Rush Lake 9
ha and 21 additional primary sites that offer further conservation potential within its boundaries
(O’Connor 2016).

Between 2003 and 2016, more than 1,214 ha within the Brule River State Forest were removed
from their earlier status as areas of priority conservation and restoration activities (O’Connor 2016).
Simultaneously, the state of Wisconsin has recently increased timber production lands from 27% to
58% within the Brule River State Forest with most of the increase taken from the natural land’s des-
ignation (Wisconsin Department of Natural Resources 2017). These policy shifts have a high poten-
tial to reverse natural succession away from multi-age and old growth forest communities with high
diversity towards an earlier successional sere, thereby creating a greater likelihood of a simplified
forest, which already occurs on 35% of the watershed.

Climate

The general climate of the watershed is continental. Based on weather data from Gordon, Wis-
consin (located at the southern end of the watershed), the mean annual precipitation is 81 cm. On av-
erage, July is the wettest month with a mean of 11.4 cm of precipitation. The mean annual tempera-
ture is 5.0°C; July is the warmest month with a mean of 19.9°C, and January is the coldest with a
mean of —12.3°C. The length of the frost-free growing season has ranged from 45 days to 145 days
with an average of 118 days per year (Midwestern Regional Climate Center 2017a).

In contrast, the area of the watershed to the north is influenced by Lake Superior. The large body
of water provides an oceanic-like microclimate that moderates the climate, making winters warmer
and summers cooler in the areas near the lake. According to weather data from Superior, Wisconsin
(located to the west of the watershed and on Lake Superior), the mean annual precipitation is 78 cm.
On average, September is the wettest month with a mean of 10.4 cm of precipitation. The mean an-
nual temperature is 5.2°; July is the warmest month with a mean of 19.1°C and January is the cold-
est with a mean of —10.1°C. The length of the frost-free growing season has ranged from 64 days to
189 days with an average of 148 days per year based on data collected from 1981 to 2010 (Midwest-
ern Regional Climate Center 2017b).

The forests on the Brule River watershed exhibit responses to three microclimates that dictate
forest composition. In the lower reaches of the river where forest is restricted to a narrow steep val-
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ley and is influenced by the cooler temperatures of Lake Superior, boreal forest is found. Old growth
coniferous bogs and swamps persist in the headwaters, where seepage springs deliver cool enriched
mineral waters to a dense quagmire of Thuja occidentalis, Picea mariana, Larix laricina, and Alnus
incana. Due to the foresight of early scientists and land managers, large tracts of this forest have been
protected (Thomson 1945). The landscape rising above the middle reaches of the river exhibits yet a
third microclimate, consisting of nutrient-poor, outwash glacial sand plains from the last glacial pe-
riod (Sweet 1880; Clayton 1984; LaBerge 1994). In these pine barrens, drought resistant, fire-de-
pendent species continue to shift through a mosaic of dwarf pine trees, scrub oaks, and open prairie.
Today, most of this land consists of pine plantations (Pinus banksiana and P. resinosa) and is man-
aged by private companies or state and county forest agencies.

Geology

The landscape of the watershed has been shaped by Precambrian lava flows, faulting, sedimenta-
tion, long epochs of erosion, and, finally, Pleistocene glaciation. Late in the Precambrian period,
about 1.1 billion years ago, tectonic forces began rifting the North American craton (Laurentia), near
present-day Lake Superior. The rifting extended 2,200 km southwest to present-day Kansas and 800
km southeast through present-day Michigan (Dott and Attig 2004). From these fissures, lava was re-
leased and spread across the region for millions of years. At the close of the Precambrian a shallow
sea flooded the area laying down layers of sedimentary rocks. Over time these sediment deposits
buried the underlying Keweenawan basalt. The sheer weight of the lava flows, and sediments formed
the Lake Superior syncline, a down-warping of the earth’s surface (Laberge 1994). Faulting would
occur numerous times along the syncline. The Douglas Fault would later up-thrust the underlying
basalt and distort the Keweenawan sandstones, creating the steep river valley in the lower reaches of
the watershed (Bean and Thomson 1944, LaBerge 1994).

While these Precambrian events provide the underlying structure for the Brule River valley, a re-
cent period of glaciation called the Wisconsinan, shaped the landscape with deposition of outwash
sands and glacial till. Clayton (1984) describes numerous epochs of the ice sheets advancing and re-
treating. The last phase of the Wisconsinan glacial period occurred 25,000 years ago with the ad-
vancement of the Superior lobe. It scraped its way down the length of the valley that was to become
the Lake Superior basin. Around twelve thousand years ago, Glacial Lake Duluth began to form,
roughly 180 m higher than present-day Lake Superior. Over the next one thousand years, the Supe-
rior Lobe started melting for the final time. The initial meltwater formed a channel flowing from the
southwest to the northeast. A spillway would eventually form to the south called the Brule/St. Croix
spillway (Dott and Attig 2004). This new spillway would drain Glacial Lake Duluth to the south.
Eventually (approx. 9,500 years ago), the continual erosive force of meltwater carved a deep channel
that resulted in the stream flow reversing and now flowing northeast back to Glacial Lake Duluth.
When the glaciers fully receded, a divide formed out of which the Brule and St. Croix rivers flow in
opposite directions today (Bean and Thomson 1944).

Based on this geology and subsequent deposit of sediments, the Brule River watershed can be
split into three main sections starting at the southwest and moving northeast.

1) At the headwaters of the watershed, the gradient is very gentle and flat. The river meanders
slowly and arises out of a complex of conifer swamps dominated by Thuja occidentalis, Larix laric-
ina and Picea mariana. Surrounding this boggy lowland, at least 30.5 m of outwash sands were de-
posited by streams draining the melting waters (Clayton 1984). Springs in the headwaters region are
direct indications of the groundwater flow resulting from these outwash plains.

2) In the middle section of the river, the sandy outwash is reduced and replaced with glacial till
and occasional sandstone outcrops (Bean and Thomson 1944). The sandstone exposures provide
many of the rapids and falls seen in this section of the river. Many of the lakes present today (e.g.,
Lake Nebagamon and Lake Minnesuing) were likely depressions on the landscape prior to glaciation
and that filled once the melting ice retreated (Clayton 1984). Additionally, this area of the valley
readily stores water in hundreds of small wetlands.

3) Finally, in its lower reaches, the river flows through lacustrine deposits of red clay accumulated
in Glacial Lake Duluth (9,500 years ago) (Clayton 1984). As the ice melted and retreated, clay de-
posits mixed with iron oxide were exposed, giving the soils their characteristic red brick color. Clay
soils are characterized by the small grain size, a high water-holding capacity, and an elevated cation-
exchange with nutrients in the soil (U.S. Environmental Protection Agency 1980). These heavy soils
are impermeable, poorly drained, high in nutrients, and remain cool and moist throughout the grow-
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TABLE 1. Number of floristic inventory survey sites in each forest community type. Thomson sites
are the sites selected in the forest community types surveyed by Thomson (1945). New sites are the
additional sites first surveyed in the present study.

Forest Community Type Thomson Sites New Sites Total
Boreal Forest 6 4 10
Northern Dry Forest - 5 5
Northern Dry-Mesic Forest - 6 6
Northern Hardwood Swamp 6 1 7
Northern Mesic Forest 2 7 9
Northern Wet Forest - 6 6
Northern Wet-Mesic Forest 3 9 12
Pine Barrens 4 2 6

ing season, which influences the species composition of the boreal forests they support (Epstein
2017).

Land Cover Analysis

To characterize the early vegetation of the Brule region, we used ArcGIS to digitize maps pub-
lished by Fassett (1944) and Thomson (1945) that correspond to the time periods 1852—1856 and
1932-1943. We established a boundary of the current Brule River watershed based on recent eleva-
tion data using an automated watershed creation tool in ArcGIS. We cross-walked current land cover
type information from Wiscland 2.0 data at a 600 dpi resolution (Wisconsin Department of Natural
Resources 2016a) into the cover type categories used by Fassett (1944) and summarized the areas in
each land cover type for all time periods as a way of inferring qualitative changes in the region. Strict
area-based comparisons with early maps are subject to a moderate level of inaccuracy due to com-
paratively coarse tools used prior to the development of GIS; however, Thomson (1945) stated that
the rates of error were below 7% for the early maps.

Floristic Inventories

Floristic inventories were conducted between May and September in 2015, 2016, and 2017 to
document the flora of 61 sites, across eight terrestrial forest community types in the Brule River wa-
tershed: boreal forest, northern dry forest, northern dry-mesic forest, northern mesic forest, northern
hardwood swamp, northern wet-mesic forest, northern wet forest and pine barrens (Table 1, Figure
1). These forest community types are described and classified in a Wisconsin Department of Natural
Resources publication on Wisconsin’s natural communities (Epstein 2017). In 2015-2017, 21 sites
were chosen and surveyed in forested community types originally surveyed by Thomson (1945). Al-
though Thomson (1945) did not disclose his site locations, we used geographical and locational in-
formation indicated on his more than 500 herbarium voucher specimens, which are in the Donald W.
Davidson Herbarium at the University of Wisconsin-Superior (SUWS) and the Wisconsin State
Herbarium at the University of Wisconsin-Madison (WIS). Sites were further refined by inspecting
forest stand compartment maps from the Wisconsin Department of Natural Resources, followed by
an on-site visit to confirm representative types.

