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OVERVIEW

The USDA Forest Service National Old-Growth Task Group directed
each Region to develop old-growth definitions for common forest types.
This publication fulfills this obligation for the Eastern Region by compil-
ing information about old growth for nine forest type groups that occur
in the eastern United States.

Old growth can be defined conceptually or operationally. There are a
number of "definitions" for old growth in the East, but no consensus on
the concept. Old, uneven-aged forests, with large trees and lots of dead

wood, located on productive sites at low elevations that have not experi-
enced large-scale natural or human disturbance, embody the quintes-
sential old-growth concept. However, the boundaries of the concept of
old growth are flexible depending on what factors are important to those
considering the issue, including forest types involved, site factors,
management objectives, and values associated with old growth. Old-
growth forests are relatively old and relatively undisturbed (Hunter
1989). Old growth is difficult to define because of (I) lack of consensus

as to which forest types occur in an old-growth condition, (2) difficulty in
choosing which attributes to use, (3) the variation that exists in species
stature and spacing due to site conditions and elevation, (4) lack of
available data, (5) questionable representativeness of remnant old-
growth examples, (6) changes in forest structure due to altered distur-
bance regimes since European settlement, (7) influences of pollution and
exotics, and (8) the need to move beyond stand-level treatment of old
growth.

Stand age and the lack of human and natural catastrophic disturbance

can be used as selection criteria for allocating old growth. To maintain
or develop examples of old growth as reference ecosystems, old growth
should be allocated for all forest types, especially those comprised of
long-lived species, within all ecological units of the National Hierarchy
(Keys et al. 1995). To best provide for old-growth function in the land-
scape, stand shape and size, connectivity to other old-growth areas,
allowances for potential natural disturbance, and co-planning with other
protected areas should be considered.

Compiled here is information for nine forest type groups that occur in
the USDA Forest Service Eastern Region. Forest type groups included
in this publication are: beech-maple-basswood, northern hardwood, dry
and xeric oak, mesic and wet-mesic northern oak, hardwood wetland (all
hardwood dominated), conifer-northern hardwood (mixed forests), and

northern pine, montane and allied spruce-fir, and subboreal spruce-fir
(conifer -dominated).

Information from studies relevant to each forest type group is included
in this publication regardless of where the study sites were located (i.e.,
sometimes beyond national forest lands). From a review of hundreds of
references, a total of 292 references contained some relevant data about

tree- and stand-level attributes for the nine forest type groups.

A background narrative section for each forest type group includes
information about species composition, geographical extent (physi-
ographic provinces, ecological units), soils, disturbance, and relation to
other forest type groups. Selected examples of old-growth stands are
also listed.



Maps for each forest type group show the location of study sites from
which the attribute data were obtained. Within the tables for each forest

type group, inibrmation is arranged alphabetically by reference for ease of
reviewing data. Tables contain information on location, size, and eleva-
tion of study sites; criteria for stand selection; stand composition; sam-

piing methods; tree density; tree basal area; average and maximum tree
age by species; maximum tree diameter by species; average canopy
height; percentage of canopy in gaps; density, basal area, and volume of
snags; and density and volume of logs.

The information presented in this publication does not constitute mini-

mum standards or operational definitions tbr distinguishing mature
forests from old growth. Rather, a range of values for each old-growth
attribute for each forest type group is summarized regionally from pub-
lished and unpublished sources. National forests can use this informa-

tion in planning and managing for old growth.

Blanks in tables (lack of available information) indicate opportunities
where additional research is needed to understand more fully the nature
of old growth.



INTRODUCTION

Outer Island, Apostle Islands National Lakeshore, Wisconsin. Many of the
characteristics commonly associated with old-growth forests can be observed in
the hemlock-hardwood old-growth area at the north end of Outer Island, Apostle
Islands, Wisconsin. These characteristics include big trees (the diameter of the

hemlock being measured is 89.5 cm), patches of different tree ages due to
natural disturbance, and no evidence of logging. See TyrreU and Crow (1994).

Photo 7/90 by Sue Lietz.



OBJECTIVES OF THIS PUBLICATION data about stand stra._cture presen_.ed in

the tables must be interpreted in light of
The objectives of this publication are to: the species composition, geographical

location, soils, elevation, and disturbance
(1) Review and clarify the concept of old history of the site from which the data

growth in the eastern United States. were collected, No regional definition is

possible given the wide natural range of
{2) Compile available information about tree- variation in old-growth conditions due to

and stand-level old-growth structural these site differences.
attxibutes for selected forest type groups
occ.urring in the USDA Forest Service (3) define old grow_ using structural at-
Eastern Region. tributes.,.

[3) Provide regionwide information about old ...but sufficient resources are provided to
growth (a range of values for structural help determine wheffler such definitions
attribtltes) fbr national forests to use in would be useful, feasible_ prac_ical, realis-

planning and managing for old growth, tic, or even necessary, or how much they
would vary.

(4) Assess where information about old growth
is lacking to help guide future research [4) provide data specific to a particular ha-

efforts, tional forest, geographic region, ecological
unit, elevation, soil type, or species compoo

LIMITATIONS OF THIS PUBLICATION sition.,.

This publication does NOT: ...but, because complete informattor_ is

provided for each study contributing data
{1) set Forest Service policy about old about old growth, through careful interpre-

growth.., tation one can screen all the data for those

that are relevant to one's own forest settiag
...but the information CAN be used by based on its composition, location, soils,
national _d other public forests engaged elevation, and disturbance history.
in t_ltcy issues that raise such questions
as:

HISTORICAL BACKGROUND OF

Flow should forestwide planning include OLD-GROWTH "DEFINITIONS'"
provision for old growth?

National Forest Service Direction

How should _locattons for old growth
relate to ecological units? For more than a decade the USDA Forest

Service has been involved wqith the issue of old

What forest types need active manage- growth and the development of old-grow<h
ment to restore or maintain old-growth definitions, initially in the Pacific Northwest

ligatures and which do not? {e.g., Franklin et al. 1981, Old-Growth Defini-
tion Task Group 1986). Intermittently fl'om

What are appropriate lnanagement goals January 1989 to January 1992. the Forest
for areas allocated to old growth? Service convened a National Old-Growth Task

Group to consider the issue of old growth. As
(2) establish minimum criteria or provide a result, a position statement on National

operational definitions that distinguish old Forest Old-Growth Values was cleveloped and
growth from mature forests.,, issued by the Chief on October 11, t989, along

with a national Generic Definition and De-

...but comprehensive information is sum- scription of Old-Gro,._da Forests. This generic
martz_d for each forest type group, from definition established a framework for defining
the published literature and unpublished old growth in all regions. The definition states ,
sources, as a range of values for old- that "old-growth forests are ecosystems distin-
growth structural attributes [e.g., stand guished by old trees and related structural
density, maximum tree diameter). _e attributes...encompassing the later stages of

10
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stand development" (USDA Forest Service narrative descriptions for them, to conduct a
1989). " literature search (see Nowacki and Trianoski

