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1. LOCATION, BOUNDARIES, AND OWNERSHIP   

The Rhinelander Experimental Forest encompasses 580 acres in Oneida County, Wisconsin. It 
consists of two locations: 1) West Unit and 2) East Unit.  These units are approximately 12 miles 
apart. 

The legal description of Rhinelander Experimental Forest is attached as Appendix E.  Property 
boundaries and other spatial GIS data are on file at the Forest Service Research and Development 
office, Northern Research Station, 5985 Highway K, Rhinelander Wisconsin. 

Map 1 – Experimental Forest Location Map 
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Map 2 – East Unit Landscape Overview Map 
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Map 3 – West Unit Landscape Overview Map  
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PHOTOS  

 
All photographs used in this Establishment Record are the property of the Northern Research 
Station but not copyrighted.  The original photos are with the site file housed in the Rhinelander 
office of the Station.  An electronic file is part of this establishment record. 
 

West Unit - Major facilities include (a) David F. Karnosky Outdoor Laboratory, (b) office and shop, 
and (c) and implement shed.  

 

 

 

 

 

 

 

 

  

(a) (b) 

(c) 
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Major community types include (a) upland shrub, scrub with naturally regenerating pines, (b) 
Aspen-Birch mixed forest, (c) Red Pine (Pinus resinosa A.) plantations, and (d) hybrid poplar 
plantations.  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

(a) (b) 

(c) (d) 
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East Unit - Undeveloped shorelines from Langlade Lake (left) and Vicks Lake (right). 

 

 

 

 

 

 

 

 

 

Major forest communities (left) mixed swamp conifer primarily composed of Tamarack (Larix 
larcinia K.) and Black Spruce (Picea mariana Mill.), and (right) mixed upland hardwood primarily 
composed of Quaking Aspen (Populus tremuloides), Northern Red Oak (Quercus rubra L.), Eastern 
White Pine (Pinus strobus L.) and Balsam Fir (Abies balsamea L.). 
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2. ESTABLISHMENT RECORD 

a. INTRODUCTION 

This Establishment Record has been prepared pursuant to Forest Service Manual direction (FSM 
4062.1).  Establishment of the Rhinelander Experimental Forest (REF) is documented with an 
accompanying Designation Order. 
 

The Rhinelander Experimental Forest is located on lands west of Rhinelander, Oneida County, 
Wisconsin.   The experimental forest is composed of a West (501 acre; 203 ha) Unit and a East (184 
acres; 74 ha) Unit.  The total 685 acres (277 ha) are considered administrative lands of the 
Chequamegon-Nicolet National Forest (CNNF), but are not within the proclamation boundary of the 
Forest. 

Historical Land Use – The West Unit was purchased by the USDA Forest Service Research and 
Development mission area in 1972, at which time it was used predominantly as agricultural fields 
(see Appendix D photo).  Since 1972, lands have been managed as the Harshaw Forestry Research 
Farm and used by the Northern Research Station for short rotation intensive culture, mixed 
genetics trials, and global change research (see Table 7  for a list of legacy studies).  The Township 
(T36N R8E; East Unit) was subdivided by William E. Daugherty in 1863 (BCPL 2004).  Of interest 
are citations within those notes stating: “Surface rolling Soil 3rd rate.  Timber Birch, Aspen, and Pine.”  

The East Unit has been an administrative unit of the CNNF since 1962 after a land exchange with 
Branham Woodland, Inc.  These lands are west of Nursery Road and adjacent to the Forest Service 
Research and Develop office, which was previously known as the Northern Institute of Forest 
Genetics.  Established in 1957, the former institute was one of three forest genetics institutes in the 
U.S. Forest Service.  Historical research focused on 1) pioneering genomics research, 2) genetics of 
northern conifers, and 3) maximum fiber yield through short rotation woody crops (Jeffers 1971).  
Field research has been limited within the East unit.  Much of northern Wisconsin was heavily 
logged in the late 1800s and large forest fires occurred in subsequent years.  The Township (T37N 
R7E; West Unit) was subdivided by Joseph H. Jenkins in 1863 (BCPL 2004).  Of interest are citations 
within those notes stating: “Surface rolling; Soil 3rd rate.  Timber Pine, Birch, Tamarack and Spruce.  
Undergrowth fir and hemlock.”   

Congressionally Designated Areas - The Rhinelander Experimental Forest does not occur within 
any other administratively or congressionally designated areas, such as a Wilderness Area or 
National Recreation Area. 

Ecological Units - The Rhinelander Experimental Forest is located in the Laurentian Mixed Forest 
Province (212), Northern Highlands (212X) Section, Subsection Northern Highlands Pitted Outwash 
(212Xb) of the Ecological Units of the Eastern United States (Cleland et al. 2007). 
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b. PURPOSE OF ESTABLISHMENT   

Rhinelander Experimental Forest will be managed to meet the objectives of the USDA National 
Experimental Forest program including:  

1) silviculture and forest management options, 

2) forest growth and development, 

3) wildlife habitat characteristics,  

4) long-term research on ecosystem processes. 

 

The purpose for establishing the Rhinelander Experimental Forest (REF) is to provide (1) lands for 
conducting research that serves as a basis for management of northern forests including continued 
genomics research, (2) education opportunities and facilities for the general public, Forest Service 
staffs, and other cooperating organizations such as universities and state agencies to pursue 
scientific inquiry, and (3) sites for local, regional, and global long-term environmental monitoring 
data. 

c.  AREA BY COVER TYPES   

A range of physiography and ecosystems native to the region are represented within the REF 
boundaries.  The West Unit represents upland, dry communities, while land within the East Unit 
represent lowland forest ecosystems and riparian communities.  Combined, the Units offer research 
opportunities across a gradient of land uses and disturbances.  Historically agricultural land, 
manipulative research has been conducted on most of the lands within the West Unit since it was 
acquired by the USDA Forest Service.  Conversely, little research activities have been conducted on 
the East Unit.     

West Unit – Several small woodlots of red pine and second-growth upland hardwoods (primarily 
aspen, paper birch, and red maple) provide opportunities for silvicultural, ecological, and 
physiological research.  Areas of fallow pasture are currently being invaded by native conifers and 
provide opportunities for research on forest succession, agroforestry, or reforestation.  Lands and 
facilities have been used in global climate change research, and bioenergy plantations.  There are 2 
fenced areas: 1 of 80-acres, and 1 of 40-acres that provide opportunities for enclosure research, or 
forest farming of non-timber products (e.g., Native American cultural forest plants). 

East Unit – Primarily composed of mixed swamp conifer and mixed upland hardwoods with 
pockets of wet meadows.  In addition, lands surround over two-thirds of Vicks Lake and a third of 
Langley Lake offering opportunities for research on lowland-riparian forest ecosystems, natural 
shoreline, lotic systems, and fisheries research.  Both lakes have undeveloped shorelines.     

The greatest research opportunities are for new or follow-up studies on existing plantations (see 
Map 8), establishment of new model forest studies, expanding genetics work, phytoremediation, 
agroforestry, and establishing new long-term research projects.   
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MAP 4 – EAST UNIT VEGETATION 

 

 

 

Table 1.  USDA Forest Service existing vegetation (EV) in East Unit and key to map 4. 

EV Code Existing Vegetation  
GIS 

Acres Hectares 

89 Mixed Upland Hardwood 73.94 29.92 

18 Mixed Conifer Swamp 65.67 26.58 

01 Conifer Plantation 1.90 0.77 

99-100 Developed -  Laboratory Property1 103.88 42.04 

98 Upland Shrub/Scrub 6.14 2.48 

71 Deciduous Wetland 2.90 1.17 

99-200 Open Water 26.97 10.91 

99-300 Emergent; Wet Meadow 6.43 2.60 

 Grand Total 183.94 74.44 
1Lands not included within the experimental forest boundaries, but retained in table to describe 

larger facilities and complex available to researchers. 
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MAP 5 – WEST UNIT VEGETATION 

 

 

 

Table 2.  USDA Forest Service existing vegetation (EV) in West Unit and key to map 5. 

EV Code Existing Vegetation 
GIS 

Acres Hectares 

89 Mixed Upland Hardwood 245.73 99.45 

01 Conifer Plantation 66.65 26.97 

02 Deciduous Plantation 19.89 8.05 

99 Grassland; Herbaceous 31.35 12.69 

98 Upland Shrub/Scrub 133.97 54.22 

99-300 Open Emergent; Wet Meadow 0.52 0.21 

99-200 Open Water 3.17 1.28 

 Grand Total 501.28 202.87 
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d.  PHYSICAL SITE DESCRIPTION AND CLIMATIC CONDITIONS  

Location – Rhinelander Experimental Forest is located west of Rhinelander, Oneida County, in the 
state of Wisconsin.  The East Unit is located in Crescent Township and the West Unit in Cassian 
Township. 

The East Unit’s Mercator coordinates are 45.64 N latitude and 89.46 W longitude.  This Unit is 
found on the Rhinelander USGS Quadadrangle, and is contained within T36N R8E Sections 2 and 3.  
This Unit is approximately three miles west of Rhinelander on County Road K. 

The West Unit’s Mercator coordinates are 45.68 N latitude and 89.63 W longitude.  This Unit is 
found on the Harshaw USGS Quadadrangle, and is contained within T37N R7E Sections 20 and 21.  
The Unit is approximately 15 miles west of Rhinelander just north of County Road K and Horsehead 
Lake Road. 

See Location, Boundaries, and Ownership Section for Location Maps and Landscape Overview Maps. 

Size in Acres/Hectares – The Rhinelander Experimental Forest encompasses 685.22 acres (277.31 
ha). 

Elevation Range – Topography is gently rolling to level.  Elevations range from 1,574 feet (480 
meters) to 1,676 feet (511 meters) above sea level.  For comparison, the highest point in Wisconsin, 
Timm’s Hill, is 1,951 feet (595 km) located in Price County approximately 48 miles southwest of the 
experimental forest. 

Climatic Data – The weather station nearest to the Rhinelander Experimental Forest is 
Rhinelander, station no. 477113, latitude 45° 37’ N, longitude 89° 25' W, elevation 1,533 ft (467.2 
m). This station is adjacent to the East Unit and about 12 miles east of the West Unit.  Climatic 
normals from the years 1981 to 2010 are given in table 3 (MRCC 2003). 

Table 3. Climate Normals for Rhinelander Experimental Forest from 1981 to 2010.  