Thomson’s community species lists were created by assigning his herbarium specimens to spe-
cific forest community types. Additional species noted by Thomson (1944, 1945) but not represented
by specimens were added to these community lists. Thomson combined northern wet-mesic and
northern wet forest as conifer bog forest. We used his label information and our professional judg-
ment to separate these communities into the northern wet and northern wet-mesic forest classifica-
tion of today.

Forty additional sites were added to the study to provide a greater geographic representation of
the eight forest types in the watershed. These sites were selected by viewing digital land cover maps
to identify potential sites, followed by on-site visits to confirm representative habitats.

All sites were a minimum of five acres in size. Sites were selected if the following characteristics
were evident: (i) boreal forest, a strong conifer component was present in the understory and the for-
est was approaching a mid-late successional sere; (ii) northern dry forest dominated by Pinus
banksiana and P, resinosa, while devoid of P, strobus; (iii) northern dry-mesic forest, a component of
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FIGURE 1. Brule river watershed. Survey sites are indicated by black dots, and the forest commu-
nity type of each is indicated by the following codes: BF=boreal forest, NDF=northern dry forest,
NDMF=northern dry-mesic forest, NHF=northern hardwood forest, NMF=northern mesic forest,
NWF=northern wet forest, NWMF=northern wet-mesic forest, PB=pine barrens.
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FIGURE 2. Northern wet-forest communities dominated by Picea mariana was one of the eight for-
est community types surveyed. Photo by Reed J. Schwarting.

Pinus strobus was found in the canopy, along with Pinus resinosa and/or Pinus banksiana as associ-
ates; (iv) northern hardwood swamps dominated by Fraxinus nigra; (v) northern mesic forest domi-
nated by Acer saccharum or Tsuga canadensis with or without Betula alleghaniensis, Fraxinus amer-
icana or Tilia americana; (vi) northern wet forest dominated by Picea mariana or Larix laricina,
with a canopy at least 6 m in height (Figure 2); (vii) northern wet-mesic forest dominated by Thuja
occidentalis; and (viii) pine barrens consisted of mosaics of prairie-like openings, scrub oaks, and
small stands of pines.

At each site, a floristic inventory was completed by a team of professional botanists from Illinois
and Wisconsin. The team meandered through each site compiling a species list and collecting
voucher specimens until no new species were observed (Figure 3). At the end of each survey, all
observed species were assigned an abundance designation in one of four categories: abundant (A) =
locally dominant species and those species that were widely distributed and often found growing in
large quantities, common (C) = widely distributed and often found but not in abundant quantities, oc-
casional (O) = not widespread but found in small numbers, rare (R) = rare to the site, only a small
population or very few individuals found. These codes were applied to each site within a forest com-
munity type and then combined to create a complete species list for each community type. The abun-
dance codes were applied subjectively by the team, but a conscientious effort was made for consis-
tency. These descriptors are subjective estimates and should not be confused with quantitative cover
values.

Voucher specimens were added to the archival Thomson collection housed at SUWS and the gen-
eral herbarium collection at WIS (Figure 4). Duplicates were prepared and given to the Illinois Nat-
ural History Survey Herbarium (ILLS). Nomenclature primarily follows Voss and Reznicek (2012),
which includes most Wisconsin species. Judziewicz et al. (2014) was used for all the grass species
and for those species not included, the Flora of North America (Flora of North America Editorial
Committee 1993+) was consulted.

Additional surveys were conducted at known and potential localities for rare and notable plants
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FIGURE 3. Field team of Paul Marcum, Loy R. Phillippe, and Mary Ann Feist collecting voucher
specimens to add to the Thomson archival collection. Photo by Derek S. Anderson.
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FIGURE 4. Heuchera richardsonii. A July
1943 Brule River Survey collection by Dr.
John Thomson found in the pine barrens
community at the abandoned Volker farm
field. It was preserved specimens like
these that narrowed our designated sites
for repeat surveys. Digital image from
Univesity of Wisconsin-Superior, Superior.

of the watershed. Rare plants included any plant species listed on the Wisconsin Natural Heritage
Working List (Wisconsin Department of Natural Resources 2016d). Notable species are uncommon
species found for the first time in the watershed and may also be new to Douglas County. Rare and
notable plant populations were identified and documented by recording latitude and longitude, pop-
ulation size, phenology, and site characteristics and by taking photographs.

Analysis

We calculated various statistics to characterize the flora within each forest community type and
made comparisons with similar calculations that we applied to Thomson’s data and voucher speci-
mens for each forest community type (Thomson 1944, Thomson 1945). Such comparisons were
made for all community types except northern dry forest and northern dry-mesic forest, which had
few representative sites remaining in the watershed. We calculated average species richness per site
and total species richness across all sites within each community as a basic measure of floristic di-
versity.

A floristic quality assessment (FQA) was used to provide an ecological condition assessment
based on all species in the forest. This assessment was originally developed in the late 1970’ in the
Chicago region to identify protection-worthy lands with a simple, repeatable, quantitative method
(Swink and Wilhelm 1979). They assigned a Coefficient of Conservatism (C), a number from 0 to 10
for each species representing the Illinois flora. In the early 2000’s, Wisconsin’s expert botanists con-
vened and did the same for Wisconsin’s vascular plants (Bernthal 2003). This list is now maintained
by the Wisconsin Department of Natural Resources (Wisconsin Department of Natural Resources
2016¢).

The FQA relies on two measurements, the Mean C and the Floristic Quality Index (FQI). The
FQI is sensitive to the total hectares surveyed as species richness increases as the sample area in-
creases (Matthews 2005). We were unable to determine Thomson’s sample areas in 194445 and
chose the Mean C as a reliable metric in comparing the two time periods at the forest community
scale. Species that are relatively tolerant of anthropogenic disturbance have low C-values, whereas
species that are less tolerant of anthropogenic disturbance have high C-values (Spyreas 2019). We
calculated a Mean Coefficient of Conservatism (C) for each forest type community. Mean C is the
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arithmetic average of the C values across the total number of plant species observed (n) by the cu-
mulative surveys by forest type. We calculated versions of C for all species (Cf) and for native
species only (Cn). Since non-native species have a Coefficient of Conservatism of zero, Ct will al-
ways be less than Cn.

C=(Ci+Cy+C3++C)+n

Further, we determined the percentage of non-native species, as well as the presence and abun-
dance of prevalent ground layer species. In each forest community type, we classified prevalent
ground layer species as those found in 80% or more of the surveyed sites with an abundance code of
(A) or (C) in at least 50% of them. Most prevalent ground layer species are those with an abundance
code of (A) or (C) and occur in 80% or more of the surveyed sites.

We used Serensen Similarity Coefficients (Serensen 1948) to identify sites that were composi-
tionally dissimilar from others in their corresponding forest community type. The calculated coeffi-
cient ranges from 0 to 1, where a higher value indicates a higher percentage of shared species be-
tween the two sites. We calculated the coefficient for all pairs of sites within each forest community
type. We removed sites in each community type where the coefficient was less than 0.4 from further
comparisons. This process resulted in the removal of three sites that were likely misclassified, one
each from the northern wet-mesic forest, northern hardwood swamp, and pine barrens communities.

RESULTS

Vegetation Cover Map Analysis (1852-2017)

As with all regions throughout the Midwest, land cover changes over the past
160 years have been substantial in the Brule River watershed. Today public lands
encompass 60% (30,729 ha) of the watershed and include: Brule River State For-
est, Douglas County Forestry and Parks and Bayfield County Forestry. The re-
maining 40% (20,570 ha) of the land in the watershed is controlled by private
land holdings including timber management, logging companies and shoreline
and streambank landowners. Based on comparisons of land cover maps across
time periods (Table 2, Figure 5), we noted five general trends:

1. There was a shift from open pine barrens and dry forest to managed pine
plantation in the southeastern extent of the watershed. These pine barrens de-
clined from over 16,187 ha in 1852—-1856 and 12,140 ha in 1932-43 to approxi-
mately 908 ha today.

2. Old-growth (northern dry-mesic forest) had been reduced by 75% of its
pre-EuroAmerican settlement coverage by the 1940s. As a result of private and
public protection of these old growth forests in land trusts and managed natural
lands there has been a slight rebound with 2.6% (1,325 ha) of land represented
in the watershed.

3. The early surveys depict a narrow strip of northern wet-mesic forest sur-
rounding the Brule River from the headwaters area extending northeast up to Big
Lake (Thomson 1945). Thomson (1945) noticed on-going harvesting in this for-
est in the 1940s that resulted in a substantial narrowing of this band. In 1945, the
Brule River State Forest expanded its boundaries to include these headwater
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TABLE 2. Land cover area of historical community types and their current equivalents in three dif-
ferent time periods, illustrating vegetation changes in the Brule River watershed. The cover area for
1852-1856 and 1932—1943 were mapped originally in Fassett (1944) and are digitized for our com-
parisons here. The areas in the column headed 2014-2016 (Fassett) were determined using Wiscland
2.0 and cross-walked to Fassett’s cover types. The areas in the column headed 2014-2016 (Current)
refer to Epstein’s (2017) natural communities’ classification in discussing the eight forested commu-
nities in the watershed.