1993), and to compile a list of old-growth
The Forest Set,rice set out to develop defini- stands that are representative of each forest
tions for old-growth forests partly because the type group. These portions of the project were
National Forest Management Act of 1976 carried out primarily by Greg Nowacki during
mandated that the agency provide adequate his tenure with the Southeastern Regional
habitat for threatened or endangered wildlife Office of The Nature Conservancy.
species. Because structural attributes of old
growth provide many of the habitat features The combined team of the Eastern Region and
that these wildlife species require, structural North Central and Northeastern Stations
attributes featured prominently in definitions agreed to compile information for 15 forest
and discussions about old-growth criteria, type groups (Table 1) in one publication {repre-
The Forest Service also wanted to know how sented here). During 1992, this group funded

much old growth there is at present (inventory) Lucy Tyrrell in a year-long post-doctoral
and which areas being considered for the position at North Central in Rhinelander,
development of future old growth (land alloca- Wisconsin. Time was spent studying the
tion) have the most old-growth structural concept of old growth in the East through site
characteristics already, visits and discussions, assembling publica-

tions and other references to review, and

Based on these needs (wildlife habitat, inven- compiling information about these forest type

tory, and land allocation), the Forest Service groups in an old-growth condition.
generated a list of attributes to be used for
distinguishing old growth. The following list To complete the project, in 199'5 additional
(USDA Forest Service 1989) was intended to be help in reviewing literature and other refer-
used by each Forest Service region to establish ences was obtained from North Central scien-
definitions for specific forest types: (1) large tists and technicians. Lucy Tyrrell coordi-
trees for species and site, (2) wide variation in nated these final efforts. On reevaluation of
tree size and spacing, (3) accumulation of the 15 forest type groups, three of them were
large, dead trees (snags, logs), (4) tree deca- dropped because they do not occur, or occur
dence, and (5) tree canopy structure (layers, only on a few acres, on national forests in the
gaps). Old-growth definitions were first pro- Eastern Region (Great Plains Riparian Hard-
duced in the western regions of the Forest woods, Atlantic White-Cedar, and Hardwood
Service (e.g., Pacific Northwest and California Freshwater Tidal Swamps). Time and funding
Regions tOld-Growth Definition Task Group limitations prevented compiling information on
1986}, and Alaska Region {Ecology Steering three forest type groups and part of a fourth
Committee 1992a, 1992b)). {Rocky Thin-Soiled Cedars, Aspen-Birch, and

Northern Conifer Wetlands, and Northern

Eastern and Southern Region Joint Effort Pines--pitch pine).
with The Nature Conservancy

Scientists in the Southeastern and Southern

Given the national direction for developing Stations agreed to summarize old growth for
regional definitions of old growth for common 20 forest type groups, nine of which co-occur
forest types, and because the Eastern and in the Eastern and Southern Regions (Table
Southern Regions of the Forest Service share 1). The forest type groups common to both
many forest community types, in 1990 these regions are: coastal plain upland mesic
regions began a joint effort to address the old- hardwood forests, river floodplain hardwood
growth issue. Representatives from the Forest forests, mixed and western mesophytic forests,
Service's Southern and Eastern Regions, along dry-mesic oak forests, seasonally wet oak-
with the Southern, Southeastern, North hardwood woodlands (Kennedy and Nowacki
Central, and Northeastern Research Stations 1997), dry and dry-mesic oak-pine forests,

met in Muddy, Illinois in May 1991, to discuss eastern riverfront forests (Meadows and
how to develop "definitions" for forest types Nowacki 1996), cypress-tupelo forests, and • "
occurring in the eastern United States (see xeric pine and pine-oak forests and woodlands
Appendix A). The Southern Region contracted (Murphy and Nowacki 1997). Forest type
with The Nature Conservancy to provide a groups occurring exclusively in the Southern
preliminary list of forest type groups and Region are listed in Appendix A.

1



Table 1.--LLst of SociePy of American Foresters (SAF) forest cover types (left columrj (Eyre 1980) a_id
Cornb_iled Data Systenzs (CDS) forest cover types (rigbi column)(USDA 1974:) that correspor_d to

the forest type groups, as used in this p_lication, found within the Ec_stern Reg_r_ q]:.the USDA :_!_"'Y'"__,.,_Forest Service. Not all SAFjbrest cover types l_ted for a group occur in the Easarn R_n., a_.
Forest type groups are arranged by categor_s: hardwoods, mixed forests (con_:ers and h_'d ......... ........_. _..........

woods), and conifers. Forest type groups are listed alphabettcaUy within each categoa/. Forest _i:_ ............._
type groups included in this publication are in boldface type. The _uthern Regio__ of the ....

Forest Service was responsible for the forest type groups indtcated by an asterisk.

Forest type group :::: .......

= SAF FOREST COVER TYPES CDS FOREST COVEN TYPES

HARDWOODS

Aspen-birch (forest and woodland)

a) successional aspen-birch forests and woodlands (interior Eastern Deciduous Forest)
16 - aspen 91 - quaking aspen
18 - paper birch 92 - paper birch
19 - gray birch-red maple 93 - bigtooth aspen

94 - balsam poplar
95 - aspen-white spruce-balsam fir

b) aspen parkland forests, woodlands, and scrub (western border of Eastern Deciduous Forest)#
16 - aspen 91 - quaking aspen

93 - bigtooth aspen
94 - balsam poplar

Beech-maple-basswood (forest) .,_,_,_:

26 - sugar maple-basswood 82 - sugar maple/basswood '
27 - sugar maple 85 - sugar maple .................._°
60 - beech-sugar maple 86 - beech .... "

Hardwood, coastal plain upland mesic (forest) *
53 - white oak 54 - white oak
82 - lobiolly pine-hardwood

89 - live oak .... _,o

Hardwood, northern (forest) _,_.........._

25 - sugar maple-beech-yellow birch 81 - sugar maple/beech/yellow birch "_
27 - sugar maple 85 - sugar maple _
28 - black cherry-maple 87 - sugar maple�beech�yellow birch/red spruce
60 - beech-sugar maple 89 - mixed hardwoods _::,_:o

Hardwood, river floodplain (forest) *

65 - pin oak-sweetgum 58 - sweetgum/yellow-poplar
82 - Iobtolly pine-hardwood 61 - swamp chestnut/cherrybark/pin oak ,-......
87 - sweetgum-yellow-poplar 62 - sweetgum/Nuttall's oak/willow oak _;

88 - willow oak-water oak-diamondleaf oak 76 - red maple (wet site) :, ,,,
91 - swamp chestnut oak-cherrybark oak 79 - mixed lowland hardwoods
92 - sweetgum-willow oak -"=
93 - sugarberry-American elm-green ash
94 - sycamore-sweetgum-American elm
96 - overcup oak-water hickory

108 - red maple ,==

12 (Table 1 continued on next page)



Fable 1 continued)