Temperature 
o
F 

o
C 

Mean annual 41.7 5.4 

Mean April through September 65.9 18.8 

Mean October through March 15.1 -9.4 

Average daily maximum 52.4 11.3 

Average daily minimum 31.0 -0.6 

Average extreme high 100.0 37.8 

Average extreme low -12.4 -24.7 

Precipitation inches cm 

Average annual rainfall 31.4 79.8 

Average April through September 11.2 28.4 

Average October through March 3.5 8.9 

Average annual snowfall 39.1 99.4 
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Geology – The Rhinelander Experimental Forest is located in the major physiographic region called 
the Northern Highlands (WGNHS, 2013).  The Northern Highlands is a dissected glacial pitted 
outwash plain, end and ground moraines, and smaller areas of hilly terrain; kettle lakes and 
depressions are common in the northern part.  The bedrock in and around the REF is composed of 
Precambrian rocks of Proterozoic age, Lower Proterozoic System described as metamorphic, 
metavolcanic and metasedimentary rocks: mafic, intermediate and felsic metavolcanic rocks with 
subordinate metasedimentary rocks; dominantly of greenschist metamorphic facies; more than one 
metavolcanic sequence is recognized (WI DNR, 2012a). 

Soils – West Unit – Soils consist of young, glaciated, Alfasols, predominantly mixed, frigid, coarse 
loamy Alfic Haplorthods of the padus-loam series, characterized by a loamy drift over stratified 
sandy and gravelly outwash (USDA NRCS 2013).  Prior to Forest Service ownership, most of the site 
was farmed for potatoes and small grains for approximately 50 years creating a 30 cm plow layer 
over much of the area. (reference Map 6, Table 4) 

East Unit – Soils consist of a blend of lowland (54%) and upland (46%) soils.  The lowland soils are 
made of primarily very poorly drained Carbondale, Lupton, and Markey mucks (USDA NRCS 2013).  
The black muck of this soil type range from a depth of 26 to 60 inches deep and in places the 
surface layer is mucky peat or peat (Soil survey 1993).  These mucks are a combination of 
herbaceous and woody organic materials over sandy outwash (reference Map 7, Table 5).  The 
upland soils are made primarily of the well-drained Keweenaw-Sayner complex, which is loamy 
and sandy drift over gravelly loamy sand drift best suited for growing trees.  These upland soils 
occur on moderately steep areas such as knolls, ridges, and side slopes.  In most areas it has stones 
in the surface layer.  (reference Map 7, Table 5) 
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MAP 6 – WEST UNIT SOILS 

 

Table 4.  NRCS Soils in West Unit and key to map 6. 

Code Map Unit Name GIS Acres Hectares 

CsA 
Croswell loamy sandy, loamy substratum, 0-
3% slopes 

10.47 4.24 

KeB Keweenaw sandy loam, 1-6% slopes, stony 8.92 3.61 

PaB Padus loam, 0-6% slopes 209.78 84.90 

PaC Padus loam, 6-15% slopes 69.88 28.28 

PeB Padus-Pence sandy loams, 1-6% slopes 108.22 43.79 

PeC Padus-Pence sandy loams, 6-15% slopes 61.38 24.89 

PeD Padus-Pence sandy loams, 15-45% slopes 29.11 11.79 

KeD Keweenaw sandy loam, 15-25% slopes, stony 0.02 0.01 

W Water 3.51 1.42 

 Grand Total 501.30 202.88 
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MAP 7 – EAST UNIT SOILS 

 

 

Table 5.  NRCS Soils in East Unit and key to map 7. 

Code Map Unit Name GIS Acres Hectares 

AcC Alcona fine sandy loam, 6-15% slopes 0.92 0.37 

Cb 
Carbondale, Lupton, and Markey mucks, 0-1% 
slopes 

73.60 29.78 

Gr 
Greenwood, Loxley, and Dawson peats, 0-1% 
slopes 

11.48 4.65 

KnC Keweenaw-Vilas complex, 6-15% slopes, stony 22.00 8.90 

KrD 
Keweenaw-Sayner complex, 15-30% slopes, 
stony 

43.78 17.71 

VsC Vilas Loamy sand, 6-15% slopes 5.94 2.41 

W Water 15.42 6.24 

 Grand Total 173.12 202.88 
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e.  DESCRIPTION OF AND IMPACT UPON LAND AND RESOURCE VALUES 

(1) TIMBER 

There are currently 332.3 forested acres (134.5 ha) on the West Unit and 144.4 forested acres (58.4 
ha) on the East Unit.  The timber on these lands is not included in estimates of the CNNF managed 
properties (i.e., inventory on the Forest Plan) due to lands being administrative units.  Establishing 
the Rhinelander Experimental Forest will not affect the timber values of the area.  

(2) WATERSHED VALUES 

The East Unit is within the Rhinelander Flowage watershed and the West Unit is within the Middle 
Tomahawk River watershed; both watersheds are within the Upper Wisconsin water basin (WI 
DNR 2013).  Many of the streams and several of the lakes in this water basin are classified as either 
exceptional resource waters (ERW) or outstanding resource waters (ORW) by the Wisconsin 
Department of Natural Resources.  The depth to the water table ranges from 20-50 feet.  Two-thirds 
of Vicks Lake and the northern half of Langlade Lake are within the East Unit boundaries.  Vicks 
Lake is a 19 acre lake with low water clarity and a mucky bottom.  The maximum depth of this lake 
is 12 feet. Langlade Lake is a 49-acre lake with moderately clear water and a maximum depth of 9 
feet (WI DNR 2014). The bottom of this seepage lake is mostly muck (70%) including 10% sand, 5% 
gravel, and 15% rock.   In the West Unit, half of a small wet meadow is found within property 
boundaries. 

(3) FORAGE 

There is currently no grazing on REF lands.   

 (4) MINERALS 

The Rhinelander Experimental Forest lies within the “greenstone belt”, a large geologic bedrock 
formation across the Precambrian shield that has been explored for massive sulfide ore bodies.  
There has been some limited discovery of valuable mineral deposits within the greenstone belt, but 
no known exploration work for valuable mineral deposits has occurred in the general area of the 
Rhinelander Experimental Forest.  There are no historic mines in the general area.  The probability 
of future exploration and discovery of valuable mineral deposits on the experimental forest 
properties is quite low. 

The Mineral and Oil rights on both Units are owned by the federal government via the quit claim 
deeds for the East Unit and ‘Out-right Owned’ by the US government for the West Unit.     

(5) RECREATION 

The area within and surrounding the experimental forest is valued for hunting large and small 
game, hiking, and berry picking. These activities are not likely to interfere with use of the area for 
research.  Camping, campfires, and firewood gathering are not permitted. 

(6) WATER USE 

Two wells at the West Unit supply non-potable water to two on-site buildings used for field 
research.  Establishment of the Rhinelander Experimental Forest will provide potential sites for 
aquatic monitoring data, and continue to protect aquatic resources. 
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(7) CULTURAL/HERITAGE VALUES 

American Indian tribes lived on the lands that make up the CNNF and northern Wisconsin for 
thousands of years with a long and complex history.  They hunted, fished, gathered food, obtained 
forest products for shelter, moved plants from other areas, and sometimes used fire to manipulate 
the land. Many of these practices continue today under reserved treaty rights (treaties of 1837 & 
1842) with eleven Ojibwe tribes. 

While other Indian tribes currently live in Wisconsin, Ojibwe tribes specifically retained the right to 
hunt, fish, and gather on lands throughout northern Wisconsin including CNNF through a series of 
session treaties.  The Forest Service (and Eastern Region, Northern Research Station and USFS Law 
Enforcement) recognizes treaty rights through a “Memorandum of Understanding” with eleven 
sovereign and federally recognized tribes of Ojibwe Indians (Tribal-USDA MOU).  Today, these 
treaty rights are being exercised by Ojibwe Indian tribes under rules promulgated and enforced by 
the tribes.  Establishment of the Rhinelander Experimental Forest will have no impact on the 
current cultural value of the area, and treaty rights will be honored.  

The Northern Research Station continues to work with the Ojibwe and other Native Tribes to build 
relationships and foster research collaborations on REF lands.  

(8) OTHER USES OR VALUES 

Wildlife – Animals inhabiting the experimental forest that are commonly hunted are black bear 
(Ursus americanus), white-tailed deer (Odocoileus virginianus), ruffed grouse (Bonasa umbellus) and 
wild turkey (Meleagris gallopavo).  See appendix 3 for a preliminary list of major animal species 
commonly found on the Rhinelander Experimental Forest.  Suitable habitat exists in the West Unit 
for some Wisconsin threatened, endangered or sensitive (TES) species (listed Table 5), although 
none of these species have been observed in the experimental forest during the 2005 
environmental assessment (Argonne National Lab 2006). 

Table 6.  Potential Wisconsin Natural Heritage Inventory threatened, endangered, or sensitive species 
(Argonne National Lab 2005, WI DNR 2012b). 

Common Name Scientific Name State Status, Heritage 
Rank

1
 

East Unit (T036N R008E) 

Large-flowered Ground-cherry Leucophysalis grandiflora SC, S1 

Brown Beak-rush Rhynchospora fusca SC, S2 

Bald eagle Haliaeetus leucocephalus SC/P S4B,S4N 

Northern Flying Squirrel Glaucomys sabrinus SC/P, S3 

Water Shrew Sorex palustris SC/N, G5  

Wood Turtle Glyptemys insculpta THR, S3 

   

West Unit (T037N R007E)  

Bald eagle Haliaeetus leucocephalus SC/P S4B,S4N 

Red-shouldered hawk Buteo lineatus THR, S3S4B,S1N 

Northern harrier Circus cyaneus SC/M, S3B,S2N 

Evening grosbeak Coccothraustes vespertinus SC/M, S2S3B 

Black-throated blue warbler Setophaga (=Dendroica) caerulescens SC/M, S3B 



21 | P a g e  

 

Common Name Scientific Name State Status, Heritage 
Rank

1
 

East Unit (T036N R008E) 

Merlin Falco columbarius SC/M, S3B,S2N 

Gray jay Perisoreus canadensis SC/M, S3B 

Gray wolf Canis lupus SC/H, S4 

Woodland jumping mouse Napaeozapus insignis SC/N, S2S3 

Artic shrew Sorex arcticus Not found on list 

Pigmy shrew Sorex hoyi Not found on list 

Water shrew Sorex palustris SC/N, S3 

Tawny crescent Phyciodes batesii SC/N, S3S4 

Wood Turtle Glyptemys insculpta THR, S3 

   
1 see Appendix E:  Wisconsin Natural Heritage Working List – Rank Definitions 

 

Disturbance History - Agricultural was the primary land use and disturbance prior to US Forest 
Service ownership on the West Unit.  Fire and logging in the 1800s occurred on both units, but no 
large-scale disturbances have occurred since.  
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f.  ACCESSIBILITY 

All portions of the experimental forest can be accessed by county or township roads.  The local 
roads are weight restricted every spring from approximately March 15 to May 1.  

West Unit – Beginning at the intersection of County Road K and Nursery Road, travel west on 
County Road K 7.75 miles to Horsehead Lake Road.  Turn north and travel 1.5 miles to Harshaw 
Road.  Turn west for 0.5 miles to Grace Lane.  Turn north and travel 0.75 miles to the security gate 
access to the building facilities, which are in the middle of REF lands. 