Historical )
Mapped Land Cover in hectares Current
Community 2014-2016 2014-2016 Community
Classification 1852-1856  1932-1943 (Fassett) (Current) Classification
Aspen 7609 15168 13529 13302 Northern hardwood
aspen
226 Northern hardwood
oak-maple
Bog conifer 6702 3571 3401 971 Northern wet-mesic
forest
1936 Northern wet forest
495 Muskeg
Lowland hardwood 230 4988 5420 5420 Northern hardwood
swamp
Maple-yellow birch 924 192 750 750 Northern mesic
forest
Pine forest 3649 881 17293 2649 Northern dry-mesic
forest
14644 Northern dry forest —
pine plantation
Pine-hardwood 6717 2096 4480 4480 Northern
mixed/conifer
hardwood
Pine barren 16882 12285 908 908 Pine barren
Spruce-fir forest 3413 432 1877 1877 Boreal forest
Cleared 0 4010 2165 427 Developed
1725 Agriculture
Willow, alders, etc. 0 59 574 273 Alder thicket
44.5 Northern wet
meadow
Marsh 85 13 Shrub carr
244 Open bog
Open water 1490 1482 915 915 Open water
Maple coppice 45 642 0
Small fir & aspen 0 1248 0

Totals 47054 47768 51312 51300
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forests, offering protection and management (Wisconsin Department of Natural
Resources 2017).

4. A large conifer bog complex north of Lake Nebagamon was depicted on the
1852—1856 map. By the 1940s, there was a substantial decline from Thuja occi-
dentalis to a lower quality forest of northern hardwood swamps dominated by
Fraxinus nigra and Alnus incana. Remnants of the original forest are present, but
in even smaller parcels.

5. Boreal forest extending from the mouth of the river towards the southwest
has been greatly diminished, though recovery is occurring, and some stands are
approaching old growth. Substantial forest lands were initially cleared for farm-
ing, while thousands of hectares have been placed into managed timber produc-
tion consisting primarily of Populus spp., Quercus spp. and Acer spp.

Forest Inventory Summaries

During his surveys in 1944 and 1945, Thomson collected 523 specimens rep-
resenting 376 species. In this study, surveying in similar forest community types
but with greater sampling effort, we collected over 2,200 specimens representing
747 species (16.6% of them non-native). A review of Thomson’s collections and
other herbarium records revealed documented records of 92 species not found
during our surveys. These are listed in Table 3. This brings the total of species
documented for the watershed to 839. From our surveys, we recorded 53 new
records for Douglas County (17% of them non-native species) (Table 4, Figure
6). Further, we collected 233 species (5% of them non-native) from the Brule
River watershed for the first time. Three concurrent studies on the watershed
were further referenced (Hlina et al. 2018a; Hlina et al. 2018b; Schwarting et al.
2018) in creating the comprehensive species list of the Brule River watershed in
Appendix 1. An additional 18 species (Table 5) were seen and recorded in these
studies but we failed to collect, and no historical herbarium records were found;
therefore, these species are not included in the comprehensive species list (Ap-
pendix 1). Thomson vouchered enough species from the boreal forest, northern
wet-mesic forest, pine barrens, northern hardwood swamps, northern mesic for-
est, and northern wet forest communities for us to compare his collection data
with our observed and vouchered specimens.

Boreal forest averaged 132 species per site, with a range of 93—-182 species.
Dominant tree species include Populus tremuloides, Abies balsamea, Picea
glauca, and Pinus strobus. Community richness was 66 families, 192 genera,
362 species of which 14.9% are non-native. The five most dominant families
were Cyperaceae (11%), Asteraceae (10%), Rosaceae (8%), Poaceae (8%) and
Ranunculaceae (5%). Twelve prevalent ground layer species were recorded (Ap-
pendix 2), with four species being most prevalent: Eurybia macrophylla, Ma-
ianthemum canadense, Pteridium aquilinum, and Aralia nudicaulis. Thomson’s
community richness consisted of 38 families, 79 genera, and 105 species, 5% of
which are non-native (Thomson 1945). Seventy-nine percent of prevalent species
were also surveyed by Thomson. The value for Cn was 5.3, as compared to 4.9
for Thomson’s survey, while Ct was 4.5, as compared to 4.7 (Figure 7).
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TABLE 3. Plant taxa previously documented from the Brule River Watershed but not encountered
during the 2015-2016 survey. Non-native species are indicated with an asterisk (*). Tephroseris
palustris is listed in Wisconsin as Special Concern and was last seen in the watershed by L.S.

Cheney in 1897.

Family

Species

Cystopteridaceae
Equisetaceae
Lycopodiaceae
Lycopodiaceae
Lycopodiaceae
Ophioglossaceae
Ophioglossaceae

Amaranthaceae
Anacardiaceae
Apiaceae
Apiaceae
Araliaceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Betulaceae
Boraginaceae
Boraginaceae
Brassicaceae
Brassicaceae
Brassicaceae
Brassicaceae
Caprifoliaceae
Caryophyllaceae
Caryophyllaceae
Caryophyllaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Gentianaceae
Lamiaceae
Linderiaceae
Molluginaceae
Onagraceae
Penthoraceae
Plantaginaceae

PTERIDOPHYTES
Cystopteris tenuis

Equisetum  ferrissii
Dendrolycopodium obscurum
Huperzia selago
Lycopodiella inundata
Botrychium lanceolatum
Sceptridium multifidum

DICOTS

* Froelichia gracilis
Rhus x pulvinata

* Pastinaca sativa
Sanicula odorata
Aralia hispida

* Achillea ptarmica
Ambrosia psilostachya

* Artemisia pontica

* Artemisia vulgaris

* Centaurea jacea
Cirsium discolor

* Crepis tectorum

* Grindelia squarrosa
Liatris ligulistylis
Rudbeckia laciniata
Symphyotrichum boreale
Symphyotrichum pilosum
Tephroseris palustris
Alnus viridis
Lithospermum caroliniense

* Lithospermum officinale

* Erysimum cheiranthoides
Rorippa palustris

* Sisymbrium altissimum

* Thlaspi arvense
Symphoricarpos occidentalis

* Silene dichotoma

* Stellaria borealis

* Stellaria graminea
Lespedeza capitata

* Robina pseudoaccacia

* Trifolium campestre

* Trifolium pratense

* Vicia villosa
Gentiana rubricaulis

* Ajuga genevensis
Lindernia dubia

* Mollugo verticillata
Oenothera perennis
Penthorum sedoides

* Linaria vulgaris

(Continued on next page)
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TABLE 3. (Continued)

Family Species
Plantaginaceae Nuttallanthus canadensis
Plantaginaceae Veronica peregrina
Plantaginaceae * Veronica serphyllifolia
Polygalaceae Polygala sanguinea
Polygonaceae Polygonum achoreum
Polygonaceae * Polygonum aviculare
Portulaceae * Portulaca oleracea
Ranunculaceae Clematis occidentalis
Rhamnaceae Ceanothus americanus
Rosaceae Agrimonia striata
Rosaceae Aronia x prunifolia
Rosaceae Crataegus succulenta var. macracantha
Rosaceae * Filipendula rubra
Salicaceae * Salix alba
Urticaceae Urtica dioica
MONOCOTS
Alismataceae Alisma triviale
Alismataceae Sagittaria cuneata
Convallariaceae Maianthemum stellatum
Cyperaceae Carex arcta
Cyperaceae Carex cryptolepis
Cyperaceae Carex houghtoniana
Cyperaceae Carex lurida
Cyperaceae Carex pellita
Cyperaceae Cyperus lupulina
Cyperaceae Eleocharis obtusa
Cyperaceae Schoenoplectus pungens
Cyperaceae Scirpus microcarpus
Eriocaulaceae Eriocaulon aquaticum
Hydrocharitaceae Elodea nuttallii
Juncaceae Juncus balticus
Juncaceae Juncus interior
Juncaceae Juncus vaseyi
Orchidaceae Calopogon tuberosus
Orchidaceae Goodyera pubescens
Orchidaceae Malaxis unifolia
Orchidaceae Plantathera clavellata
Poaceae Agrostis hyemalis
Poaceae Alopecurus aequalis
Poaceae Ammophila breviligulata
Poaceae Dichanthelium columbianum
Poaceae * Echinochloa crusgalli
Poaceae Eragrostis hypnoides
Poaceae * Poa annua

Potamogetonaceae Stuckenia filiformis
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TABLE 4. New vascular plant records for Douglas County. Non-native species are indicated by an
asterisk (*). The Douglas County collection of Lactuca hirsuta is the second known collection from

the state of Wisconsin.