Forest type group

SAF FORESTCOVER TYPES CDS FOREST COVER TYPES

Mesophytic, mixed and western (forest) *
a. mixed mesophytic

25 - sugar maple-beech-yellow birch 56 - yellow-poplar/whiteoak/northern red oak
27 - sugar maple 81 - sugar maple/beech/yellow birch
57 - yellow-poplar 83 - black cherry/whiteash/yellow-poplar
58 - yellow-poplar-eastern hemlock 85 - sugar maple

_ 59 - yellow-poplar-white oak-northern red oak
60 - beech-sugar maple

b. western mesophytic
52 - white oak-black oak-northern red oak 56 - yellow-poplar/white oak/northern red oak
59 - yellow-poplar-white oak-northern red oak

Oak, dry-mesic (forest) *
..... _ 44 - chestnut oak 52 - chestnut oak

52 - white oak-black oak-northern red oak 54 - white oak
53 - white oak 55 - northern red oak
55 - northern red oak 56 - yellow-poplar/white oaWnorthernred oak

<_ 110 - black oak 59 - mixed oaks
84 - red maple (dry site)

i

Oak, dry and xeric oak (forest, woodland, and savanna)
i a. northern subgroup

14 - northern pin oak
...._, 42 - bur oakN

110 - black oak

m
b. widespread subgroup

_ 40 - post oak-blackjack oak 52 - chestnut oak
42 - bur oak 57 - scarlet oak

_ 43 - bear oak 59 - mixed oaks
44- chestnut oak

110 - black oak

_ c. southern subgroup

_'_ 67 - Mohrs ("shin") oak
72 - southern scrub oak

'_ 89 - live oak

_ (Table 1 continued on next
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('Table _ contbmed)

Forest type group

SAF FOREST COVER TYPES COS FOREST COVER TYPES

Oak, mesic and wet-mesic northern
(forest, woodland, and savanna)

42 - bur oak 53 - black oak/scarlet oak/hickory
52 - white oak-black oak-northern red oak 54 - white oak
53 - white oak 55 - northern red oak
55 - northern red oak 59 - mixed oaks

110 - black oak 89 - mixed hardwoods

Oak-hardwood, seasonally wet (woodland) *
40 - post oak-blackjack oak 49 - red pine/oak

(on heavier, clayey soils the type 59 - mixed oaks
tends towards the post oak variant)

53 - white oak (occasionally it occurs
on poorly drained bottomtand soils
with a high clay content)

65 - pin oak-sweetgum
88 - wittow oak-water oak-diamondleaf (laurel) oak

(the type may also occur on terrace flats and
poody drained fiatwoods sites; 'oak glades'
or 'pin oak flats')

Riverfront, eastern (forest) *
61 - river birch-sycamore 72 - river birch/sycamore
62 - silver maple-American elm 73 - cottonwood
63 - cottonwood 75 - sycamore/pecan/American etm
89 live oak 77 - green ash _
94 - sycamore-sweetgum-American elm 78 - black walnut .....,,_........
95 - black willow 79 - mixed lowland hardwoods

Wetland, hardwood (forest)

39 - black ash-American elm-red maple 71 - black ash/American elm/red maple ,_
65 - pin oak-sweetgum 76 - red maple (wet site) ...........

108 - red maple 79 - mixed lowland hardwoods _ '.....
_ o

(Table 1 continued on next page) ._ "_

14



(Table 1 continued)

Forest type group

SAF FOREST COVER TYPES CDS FOREST COVER TYPES

MIXED (CONIFERSAND HARDWOODS)

Conifer-northern hardwood (forest)
a. hemlock as dominant conifer

22 - white pine-hemlock 4 - white pine/hemlock
23 - eastern hemlock 5 - hemlock
24 - hemlock-yellow birch 9 - conifers

b. white pine as dominant conifer
20 - white pine-northern red oak-red maple 4 - white pine/hemlock
21 - eastern white pine 9 - conifers
22 - white pine-hemlock 41 - white pine/northern red oak/white ash

c. red spruce as dominant conifer
30 - red spruce-yellow birch 9 - conifers
31 - red spruce-sugar maple-beech 87 - sugar maple/beech/yellow birch/red spruce
35 - paper birch-red spruce-balsam fir

_j _-- Cypress-tupelo (forest) *

, 100 - pondcypress 67 - baldcypress/water tupelo
101 - baldcypress
102 - baldcypress-tupelo
103 - water tupelo-swamp tupelo

Oak-pine, dry and dry-mesic (forest) *
| ..-=.-

51 - white pine-chestnut oak 32 - shortleaf pine
_,= 75 - shortleaf pine 33 - Virginia pine

76 - shortleaf pine-oak 38 - pitch pine
78 - Virginia pine-oak 44 - shortleaf pine/oak
79 - Virginia pine
80 - Iobloltypine.shortleaf pine
82 - IobloUypine-hardwood

_. 81 - Ioblolly pine

Pine, xeric, and pine-oak (forest and woodland) *

45 - pitch pine 32 - shortleaf pine
51 - white pine-chestnut oak 33 - Virginia pine

_, 75 - shortleaf pine 38 - pitch pine
76 - shortleaf pine-oak 44 - shortleaf pine/oak

_-,_ 78 - Virginia pine-oak 48 - Jack pine/oak
79 - Virginia pine

f_

(Table 1 continued on next page_



CFable ,I c.ondnued)

Forest type group

SAF FOREST COVER TYPES CDS FOREST COVER TYPES

CONIFERS

Cedar, rocky, thin-soiled (woodland)

37 - northern white-cedar t4 - northern white-cedar .......y_,,_,..........

(limestone cliff faces) 35 - eastern redcedar
46 - eastern redcedar 42 - eastern redcedar/hardwood

(glades; granitic fiatrock borders)

Pine, northern (forest)
a) Short-lived pines, more frequent stand-inititating disturbance

1 - jack pine 1 - jack pine
45 - pitch pine 38 - pitch pine

48 - jack pine/oak

b) Long-lived pines, less frequent stand-initiating disturbance
15 - red pine 2 - red pine
21 - eastern white pine 3 - white pine

9 - conifers

49- red pine/oak

Spruce-fir, montane and allied (forest)
5 - balsam fir 13 - red spruce/balsam fir

30 - red spruce-yellow birch
32 - red spruce
33 - red spruce-balsam fir .................._
34 - red spruce-Fraser fir 1
35 - paper birch-red spruce-balsam fir " .....

Spruce-fir, subboreal (forest)
5 - balsam fir 11 - balsam fir/aspen/paper birch

12 - black spruce (subtypes a, b, c) 12 - black spruce
107 - white spruce 17 - upland black spruce

Wetland, northern conifer (forest, bog)
a. cedar swamp _

37 - northern white-cedar 14 - northern white-cedar

b. spruce-tamarack swamp and bog forest -.
12 - black spruce (subtypes d, e, f) 12 - black spruce
13 - black spruce-tamarack 15 - tamarack .-_
38 - tamarack ....