East Unit – Starting from the intersection of State Highway 47 and County Road K in Rhinelander, 
travel west approximately 0.8 mile to Nursery Road.  The intersection of County Road K and 
Nursery Road is the northeast corner of this Unit. 

 g.  EXISTING FACILITIES 

West Unit – All current facilities are located within the 80 acre secure study area on Grace Lane.  
Facilities include: a 1,520 ft2 office and shop, 1,536 ft2 fiberglass storage shed, a 3,600 ft2 implement 
shed, and a 2,700 ft2 field laboratory (see West Unit photos).  There are twelve 120 ft2 sheds 
distributed evenly throughout the 80 acre secure study area, interconnected to the office building 
by a buried optic fiber network.  There is electrical power at each shed.   

The 2,700 ft2 David F. Karnosky Outdoor Laboratory is located at the secure study area.  The 
Laboratory has two overhead doors providing access to two work areas suitable for processing 
field samples.  A third work area contains four standard household refrigerators and two chest 
freezers and a 17 ft3 ultra cold (-80° C) chest freezer.  The field laboratory also has a tornado-proof 
shelter. 

An instrumented meteorological monitoring tower is currently located at the north end of the 
secure study area.  Voice and data communications are available.   

East Unit – There are no facilities on this unit, but there is good road access to the land.  A gated 0.7 
mile stretch of maintained gravel road traverses through the center of the unit and paved roads 
(Nursery Road, County Road K) border the east and north sides of the unit.  Langlade Lake has a 
public boat ramp; however, no public access exists for Vicks Lake except by hiking.  The unit is 
adjacent to the Forest Service Research and Development office that has offices, greenhouses, and 
chemical, soil and genetic analytical laboratories. 

Approximately 40 acres of this unit are enclosed within a 12’ fence, which is accessed through a 
drive-through and locked gate (secured area) at the end of a gravel road accessed from Nursery 
Road.   
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MAP 8 – WEST UNIT PLANTATIONS  

 

Table 7.  Plantations established in the West Unit and key to map 8. 

Plantation 
ID 

Year 
Initiated 

Description 

1 1973 Jack pine full sibs 

2 1974 Black spruce seed source study 

3 1973 Larch hybrids 
4 1975 Larch arboretum 
5 1978 Jack pine half sibs 
6 1977 White spruce hybrids 
7 1984 White spruce phenology 
8 1976 White spruce phenology 
9 1977 White spruce Consolidated superior 

10 1976 Hybrid spruce 
11 1978 Jack pine T.D.R. 
12 1979 Jack pine index populations 
13 1979 White spruce phenology 
14 1979 Ontario spruce grafts 
15 1978 Jack pine hybrids 
16 1978 Jack pine see orchard 
17 Unk White ash 
18 Unk Jack pine grafts 
19 1982 White spruce Ontario selections 
20 1983 Tamarack selections 
21 1986 Poplar clonal conversion 
22 1983 Site species study 
23 1984 Hybrid poplar weed control 
24 1993 Oak under pine 
25 1997 Willow clone orchard 
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Table 8.  Legacy and current research studies conducted at the Rhinelander Experimental Forest. 

Year 
Initiated 

Study Title 

West Unit Studies 
1974 Range-wide provenance test for black spruce. 
1975 Hybrid spruce study. 

1976 Heritable insect resistance in jack pine. 
1976 Potential for European and Japanese larch hybrids. 
1977 Inheritance in white spruce. 
1978 Jack pine open-pollinated progeny test. 
1978 Selection for juvenile height and early flowering in jack pine. 
1979 Population index study of jack pine. 
1980 Provenance hybridization in jack pine. 
1982 Tamarack provenance test. 
1982 Weed control in hybrid poplar intensive culture plantations. 
1983 Intensive culture of Larix for biomass production. 
1984 Matching species to site for maximum biomass yield. 
1984 Induced strobili production of early- and late-flushing white spruce. 
1986 Conversion of hybrid poplar stands to a new Populus clone after harvest. 
1996 Aspen FACE elevated CO2 and ozone experiment. 
2000 Use of willow clones for biomass production. 

East Unit Studies 
1965 The Radiation Genetics Program (decommissioned) 
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h.  ARRANGEMENTS FOR MANAGEMENT, ADMINISTRATION AND PROTECTION  

The official responsible for administration and protection of the Rhinelander Experimental Forest is 
the Project Leader, Forest Service Research and Development office, Northern Research Station 
(5985 County Road K, Rhinelander, WI; 715-362-7474).  The research coordinator is the Station 
Director, Northern Research Station (11 Campus Blvd, Suite 200, Newtown Square, PA; 610-557-
4162).  The Northern Research Station Director establishes and maintains a system for archiving 
data and reports from experimental forests in a manner that will facilitate the exchange and 
transfer of information among stations, forests, and scientists.  The Project Leader of the Forest 
Service Research and Development office, Northern Research Station, is the designated lead 
research scientist for the experimental forest and will assume the day-to-day management of the 
area as well as approve and coordinate research conducted in the experimental forest.  

Safety is a critical consideration while working in this experimental forest.  A year-round safety 
plan will be developed for all users of the experimental forest.  A communication plan will be part of 
the safety guidelines for all employees to follow.  Emergency evacuation procedures will be 
developed for the REF to cover all foreseeable circumstance. 

Hard copies of research data files will be maintained in the following office: 

 Northern Research Station 
 Institute for Applied Ecosystems Studies 
 5985 County Road K 
 Rhinelander, WI  54501 
 

  



26 | P a g e  

 

Appendix A:  BIBLIOGRAPHY 

Below is all literature cited in this establishment record, useful references for researchers, and 
publications that have resulted from studies conducted on the REF. 

 

LITERATURE CITED: 

American Ornithological Union (AOU).  2014.  Check-list of North American birds, 7th edition. 
Online:  http://www.aou.org/checklist/north/print.php; accessed July 2014 

Argonne National Lab.  2006. Environmental Assessment: Aspen Free-Air Carbon Dioxide and 
Ozone Enrichment Facility Infrastructure Upgrades.  USDA Forest Service, unpublished report on file 
at Forest Service Research and Development office, Northern Research Station, Rhinelander, WI  

BCPL: Wisconsin Board of Commissioners of Public Lands.  2004.  Wisconsin Public Land Survey 
Records: Original Field Notes and Plat Maps.  Online: http://digicoll.library.wisc.edu/SurveyNotes/; 
accessed July 2014 

Cleland, D.T.; Freeouf, J.A.; Keys, J.E., Jr.; Nowacki, G.J.; Carpenter, C; McNab, W.H. 2007. Ecological 
Subregions: Sections and Subsections of the Conterminous United States [1:3,500,000] [CD-ROM]. 
Sloan, A.M., cartog. Gen. Tech. Report WO-76. Washington, DC: U.S. Department of Agriculture, 
Forest Service.  Online: http://fsgeodata.fs.fed.us/other_resources/ecosubregions.html  

Midwestern Regional Climate Center.  2003.  Historical Climate Data.  Climate of the Midwest.  
Online:  http://mrcc.isws.illinois.edu/; Accessed Dec 2014.  Data can also be found here: 

http://www.ncdc.noaa.gov/cdo-web/datatools 

NGDC.  National Geographic Data Committee. 2014. National Vegetation Classification Standard 
(NVCS). Available online: http://usnvc.org/explore-classification/;  accessed 2012 

Tribal-USDA MOU. 2012  Memorandum of Understanding Regarding Tribal - USDA Forest Service 
Relations on National Forest Lands Within the Territories Ceded in Treaties of 1836, 1837, and 
1842. Amended March 2012.  Online: 
http://www.fs.fed.us/spf/tribalrelations/documents/agreements/mou_amd2012wAppendixes.pdf 
and MOU Appendix A 1998 (amended from time to time): Off-reservation Gathering code, Tribal 
Wildernesses, Tribal Research Natural Areas, and Tribal Vehicle Permit Areas on National Forests.: 
http://www.baymills.org/resources/glifwic_wilderness_permits.pdf 

USDA, NRCS. 2012. The PLANTS Database. National Plant Data Team, Greensboro, NC 27401-4901 
USA.  Online:  http://plants.usda.gov; accessed July 2014 

USDA NRCS Official WebSoil Survey. 2013.  Online: http://websoilsurvey.nrcs.usda.gov/app/;  
accessed July 2014 

USDA NRCS.  1993.  Soil Survey Oneida County, Wisconsin.  Written in cooperation with the United 
States Department of Agriculture, Forest Service, and the Research Division of the College of 
Agricultural and Life Sciences, University of Wisconsin.  Washington, D.C., U.S. Dept. of Agriculture, 
Soil Conservation Service. 193 pp. 

http://www.aou.org/checklist/north/print.php
http://digicoll.library.wisc.edu/SurveyNotes/
http://fsgeodata.fs.fed.us/other_resources/ecosubregions.html
http://mrcc.isws.illinois.edu/
http://www.ncdc.noaa.gov/cdo-web/datatools
http://usnvc.org/explore-classification/
http://www.fs.fed.us/spf/tribalrelations/documents/agreements/mou_amd2012wAppendixes.pdf
http://www.baymills.org/resources/glifwic_wilderness_permits.pdf
http://plants.usda.gov/
http://websoilsurvey.nrcs.usda.gov/app/


27 | P a g e  

 

Watermolen, D.J. and M.D. Murrell.  2001. Checklists of Wisconsin Vertebrates.  Wisconsin 
Department of Natural Resources.  Online: http://dnr.wi.gov/files/pdf/pubs/ss/ss0954.pdf;  
accessed July 2014  

WI DNR. 2012a. Wisconsin Department of Natural Resources, Ecological Landscapes of Wisconsin.  
Online:  http://dnr.wi.gov/topic/landscapes/; accessed July 2014 

WI DNR. 2012b. Natural Heritage Inventory, Wisconsin Department of Natural Resources Bureau of 
Endangered Resources.  Online: http://dnr.wi.gov/topic/nhi/; accessed July 2014 

WI DNR.  2013. Wisconsin Watersheds and Basins Website. Online: 
http://dnr.wi.gov/topic/watersheds/; accessed on July 2014 

WI DNR.  2014.  Wisconsin Lakes webpages.  Online:  http://dnr.wi.gov/lakes/; accessed Oct 2014 

WGNHS: Wisconsin Geological and Natural History Survey. 2013.  Major Landscape Features of 
Wisconsin. An online publication.  Online: http://wgnhs.uwex.edu/about/introduction/; accessed 
July 2014 

 

PUBLICATIONS FROM STUDIES CONDUCTED ON HARSHAW FORESTRY RESEARCH FARM:  

Cecich, R. A. and J. P. Miksche.  1970. The response of white spruce (Picea glauca (moench)Voss) 
shoot apices to exposures of chronic gamma radiation. Radiation Botany, Vol. 10, pp. 457 to 
467. 