Family Taxon

Asteraceae Bidens discoidea
Asteraceae Helianthus hirsutus
Asteraceae *Hieracium lachenalia
Asteraceae Lactuca hirsuta

Asteraceae Krigia biflora

Asteraceae Pseudognaphalium obtusifolium
Asteraceae Symphyotrichum urophyllum
Boraginaceae * Myosotis arvensis
Brassicaceae Cardamine pratensis var. palustris
Caprifoliaceae Triosteum aurantiacum
Caryophyllaceae * Arenaria serpyllifolia
Caryophyllaceae * Dianthus barbatus
Caryophyllaceae * Gypsophila muralis
Caryophyllaceae Moehringia lateriflora
Caryophyllaceae * Spergularia rubra
Cyperaceae Carex alopecoidea
Cyperaceae Carex backii

Cyperaceae Carex bromoides var. bromoides
Cyperaceae Carex echinodes
Cyperaceae Carex hirtifolia

Cyperaceae Carex muehlenbergii
Cyperaceae Carex normalis

Cyperaceae Carex ormostachya
Cyperaceae Carex radiata

Cyperaceae Carex rosea

Cyperaceae Carex sprengelii
Cyperaceae Carex tribuloides
Cyperaceae Carex X knieskernii
Droseraceae Drosera intermedia
Ericaceae Pyrola americana

Fabaceae Hylodesmum glutinosum
Fabaceae * Vicia cracca

Gentianaceae Gentiana alba
Grossulariaceae Ribes lacustre
Hemerocallidaceae * Hemerocallis fulva
Juncaceae Juncus brachycephalus
Lamiaceae Clinopodium vulgare
Lythraceae Decodon verticillatus
Onagraceae Oenothera clelandii
Orobanchaceae Conopholis americana
Plantaginaceae Plantago rugelii
Plantaginaceae * Veronica longifolia

Poaceae Bromus latiglumis

Poaceae Bromus pubescens

Poaceae Cinna arundinacea
Poaceae Dichanthelium linearifolium
Poaceae Dichanthelium oligosanthes
Poaceae Elymus wiegandii

Poaceae Torreyochloa pallida
Potamogetonaceae Potamogeton nodosus
Potamogetonaceae Potamogeton oakesianus
Rosaceae Crataegus submollis

Smilacaceae

Smilax illinoensis
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FIGURE 6. Conopholis americana, one of 53 new county records for Douglas County in northwest-
ern Wisconsin. Photo by Derek S. Anderson.

TABLE 5. Species seen during this study but not vouchered and for which no herbarium records
from the Brule River watershed are known. An asterisk (*) indicates a non-native species.

Family Species

Apiaceae Osmorhiza longistylis
Asteraceae Erigeron philadelphicus
Asteraceae Helianthus pauciflorus
Asteraceae Heliopsis helianthoides
Brassicaceae Boechera grahamii
Brassicaceae Cardamine diphylla
Cyperaceae Carex blanda
Cyperaceae Carex laxiflora
Cyperaceae Cyperus schweinitzii
Fabaceae Dalea purpurea
Lamiaceae * Nepeta cataria
Orchidaceae Spiranthes cernua
Poaceae Elymus villosus
Ranunculaceae Anemone acutiloba
Rosaceae * Pyrus communis
Salicaceae Salix nigra
Smilacaceae Smilax ecirrhata

Vitaceae Vitis riparia
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FIGURE 7. Ct and Cn values compared with the Thomson data of 1944-45. There was no compari-
son data for the northern dry and northern dry-mesic forests communities, as these were not forest
types that Thomson recognized.

Northern wet-mesic forest averaged 98 species per site, with a range of 67—
125 species. Dominant tree species include Thuja occidentalis and Abies bal-
samea. Community richness consisted of 64 families, 163 genera and 299
species, of which 4.3% are non-native. The five dominant families were Cyper-
aceae (12.3%), Asteraceae (8%), Rosaceae (7%), Ericaceae (6%) and Poaceae
(5%). Eleven prevalent ground layer species were recorded (Appendix 2), with
five species being most prevalent: Rubus pubescens, Coptis trifolia, Maianthe-
mum canadense, Trientalis borealis, and Cornus canadensis. Thomson’s com-
munity richness consisted of 40 families, 71 genera, and 83 species, of which 3%
were non-native (Thomson 1945). Eighty percent of prevalent species we
recorded were also surveyed by Thomson. The value for Cn was 6.1, as com-
pared to 6.9 for Thomson’s survey, while Ct was 5.7, as compared with 6.7 (Fig-
ure 7).

Pine barrens averaged 87 species per site, with a range of 62—111 species.
Dominant tree species included Pinus resinosa and Pinus banksiana. Commu-
nity richness consisted of 54 families, 137 genera, and 207 species, of which
16.4% are non-native. The four dominant families were Asteraceae (20%),
Poaceae (13.8%), Rosaceae (10.5%), and Cyperaceae (5.7%). Sixteen prevalent
ground layer species were recorded (Appendix 2), with eleven species being
most prevalent: Comptonia peregrina, Corylus americana, Prunus pumila,
Rubus flagellaris, Carex pensylvanica, Vaccinium angustifolium, Quercus
macrocarpa, Quercus ellipsoidalis, Andropogon gerardii, Danthonia spicata,
and Monarda fistulosa. Thomson’s community richness consisted of 39 families,
94 genera, and 127 species, of which 17% were non-native (Thomson 1945).
Sixty-three percent of prevalent species recorded, were also surveyed by Thom-
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son. Cn was 4.8, compared to 4.9 from Thomson’s survey. Ct was 4.1, compared
to 4.0 (Figure 7).

Northern hardwood swamp averaged 93 species per site, with a range of 71—
130 species. Dominant tree species included Fraxinus nigra and Thuja occiden-
talis. Community richness consisted of 66 families, 170 genera, and 307 species,
of which 10.7% are non-native. The four dominant families were Cyperaceae
(13%), Asteraceae (9%), Poaceae (8%), and Rosaceae (7%). Ten prevalent
ground layer species were recorded (Appendix 2), with four species being most
prevalent: Carex stipata, Rubus pubescens, Carex intumescens, and, Onoclea
sensibilis. Thomson’s community richness consisted of 33 families, 47 genera,
and 52 species with no non-native species (Thomson 1945). Twenty-five percent
of our prevalent species were also surveyed by Thomson. Cn was 5.6 compared
to 4.9 in Thomson’s. Ct was 5.0 compared to 4.9 (Figure 7).

Northern wet forest averaged 36 species per site, with a range of 23-71
species. Dominant tree species included Picea mariana and Larix laricina. Com-
munity richness consisted of 44 families, 93 genera, and 156 species, of which
6.4% were non-native. The five dominant families were Cyperaceae (18%),
Rosaceae (11%), Ericaceae (7%), Asteraceae (6%), and Poaceae (6%). Four
prevalent ground layer species were recorded (Appendix 2), with two species
being the most prevalent: Rhododendron groenlandicum and Maianthemum tri-
Jolium. Thomson’s community richness consisted of 16 families, 25 genera, and
34 species with no non-native species (Thomson 1945). One hundred percent of
our prevalent species were also surveyed by Thomson. Cn was 6.1, compared to
7.0 in Thomson’s survey. Ct was 5.7, compared to 7.0 (Figure 7).

Northern mesic forest averaged 85 species per site, with a range of 42—144
species. Dominant tree species included Acer saccharum, Tilia americana, and
Acer rubrum. Community richness consisted of 59 families, 147 genera, and 242
species, of which 10% were non-native. The five dominant families were Cyper-
aceae (11%), Poaceae (9%), Asteraceae (8%), Rosaceae (7%), and Ranuncu-
laceae (6%). Six prevalent ground layer species were recorded (Appendix 2),
with three species being most prevalent: Acer saccharum, Maianthemum
canadense, and Clintonia borealis. Thomson’s community richness consisted of
31 families, 45 genera, and 59 species, of which 3% were non-native (Thomson
1945). Eighty-three percent of our prevalent species were also surveyed by
Thomson. Cn was 5.6 for both time periods. Ct was 4.9, compared to 5.5 in
Thomson’s survey (Figure 7).

Although we could not do comparisons for the remaining forest types, we
provide summary data from our surveys for two additional forest types. North-
ern dry forest averaged 75 species per site, with a range of 45—-111 species.
Dominant tree species included Pinus resinosa and P banksiana. Community
richness consisted of 51 families, 134 genera, and 209 species, of which 15.8%
were non-native. The five dominant families were Asteraceae (11%), Poaceae
(11%), Rosaceae (11%), Cyperaceae (6%), and Ericaceae (6%). Seven preva-
lent ground layer species were recorded (Appendix 2), with three species being
most prevalent: Maianthemum canadense, Pteridium aquilinum, and Oryzopsis
asperifolia. Cn for all northern dry forest species was 5.2, while Ct was 4.4
(Figure 7).



2020 THE GREAT LAKES BOTANIST 43

Northern dry-mesic forest averaged 94 species per site, with a range of 39—
128 species. Dominant tree species included Pinus resinosa, P banksiana, P
strobus, and Betula papyrifera. Community richness consisted of 65 families,
163 genera, and 263 species, of which 12.9% were non-native. The five domi-
nant families were Asteraceae (10%), Rosaceae (9%), Poaceae (8%), Cyperaceae
(6%), and Ericaceae (5%). Seven prevalent ground layer species were recorded
(Appendix 2), with four species being most prevalent: Maianthemum canadense,
Pteridium aquilinum, Aralia nudicaulis, and Eurybia macrophylla. Cn was 5.5,
while Ct was 4.8 (Figure 7).

The following species were documented by Thomson (1945), but not found
by our 2015-2017 surveys: Agrimonia striata, Alnus viridis, Botrychium lance-
olatum, B. matricariifolium, Botrypus virginianus, Calopogon tuberosus, Carex
retrorsa, Celastrus scandens, Clematis occidentalis, Geum fragarioides,
Grindelia squarrosa, Liatris ligulistylis, Nuttallanthus canadensis, Osmorhiza
longistylis, Rudbeckia laciniata, Symphoricarpos occidentalis, Symphyotrichum
boreale.