--

=

i
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O14 Growth and Forest Plan Revisions operational or practical, and some with both
elements (see also Hunter 1989, Duchesne

Old-growtk,_ issues are important in the East- 1994).
ern Region, especially as national forest land
management plans (Forest Plans) are reviewed The definition that Jerry Franklin and his
and revised. CurTent Forest Plans contain colleagues developed in the Pacific Northwest,

various old-growth definitions and some which states that old-growth forests are "forest
provision for old-growth allocations ('Pyrrell ecosystems that have developed over a long
t996)o However, more recent efforts to plan on period essentially free of catastrophic (includ-
larger spatial scales, further incorporate ing human) disturbance...', is a conceptual
principles of conservation biolo_[y and land- definition (Franklin et aL 1981). However,
scape ecology, and relate old growth to ecologi- accompanying this conceptual definition were
cal units of the National Hierarchy (Keys et at. specific identification criteria called interim

1995) are not yet fully integrated into plans standards for Douglas-fir on western hemlock
(TK_Tell 1996). Compiled information about sites. These standards included specific
old growth can be useful during and beyond information on density and age of live trees,
plan revisions, and specific minimum standards for snag and

log quantities (Old-Growth Definitions Task
It should be noted that the information in- Group 1986).

...._ cluded in the tables is taken from studies with

a wide range of objectives, conducted in forests Eastern Versus Western Old Growth
and woodlands associated with many different

soil types, elevations, and locations both in Old-growth definitions tend to be influenced by
and beyond national forest lands. These data concepts of old-growth in the West, specifically
are the best information available at present Douglas-fir %rests in the Pacific Northwest.
on the nature of old growth. However, the Typically, with this western bias, old growth

summary tables do not represent minimum connotes big, ancient trees, large amounts of
_ standards for distinguishing old growth from coarse woody debris or dead wood, and no

younger stands, although the information disturbance. Rather than transferring western
provides useful background information for ideas to the East, scaled down in some subjec-
developing "definitions" if they are needed, rive fashion, eastern concepts of old growth
Ax_y old-growth definition developed for "opera- should reflect the size and longevity of eastern
tional" purposes would have to be custom- species and the successional pathways, dis-

made for the area, considering species compo- turbance regimes, and perhaps even the extentsition, site conditions, historical disturbance, of past human disturbance.

and management objectives.
Definitions But I_Io Consensus

WHY IS OLD GROWTH DIFFICULT
TO DEFINE? There are a number of "definitions" for old

growth in the East (e.g., Barnes (1989) for the
What Do We Mean by "Defining" northern Lake States; Frelich (1986) for hem-

Old Growth? lock-hardwoods; Hunter (1989); Leopold et al.
(1988) for the Adirondacks; Leverett (1991) for

What is meant by "defining" old growth is not the Northeast; Maine Critical Areas Program
always clear. On the one hand, defining old (1983b) for Maine; Minnesota Department of
growth can mean establishing what the theo- Natural Resources (1994) and Rusterholz
retical, ecological concept of old growth is, (1989) for Minnesota; Parker (1989) for mesic
such as referring to a stage of forest stand deciduous forests; and Whitney (1987) for
development. Another kind of old-growth temperate mesic forests). However, there is no
definition sets identification criteria based on consensus on the concept of old growth, as

developmental or structural attributes (e.g., illustrated by how differently old growth is
_ minimum age, number of snags) suitable for defined in the above examples. Tyrrell (1996)

classifying an individual forest stand as reports how definitions of old growth differ
growth or not. There are a range of defini- among current land management plans for
tions, some more concept-oriented, some more national forests in the USDA Forest Service

Eastern Region.
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7 he emstmg defimtions ior eas_{_rn old growth, Modelling the concep.t of old Krowth_ ,:j .......
<:,.so includ<, both broad, cormeptual ones and ...._ .... .........
practical ones that give specifi({ criteria for one To model the variations in the eoncer_t of old ....................
or more at.t:_butc.s, D_voexamples of old- growth that e_st under different cireum.-
growth deflnitlor_s that are broad and concep- stances and for diff_:,_rent _)res_ types a>d .................
tual are Hunte_ s (1989) de,scnpuon of old- t.he_efore to better grasp wt_a_ _he hm_ts to a .... ....._.,'_ ......
growth fbrests as being relatively old a.nd core concept of"old _rowth are the conce_t of .............
relatively undisturbed by humans and Barnes' old growth can be visualized as a %vheel '!'_[:',_

(1989) deflnitlor_ as a fi)rest ecosystem dorni- co_{posed of a central hub and radiatir,_g :_+_................
hated by old trees. In, contrast, Frelich (1986) spokes (Fig. 1). Each spoke repr°eser_ts a
presents a specific definition fbr hemlock_, f_ctor or attribute that may be considered in
hard, wood old growth_at least 50 percent of desc_tibing the concept: of old gro>._;h, Not all
crown area in trees >46.0 cm in diamet:er, attributes are included in all defi__itions of old ......,,,,,_................

C_Parker's....... (1989) definition of"old growth fbr growth, and different attributes arc usually ,_,,_,,__,entral Hardwoods is also specific: having emphasized fbr difI_rent reasons. The hub
oversto W canopy t,r_.e_,older than 150 years represents _ approximation of the core
with little or no humar>caused disturbance in concept of old growth, f._., the fbrest condition

the understo W during the past 80 to 100 _th most "old-growthness" (sensu Spies a_:_d
years. FranMin 1988) is near the cent' _ ' ec_"of the wheel.

Thus an old, uneven-aged fbrest, with large
W_at _e t_e L_t_ to the trees and lots of dead wood, located on pro....

Concept of Old GraPh? ductive sites at low elevations_ connected t:o

other" old-.,,growth, sites via fbrested corridors,
Most people have some concept of old growth, and not likely to experience Iarge°scate distur.-
Depending on the backgrounds and values of bance, embodies the quintessential otd,-gr"owt:h
the people involved, there are differences in concept '....
what the concept of old growfl_ e tmompasses.

Howe er. ther_ are some attributes of ok! Limits of tlhe old-growth, concept (as a general
growbh mentioned repeatedly in response to concept) or the concept of old grow_ for a
the question: What is old growth? In addi= particular forest type can be plotted by assign-.,
lion, there are some fb:rest types that, when in ing each att:ribute to a position on the respec- ..........
an old or advanced successional state, are tire spoke or g_is. Plotting a mark along the
perceived to be more bo:naflde e •....=xamples of old axis can be objective (plotting known t:ree age
growth than other fbrest types. Thus. even of 300 years along the SPECIES LONGEVYt_
though there ,is rio consensus on what old. m_s) or rather subjective (how young does a
growth is or should be, there seem to :be sonic stand have to be in order not to measure up to
kmdaanentat or "tcore" no_ons as to what some standard of old growth on the TREE AGE
constitutes old growth in the East, ' 9mx_s.). Connecting the marks on each spoke