Danfield, W, J Martishus, EA Hansen. 1983. Application date affects herbicide tolerance of hybrid 
poplars.  USDA Forest Service Research Note NC-301. St. Paul, MN. 

Hansen, EA, L Moore, D Netzer, M Ostry, H Phipps, J Zavitkovski. 1983. Establishing intensively 
cultured hybrtid poplar plantations for fuel and fiber.  USDA Forest Service General 
Technical Report NC-78.  St Paul, MN. 

Hansen, EA, DA Netzer.  1985. Weed control using herbicides in short-rotation intensively cultured 
poplar plantations.  USDA Forest Service Research Paper NC-260.  St Paul, MN. 

Jeffers, Richard M. 1971.  Research at the Institute of Forest Genetics, Rhinelander, Wisconsin. 
Research Paper NC-67. St. Paul, MN: U.S. Dept. of Agriculture, Forest Service, North Central 
Forest Experiment Station.  37 pp. 

Jeffers, RM. 1975. Survival and height growth of tamarack planted in Northern Wisconsin.  USDA 
Forest Service Research Note NC-190.  St Paul, MN 

Karnosky DF, B Mankovska, K Percy et al. 1990.  Effects of tropospheric O3 on trembling aspen and 
interaction with CO2: results from an O3-gradient and a FACE experiment.  Water, Air, and 
Soil Pollution 116: 311-322. 

Karnosky, DF, Zak DR, Pregitzer KS, et al., 2003.  Tropospheric O3 moderates responses of 
temperate hardwood forests to elevated CO2: a synthesis of molecular to ecosystem results 
from the Aspen FACE project.  Functional Ecology, 17: 289-304. 

King, JS, ME Kubiske, KS Pregitzer, GR Hendrey, C Giardina, EP McDonald, VS Quinn and DF 
Karnosky.  2005. Net primary production in young stands of trembling aspen, paper birch, 
and sugar maple as affected by elevated atmospheric CO2.  New Phytologist., 168: 623-636. 

http://dnr.wi.gov/files/pdf/pubs/ss/ss0954.pdf
http://dnr.wi.gov/topic/landscapes/
http://dnr.wi.gov/topic/nhi/
http://dnr.wi.gov/topic/watersheds/
http://dnr.wi.gov/lakes/
http://wgnhs.uwex.edu/about/introduction/


28 | P a g e  

 

Kubiske, ME, VS Quinn, WE Heilman, EP McDonald, PE Marquardt, RM Teclaw, AL Friend, DF 
Karnosky.  2006. Climatic variation mediates CO2 and O3 effects on forest growth.  Global 
Change Biology, 12: 1-15. 

Kubiske, ME, VS Quinn, PE Marquardt, DF Karnosky. 2007 Growth and competitive interactions in 
mixed communities of trembling aspen, paper birch and sugar maple under elevated CO2 and 
O3. Plant Biology, 9: 342-355. 

Pregitzer, KS, AJ Burton, JS King, DR Zak. 2008. Soil respiration, root biomass, and root turnover 
following long-term exposure of northern forests to elevated atmospheric CO2 and 
tropospheric O3. New Phytologist, 180: 153-161. 

Riemenschneider, DE.  1981.  Height and seasonal growth pattern of jack pine full-sib families.  In: 
Guries, RP (ed) Proceedings of the Second North Central Tree Improvement Conference.  
Madison, WI. 

Riemenschneider, DE, H Nienstaedt. 1983.  Height growth to age 8 of larch species and hybrids in 
Wisconsin.  USDA Forest Service Research Paper NC-239.  St Paul, MN. 

Riemenschneider DE. 1985. Heritability and intertrait correlations in breeding subpopulations of 
jack pine.  In Guries, RP (ed) Proceedings of the Fourth North Central Tree Improvement 
Conference, Madison, WI. 

Rudolph, T. D. 1965.  The radiation research project at the Institute of Forest Genetics, Rhinelander, 
Wisconsin.  In Ninth meeting Proc. Comm. Forest Tree Breeding in Canada Part II: 193-194 

Strong, T, EA Hansen. 1991. Response of three Populus species to drought.  USDA Forest Service 
Research Note NC-302.  St Paul, MN. 

Takeuchi, Y., M.E. Kubiske, J.G. Isebrands, K.S. Pregitzer, G. Hendrey and D.F. Karnosky.  2001.  
Photosynthesis, light and nitrogen interrelationships throughout a young Populus 
tremuloides canopy under open air CO2 enrichment.  Plant, Cell and Environment, 24: 1257-
1268. 

Uddling, J, RM Teclaw, ME Kubiske, KS Pregitzer, DE Ellsworth. 2008. Sap flux in pure aspen and 
mixed aspen-birch forests exposed to elevated concentrations of carbon dioxide and ozone.  
Tree Physiology, 28: 1231-1243. 

 

COMPLETE BIBLIOGRAPHY FROM THE ASPEN FACE STUDY: 

Agrell, J., B.J. Kopper, E.P. McDonald and R.L. Lindroth. 2005. CO2 and O3 effects on host plant 
preferences of the forest tent caterpillar (Malacosoma disstria). Global Change Biology 11:588-599.  

Andrew, C. and E.A. Lilleskov. 2009. Productivity and community structure of ectomycorrhizal 
fungal sporocarps under increased atmospheric CO2 and O3. Ecology Letters 12:813-822.  

Awmack, C.S., E.B. Mondor and R.L. Lindroth. 2007. Forest understory clover populations in 
enriched CO2 and O3 atmospheres: Interspecific, intraspecific, and indirect effects. Environmental 
and Experimental Botany 59: 340-346.  

Awmack, C.S., R. Harrington and R.L. Lindroth. 2004. Aphid individual performance may not predict 
population responses to elevated CO2 or O3. Global Change Biology 10:1414-1423.  



29 | P a g e  

 

Bandeff J.M., K.S. Pregitzer, W.M. Loya, W.E. Holmes, D.R. Zak. 2006. Overstory community 
composition and elevated atmospheric CO2 and O3 modify understory biomass production and 
nitrogen acquisition. Plant and Soil 282: 251-259. 

Calfapietra, C., A.E. Wiberly, T.G. Falbel, A.R. Linskey, G.S. Mugnozza, D.F. Karnosky, F. Loreto and T. 
D. Sharkey. 2007. Isoprene synthase expression and protein levels are reduced under elevated O3 
but not under elevated CO2 (FACE) in field-grown trees. Plant, Cell and Environment 30: 654-661.  

Calfapietra, C., G.S. Mugnozza, D.F. Karnosky, Francisco Loreto and T.D. Sharkey. 2008. Isoprene 
emission rates under elevated CO2 and O3 in two field-grown aspen clones differing in their 
sensitivity to O3. New Phytologist 179: 55-61.  

Chapman, J.A., J.S. King, K.S. Pregitzer and D.R. Zak. 2005. Effects of elevated CO2 and tropospheric 
O3 on tree fine root decomposition. Tree Physiology 25:1501-1510.  

Chung, H., D.R. Zak and E.A. Lilleskov. 2006. Fungal community composition and metabolism under 
CO2 and O3. Oecologia 147:143-154.  

Cseke, L.J., C-J. Tsai, A. Rogers, M.P. Nelsen, H.L. White, D.F. Karnosky, and G.K. Podila. 2009. 
Transcriptomic comparison in the leaves of two aspen genotypes having similar carbon 
assimilation rates but different partitioning patterns under elevated [CO2]. New Phytologist 182: 
891–911.  

Darbah, J.N.T., M.E. Kubiske, N. Neilson, E. Oksanen, E. Vaapavuori and D.F. Karnosky. 2007. Impacts 
of Elevated Atmospheric CO2 and O3 on Paper Birch (Betula papyrifera): Reproductive Fitness. The 
Scientific World Journal. 7(S1): 240-246.  

Darbah, J.N.T., M.E. Kubiske, N. Nelson, E. Oksanen, E. Vaapavuori, D.F. Karnosky. 2008. Effects of 
Decadal Exposure to Interacting Elevated CO2 and/or O3 on Paper Birch (Betula papyrifera) 
Reproduction, Environmental Pollution, 155: 446-452.  

Darbah, J.N.T., M.E. Kubiske, N. Nelson, K. Kets, J. Riikonen, A. Sober, L. Rouse, and D.F. Karnosky. 
2010. Will photosynthetic capacity of forest trees acclimate after long-term exposure to elevated 
CO2 and O3? Environmental Pollution 158:983-991.  

Darbah, J.N.T., T.D. Sharkey, C. Calfapietra, and D.F. Karnosky, 2010. Differential response of aspen 
and birch trees to heat stress under carbon dioxide. Environmental Pollution 158:1008-1014.  

Darbah, J.N.T., W.S. Jones, A.J. Burton, J. Nagy, and M.E. Kubiske. 2011. Acute O3 damage on first year 
coppice sprouts of aspen and maple spouts in an open-air experiment. Journal of Environmental 
Monitoring 13:2436-2442.  

Davey, P.A., S. Hunt, G.J. Hymus, E.H. DeLucia, B.G. Drake, D.F. Karnosky and S.P. Long. 2004. 
Respiratory oxygen uptake is not decreased by an instantaneous elevation of [CO2], but is increased 
with long-term growth in the field at elevated [CO2]. Plant Physiology 134:520-527.  

Dickson, R.E., M.D. Coleman, D.E. Riemenschneider, J.G. Isebrands, G.D. Hogan and D.F. Karnosky. 
1998. Growth of five hybrid poplar genotypes exposed to interacting elevated CO2 and O3. Canadian 
Journal of Forest Research. 28:1706-1716.  

http://aspenface.mtu.edu/pdfs/Cseke_et_at_2009.pdf


30 | P a g e  

 

Dickson, R.E., M.D. Coleman, P. Pechter and D. F. Karnosky. 2001. Growth and crown architecture of 
two aspen genotypes exposed to interacting ozone and carbon dioxide. Environmental Pollution 
115:319-334.  

Dickson, R.E.; Lewin, K.F.; Isebrands, J.G.; Coleman, M.D.; Heilman, W.E.; Riemenschneider, D.E.; 
Sober, J.; Host, G.E.; Zak, D.R.; Hendrey, G.R.; Pregitzer, K.S.; Karnosky, D.F.  2000.  Forest 
Atmosphere Carbon Transfer and Storage (FACTS-II) The Aspen Free-air CO2 and O3 Enrichment 
(FACE) Project: An Overview.  USDA Forest Service General Technical Report NC-214. 

Edwards, I.P. and D.R. Zak. 2011. Fungal community composition and function after long-term 
exposure of northern forests to elevated atmospheric CO2 and tropospheric O3. Global Change 
Biology 17:2184-2195.  