Among various plant growth forms, graminoid species displayed substantial
proportional compositional increases between the two time periods (1945, 2017)
in the boreal forest, northern hardwood swamp and northern wet-mesic forest,
while there was only a slight increase of graminoids in the northern mesic forest.
There was no change in plant growth forms for the pine barrens and northern wet
forest (Table 6).

Appendix 3 summarizes these details for all forest types surveyed.

Rare and Notable Species

Between 2015 and 2017, we found thirteen species listed as rare in Wiscon-
sin (Wisconsin Department of Natural Resources 2016¢): Asclepias ovalifolia
(Figure 8), Callitriche hermaphroditica, Calypso bulbosa, Carex backii, Cop-
tidium lapponicum, Cypripedium parviflorum var. makasin, Erviophorum
chamissonis (Figure 9), Geum macrophyllum var. macrophyllum, Petasites
frigidus var. sagittatus, Pyrola minor, Ribes oxyacanthoides, Rhynchospora
fusca, and Vaccinium vitis-idaea. Six rare species were found in the northern
wet-mesic forest, four in the boreal forest, one in the pine barrens, one in the
northern hardwood swamp and one in the northern wet forest. These areas may
be the last refuge in the Brule River watershed, if not in the State of Wiscon-
sin, for the species Coptidium lapponicus and Calypso bulbosa and many other
rare plant assemblages. An additional ten notable species with low occurrences
were added to the list (Table 7).

DISCUSSION
We could not determine the exact methods that Thomson (1944, 1945) used

to survey the flora of each of these communities. Upon close examination of
his herbarium specimens and his papers (Thomson, 1944; Thomson 1945), it
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TABLE 6. Number of species of five growth forms represented in species lists for 1944-1945 and
2015-2016 in each of the eight forest community types. Data for 1944—1945 are omitted for north-
ern dry forests and northern dry-mesic forests due to lack of historical data.

20152016
Number of Percentage Number of Percentage
Growth Form Species (%) Species (%)
Boreal forest
Tree 16 15 25 7
Shrub 21 21 62 17
Forb 57 54 198 55
Graminoid 8 8 70 19
Vine 3 3 7 2
Totals 105 100 362 100
Northern wet-mesic forest
Tree 6 7 19 6
Shrub 14 17 57 19
Forb 55 67 162 54
Graminoid 8 9 57 19
Vine 0 0 4 2
Totals 83 100 299 100
Pine barrens
Tree 7 6 13 6
Shrub 19 15 28 14
Forb 81 64 121 58
Graminoid 18 14 43 21
Vine 1 1 2 1
Totals 126 100 207 100
Northern hardwood swamp
Tree 8 15 20 7
Shrub 7 13 51 16
Forb 33 64 167 54
Graminoid 2 4 64 21
Vine 2 4 5 2
Totals 52 100 100
Northern mesic forests
Tree 8 13 18 7
Shrub 8 14 44 18
Forb 34 58 126 53
Graminoid 8 14 51 21
Vine 1 1 1 1
Totals 59 100 242 100

(Continued on next page)
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TABLE 6. (Continued)

1944-1945 2015-2016
Number of Percentage Number of Percentage
Growth Form Species (%) Species (%)
Northern wet forest
Tree 7 21 13 8
Shrub 9 26 38 24
Forb 10 29 65 42
Graminoid 8 24 40 26
Vine 0 0 0 0
Totals 34 100 156 100
Northern dry forest
Tree 15 7
Shrub 43 21
Forb 105 50
Graminoid 46 22
Vine 0 0
Totals 209 100
Northern dry-mesic forest
Tree 24 9
Shrub 51 19
Forb 143 54
Graminoid 41 16
Vine 4 2
Totals 263 100

appears that Thomson may have had some bias towards collecting along road-
ways and in abandoned fields. Furthermore, Thomson collected on his own on
53 field days spanning a three-year period, whereas our research teams consisted
of groups of surveyors and professional botanists surveying the equivalent of
180 field days spanning a three-year period. The level of effort far exceeded
Thomson’s and has likely contributed to the discrepancy between the measure-
ments of species richness, species composition, and species abundance for the
two time periods.

When examining changes in the function, structure, and growth of the
groundcover stratum, a clear pattern emerges. First, the graminoids have become
more dominant throughout several forest types (Table 6). Recent authors
(Rooney and Waller 2003; Rooney 2009; Burton et al. 2014) suggest that
graminoids are better able to recover from browsing pressure than most forbs,
which leads to their increased dominance in today’s forests because of an in-
crease in herbivory by white-tailed deer. A second trend observed was an in-
crease in the total number of tree species in most forest types (Table 6), while
species percentages as a portion of forest composition remained the same across
all community types. A likely explanation is the exhaustive nature of our studies
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FIGURE 8. 4sclepias ovalifolia in a population of more than 200 individuals located in a recently
harvested pine plantation in the pine barrens community type. Photo by Derek S. Anderson.

FIGURE 9. Eriophorum chamissonis in a population of hundreds found in one small bog near the
shores of Lake Nebagamon in the western portion of the watershed. Photo by Reed J. Schwarting.




2020 THE GREAT LAKES BOTANIST 47

TABLE 7. Rare, threatened, endangered species in the watershed. Also included in the list are no-
table species which are uncommon species found for the first time in the watershed and may also be
anew Douglas County record. In the State Status column, SC = Special Concern, THR = Threatened,
END = Endangered, N = Notable.

Number of  Year Last  State
Occurrences Observed Status ~ Comments

Asclepias ovalifolia 1 2015 THR 100 plants

Callitriche hermaphroditica 4 2016 SC cold spring waters

Calypso bulbosa var. bulbosa 2 2016 THR 125 plants in 1996;
two plants in 2016

Carex assiniboienensis 1 2016 N boreal tributary ravine

Carex backii 2 2015 SC bedrock glade

Carex vaginata Several 2016 N scattered

Carex % knieskernii 1 2016 N several plants

Coptidium lapponicus 3 2015 END >250 plants

Cypripedium parviflorum var. makasin 3 2016 SC numerous

Cypripedium parviflorum var. pubescens 1 2016 N numerous

Cypripedium reginae 2 2016 N two locations

Dryopteris fragrans 1 2015 N rock outcropping

Eriophorum chamissonis 1 2017 SC hundreds of plants in
one bog

Epilobium palustre 1 2017 SC one plant

Gentiana alba 1 2017 N several plants on
riverbank

Geum macrophyllum var. macrophyllum 1 2016 SC one plant

Huperzia selago 1 1996 SC

Lactuca hirsuta 1 2015 N a few dozen

Platanthera huronensis 1 2015 N

Pyrola minor 1 2015 END unknown

Petasites frigidus var. sagittatus 3 2015 THR several populations

Rhynchospora fusca 1 2016 SC hundreds of plants

Ribes oxyacanthoides 1 2017 THR several plants

Taxus canadensis 3 2015 N several plants

Tephroseris palustris 1 1897 SC

Vaccinium vitis-idaea 1 2015 END 70-100 plants

and the large percentage of trees that were found at the seedling stage; these
seedlings may have been discounted or overlooked by Thomson.

We observed 124 non-native species throughout all the forest communities we
surveyed. Of these, Rhamnus cathartica poses the greatest threat to the lower
reaches of the boreal forest, growing in thickets that replace native understory
shrubs and forbs. Iris pseudacorus is found from the southern edge of Big Lake
to the mouth of the river. There is an active invasive plant management program
on Lake Minnesuing, and to a lesser extent on Lake Nebagamon, for controlling
these populations, while the Brule River community is just becoming aware of
the threat. Myosotis scorpioides and Nasturtium officinale are naturalized from
near the headwaters to the mouth of the river and have likely replaced some na-
tive aquatic plant populations (e.g., Ranunculus aquatilis, Callitriche palustris,
and Callitriche hermaphroditica). Bromus inermis, Phalaris arundinacea, and
Centaurea stoebe are found growing along disturbed road, trails, ditches, parking
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areas, and other disturbed areas, but the populations are well managed. Two
emerging invasive plant threats to the watershed include the recent appearance of
small populations of Sorbus sorbifolia and Valeriana officinalis that were found
embedded in both the boreal forest and the northern wet-mesic forest. Lastly, a
private landowner informed us of a large population of Berberis thunbergii
planted decades earlier within the watershed, but our survey teams did not ob-
serve this species, and as a result it is not included on our list in Appendix 1.

Boreal Forest

By the time of the Thomson survey, the boreal forest was greatly diminished
due to cutover with early successional species such as Abies balsamea and large
stands of Populus spp. present. Boreal forest occupied approximately 6.9% of
the watershed (Fassett 1944). Dominant species were Betula papyrifera, Populus
grandidentata, Populus tremuloides, and Prunus pensylvanica. Ground cover
species of importance were Eurybia macrophylla, Diervilla lonicera and Pterid-
ium aquilinum (Thomson 1945).

The present-day boreal forest covers 3.6% (1,877 ha) of the watershed and is
found north of the Copper Range. It is characterized as gradually sloping to the
northeast within a gentle terrain, bisected by numerous steep ravines. A contigu-
ous second- and third-growth aspen forest continues to dominate the forest today
with some Abies balsamea and Picea glauca in the understory (Wisconsin De-
partment of Natural Resources 2016b). Other areas have lost timber due to an al-
teration of the hydrology caused by heavy equipment resulting in swamping that
favors thickets of Alnus incana and Salix spp.