produces a polygon that can be shaded t,o

As one moves beyond the core concept of old emphasize its size. in general, the smaller the ?
growth, :it is more difficult to gather consensus polygon, the more closely the concept of °old
about the nature of old growth° The bound- growt.h resembles the core concept of old
aries of the conceptual notion of old gro_:h growth.
seem to be flexible i:n:different ways depending
on what factors are important to those consid- As an example, a polygon could be drawn to
ering the issue. Some factors that influence a nmdel::' the concept of old grow_ tbr the Dot>
concept of old growth, include geographic glas-fir forest t_pe in the Pacific Northwest
local:ion [e.g., East versus West), land use (Fig, 2A). The polygon is small, diverging fl'om ............_......
hlsW W, forest [ypes involved, management the central hub (core concept) only in terms of
objectives, and values associated v_dfli old the successional status of Douglas-fir as a
growth, seral type. For eastern tbrests, the polygon lbr '_

old-gro,_rth noKhern hardwoods (Fig. 2B) is <;,_...............
smaller than one for aspen (Fig_ 2C). Aspen
diverges fl'om our central core concept of old
growth on several axes (thus a larger polygon).
What Mnd of polygon would montane spruce-

' 9fir have,
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The polygons serve to systematically identify Tree Siae (species composition),--Some
which spokes or axes seem to hold more species reach a larger size than others.
weight with a particular view of old growtkl. In Thus species composition influences the

addison, any definition of old growth can be potential for trees to become large. Species
compared with the model to see which factors with the potential to become large {e.g.,

are included or emphasized and which are not. eastern white pine, eastern hemlock, sugar
maple, American basswood) have more old-

The attributes or factors {clockwise from the growthness than those species with smaller
top of the wheel) are: (1) SITE TYPE, {2) TREE maximum sizes (e.g., aspen, black spruce,
DENSITY, (3) TREE STATURE (species compo- fir, jack pine).
sition), (4) TREE STATURE (elevation), (5)

TREE STATURE (site conditions, e.g., tools- Tree Size (elevation).--Potential tree diameterture, nutrients, productivity), (6) NUMBER OF and height are reduced with increasing
SNAGS, LOGS, CAVITY TREES, (7) TREE AGE elevation (Leak and Graber 1974). If large
(relative to maximum longevity for species), (8) trees are one of the attributes of old growth,

........................ .AGE DISTRIBUTION OF TREES, (9) SPECIES then old-growthness decreases with increas-
LONGEVITY° (10) SUCCESSIONAL STATUS OF ing elevation. If minimum criteria are set for

...._._

FOREST TYPE, (11) AREA OF OLD GROWTH, old-growth forests (e.g., red spruce-hard-
{12) CONNECTIVI'I5 _, (13) NATURAL CATA- woods), should the minimum criteria be

STROPHIC DISTURBANCE INTERVAL, {14) modified for high-elevation forests? Is it
EXTENT OF ACCEPTABLE HUMAN MODIFI- necessary to be flexible about our core
CATION (post-establishment of stand), and concePt of old growth to allow old, smaller-
(15) EXTENT OF ACCEPTABLE HUMAN statured forests at high elevations to be
MODIFICATION (pre-establishment of stand), included as old growth?
Attibutes are grouped by whether they relate
to old-growth structure and function, age, Tree Size (site conditions, e.g., moisture,
landscape function, or disturbance, nutrients).--In a similar way, maximum tree

diameter and height are also influenced by

Site Type.--Upland forests are more likely to site conditions. Rich sites that produce large
correspond to our core concept of old growth trees can develop stands with more old-
(e.g., northern hardwoods on upland sites) growthness than poor sites. Consider the
than lowland forests (e.g., tamarack or black photo of jack pine stunted by wind and salt
spruce swamps). In part, the smaller size of spray on the Maine coast (see page 311).
these lowland species may influence the What size criteria would be appropriate for
concept. However, some lowland species old-growth stands such as these? Likewise,
such as northern white-cedar can attain are old, small trees on "stressful non-corn-

impressive sizes (e.g., Maine Critical Areas mercial sites" (Stable 1996), e.g., at the

Program 1983b). In such cases (lowland site forest-prairie border or on rocky outcrops,
with large trees), there is likely to be some still considered old growth if they don't meet
latitude in accepting as old growth a depar- some size criterion?
ture in this attribute from the core concept.

Examples of forest types whose trees are too
Tree Density.--Tree spacing may be influ- small to conform to the core concept of old

enced by soil moisture (such as at the forest- growth include some lowland boggy swamps,
prairie border), fire frequency, and soil jack pine and aspen forests, xeric post oak
nutrients. In any case, natural communities savannas, and krumholtz spruce-fir at
with sparse trees are variously termed treeline or under other harsh conditions.
woodlands, savannas, barrens, and glades,
depending on the local usage, tree densities, Snags, Logs, Cavity Trees,_Forests with
and plant associations involved. Closed more old-growthness have accumulated
canopy forests fit the core concept of old greater amounts of coarse woody debris in
growth better than scattered trees, clusters the form of logs and snags (Hale 1996, Stai
of trees interspersed by prairie or rock and Mladenoff 1993, Tyrrell and Crow 1994).

outcrops, such as occur in a savanna, Cavities in snags or live trees, which are
barrens, or glades landscape, useful to wildlife, are also more abundant In

2_
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decay are more likely to be present in oM to have more old-growth:hess [tu.u_ _, ._:iDr,.:'s!:s
£)res_:s (TytrreI1 and Crow t 994). of jack pine, balsam fir',, :o:ca,sp<:u-_,, ;):_

Tree _e {relative to :m_cimum longevity ff_r 5uccession_ Status @f Forest Type. .........S(:m_e
species}.---_,_t,_' wha, t age does a stand develop old-growth florests may remain or_ a si_ over
an old-growth character? That is,, when does decades or miliemia (e.,f_o Frelich (:_t:(xL, ic_9°'_
the transit:io_ from mature to old fbrest Relatively shade- tolerant "c:Iimax" ,_:-_:_e,'i_

occur along the stand development timeline can regenerate in t,he unders_ory of <::_rrer_.l.
fiiustrated by Hunter (1990)? There is no old growth° Long--liw.:x::l,
consensus on a._ age cNterion for old growth, climax, steady-state fbrests ' _ctc,:g., as fill,ls-

_. t_ u : trated in a general plant ecology/_cxt ........Oliver and [.arson (1996) surest that ' ....e ......
old g=o th does not occur until the last Barbour et aL 1.987)would be considered old