Ellsworth, D.S., P.B. Reich, E.S. Naumburg, G.W. Koch, M.E. Kubiske and S.D. Smith. 2004. 
Photosynthesis, carboxylation and leaf nitrogen responses of 16 species to elevated pCO2 across 
four free-air CO2 enrichment experiments in forest, grassland and desert. Global Change Biology 
10:1-18.  

Finzi, A.C., R.J. Norby, C. Calfapietra, A. Gallet-Budynek, B. Gielen, W.E. Holmes, M.R. Hoosbeek, C.M. 
Iverson, R.B. Jackson, M.E. Kubiske, J. Ledford, M. Liberloo, R. Oren, A. Polle, S. Pritchard, D.R. Zak, 
W.H. Schlesinger and R. Ceulemans. Increases in nitrogen uptake rather than nitrogen-use efficiency 
support higher rates of temporate forest productivity under elevated CO2. 2007. Proceedings of the 
National Academy of Science, 104(35):14014-14019.  

Giardina, C., M. Coleman, J. Hancock, J. King, E. Lilleskov, W.M. Loya, K.S. Pregitzer, M. Ryan, and C. 
Trettin. 2005. The response of belowground carbon allocation in forests to global change. Chapter 7 
in D. Binkley and O. Menyailo (eds), The impacts of global climate change on plant soil interactions. 
NATO Science Series, Kluwer Academic Press, pp. 121-154.  

Gupta, P., S. Duplessis, H. White, D.F. Karnosky, F. Martin and G.K. Podila. 2005. Gene expression 
patterns of trembling aspen trees following long-term exposure to interacting elevated CO2 and 
tropospheric O3. New Phytologist 167:129-142.  

Gustafson, E.J., M.E. Kubiske, B.R. Sturtevant and B.R. Miranda.  2013. Scaling Aspen-FACE 
experimental results to century and landscape scales.  Landscape Ecology, in press. 

Hillstrom, M., T.D. Meehan, K. Kelly, and R.L. Lindroth. 2010. Soil carbon and nitrogen 
mineralization following deposition of insect frass and greenfall from forests under elevated CO2 
and O3. Plant and Soil 336:75-85.  

Hillstrom, M.L. and R.L. Lindroth. 2008. Elevated atmospheric carbon dioxide and ozone alter forest 
insect abundance and community composition. Insect Conservation and Diversity 1:233-241.  

Hillstrom, M.L., L.M. Vigue, D.R. Coyle, K.F. Raffa, and R.L. Lindroth. 2010. Performance of the 
invasive weevil Polydrusus sericeus is influenced by atmospheric CO2 and host species. Agricultural 
and Forest Entomology 12:285-292.  

Hofmockel, K.S., D.R. Zak, K.K. Moran, and J.D. Jastrow. 2011. Changes in forest soil organic matter 
pools after a decade of elevated CO2 and O3. Soil Biology & Biochemistry 43:1518-1527.  



31 | P a g e  

 

Holmes WE, DR Zak, KS Pregitzer, JS King. 2003. Nitrogen cycling beneath Populus tremuloides, 
Betula papyrifera and Acer saccharum growing under elevated CO2 and O3. Global Change Biology 9: 
1743-1750. 

Holmes, W.E., D.R. Zak, K.S. Pregitzer and J.S. King. 2003. Soil nitrogen transformations under 
Populus tremuloides, Betula papyrifera and Acer saccharum following 3 years exposure to elevated 
CO2 and O3. Global Change Biology 9:1743-1750.  

Holmes, W.E., D.R. Zak, K.S. Pregitzer and J.S. King. 2006. Elevated CO2 and O3 Alter Soil Nitrogen 
Transformations beneath Trembling Aspen, Paper Birch, and Sugar Maple. Ecosystems 9: 1354-
1363.  

Holton, M.K., R.L. Lindroth and E.V. Nordheim. 2003. Foliar quality influences tree-herbivore-
parasitoid interactions: effects of elevated CO2, O3, and genotype. Oecologia 137:233-244.  

Isebrands, J.G., E. P. McDonald, E. Kruger, G. Hendrey, K. Pregitzer, K. Percy, J. Sober and D.F. 
Karnosky. 2001. Growth responses of Populus tremuloides clones to interacting carbon dioxide and 
tropospheric ozone. Environmental Pollution 115:359-371.  

Johnson, R.M. and K.S. Pregitzer. 2007. Concentration of sugars, phenolic acids, and amino acids in 
forest soils exposed to elevated atmospheric CO2 and O3. Soil Biology & Biochemistry 39:3159-
3166.  

Kaakinen, S., K. Kostiainen, F. Ek, P. Saranpää, M.E. Kubiske, J. Sober, D.F. Karnosky and E. 
Vapaavuori. 2004. Stem wood properties of Populus tremuloides, Betula papyrifera and Acer 
saccharum saplings after three years of treatments to elevated carbon dioxide and ozone. Global 
Change Biology 10:1513-1525.  

Karberg, N., K.S. Pregitzer, J.S. King, A.L. Friend and J.R. Wood. 2005. Soil carbon dioxide partial 
pressure and dissolved inorganic carbonate chemistry under elevated carbon dioxide and ozone. 
Oecologia 142:296-306.  

Karnosky, D.F. 2003. Impacts of elevated CO2 on forest trees and forest ecosystems: Knowledge 
gaps. Environment International 29:161-169.  

Karnosky, D.F. 2005. Ozone effects on forest ecosystems under a changing global environment. 
Journal of Agricultural Meteorology, 60(5):353-358.  

Karnosky, D.F., B. Mankovska, K. Percy, R.E. Dickson, G.K. Podila, J. Sober, A. Noormets, G. Hendrey, 
M.D. Coleman, M. E. Kubiske, K.S. Pregitzer and J.G. Isebrands. 1999. Effects of tropospheric O3 on 
trembling aspen and interaction with CO2: Results from an O3-gradient and a FACE experiment. J. 
Water, Air and Soil Pollut. 116:311-322.  

Karnosky, D.F., D.R. Zak, K.S. Pregitzer, C.S. Awmack, J.G. Bockheim, R.E. Dickson, G.R. Hendrey, G.E. 
Host, J.S. King, B.J. Kopper, E.L. Kruger, M.E. Kubiske, R.L. Lindroth, W.J. Mattson, E.P. McDonald, A. 
Noormets, E. Oksanen, W.F.J. Parsons, K.E. Percy, G.K. Podila, D.E. Riemenschneider, P. Sharma, R.C. 
Thakur, A. Sober, J. Sober, W.S. Jones, S. Anttonen, E. Vapaavuori, B. Mankovska, W.E. Heilman and 
J.G. Isebrands. 2003. Tropospheric O3 moderates responses of temperate hardwood forests to 
elevated CO2: A synthesis of molecular to ecosystem results from the Aspen FACE project. 
Functional Ecology 17:289-304.  



32 | P a g e  

 

Karnosky, D.F., G.K. Podila, Z. Gagnon, P. Pechter, A. Akkapeddi, M. Coleman, R.E. Dickson and J.G. 
Isebrands. 1998. Genetic control of responses to interacting O3 and CO2 in Populus tremuloides. 
Chemosphere 36:807-812.  

Karnosky, D.F., H. Werner, T. Holopainen, K. Percy, T. Oksanen, E. Oksanen, C. Heerdt, P. Fabian, J. 
Nagy, W. Heilman, R. Cox, N. Nelson and R. Matyssek. 2007. Free-air exposure systems to scale up 
ozone research to mature trees. Plant Biology 9:181-190.  

Karnosky, D.F., J.M. Skelly, K.E. Percy and A.H. Chappelka. 2007. Perspectives regarding 50 years of 
research on effects of tropospheric ozone air pollution on US forests. Environmental Pollution 
147:489-506.  

Karnosky, D.F., K.E. Percy, B. Xiang, B. Callan, A. Noormets, B. Mankovska, A. Hopkin, J. Sober, W. 
Jones, R.E. Dickson and J.G. Isebrands. 2002. Interacting elevated CO2 and tropospheric O3 
predisposes aspen (Populus tremuloides Michx.) to infection by rust (Melampsora medusae f.sp. 
tremuloidae). Global Change Biology 8:329-338.  

Karnosky, D.F., K.S. Pregitzer, D.R. Zak, M.E. Kubiske, G.R. Hendrey, D. Weinstein, M. Nosal and K.E. 
Percy. 2005. Scaling ozone responses of forest trees to the ecosystem level in a changing climate. 
Plant, Cell and Environment 28:965-981.  

Karnosky, D.F., M. Tallis, J. Darbah, and G. Taylor. 2007. Direct effects of elevated CO2 on forest tree 
productivity. In: Freer-Smith, P.H., Broadmeadow, M.S.J. and Lynch, J.M. (eds), Forestry and Climate 
Change. CABI Publishing, Oxford, UK pp. 136-142.  

Kets, K., J.N.T. Darbah, A. Sober, J. Riikonen, J. Sober, D.F. Karnosky. 2010. Diurnal changes in 
photosynthetic parameters of Populus tremuloides, modulated by elevated concentrations of CO2 
and/or O3 and daily climatic variation. Environmental Pollution 158:1000-1007.  

King JS, KS Pregitzer, ME Kubiske, et al. 2005. Tropospheric O3 compromises net primary 
production in young stands of trembling aspen, paper birch and sugar maple in response to 
elevated atmospheric CO2. New Phytologist 168: 623-636. 

King, J.S., K.S. Pregitzer and D.R. Zak. 2001. Correlation of foliage and litter chemistry of sugar 
maple, Acer saccharum, as affected by elevated CO2 and varying N availability, and effects on 
decomposition. Oikos 94:403-416.  

King, J.S., K.S. Pregitzer, D.R. Zak, J. Sober, J.G. Isebrands, R.E. Dickson, G.R. Hendrey and D.F. 
Karnosky. 2001. Fine root biomass and fluxes of soil carbon in young stands of paper birch and 
trembling aspen as affected by elevated atmospheric CO2 and tropospheric O3. Oecologia 128:237-
250.  

King, J.S., M.E. Kubiske, K.S. Pregitzer, G.R. Hendrey, E.P. McDonald, C.P. Giardina, V.S. Quinn and D.F. 
Karnosky. 2005. Tropospheric O3 compromises net primary production in young stands of 
trembling aspen, paper birch and sugar maple in response to elevated atmospheric CO2. New 
Phytologist 168:623-636.  

King, J.S., P.J. Hanson, E. Bernhardt, P. DeAngelis, R.J. Norby and K.S. Pregitzer. 2004. A multi-year 
synthesis of soil respiration responses to elevated atmospheric CO2 from four forest FACE 
experiments. Global Change Biology 10:1027-1042.  