Boreal forest Ct values indicate a slight decrease in floristic quality. Thomson
did not discover as many non-native plants in these early successional forests
(only 5%) as we did in today’s boreal forest (14.9%). Thomson classified the bo-
real forest as “The Aspen Association,” since the boreal forest composition was
greatly compromised from early logging activities and was dominated by hard-
woods in the 1940s (Fassett 1944, Thomson 1945). Family dominance has
changed from Rosaceae, Asteraceae, Ranunculaceae, and Salicaceae in the
1940s to Cyperaceae, Asteraceae, Rosaceae, Poaceae, and Ranunculaceae today.
The graminoids represent almost 20% of the boreal forest flora today, in contrast
to only 7% in the 1940s. Many earlier inventories often overlooked graminoid
species and that may explain the changes we observed. Another observation is
that insect pollination dependent families (e.g., Rosaceae and Ranunculaceae)
have declined, while wind-pollinated families (e.g., Cyperaceac and Poaceac)
have substantially increased. These findings are consistent with the trends found
during a project that re-surveyed the 1959 baseline data collected by John T. Cur-
tis for selected northern forests in Wisconsin (Rooney et al. 2004).

The best examples of remnant boreal forest stands are along steep ravines
near the mouth of the river and extending inland for several miles. The cooler cli-
mate and red clay soils dictate which tree species can be sustained in this part of
the watershed. In these areas we see the returning prominence of Pinus strobus,
Abies balsamea, and Picea glauca, while Betula papyrifera has decreased in
abundance (Hlina et. al. 2018a). In the deep creek ravines along tributaries, dom-
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inant trees include Thuja occidentalis, Abies balsamea, Picea glauca, and Popu-
lus tremuloides. The boreal forest on the Brule River is slowly recovering, and
opportunities for restoration are high. In the Biotic Inventory of the Brule River
State Forest O’Conner (2016) states:

The Brule River State Forest offers the single best opportunity for clay plain boreal forest
restoration on state-owned land on the entire Superior Coastal Plan Ecological Landscape and
possibly North America.

Such restoration will ensure the continued biodiversity, complexity, and health of
this rare plant community in Wisconsin for future generations.

Northern Wet-Mesic Forest

As noted earlier, Thomson (1945) lumped northern wet forest and northern
wet-mesic forest into one plant community type, which he called conifer bog.
The dominant species he noted were Abies balsamea, Larix laricina, Picea mar-
iana, Thuja occidentalis, and Sphagnum spp. He noted two shrubs,
Chamaedaphne calyculata and Rhododendron groenlandicum, as significant
components of the understory. The coverage of this forest was 6.8% during his
survey (Fassett 1944).

In the present day, northern wet-mesic forest encompasses 967 ha, approxi-
mately 2% of the watershed in the headwater region of the Brule River and is
dominated by old-growth even-aged stands of Thuja occidentalis. From 1942 to
1945, Thomson observed that area residents and farmers were harvesting the
cedar in this area for fence posts and other uses, exposing the sphagnum hum-
mocks and pools to wind and sun resulting in severe desiccation and recom-
mended that all cutting cease (Thomson 1945). Thomson recognized the impor-
tance of this area and the direct influence it had on sustaining water quality,
water flow, and stable temperatures needed to support brown, brook, and rain-
bow trout populations in the river. This forest is now approaching 200 years of
age and exhibits little apparent regeneration in the last 70—80 years. Beals et al.
(1960) and others (Alverson et al. 1988; Van Deelen 1999; Rooney et al. 2002;
Forester et al. 2008) have documented the impact of deer populations on the abil-
ity of Thuja occidentalis to regenerate. Due to the lack of regeneration, the Thuja
occidentalis swamps, which are the largest in the state, are vulnerable to disap-
pearance in the next 50-75 years (Bushman 2006; Scheller and Mlandenoff
2005, 2008). Based on our survey data and observations, this forest is most likely
to be replaced by Abies balsamea and Acer rubrum trees with large patches of
Alnus incana thickets.

Northern wet-mesic forest Ct values depict a decrease in floristic quality from
6.9 to 5.8 and in Cn values from 7 to 6.1. Non-native species slightly increased
temporally, from 3% to 4.3%, but this alone does not explain the discrepancy in
floristic quality between the two time periods. As was standard in the 1940s, and
as noted earlier, Thomson classified both the northern wet forest (Picea mariana
and Larix laricina dominant) and northern wet-mesic forest (Thuja occidentalis
dominant) as one community type called conifer bog, though the former has a
greater percentage of conservation species. In Vegetation of Wisconsin, Curtis
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(1959) compares these two-forest community types and finds only a 50% simi-
larity between them, and therefore separated them into northern wet forest and
northern wet-mesic forest. This difference perhaps explains the wide differences
in C values. Family dominance has also changed from Cyperaceae, Orchidaceae,
Caprifoliaceae, Rosaceae, and Ericaceae to Cyperaceae, Asteraceae, Rosaceae,
Poaceae, and Ericaceae. Graminoid dominance has increased from 11% to 17%.
Surprisingly Maianthemum canadense, Aralia nudicaulis, and Acer spicatum,
which are highly prevalent today, were not recorded in the 1940s. It is possible
that these species were simply overlooked. Another substantial decline was
found in Orchidaceae, dropping from 6.0% to 2.9%. Three orchid species that
were present in the 1940s but are absent today are Calopogon tuberosus, Goody-
era pubescens, and Spiranthes cernua. Calypso bulbosa, a state threatened or-
chid, is probably near extinction in the Brule River watershed (E. J. Judziewicz,
personal communication 2016). Judziewicz studied the same cedar swamps in
the mid- to late 1990s and found hundreds of individuals of Calypso bulbosa
(Epstein et. al. 1999). During the field seasons of 2015 and 2016 only four plants
were found, two of which were sterile and two in flower. Moreover, Rooney and
Waller (2003) and Rawinski (2008) described the effects of high deer densities
on the understory flora of forested ecosystems, which may explain some of this
decline, as well as a drop in the C, values of northern wet-mesic forest.

Pine Barrens

Pine barrens were frequently burned and were mostly treeless at the time of
the Brule River surveys of the 1940s; the last big fire occurred in 1936 (Fassett
1944). Thomson (1945) and Fassett (1944) documented a much more intact pine
barrens than we find today, noting many characteristics such as shrubby jack
pine, scattered red pine savannas, and vast open barrens. They reported the pine
barrens covered 25.7% of the total watershed in 1938; today pine barrens cover
approximately 1.8% (908 ha). Lost to history is the full extent of the flora of the
pine barrens as it existed in 1854. The land that was historically pine barrens is
now managed as pine plantation monocultures predominantly by private timber
companies, the Brule River State Forest, and Douglas and Bayfield counties. The
C-values show little difference between the 1940s and now and may indicate that
the pine barrens remain a community in recovery.

Thomson’s (1945) description of the Pinus banksiana community distin-
guished between two paths of succession, both essentially leading to a Pinus
banksiana, P, resinosa, Quercus spp. community based upon the intensity and in-
tervening time between fires. He noted the dominant woody plants in scattered
stands as Pinus banksiana and Quercus ellipsoidalis. Ground cover species of
importance were Corylus americana, Danthonia spicata, Comptonia peregrina,
Pteridium aquilinum, Quercus macrocarpa, Salix humilis, and Vaccinium angus-
tifolium. (Thomson 1945). Many associate species are prairie species adapted to
drier conditions, low soil fertility, and fire.

Pine barrens Ct and Cn values show little change between the two time peri-
ods. These values are low relative to other forest types and may indicate an over-
abundance of species tolerant of anthropogenic disturbances with low C values
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in Asteraceae and Poaceae. These species accounted for more than 30% of the
flora. Pine barrens of today are embedded in large acreages of pine plantation,
resulting in the highest percentage of non-native species (16.4%) of all the com-
munities surveyed. Family dominance has remained the same (Asteraceae,
Poaceae, and Rosaceae). Hieracium aurantiacum (orange hawkweed) is the only
non-native species that ranked high enough to make the prevalent ground layer
species list for any community in the Brule River watershed. Another interesting
observation is the successful spread of Carex pensylvanica, a native sedge that
was not recorded by Thomson, though its presence in other adjacent forested
communities may explain its presence in the pine barrens.

Due to the smaller open areas and savanna-like conditions, the globally rare
pine barrens are home to a wide variety of wind-dispersed non-native plants
(e.g., Agrostis gigantea, Centaurea stoebe, and Cirsium arvense). Fire suppres-
sion activities have altered the pine barrens landscape by eliminating large
patches (950—1500 ac) of open habitat (Radeloff et.al. 2000; Grossman and
Miladenoff 2007; Scheller and Mladenoff 2008). It is doubtful that the historical
shifting mosaic of oak and pine savanna surrounded by large open patches will
be achieved without further use of fire and other management tools by land man-
agers. Open barrens in the watershed occur only in small parcels today, and not
as the vast terrain of yesteryear, that numerous wildlife species such as sharp-
tailed grouse, bobolink, and savannah sparrow require (Radeloff et al.1999). The
best remaining examples of pine barrens in the Brule River watershed are found
at Mott’s Ravine State Natural Area and in patches between forests of recent har-
vests. It was at Mott’s Ravine that Lactuca hirsuta was found, only the second
collection of this species for Wisconsin. The 2003 Brule River State Master Plan
includes plans to modestly increase the acreage of pine barrens found at Mott’s
Ravine (Van Horn et al. 2003).