.....,,..d:_:_[.1s o f [lo rth- ................i__dividual of a cohort establi, shed after a growth without debate. Old _'...............
,.4_['{ "s'

catastrophic evem dies (trees present have ern hardwoods, conif_r-norther_ ,?_'_,
all recruited fl'om gap-phase replacement), and beech-raaple-basswood are ofte_:_ vicwed
tr_ contrast, one crite_tion suggested_..... fbr as itlust:ra.ting t:h.e core cor_cept of old k_x,,_"_,__
defining ()id growth uses half the rn_K.4rnurrl better than seral ,communities, su_(:h as
,[omgevity fbr the species as the minimum age white or red pine, some oa,ks, ar:4:l a.s_._......_e_._,_
_br old growtih (CogbilI 1996). This criterion that are likely to be replaced by more mesie
provides flexibility t,o account [br differences o:r shade-tolerant species, However,, whether

s[. cc_es t,omge try. If the ire ,:,sare rela- old early- and mid-seraI fbrests _ ......"q d a 1._,O' aS o t(_
tively old, for that species, an old-groweh growth is less clear {see Frelich t< c _,:
condition may exist. Some species are ........
capable of reachim_:_ the m_xLimum, longevity Area, of Old Gro_ho---RelativeIv undist:urbed ,s_..........
for t.he species on poor sites, while others are l,andscapes are often dominated by old
not. Should old forests growing on irffertile growth in a variety of patch (stand) sizes
sites .... _,__ 'r _ including large contiguous ones {Mlademoffwhe x_t ees may never reach _e lon-
gevity poss:ib.le on richer soils (Le., never et aL t99@. Compared to unmodified

wouM attain the half-maximum age)be landscapes, landscapes modified by timber .........
subject to a difl_trent set: of standards? Does harvesting and land developrnent: have fhwer
the concept of"old growth (and the criteria (i:fany) large patches of old growth
used to define it) need to be ad_ustec based (Mladenoff et aL 1.9,.._4).
on management ok_ectlves if few cmTent
stands meet the age criterion (see discussion C_eetivity.---In landscapes that (}or:respond
by Hunter anti White 1997)? to a core concept of old growth, stands are

relatively near each other and connected ( i
_e Dist_b_tion of Treeso_Old-growth with closed-canopy forest. In highly modi-

landscapes are a natural mosaic of stands of fled landscapes, any patches of old growth
diftE_rent ages produced by the patchiness of are not only small bu.t also isolated from
natural disturbance ([e.g., Freiie:h and each other (e.g,, Mladenoff" et aL 1994., ....._, .............
Graumlich 1994. Freltch and Ix)rimer 199 i). Spetich et aL 1997). [|

While old-growth stands predominate in an
oM-gro_4.h landscape, areas of younger a, ees Nat_.r_ Disturbance.---Forest composition,
produced by wind, fire, insect damage, or structure, and landscape pat,.e_ ns are all
individual tree mortality a_2 likely to be related to natural disturbances. Tree spe- ._
present as well. Old ibrests typically have ctes have adapted to the disturbance regimes _;;.. , ,_,i
more old-growthness ff t.hey m"e uneven-aged they evolved _fith. Tree longevit:y, :in particu .... |
rather than even-aged. Even-aged patches, lar, appears to be related to cycles of natural ":'.,} _:i
however, may occur :in an old-grow_ ..... land- disturbance (Cogbill 1996). For example, :_:_;_" |
scape due to natural .dismrb_ce. short-lived, pioneer species prevail .in even-

aged forests where frequent, high-intensity ......
" _ ." (e.g. jack pine or aspen).Species L-_nge_ty._rhe (:ore concept of old distt, rbances occur

growth usu_|y connotes long, lived species Because of their short ti;ie spans a_d succes- .....:._
rather than short-lived ones. Thus old sionai status, these forests are usualty not

forests of eastern white pine, red pine, considered old gro'._4_.o Other terms, such as
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ald-serat forests (Frelich 1995), are often Extent of Acceptable Human Modification
used to describe older examples of these (post-establishment of stand).--It is clear
forests_ In contrast, tbrests composed of that heavy logging or thinning does not leave

long-lived, gap-phase species occur where old growth on a site, and old forests that
high-intensity catastrophic disturbances are have not been modified by humans (rela-
inKequent (e.g., beech-maple-basswood, tively "pristine" primary forests) are old

conifer-norfllern hardwoods). With tong growth. However, there is no consensus as
intervals between disturbances, large, old to how much human modification or distur-
trees can develop on the site. These are the bance can occur and still retain the old-

forests normally thought of and referred to growth character of the forest (Hunter and
as old growth (Frelich 1995} and would be White 1997). For example, t00-year-otd
part of our core concept of old growth, northern hardwood even-age rotations

contain fewer wildlife habitat features {such
Mladenoff and Pastor (1993) developed a as cavities, excavations, and "escapes") than
conceptual graph with axes representing do natural old-growth stands (Burns and
frequencies of fire and damaging wind. McGee t997). Severe human disturbance
Forest types are graphed according to the (e.g., clearcutting) can cause long-term
disturbance regime they experience. Forest degradation to ground flora, thus prolonging
types plotted near the origin (low fire and the time for human-modified stands to rever
wind frequencies) are more likely to develop to old growth (Duffy and Meier 1992). Old
old-growth attributes than those farther forests comprised of native species have
away. The core concept of old growth would more old-grow_hness than those invaded by
more easily apply to old forests of these non-native plants and animals {Noss and
types. For example, because northern Cooperrider 1994).
hardwoods experience a low frequency of fire
and wind, the ellipse for this forest type is Co_plicatiorAs in Defining Old Growth
located near the origin. In contrast, jack
pine forests are located high on the fire As indicated in the previous section, there are
frequency axis. Oak and pine systems might a number of difficulties with defining old
occur at intermediate distances along the growth either conceptually or practically,
fire-frequency axis. Somewhere along the including: (1) lack of consensus as to which
axis of catastrophic disturbance frequency, forest types occur in an old-growth condition;
there will be a point where most would argue (2) difficulty in selecting attributes and criteri;
that the frequency of disturbance precludes by which to define old growth; (3) variation in
the development of old growth. Where is this species size and spacing due to site, soils,
point? topography, or other geographic or local

differences; (4) lack of available data to de-

Extent of Acceptable Human Modification scribe old-growth conditions; (5) questionable
(pre-establishment of stand)._Conversion to representativeness of remnant stands; (6)
pasture or agriculture constitutes severe changes in forest structure due to altered
disturbance to forest ecosystems {Hunter disturbance regimes since European settle-
and White 1997). Succession in abandoned ment; (7} the influence of pollution, exotics,
old-fields may result in forests that eventu- fragmentation, and extinctions; and {8) the
ally take on some of the characteristics of old need to move beyond stand-level definitions t
growth. However, centuries may be needed consider landscapes. Items (1) through {3)
for these forests to acquire sufficient struc- have been previously discussed.
rural and functional attributes to be consid-

ered old grow_th {Hunter and White 1997). Lack of Data
Forests that develop after such agricultural
uses or after clear cuts do not have as much Without data on structural aspects of old

old-growthness as primary forests (Noss and growth spanning young, mature, and older
Cooperrider 1994). Nonetheless, in the East, stages of forest development, it is difficult to
thinking in longer timeframes may be needed determine when a forest transitions from
to allow time fbr old growth to develop, mature to old growth. If minimum guideline_

for old growth are based on data from young
or moderately old "old-growth" forests, what
structural and functional diversity are we



....:_ ,.,,..._,

missing that or_ly occurs in forests with highly Influence of" Potlutio_t oi" Exotics
developed old-growthness?