33 | P a g e  

 

Kontunen-Soppela, S., J. Parviainen, H. Ruhanen, M. Brosche, M. Keinänen, R.C. Thakur, M. 
Kolehmainen, J. Kangasjärvi, E. Oksanen, D.F. Karnosky, E. Vapaavuori. 2010. Gene expression 
responses of paper birch (Betula papyrifera) to elevated CO2 and O3 during leaf maturation and 
senescence. Environmental Pollution 158:959-968.  

Kopper, B.J. and R.L. Lindroth. 2003. Responses of trembling aspen (Populus tremuloides) 
phytochemistry and aspen blotch leafminer (Phyllonorycter tremuloidiella) performance to elevated 
levels of atmospheric CO2 and O3. Agricultural and Forest Entomology 5:17-26.  

Kopper, B.J. and R.L. Lindroth. 2003. Effects of elevated carbon dioxide and ozone on the 
phytochemistry of aspen and performance of an herbivore. Oecologia 134:95-103.  

Kopper, B.J., R.L. Lindroth and E.V. Nordheim. 2001. CO2 and O3 effects on paper birch (Betulaceae: 
Betula papyrifera Marsh.) phytochemistry and white-marked tussock moth (Lymantriidae: Orgyia 
leucostigma J.E. Sm.) performance. Environmental Entomology 30(6):1119-1126.  

Kopper, B.J., V.N. Jakobi, T.L. Osier and R.L Lindroth. 2002. Effects of paper birch condensed tannin 
on whitemarked tussock moth (Lepidoptera: Lymantriidae) performance. Environmental 
Entomology 31:10-14.  

Kostiainen, K., S. Kaakinen, E. Warsta, M.E. Kubiske, N.D. Nelson, J. Sober, D.F. Karnosky, P. Saranpaa 
and E. Vapaavuori. 2008. Wood properties of trembling aspen and paper birch after 5 years of 
exposure to elevated concentrations of CO2 and O3. Tree Physiology 28: 805-813.  

Kubiske, M.E., V.S. Quinn, P.E. Marquardt and D.F. Karnosky. 2007. Effects of elevated atmospheric 
CO2 and/or O3 on Intra- and Interspecific competitive ability of aspen. Plant Biology 9: 342-355.  

Kubiske, M.E., V.S. Quinn, W.E. Heilman, E.P. McDonald, P.E. Marquardt, R.M. Teclaw, A.L. Friend and 
D.F. Karnosky. 2006. Interannual climatic version mediates elevated CO2 and O3 effects on forest 
growth. Global Change Biology 12:1054-1068.  

Larson, J.L., D.R. Zak and R.L. Sinsabaugh. 2002. Extracellular enzyme activity beneath temperate 
trees growing under elevated carbon dioxide and ozone. Soil Science Society of America Journal 
66:1848-1856.  

Lenz, K.E., G.E. Host, K. Roskoski, A. Noormets, A. Sober, and D.F. Karnosky. 2010. Analysis of a 
Farquhar-von Caemmerer-Berry leaf-level photosynthetic rate model for Populus tremuloides in the 
context of modeling and measurement limitations. Environmental Pollution 158:1015-1022.  

Lesaulnier, C., D. Papamichail, S. McCorkle, B. Ollivier, S. Skiena, S. Taghavi, D.R. Zak, and D. van der 
Lelie. 2008. Elevated atmospheric CO2 affects soil microbial diversity associated with trembling 
aspen. Environmental Microbiology 10:926-941.  

Lindroth, R.L. 2010. Impacts of elevated atmospheric CO2 and O3 on forests: Phytochemistry, 
trophic interactions, and ecosystem dynamics. Journal of Chemical Ecology 36:2-21.  

Lindroth, R.L., B.J. Kopper, W.F.J. Parsons, J.G. Bockheim, D.F. Karnosky, G.R. Hendrey, K.S. Pregitzer, 
J.G. Isebrands and J. Sober. 2001. Consequences of elevated carbon dioxide and ozone for foliar 
chemical composition and dynamics in trembling aspen (Populus tremuloides) and paper birch 
(Betula papyrifera). Environmental Pollution 115:395-404.  



34 | P a g e  

 

Lindroth, R.L., S.A. Wood and B.J. Kopper. 2002. Response of quaking aspen genotypes to enriched 
CO2: foliar chemistry and insect performance. Agricultural and Forest Entomology 4:315-323. 

Liu L., J.S. King, F.L. Booker, C.P. Giardina, H. L. Allen, and S. Hu. 2009. Enhanced litter input rather 
than changes in litter chemistry drive soil carbon and nitrogen cycling under elevated CO2: a 
microcosm study. Global Change Biology 15, 441–453.  

Liu, L., J.S. King and C.P. Giardina. 2005. Effects of elevated atmospheric CO2 and tropospheric O3 on 
leaf litter production and chemistry in trembling aspen and paper birch ecosystems. Tree 
Physiology 15:1511-1522.  

Liu, L., J.S. King and C.P. Giardina. 2007. Effects of elevated atmospheric CO2 and tropospheric O3 on 
nutrient dynamics: decomposition of leaf litter in trembling aspen and paper birch communities. 
Plant and Soil 299:65-82.  

Liu, L., J.S. King, C.P. Giardina, and F.L. Booker. 2009. The influence of chemistry, production and 
community composition on leaf litter decomposition under elevated atmospheric CO2 and 
tropospheric O3 in a northern hardwood ecosystem. Ecosystems 12: 401–416.  

Loranger, G.I., K.S. Pregitzer and J.S. King. 2004. Elevated CO2 and O3 concentrations differentially 
affect selected groups of the fauna in temperate forest soils. Soil Biol. & Biochem. 36:1521-1524.  

Loya W.M., K.S. Pregitzer, N.J. Karberg, J.S. King, C.P. Giardina. 2003. Reduction of soil carbon 
formation by tropospheric ozone under increased carbon dioxide levels. Nature 425:705-707. 

Mankovska, B., D.F. Karnosky, K. Percy, E. Yermakova and M.V. Frontasyeva. 2003. Chemical 
characteristics of key tree species (Populus tremuloides Michx., Betula papyrifera Marsh., Acer 
saccharum Marsh.) for three localities with different ozone levels. Ekológia (Bratislava) 22 
(Supplement 1):168-181.  

Mankovska, B., K. Percy and D.F. Karnosky. 1998. Impact of ambient tropospheric O3, CO2, and 
particulates on the epicuticular waxes of aspen clones differing in O3 tolerance. Ekológia 18(2):200-
210.  

Mankovska, B., K. Percy and D.F. Karnosky. 2003. Impact of greenhouse gases on epicuticular waxes 
of Populus tremuloides Michx.: Results from an open-air exposure and a natural O3 gradient. 
Ekológia (Bratislava) 22 (Supplement 1):182-194.  

Martin, M.J., G.E. Host, K.E. Lenz and J.G. Isebrands. 2001. Simulating the growth response of aspen 
to ozone exposure: a mechanistic approach to scaling a leaf-level model of ozone effects on 
photosynthesis to a complex canopy architecture. Environmental Pollution 115:425-436.  

Mattson, W.J., K. Kuokkanen, P. Niemela, R. Julkunen-Tiitto, S. Kellomaki and J. Tahvanainen. 2004. 
Elevated CO2 alters birch resistance to lagomorpha herbivores. Global Change Biology 10:1402-
1413.  

Mattson, W.J., R. Julkunen-Tiitto and D.A. Herms. 2005. CO2 enrichment and carbon partitioning to 
phenolics: do plant responses accord better with the protein competition of the growth-
differentiation balance models? Oikos 111:337-347.  



35 | P a g e  

 

Matyssek, R., D.F. Karnosky, G. Wieser, K. Percy, E. Oksanen, T.E.E. Grams, M. E. Kubiske, D. Hanke, 
and H. Pretzsch. 2010. Advances in understanding ozone impact on forest trees: Messages from 
novel phytotron and free-air fumigation studies. Environmental Pollution 158:1990-2006.  

McDonald, E. P., E.L. Kruger, D.E. Riemenschneider and J.G. Isebrands. 2002. Competitive status 
influences tree-growth responses to elevated CO2 and O3 in aggrading aspen stands. Functional 
Ecology 16 (6), 792-801.  

McGrath, J.M., D.F. Karnosky, and E.A. Ainsworth. 2010. Spring leaf flush in aspen (Populus 
tremuloides) clones is altered by long-term growth at elevated carbon dioxide and elevated ozone 
concentration. Environmental Pollution 158:1023-1028.  

Meehan, T.D., M.S. Crossley, and R.L. Lindroth. 2010. Impacts of elevated CO2 and O3 on aspen leaf 
litter chemistry and earthworm and springtail productivity. Soil Biology and Biochemistry 42:1132-
1137.  

Mondor, E.B., C.A. Awmack, and R. L. Lindroth. 2010. Individual growth rates do not predict aphid 
population densities under altered atmospheric conditions. Agricultural and Forest Entomology 
12:293-299.  

Mondor, E.B., M.N. Tremblay and R.L. Lindroth. 2004. Transgenerational phenotypic plasticity 
under future atmospheric conditions. Ecology Letters 7:941-946.  

Mondor, E.B., M.N. Tremblay, C.S. Awmack and R.L. Lindroth. 2004. Divergent pheromone-mediated 
insect behaviour under global atmospheric change. Global Change Biology 10:1820-1824.  

Mondor, E.B., M.N. Tremblay, C.S. Awmack and R.L. Lindroth. 2005. Altered genotypic and 
phenotypic frequencies of aphid populations under enriched CO2 and O3 atmospheres. Global 
Change Biology 11:1-7.  

Monson, K., N. Trahan, T.N. Rosenstiel, P. Veres, D. Moore, M. Wilkinson, R.J. Norby, A. Volder, M.G. 
Tjoelker, D.D. Briske, D.F. Karnosky, and R. Fall. 2007. Isoprene emission from terrestrial 
ecosystems in response to global change: minding the gap between models and observations. 2007. 
Proc. Royal Society of London 365:1677-1695. 

Moran, E.V. and M.E. Kubiske. 2011. Can elevated CO2 and ozone shift the genetic composition of 
aspen (Populus tremuloides) stands?  New Phytologist 198: 466-475. 

Muller-Starck, B. Degen, H. Hattemer, D. Karnosky, A. Kremer, L. Paule, K. Percy, F. Scholz, X. Shen 
and G. Vendramin. 2000. Genetic response of forest systems to changing environmental conditions - 
analysis and management. Forest Genetics 7:247-254.  

Muntifering, R.B., A.H. Chappelka, D.F. Karnosky and G.L. Somers. 2006. Chemical composition and 
digestibility of Trifolium exposed to elevated ozone and carbon dioxide in a free-air (FACE) 
fumigation system. Functional Ecology 20:269-275.  