Northern Dry Forest

Northern dry forest prior to extensive landscape disturbance was comprised
of large stands of Pinus resinosa interspersed within pine barrens. The forest
covered approximately 12% of the watershed. It was quickly harvested during
the lumbering activities in the late 19th century and converted to jack and red
pine plantations by the late 1930s. The five stands we surveyed were either Pinus
resinosa plantations greater than 100 years old or small pockets of older P
resinosa and P banksiana intermixed with scrub oak (Quercus macrocarpa and
0. ellipsoidalis). In the barrens area of the watershed, these forest plantations are
heavily represented and occupy 28.5% (14,614 ha) of the watershed. Thomson
treated this forest as a successional stage within the pine barrens complex and
hence one-to-one comparison was not possible with our data. This forest, as ex-
pected, had one of the lowest diversities of all the communities and a higher level
of non-native species compared to the other communities. The understory of the
northern dry forest is dominated by Acer rubrum and Abies balsamea saplings
and hazelnut (Corylus spp.), with pine regeneration not apparent. The Brule
River State Forest has identified three primary sites for northern dry forest need-
ing protection (Wisconsin Department of Natural Resources 2017). These sites
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are exceptionally small and subject to catastrophic damage from extreme
weather events. Opportunities for management, including the use of fire to in-
crease open conditions for pine seedlings, are suggested in the 2016 Biotic In-
ventory of the Brule River State Forest (O’Connor 2016).

Northern Dry-Mesic Forest

At time of settlement these valuable northern dry-mesic forests encompassed
7.8% of the watershed and by the 1940’s had declined to 1.8% of the area. Today,
this forest type has slightly rebounded and occupies approximately 2.6% (1,325
ha) of the watershed, with most old growth northern dry-mesic forest in land
trust stewardship. Due to generations of human activity with the creation of
trails, roads, homes, outbuildings, and earlier landscape plantings, a suite of non-
native species was found. Except for Berberis thunbergii, none of these species
have compromised the ecological integrity of this old growth forest. Berberis
thunbergii, which was planted in the area as an ornamental, has increased its
spread in recent years into the surrounding forest. Species richness remains high
(263 species), but much of the gain compared with Thomson’s survey has come
from non-native species (12.9% of the current total). Acer rubrum and Abies bal-
samea seedlings are dominant in the understory and are poised to become the re-
placement forest in the absence of Pinus strobus and P resinosa regeneration.
Though floristic richness remains high, 40% of species in this forest were found
only once during the surveys of this forest type and at a relatively low abun-
dance.

Northern Hardwood Swamp

Fassett (1944) and Thomson (1945) defined northern hardwood swamp as a
lowland hardwood association, a minor component of the watershed, occupying
only 6.7% of the total watershed area. Thomson (1945) noted that the dominant
tree species are Acer rubrum, Fraxinus nigra, and Ulmus americana. Associated
woody species included: Abies balsamea, Alnus incana, Betula papyrifera, and
Populus balsamifera. Ground cover species were numerous and many of the
species commonly associated with wet habitats, such as Carex tuckermanii,
Carex crinita, Scutellaria lateriflora, Galium trifidum, and Micranthes pensyl-
vanica were observed. Surprisingly, only 25% of prevalent ground layer species
were common to both surveys. The discrepancy might be explained through the
diversity of plant associations we observed in the thirteen northern hardwood
swamp sites surveyed by our team.

Today, a large area of high-quality northern hardwood swamp exists in the
watershed covering 10% (5,420 ha) of the watershed. The present-day northern
hardwood swamp community has 307 species, of which 10.7% are non-native,
which is in the lower range among the communities surveyed. This community
harbored the greatest number of Carex species (32), as well as large numbers of
shade tolerant specialists. By far the greatest threat to these lowland swamps is
the invasion of the emerald ash borer that causes high mortality in all species of
Fraxinus. Our survey did not find any evidence of the beetles. Likewise, no signs
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of the beetle have ever been found in the Brule River State Forest (D. Schulz,
personal communication 2017).

Based on our survey results, it is likely that these lowlands, if compromised
by the beetle, may be replaced by Acer rubrum, Abies balsamea, and the shrub
Alnus incana, as these species are the most well-represented woody species in
understory layers. This could have a profound effect on the structure, function,
and ecological integrity of this forest.

If Fraxinus nigra suffers increased mortality from an emerald ash borer inva-
sion, it is likely that severe hydrological changes will occur in this wetland for-
est. Slesak et al. (2014) showed that in an infected ash forest, flood conditions
lasted six to eight weeks longer, which would have serious consequences to the
establishment of other tree species and the groundcover vegetation that grows
based on hydrological regimes (saturation, very wet, wet, and moderately wet).
In the Brule River region, these new conditions may favor weedy aquatic and wet
meadow graminoid species, such as Phalaris arundinacea, Typha spp., and
Phragmites australis that are able to easily colonize from adjacent landscapes.
Some long-term projects evaluating the success of anticipated replacement
species (e.g., Quercus bicolor, Celtis occidentalis) have been conducted or are
underway in similar regional forests (Looney et al. 2015, Rooney et al. 2015).
These two species remain south of the tension zone in Wisconsin and still have
no presence in the Brule watershed.

Northern Mesic Forest

Fassett’s (1944) land cover analysis depicted this forest type as having little
importance in the watershed, with less than 1.7% of the land cover. Northern
mesic forest stands were predominately located on the north side of Lake Min-
nesuing and to the east of the Brule River near and on the Copper Range and are
known locally as Sugar Camp Hill. Dominant tree species included Acer rubrum,
Acer saccharum, Betula alleghaniensis, Betula papyrifera, Ostrya virginiana,
Pinus strobus, and Tilia americana (Thomson 1945). The associated ground
cover species consisted of species associated with maple—basswood forest, such
as Dryopteris carthusiana, Actaea pachypoda, Botrypus virginianus, Sanicula
marilandica, and Lysimachia ciliata.

Thomson (1945) noted that the large sugar bush trees (Acer spp.) were gone,
as was the sugar camp of earlier days. The topsoil was lost, first by logging and
then with subsequent fires resulting in erosion. Most of the landscape of the
1940s was covered with a coppice scrubby growth of Acer spp., and Thomson
predicted it would be many years before this forest recovered (Thomson 1945).
Surprisingly, Thomson did not include 7Tsuga canadensis in his description of
this forest. However, on May 9, 1944, Thomson did collect a voucher specimen
on the bank of a stream crossing the Copper Range (Appendix 1). Later, David-
son et al. (1973) documented a range extension for Tsuga canadensis at one of
the stands at the westernmost boundary of the watershed near Lake Minnesuing.
Today, Tsuga canadensis is known to extend further west into St. Louis County
in Minnesota and several others.

Today, northern mesic forest, typically dominated by Acer saccharum, Betula
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alleghaniensis, and Tilia americana, comprises 1.5% of the watershed, covering
750 ha. As in yesteryear, this mesic forest is located along the Copper Range and
on the southwestern side of Lake Minnesuing. Sugar Camp Hill on top of the
Copper Range was last logged in 1933 and has slowly been regenerating a
maple—basswood forest. Today, these stands have moved to a later successional
stage and are slated to be harvested in the next decade. In the Lake Minnesuing
area, some mesic forest stands have a component of Tsuga canadensis. These are
privately and publicly owned, and most are of poor quality. A few are represented
by multi-age stands with relatively high species diversity. A patch of Adiantum
pedatum was found in a deep gully in such a stand and represents only the third
known occurrence of this species in the watershed.

Northern Wet Forest

Thomson (1945) lumped this forest community type together with northern
wet-mesic forest community type into what he called conifer bog. This is de-
scribed in more detail above under northern wet-mesic forest.

Today, northern wet forest encompasses 3.8% (1,896 ha) of the watershed and
consists of weakly minerotrophic, conifer-dominated, acid peatlands located
north and south of the Lake Nebagamon region where the water table is near the
surface or where drainage is somewhat impeded. A large forested complex con-
sisting of a mix of Fraxinus americana, Thuja occidentalis, Larix laricina, and
Picea mariana intergrade into a mosaic in this region, with species individually
responding to gradients of pH, water depth, the presence of Sphagnum spp., and
available nutrients. This forest is uncommon in the watershed, except in the head-
waters region and is distinct with a specialized associations of plant species.
However, even this forest has increased from zero non-native species to 6.4% be-
tween the two studies. An area deserving further protection occurs along the east
side of Degerman Road, north of Lake Nebagamon. In this region we observed a
northern wet forest dominated by a canopy of Picea mariana with ample regen-
eration of 3.6-4.6 m tall Thuja occidentalis and uncommon forbs underneath;
this is the only area in the watershed known to have significant Thuja occiden-
talis regeneration.