In developing old-growth definitions, how
Quesfioaable Represe=ta¢iveness of .....hould we deal with more dead wood present
Remnant Ezamples in many fbrests due to increased n_ort:a.lity

from air pollution, and exotic pathogens a.nd
The old growth that remains relatively ur> insects. Fraser firdeath f:rom_he woolly
modified in the East consL:,t.""'_ s primarily of" adelgid in the Great Smoky Mountair_.s nlns..-"_
small, isolated stands {Davis 1, 93) Some trates this problem. The composition of.
areas ha-ve_ not been tog_ged due to 'macce.smb_"' _ "" "1- fbr'ests today is m.uch diff_:_:'ent than de<_...:':d:tes

etf<.c{s ofDu tch el:a:_,ity, others due to some other oddity about the ago as evidenced by the .__:............
, _ lit Lhestand Thus it is possible, even likely', that disease arid chestnut blight. How v":

..... is,e.x[an[ old-growth examples are not represen- composition change due t:o beech :[)ark d .-.
t:ative of the range of old-growth conditions ease, dogwood .anthracnose, henn..>ck woolly
that occurred befbre Euro-&dneriean sett.le- adelgid, and _psy moth?
men t. Those examples tha.t do exist may be
too small and isolated to maintain the fl.mc- Need t,o Consider La_ndseapes
tionai attributes of old growth, in addition,
alt.:n ed disturbance regimes may cause rein- Even though pracUcal defirtitior_s of old growth

....... _._, ,. _., ,_ _, _, ..nants _o be urn. _:.pre.sentatwe of the old growth t.end to be based on tree characteristics a_d
that dominated _brmer landscapes (see below), stand properties, to{)king at. old growth from

the tree or stand level is only seeing a small
_tered Distu_rbance Regi._es part of the picture. While old growth can be

described at various :spatial. scales_ old growth

Most landscapes previously su_ect to exten- is more than big, ()Id gnarty trees. Old growt.h
sive pe_odic fires no longer ' ' _....le.xpei let ce such is rnore than s.mall isolated forest stands.
burns (e.g., Abrams t992), Both fire suppres- Perha0s establishing criteria fbr defining old
sion eflbrts and fbrest fl'agmentation (fires growth at a landscape scale would be more
carulot travel as they once could due to dis- fh.litfhl than separately defining adjacent
continuous fuel} contribute to this current stands of old growth that tali within different.
condition, in contrast, some la:ndscapes have forest type groups. For example, a com.plex of
bern,"__ burned more inte_'__sely'or more fre-, old-growth stands including nortI_ern hard°
quer_t:|yas a _{_,st.It of"lo_ging, woods, spm_ce.-fir spruce-northern hardwoods,

and northern white-cedar all occur within the

A (hT oak fbrest in. the Mark Twain National same old-growdq landscape at the Big Reed
Forest illustrates ti_e dilemma associated with Pond presePee in. northern Maine (Cogbill
t:_Ting to define old growth for fo est types with 1985, Widoff 1985). Different fbrest types {:;an

modified ch_.'sturbance'" ' regimes, OriginalS', occur close together because fbrest composi-
la<_e, old (post: oaks were widely spaced :in lion, _ee size, and site .productivity can differ
savannas. A decrease in :fire frequency since radically along soil or topographic gradier:_ts
European settl.ement has modified tile torest and slope aspec:t dif]erences (e..g,, see diagram
structure and compositior_, Now, small., young ibr if)rests on slopes in southe,_ r Illinois
black oaks and hickories have :filled in the (Fralish et aL i 99 t)),
spaces among the post oaks, There :is no
longer an intact high-quality savarma to smwe Old-growth landscapes are dommat =.dby old
as a model fbr :old-growth post oak savanna., growth but also incorporate patterns o,[ natu-

Even if we win-"",eable to develop a definition ral disturbance" such as the fir waves iltus-
based on historical reconstructions, would the trated in a New England landscape {Spr_gel
extant fbrest be considered a degraded old- and Bormann 198 t), Taken at _qe stand 1evel, : :,

growth savanna or a young black oak fore.st only older portions of the fir wave would be
that is not old grov_h? There are problems in considered old growth, vehereas, considering .....
both developing and applying a definition, the landscape as a whole, tile entire land-

scape, if relatively undisturbed by humans,
could be considered, old growth, k?)unger
patches of"recently disturbed forest would be
interspersed in the older matrix (Spr_ngel
1976).
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Summarizing the Old-Growth Dilemma Old-growth forests, by any definition, are rare
in the East (Davis t993). In the Lake States,

(1) There are both conceptual and practical for example, approximately 32.7 million ha of
ways to define old growth° closed-canopy forests existed at the time of the

General Land Office (GLO) survey in the

(2) There are problems with converting west- nineteenth century; Frelich (1995) estimates
ern old-growth definitions to the eastern that 22.3 million ha of this total was old
United States. growth. At present, only forests in the Bound-

ary Waters Canoe Area Wilderness in northern
(3] Various eastern old-growtah definitions Minnesota and the Porcupine Mountains State

exist but there is no consensus on the Park, McCormick and Sylvania Wilderness
concept of old growth. Areas, and the Huron Mountain Club in

northern Michigan retain some semblance of
(4) A model of old-growth attributes can help the composition, structure, and spatial pattern

visualize the difficulties in establishing associated with upland forests before Euro-
boundaries to a core concept of old American settlement (Simpson et al. 1990,
growth. Frelich 1995).

(5) Several complications exist with trying to At present, few primary forest stands 200,
define old growth. 300, or 400+ years old exist, although tree

species comprising these forests are capable of
DO WE NEED OLD-GROWTH DEFINITIONS? such life spans [e.g., for hemlock, "t_rrrell and

Crow 1994). Some current old-growth stands

Concept of Old Growth are located in inaccessible, rugged areas
(Nowacki and Trianosky 1993), while others

To recap the core concept of old growth, old- exist on infertile, xeric, or saturated sites (e.g.,
growth forests are those forests that are Stahle 1997). Most of today's old growth are
relatively old and relatively undisturbed stands that have been selectively logged (high-
(Hunter 1989). The complex structural and graded), or second-growth stands reaching old
functional characteristics associated with old age (e.g., Schmidt et at. 1996) or with scat-
growth have developed over long periods of tered remnant old trees (e.g., Nowacki and
time with minimal disturbance. The core Abrams 1994). Some stands designated as old

concept of old growth applies most readily to growth on national forests are second-growth
long-lived species (e.g., northern hardwood forests that are approximately 100 to 120
species, eastern hemlock, most oaks, eastern years old (Tyrrell 1996).
white pine, red pine, and lowland conifer
species such as northern white-cedar) on low- Is There a Need for Minimuxn
elevation, productive sites. Standards or Definitions?