Noormets, A., A. Sober, E.J. Pell, R.E. Dickson, G.K. Podila, J. Sober, J.G. Isebrands and D.F. Karnosky. 
2001. Stomatal and non-stomatal limitation to photosynthesis in two trembling aspen (Populus 
tremuloides Michx.) clones exposed to elevated CO2 and/or O3. Plant, Cell and Environ. 24:327-336.  



36 | P a g e  

 

Noormets, A., E.P. McDonald, E.L. Kruger, A. Sober, J.G. Isebrands, R.E. Dickson and D.F. Karnosky. 
2001. The effect of elevated carbon dioxide and ozone on leaf- and branch-level photosynthesis and 
potential plant-level carbon gain in aspen. Trees 15:262-270.  

Noormets, A., G. Krishna Podila and David F. Karnosky. 2000. Rapid response of antioxidant 
enzymes to O3-induced oxidative stress in Populus tremuloides clones varying in O3 tolerance. 
Forest Genetics 7:335-338.  

Noormets, A., O. Kull, A. Sôber, M.E. Kubiske, and D.F. Karnosky. 2010. Elevated CO2 response of 
photosynthesis depends on ozone concentration in aspen. Environmental Pollution 158:992-999.  

Norby, R.J., E.H. DeLucia, B. Gielen, C. Calfapietra, C.P.Giardina, J.S. King, J. Ledford, H.R. McCarthy, 
D.J.P. Moore, R. Ceulemans, P. De Angelis, A.C. Finzi, D.F. Karnosky, M.E. Kubiske, M. Lukac, K.S. 
Pregitzer, G.E. Scarascia-Mugnozza, W.H. Schlesinger and R. Oren. 2005. Forest response to elevated 
CO2 is conserved across a broad range of productivity. Proceedings of the National Academy of 
Sciences 102:18052-18056.  

Oksanen, E., E. Häikiö, J. Sober and D.F. Karnosky. 2003. Ozone-induced H2O2 accumulation in field-
grown aspen and birch is linked to foliar ultrastructure and peroxisomal activity. New Phytologist 
161:791-799.  

Oksanen, E., J. Sober and D.F. Karnosky. 2001. Impacts of elevated CO2 and/or O3 on leaf 
ultrastructure of aspen (Populus tremuloides) and birch (Betula papyrifera) in the aspen FACE 
experiment. Environmental Pollution 115:437-446.  

Onandia, G., A-K. Olsson, S. Barth, J.S. King, and J. Uddling. 2011. Exposure to moderate 
concentrations of tropospheric ozone impairs tree stomatal response to carbon dioxide. 
Environmental Pollution 159(10):2350-2354.  

Parsons, W.F.J., J.G. Bockheim and R.L. Lindroth. 2008. Independent, interactive, and species-specific 
responses of leaf litter decomposition to elevated CO2 and O3 in a northern hardwood forest. 
Ecosystems 11:505-519.  

Parsons, W.F.J., R.L. Lindroth and J.G. Bockheim. 2004. Decomposition of Betula papyrifera leaf litter 
under the independent and interactive effects of elevated CO2 and O3. Global Change Biology 
10:1666-1677.  

Percy, K.E., C.S. Awmack, R.L. Lindroth, M.E. Kubiske, B.J. Kopper, J.G. Isebrands, K.S. Pregitzer, G.R. 
Hendrey, R.E. Dickson, D.R. Zak, E. Oksanen, J. Sober, R. Harrington and D.F. Karnosky. 2002. Altered 
performance of forest pests under CO2- and O3-enriched atmospheres. Nature 420:403-407.  

Percy, K.E., M. Nosal, W. Heilman, T. Dann, J. Sober, A.H. Legge and D.F. Karnosky. 2007. New 
exposure-based metric approach for evaluating O3 risk to North American aspen forests. 
Environmental Pollution 147:554-566.  

Phillips, R.L., D.R. Zak, W.E. Holmes and D.C. White. 2002. Microbial community composition and 
function beneath temperate trees exposed to elevated atmospheric carbon dioxide and ozone. 
Oecologia 131(2):236-244.  



37 | P a g e  

 

Pregitzer, K.S., A.J. Burton, J.S. King, and D. Zak. 2008. Soil respiration, root biomass, and root 
turnover following long-term exposure of northern forests to elevated atmospheric CO2 and 
tropospheric O3. New Phytologist 180(1):153-161.  

Pregitzer, K.S., W.M. Loya, M. . Kubiske and D.R. Zak. 2006. Soil respiration in northern forests 
exposed to elevated atmospheric carbon dioxide and ozone. Oecologia 148: 503-516.  

Rhea, L., J. King, M.E. Kubiske, N. Saliendra, and R. Teclaw. 2010. Effects of elevated atmospheric CO2 
and tropospheric O3 on tree branch growth and implications for hydrologic budgeting. 
Environmental Pollution 158:1079-1087.  

Riikonen, J., K. Kets, J. Darbah, E. Oksanen, A. Sober, E. Vapaavuori, M.E. Kubiske, N. Nelson and D.F. 
Karnosky. 2008. Carbon gain and bud physiology in Populus tremuloides and Betula papyrifera 
under long-term exposure to elevated concentrations of CO2 and O3. Tree Physiology 28:243-254.  

Riikonen, J., K.E. Percy, M. Kivimäenpää, M.E. Kubiske, N.D. Nelson, E. Vapaavuori, and D.F. 
Karnosky. 2010. Leaf size and surface characteristics of Betula papyrifera exposed to elevated CO2 
and O3. Environmental Pollution 158:1029-1035.  

Sharma, P., A. Sober, J. Sober, G.K. Podila, M.E. Kubiske, W.J. Mattson, J.G. Isebrands and D.F. 
Karnosky. 2003. Moderation of [CO2]-induced gas exchange responses by elevated tropospheric O3 
in trembling aspen and sugar maple. Ekologia 22 (Supplement 1):304-317.  

Tai, H.H., K.E. Percy, and D.F. Karnosky. 2010. DNA damage in Populus tremuloides clones exposed 
to elevated O3. Environmental Pollution 158:969-976.  

Takeuchi, Y., M.E. Kubiske, J.G. Isebrands, K.S. Pregitzer, G. Hendrey and D.F. Karnosky. 2001. 
Photosynthesis, light and nitrogen relationships in a young deciduous forest canopy under open-air 
CO2 enrichment. Plant Cell and Environment 24:1257-1268.  

Talhelm, A.F., K.S. Pregitzer, and C.P. Giardina. 2011. Long-term leaf production response to 
elevated atmospheric carbon dioxide and tropospheric ozone. Ecosystems (Online: doi: 
10.007/s10021-011-9493-z). 

Talhlem, A.F., K.S. Pregitzer, and D.R. Zak. 2009. Species-specific responses to atmospheric carbon 
dioxide and tropospheric ozone mediate changes in soil carbon. Ecology Letters 12:1219-1228.  

Taylor, G., M.J. Tallis, C.P. Giardina, K.E. Percy, F. Miglietta, P.S. Gupta, B. Gioli, C. Calfapietra, B. 
Gielen, M.E. Kubiske, G.E. Scarascia-Mugnozza, K. Kets, S.P. Long and D.F. Karnosky. 2008. Future 
atmospheric CO2 leads to delayed autumnal senescence. Global Change Biology 14: 264-275.  

Uddling, J., A.J. Hogg, R.M. Teclaw, M.A. Carroll, and D.S. Ellsworth. 2010. Stomatal uptake of O3 in 
aspen and aspen-birch forests under free-air CO2 and O3 enrichment. Environmental Pollution 
158:2023-2031.  

Uddling, J., R.M. Teclaw, K.S. Pregitzer, and D.S. Ellsworth. 2009. Leaf and canopy conductance in 
aspen and aspen-birch forests under free air enrichment of carbon dioxide and ozone. Tree 
Physiology 29:1367-1380.  



38 | P a g e  

 

Uddling, J., R.M. Teclaw, M.E. Kubiske, K.S. Pregitzer and D.S. Ellsworth. 2008. Sap flux in pure aspen 
and mixed aspen-birch forests exposed to elevated concentrations of carbon dioxide and ozone. 
Tree Physiology 28: 1231-1243.  

Vigue, L.M. and R.L. Lindroth. 2010. Effects of genotype, elevated CO2 and elevated O3 on aspen 
phytochemistry and aspen leaf beetle Chrysomela crotchi performance. Agricultural and Forest 
Entomology 12:267-276.  

Wustman, B.A., E. Oksanen, D.F. Karnosky, J. Sober, J.G. Isebrands, G.R. Hendrey, K.S. Pregitzer and 
G.K. Podila. 2001. Effects of elevated CO2 and O3 on aspen clones varying in O3 sensitivity: Can CO2 
ameliorate the harmful effects of O3? Environmental Pollution 115:473-481.  

Zak D.R, WE Holmes, KS Pregitzer. 2007. Atmospheric CO2 and O3 alter the flow of 15N in developing 
forest ecosystems. Ecology 88: 2630-2639. 

Zak, D.R., K.S. Pregitzer, P.S. Curtis and W.E. Holmes. 2000. Atmospheric CO2 and the composition 
and function of soil microbial communities. Ecological Applications 10:47-59.  

Zak, D.R., W.E. Holmes, A.C. Finzi, R.J. Norby and W.H. Schlesinger. 2003. Soil nitrogen cycling under 
elevated CO2: a synthesis of forest FACE experiments. Ecological Applications 13:1508-1514.  

Zak, D.R., W.E. Holmes, and K.S. Pregitzer. 2007. Atmospheric CO2 and O3 alter the flow of 15N in 
developing forest ecosystems. Ecology 88(10):2630-2639.  

Zak, D.R., W.E. Holmes, K.S. Pregitzer, J.S. King, D.S. Ellsworth, and M.E. Kubiske. 2007. Belowground 
competition and the response of developing forest communities to atmospheric CO2 and O3. Global 
Change Biology 13:2230-2238.  

Zak, D.R., M.E. Kubiske, K.S. Pregitzer, and A.J. Burton.  2011.  Atmospheric CO2 and O3 alter 
competition for soil nitrogen in developing forests.  Global Change Biology 18: 1480-1488. 

Zak, D.R., K.S. Pregitzer, M.E. Kubiske, and A.J. Burton.  2011.  Forest productivity under elevated 
CO2 and O3: positive feedbacks to soil N cycling sustain decade-long net primary productivity 
enhancements by CO2.  Ecology Letters 14: 1220-1226. 

 

  



39 | P a g e  

 

Appendix B:  FLORA LIST  

Nomenclature for trees and plants follows The PLANTS database 2012.  

 

Table 8.  Rhinelander Experimental Forest common vascular plants. 