CONCLUSION

Overall, our study has shown that the Brule River watershed is of exceptional
quality, but also an area at high risk. Many challenges exist for sustaining, main-
taining, and restoring its natural forest communities. The boreal forest remains
susceptible to severe erosion of clay banks as rain events and snow melts inten-
sify under changing climate scenarios. The northern wet-mesic swamps are even-
aged and apparently not regenerating naturally. Northern hardwood swamps are
likely to decline substantially in the watershed over the next 50 years from emer-
ald ash borer infestations. Old growth northern dry-mesic forest will not likely
regenerate in the absence of fires and are a declining presence in the watershed
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forests. The pine barrens mosaic remains diminished and the area continues to be
dominated by Pinus resinosa and P banksiana plantations with only small op-
portunities to expand.

The purpose of this study was to document the existing flora, make compar-
isons with earlier surveys, and make qualitative and quantitative data available
for future researchers. We highly recommend that a similar survey be made one
or two decades after this study to document changes and inform land managers
and decision-makers with new information for making the difficult decisions
they will face in the future.
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APPENDIX 2. Prevalent ground layer species in each forest community type. Frequency of occur-
rence is the percentage of sites within the forest community type in which the species occurs. Fre-
quency of common occurrence is the percentage of sites within the forest community type in which

the species is widely distributed.

Frequency of

Frequency of

Species occurrence common occurrence
Boreal Forest
Eurybia macrophylla 100 100
Rubus parviflorus 100 100
Maianthemum canadense 100 90
Pteridium aquilinum 100 80
Aralia nudicaulis 80 100
Cornus canadensis 100 50
Carex gracillima 100 50
Athyrium filix-femina 90 67
Cornus sericea 90 56
Equisetum arvense 90 56
Anemone quinquefolia 80 63
Calamagrostis canadensis 80 50
Northern Wet-Mesic Forest
Rubus pubescens 100 100
Coptis trifolia 100 100
Maianthemum canadense 100 91
Trientalis borealis 100 82
Cornus canadensis 100 82
Clintonia borealis 100 64
Gaultheria hispidula 100 64
Mitella nuda 100 55
Osmunda cinnamomea 100 55
Aralia nudicaulis 91 50
Orthilia secunda 91 50
Carex disperma 82 56
Pine Barrens
Comptonia peregrina 100 100
Corylus americana 100 100
Prunus pumila 100 100
Rubus flagellaris 100 100
Carex pensylvanica 100 100
Vaccinium angustifolium 100 100
Quercus macrocarpa 100 83
Quercus ellipsoidalis 100 83
Andropogon gerardii 83 100
Danthonia spicata 83 100
Monarda fistulosa 83 80
Hieracium aurantiacum 100 50
Solidago nemoralis 100 50
Schizachyrium scoparium 100 50
Arctostaphylos uva-ursi 83 60
Bromus kalmii 83 60

(Continued on next page)
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APPENDIX 2. (Continued)

Frequency of

Frequency of

Species occurrence common occurrence
Northern Dry Forest
Maianthemum canadense 100 100
Pteridium aquilinum 100 100
Oryzopsis asperifolia 80 80
Carex pensylvanica 100 60
Eurybia macrophylla 100 60
Rubus allegheniensis 100 60
Uvularia sessilifolia 100 60
Northern Dry Mesic Forest
Maianthemum canadense 100 100
Pteridium aquilinum 100 100
Aralia nudicaulis 100 83
Eurybia macrophylla 100 83
Oryzopsis asperifolia 100 67
Clintonia borealis 100 50
Lonicera canadensis 100 50
Northern Hardwood Swamp
Carex stipata 100 100
Rubus pubescens 100 86
Glyceria striata 86 86
Carex intumescens 100 71
Carex gracillima 100 57
Onoclea sensibilis 100 56
Carex projecta 86 71
Northern Mesic Forest
Acer saccharum (seedlings) 100 89
Maianthemum canadense 100 89
Clintonia borealis 89 88
Carex pensylvanica 100 67
Aralia nudicaulis 100 56
Quercus rubra (seedlings) 89 78
Northern Wet Forest
Rhododendron groenlandicum 100 100
Maianthemum trifolium 100 83
Carex trisperma 100 66
Vaccinium angustifolium 100 50
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APPENDIX 3. Summary of data for the eight forest community types. Major tree dominants are de-
rived from importance values in the Forest stand changes in the Bois Brule River 1968 to 2016
(Hlina et. al. 2020). Leading families are the percentage of all species in the forest community type

that are in that family.

Category

Data

Boreal Forest
Major tree dominants

Most prevalent ground
layer species

Leading families

Average species richness
Total species richness
Ct

Cn

Non-native species (%)
Growth form counts

Northern Wet-Mesic Forest
Major tree dominants

Most prevalent ground
layer species

Leading families

Average species richness
Total species richness
Ct

Cn

Non-native species (%)
Growth form counts

Pine Barren
Major tree dominants

Most prevalent ground
layer species

Leading families
Average species richness
Total species richness
Ct

Cn

Non-native species (%)
Growth form counts

Populus tremuloides, Abies balsamea, Picea glauca,
Pinus strobus

Eurybia macrophylla, Maianthemum canadense,
Pteridium aquilinum, Aralia nudicaulis

Cyperaceae (10.1%), Asteraceae (9.6%), Rosaceae
(8.0%), Poaceae (7.4%) Ranunculaceae (5.3%)

132
362
4.5
53
14.9%

Trees (26), Shrubs (50), Forbs (208), Graminoids (64),
Vines (6)

Thuja occidentalis, Abies balsamea

Rubus pubescens, Coptis trifolia, Maianthemum
canadense, Trientalis borealis, Cornus canadensis

Cyperaceae (10.8%), Asteraceae (9.9%), Rosaceae
(7.9%), Poaceae (5.8%) and Ericaceae (5.3%)

98
299
5.8
6.1
4.3%

Trees (18), Shrubs (48), Forbs (142), Graminoids (51),
Vines (1)

Pinus banksiana, Pinus resinosa

Comptonia peregrina, Corylus americana, Prunus
pumila, Rubus flagellaris, Carex pensylvanica,
Vaccinium angustifolium, Quercus macrocarpa,
Quercus ellipsoidalis, Andropogon gerardii, Danthonia
spicata, Monarda fistulosa

Asteraceae (17.8%), Poaceae (12.0%), Rosaceae (11.6%)
79

207

4.1

4.8

16.4%

Trees (12), Shrubs (27), Forbs (118), Graminoids (32),
Vines (1)



2020 THE GREAT LAKES BOTANIST 95

APPENDIX 3. (Continued)
Category Data

Northern Hardwood Swamp

Major tree dominants

Most prevalent ground
layer species

Leading families

Average species richness
Total species richness
Ct

Cn

Non-native species (%)
Growth form counts

Northern Dry Forest

Major tree dominants

Most prevalent ground
layer species

Leading families

Average species richness
Total species richness
Ct

Cn

Non-native species (%)
Growth form counts

Northern Dry Mesic Forest

Major tree dominants

Most prevalent ground
layer species

Leading families

Average species richness
Total species richness
Ct

Cn

Non-native species (%)
Growth form counts

Fraxinus nigra, Thuja occidentalis

Carex stipata, Alnus incana, Rubus pubescens,
Glyceria striata

Cyperaceae (15.9%), Asteraceae (11.4%), Poaceae
(10.6%) and Rosaceae (9.3%).

92
307
5.0
5.6
10.7%

Trees (19), Shrubs (43), Forbs (164), Graminoids (75),
Vines (6)

Pinus resinosa

Maianthemum canadense, Pteridium aquilinum,
Oryzopsis asperifolia

Asteraceae (11.7%), Rosaceae (11.2%), Poaceae
(11.2%), Cyperaceae (6.6%) and Ericaceae (6.1%)

75
209
4.4
52
15.8%

Trees (14), Shrubs (42), Forbs (104), Graminoids (33),
Vines (4)

Pinus resinosa, Abies balsamea, Pinus strobus

Maianthemum canadense, Pteridium aquilinum,
Aralia nudicaulis, Eurybia macrophylla

Asteraceae (11.3%), Rosaceae (9.2%), Poaceae (8.3%),
Cyperaceae (5.4%) and Ericaceae (5.4%)

94

263

5.5

4.8

12.9%

Trees (27), Shrubs (38), Forbs (133), Graminoids (35),
Vines (7)

(Continued on next page)
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APPENDIX 3. (Continued)
Category Data

Northern Mesic Forest
Major tree dominants

Most prevalent ground
layer species

Leading families

Average species richness
Total species richness
Ct

Cn

Non-native species (%)
Growth form count

Northern Wet Forest
Major tree dominants

Most prevalent ground
layer species

Leading families

Average species richness
Total species richness
Ct

Cn

Non-native species (%)

Growth form count

Acer saccharum, Tilia americana, Acer rubrum

Acer saccharum, Maianthemum canadense,
Clintonia borealis

Cyperaceae (10.7%), Poaceae (9.4%), Asteraceae
(9.0%), Rosaceae (7.7%), Ranunculaceae (5.6%) and
Liliaceae (3.4%)

85
242
52
5.4
10%

Trees (20), Shrubs (37), Forbs (125), Graminoids (50),
Vines (2)

Picea mariana, Larix laricina

Rhododendron groenlandicum, Maianthemum trifolium

Cyperaceae (19.0%), Ericaceae (13.1%), Asteraceae
(6.4%), Rosaceae (6.0%), and Poaceae (4.8%)

36
156
5.7
6.1
6.4%

Trees (10), Shrubs (22), Forbs (31), Graminoids (21),
Vines (0)