Rhinelander Experimental Forest  Common Tree List 

Common name Scientific name 
Balsam fir Abies balsamea 
Red maple Acer rubrum 
Sugar maple Acer saccharum 
Paper birch Betula papyrifera 
Tamarack Larix laricina 
Black spruce Picea mariana 
White spruce Picea glauca 
Red pine Pinus resinosa 
White pine Pinus strobus 
Jack pine Pinus banksiana 
European larch Larix decidua 
Northern red oak Quercus rubra 
Northern pin oak Quercus ellipsoidalis 
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Appendix C:  FAUNA LIST 

Nomenclature for birds follows AOU Bird Checklist 2014; nomenclature for mammals and 
herpetofauna follows Watermolen, Murrell 2001. 

 

Table 9.  Rhinelander Experimental Forest common fauna . 

Rhinelander Experimental Forest Common Fauna List 
Common Name Scientific Name 

Ruffed grouse Bonasa umbellus 
Blue jay Cyanocitta cristata 
Wild turkey Meleagris gallopavo 
Black-Capped Chickadee Poecile atricapillus 
Red-breasted nuthatch Sitta canadensis 
Hermit thrush Catharus guttatus 
American robin Turdus migratorius 
Black-throated green warbler Setophaga virens 
Nashville warbler Oreothlypis ruficapilla 
Song sparrow Melospiza melodia 
White-throated sparrow Zonotrichia albicollis 
Dark-eyed junco Junco hyemalis 
Purple finch Haemorhous purpureus 
American goldfinch Spinus tristis 
  
Black Bear Ursus americanus 
Coyote Canis latrans 
Red fox Urocyon cinereoargenteus 
Eastern cottontail Sylvilagus floridanus 
Snowshoe hair Lepus americanus 
Striped skunk Mephitis mephitis 
Eastern Gray Squirrel Sciurus carolinensis 
Red Squirrel Tamiasciurus hudsonicus 
Eastern Chipmunk Tamias striatus 
  
Wood frog Rana sylvatica 
Northern spring peepers Pseudacris crucifer crucifer 
Chorus frog Pseudacris triseriata 
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Appendix D: HISTORICAL 1938 AERIAL PHOTOS 

  



42 | P a g e  

 

 

Appendix E:  LEGAL DESCRIPTIONS 

LAND DESCRIPTION VERIFICATION 
FEDERAL LAND 

   
Purchase/Exchange Name: Harshaw Farms  

     
Forest Name: USFS Experimental Station Tract No.:         

   
Assessor's Parcel Number:        

     
County, Town, or Borough: Oneida Co, Cassian Township State: Wisconsin  

     

1. Legal Description: (Include subdivision part, Section, Township, Range, Meridian; or lot, block, 

warrant, parcel, grant, etc., as appropriate.) 
The Southeast 1/4, and  SE 1/4 NE 1/4 of Section 20.  The West 1/2 SW 1/4, the South 1/2 

NW 1/4, the West 1/2 NE 1/4 and the West 1/2 SE 1/4 of Section 21, all in Township 37 

North,  Range 07 East, Cassian Township, Oneida County, Wisconsin. 

2. Area: Official 
(Public Land Survey) 

Record 
(title/deed/county) 

Actual 
(land survey, infor.) 

Tax Assessor's 
(taxing authority) 

 520 acres 520 acres             

3. Record Documents: 
      

4. Comments: 
 

 

 

 

 

 

      

The legal description for the above described lands, proposed for conveyance by the UNITED 

STATES OF AMERICA, has been reviewed for technical sufficiency and acceptability for patent or 

deed purposes and practicability for locating boundary lines. 

 
For purposes of conveyance, the acreage is: 520 acres. 

 

 Randy R. Erickson  09-19-2013  

 Land Surveyor, USDA Forest Service  Date  

(attach additional pages as necessary for items 1 thru 4) Page 1 of 1  
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LAND DESCRIPTION VERIFICATION 
FEDERAL LAND 

   
Purchase/Exchange Name: USFS Experimental Station Nursery Area  

     
Forest Name: USFS Experimental Station Tract No.:         

   
Assessor's Parcel Number:        

     
County, Town, or Borough: Oneida Co, Crescent Township State: Wisconsin  

     

1. Legal Description: (Include subdivision part, Section, Township, Range, Meridian; or lot, block, 

warrant, parcel, grant, etc., as appropriate.) 
The NW 1/4 SE 1/4, The SW 1/4 NE 1/4, Government Lot #1, that part of the East 1/2 NE 

1/4 NE 1/4 lying south of  Hwy "K", in Section 03.  That part of Government Lots 2,3, 13 

and 14 lying south of  Hwy "K", west of the East side of "Nursery Road" and North of the 

South side of Road to Langley Lake Boat landing, in Section 02, all in T 36 N, R 08 E, 

Crescent Township, Oneida County, Wisconsin. 

2. Area: Official 
(Public Land Survey) 

Record 
(title/deed/county) 

Actual 
(land survey, infor.) 

Tax Assessor's 
(taxing authority) 

 160.7   171.3 +/- 171.3 +/-       

3. Record Documents: 
Subdivison of Section 3 by Jean Resvick U.S.F.S. surveyor in 1963 (L 855 Oneida Co. 

Surveyor records)  and  U.S.G.L.O. dependent resurvey of Section 2. 

4. Comments: 
 

 

Area in Section was digitized from a DNR website. 

The legal description for the above described lands, proposed for conveyance by the UNITED 

STATES OF AMERICA, has been reviewed for technical sufficiency and acceptability for patent or 

deed purposes and practicability for locating boundary lines. 

 
For purposes of conveyance, the acreage is: 171.3 +/- acres. 

 

 Randy R. Erickson  09-19-2013  

 Land Surveyor, USDA Forest Service  Date  

(attach additional pages as necessary for items 1 thru 4) Page 1 of 1  
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Appendix F: WISCONSIN NATURAL HERITAGE WORKING LIST –  Rank 

Definitions 

The Wisconsin NHI Working List records which elements are tracked in the state. The working list is revised 
as species' populations change (increase or decrease) and as knowledge about their status and distribution in 
Wisconsin increase. The Working List was revised in 2011. Definitions of ranks are provided below, along 
with definitions for other abbreviations used in the Working List. 

US Status: Current federal protection status designated by the Office of Endangered Species, U.S. Fish and 
Wildlife Service indicating the biological status of a species in Wisconsin. LE = listed endangered; LT = 
listed threatened; PE = proposed as endangered; NEP = nonessential experimental population; C = 
candidate for future listing; CH = critical habitat 

State Status:  Protection category designated by the Wisconsin DNR.  END = Endangered; THR = 
Threatened; SC = Special Concern. 

WDNR and federal regulations regarding Special Concern species range from full protection to no 
protection.  The current categories and their respective level of protection are as follows:  SC/P = fully 
protected; SC/N = no laws regulating use, possession, or harvesting; SC/H = take regulated by 
establishment of open closed seasons; SC/FL = federally protected as endangered or threatened, but not 
so designated by WDNR; SC/M = fully protected by federal and state laws under the Migratory Bird Act. 

Special Concern species are those species about which some problem of abundance or distribution is 
suspected but not yet proved. The main purpose of this category is to focus attention on certain species 
before they become threatened or endangered.  

Global Element Ranks 

G1 = Critically imperiled globally because of extreme rarity (5 or fewer occurrences or very few remaining 
individuals or acres) or because of some factor(s) making it especially vulnerable to extinction.  

G2 = Imperiled globally because of rarity (6 to 20 occurrences or few remaining individuals or acres) or 
because of some factor(s) making it very vulnerable to extinction throughout its range.  

G3 = Either very rare and local throughout its range or found locally (even abundantly at some of its 
locations) in a restricted range (e.g., a single state or physiographic region), or because of other factor(s) 
making it vulnerable to extinction throughout its range; typically 21-100 occurrences. 

G4 = Uncommon but not rare, (although it may be quite rare in parts of its range, especially at the 
periphery) and usually widespread.  Typically >100 occurrences.  

G5 = Common, widespread, and abundant (although it may be quite rare in parts of its range, especially at 
the periphery).   Not vulnerable in most of its range. 

GH = Known only from historical occurrence throughout its range, with the expectation that it may be 
rediscovered. 

GNR = Not ranked. Replaced G? rank and some GU ranks  

GU = Currently unrankable due to lack of data or substantially conflicting data on status or trends. 
Possibly in peril range-wide, but status is uncertain.  

GX = Presumed to be extinct throughout its range (e.g. Passenger pigeon) with virtually no likelihood that 
it will be rediscovered. 
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Species with a questionable taxonomic assignment are given a "Q" after the global rank. 
 
Subspecies and varieties are given subranks composed of the letter "T" plus a number or letter. The 
definition of the second character of the subrank parallels that of the full global rank. (Examples: a rare 
subspecies of a rare species is ranked G1T1; a rare subspecies of a common species is ranked G5T1.)  

State Element Ranks 

S1 = Critically imperiled in Wisconsin because of extreme rarity, typically 5 or fewer occurrences and/or 
very few (<1000) remaining individuals or acres, or due to some factor(s) making it especially vulnerable 
to extirpation from the state. 

S2 = Imperiled in Wisconsin because of rarity, typically 6 to 20 occurrences and/or few (1000-3000) 
remaining individuals or acres, or due to some factor(s) making it very vulnerable to extirpation from the 
state. 

S3 = Rare or uncommon in Wisconsin, typically 21-100 occurrences and/or 3000-10,000 individuals.  

S4 = Apparently secure in Wisconsin, usually with >100 occurrences and >10,000 individuals. 

S5 = Demonstrably secure in Wisconsin and essentially ineradicable under present conditions.  

SNA = Accidental, non-native, reported, but unconfirmed, or falsely reported. 

SH = Of historical occurrence in Wisconsin, perhaps having not been verified in the past 20 years, and 
suspected to be still extant. Naturally, an element would become SH without such a 20-year delay if the 
only known occurrence were destroyed or if it had been extensively and unsuccessfully looked for.  

SNR = Not Ranked, a state rank has not yet been assessed. 

SU = Currently unrankable.  Possibly in peril in the state, but status is uncertain due to lack of information 
or substantially conflicting data on status or trends.  

SX = Apparently extirpated from the state.  

State Ranking of Long-Distance Migrant Animals 

Ranking long distance aerial migrant animals presents special problems relating to the fact that their non-
breeding status (rank) may be quite different from their breeding status, if any, in Wisconsin.  In other 
words, the conservation needs of these taxa may vary between seasons.  In order to present a less 
ambiguous picture of a migrant's status, it is necessary to specify whether the rank refers to the breeding 
(B) or non-breeding (N) status of the taxon in question.  (e.g. S2B,S5N). 
(http://dnr.wi.gov/topic/NHI/documents/NHIWorkingList.pdf; Last Revised: June 2014) 

  

http://dnr.wi.gov/topic/NHI/documents/NHIWorkingList.pdf
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