Cm_rent Condition of Eastern Forests Criteria that "define" old growth (operational
definitions) may be useful for:

Forested landscapes of the eastern United
States have been modified dramatically since (1) Inventorying stands to determine which
European settlement (e.g., Whitney 1994, have few or many old-growth character-
Andersen et al. 1996, Silbernagel et al. 1997). istics.
The extent of the eastern forest has been

reduced by agriculture and urbanization (2) Prioritizing sites for protection and
despite reforestation in New England and the allocation to old growth (higher priority
South. Extensive logging has replaced pre- given to stands with more old-growth
dominantly old forests with young forests, characteristics).
Changes in composition, including a greater
abundance of successional species such as (3) Determining whether or when forests
aspen, have occurred (Graham et al. 1963). that are not currently old growth ac-

And finally, spatial patterns have been al- quire an old-gro_h condition in the
tered--the current forest is more fragmented future.
than in the past (Mladenoff et al. 1994,
Spetich et al. 1997).
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Crite_a for Definitions Rur_klc also argues t:hat "°possibilities for ,,j
making younger stands more ......;_,;_ _ ;_-,cn_. c

Th.e RfltowIn_ criteria are fhirlv easy to apply old-growth fbrests should not be used as an "ii_
and t.hus commonly appear in definitions used excuse to log old-growth f0K:.s_s." :;>. '
to -a.,.se:_ss--_,-" the old%Vowt.h condition of a fbrest

. cnt_._la used to deflr._.c (rid growt:.l_ shot_ld : ..... '" "';_'or hel..I-._ sclc.,,cA.__ear-old _..growth fbr allocatior_ Any ' "'e.-". ._:_...
(e.g., RusterhoIz 1996}: be developed and applied in the corrtext of

(local and regional site conditions. That is,

" age of s_:and criteria must be adjust.ed according [_.:._the
fbrest type (composition)., the quality of the

lack of".human disturbance (e.g., f_w sit.c, and regional or l<.ca_ factors such as

stumps, no reeenl entry .fbr thinnin_( or climate_ soils, and elevatior_. Old-.-growth
c,. ( ' _ ......harvesting, no grazi.ng) criteria also need to be ieve_oped wi_h nmr_-..

agement objecb cs clearly ..,.ated. For ex-
'_ tack of catastrophic natural disturbance ample, HtJnter and White (t997) caution that

when defining old growth to conserve e:xtant
Crit.eria }........._A._se(,on st:ru.ettH'al characteristics old-growth stands a balance shot_kJ be _tru<;:k

(trees, logs, sna_ss gaps) tend to imply that between using criteria t.ha_: are _oo £or_scrvn.o

silvlcul_ural.....te'c4.___c,lue-"",e,can be used todevelop., tive,such thatf_::ws_ands mee[ _,hestarKlards .,.,.,.................................--_.
. _,-}. _.........or nmin_:ain old,..g, c w th ibres[s while continu- for protection, and those that are K}o libera] ..;i:;...........!,_,,.....

lrlg to produce comr_:fodities. Silvicultural sud-_ that too many sites are conside_°ed _fld
manlpuh:_tions can indeed create or accelerate growth.
the ibrm.atJon of some of the structural at.-

tributes of old growth (Nyland 1997): produce Land Allocations for Old Growth
_ree.; through crown _el.ase. (see alsolarge ' s

Goodburn and Lorimer 1.997, Smge_ and Both stand and landscape fi:tetors need _o be
Lorimer 1997), maintain an liqregular upper considered when developing goals and s_.rate-
canopy, increase vertical structural diversity, gies R)r designating old growth. These tact:ors
create, stings,, mimic gap dynamics (see also include assurh-_g t:hat old growth is repre
Runkle t991}, and increase age diversity, sented in the m.ajor ecosystems such as those

Other practices, such as adding nest boxes or defined in the USDA Forest Se:_wices National
dead togs, provide habitat associated with old. Hierarchical Framework fbr Ecological Units ":_-
growth {Runkle 199I). However, some old.- (Bailey et aL 1993, ECOrVF_P t993_ Avers c_ at.

*"Wf,growth characteristics p_ _. all only with suffl- 1994, Keys et at. 1995, McNab and Avers
cient time. For exan. pk::, it. takes time for 1994). Stands selected should be old for the
abundant coarse wood}, debris to develop even species (f.e.. older than the ave.rage age lot
with stlvict_.imral maniptflations (Goodburn managed fbrests) and should be relatively

undlsturbec (e.g., few roads _d stumps). Theand Lorimer 1997)_ and ff)r logs to reach ..... ,, t
advance J stages of decay (Tyrrell and Cro ' designated areas will need to be protected from
1994}. timber harvesting and salvage fblIowing nat.u- ",_' ."_':_

r_zl disturbar_ce, and instead be managed to

Management options such as big-tree silvicul- include natural disturbance as a long-term "_
ture a.nd managing lbr some old-growth char-, ecological reierence area.
acterlstics, as welt as extended rotations and "._!i "°_.
selection haFvests, are u sefht complements i:o Oldogrowth characteristics take time _:ode-

tmmanaged old growth, Stands that mimic velop, but old-growth fbrests do not last ,
importanl: old.-growtl:-_ conditions provide forever due to successionN changes with serN .
several of the values commonly attributed to communities (e.g., a mature stand of red pine

ol.d-_grow_'_ stands and can be used effectively converts to hardwoods) or eatasttrophic distur-

as buffers, e-,,..ar°undmanagement°td°gr°wthstuds (Nyland bance. Thus planning for "replacement ""_i_:_ ''_!11997}. Eh :,se " " techniques, how- stands" should be part of"the allocation pro--
ever, do not produce the Rill array of old.- cess.

growth characteristics and do not result in old.
growth. Young forests manipulated to provide Planning ibr "replacement stands" is a land.-
some old-growth structural features are no scape consideration. Other landscape factors ]
subsiitu te ibr old growth (Runkle I99 I). to consider are: (1) the broad landscape
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context in which an old-grov_h area exists; (2] Pmi_ciptes for Co_,_icating
the shape and size of the old-grow_th area; (3) Abeut Old Grewth
linkages between the designated area and
other areas with management for natural There are various complications involved in
processes (ioe_,research natural areas, special defining otd gro_o And yet definitions are
interest areas, wilderness areas, wild axad useful in inventorying existing old growth,
scenic river corridors); and (4) the possibility of prioritizing sites ibr allocation to old growth,
co-designation w_th compatible areas, and assessing the acquisition of old-grow-th

characteristics by a stand over time. To bridge
Old-grov_h "definitions" should be used as the chasm between the tack of consensus
general guidelines but not as absolute criteria about old-growth concepts and the public
or as minimal standards. That is, allocaUons mandate to plan for and manage pubtic 1and
should consider axe best old°growth or near- to include old-growth stands in the landscape,
old-growth conditions that exist, but also the following guidelines are recommended°
consider landscape context and function. For
example, in selecting stands for old growth, or (1) Clearly state the objectives of any old-
more accurately, future otd growth, a small, growt_ definition.
isolated 100-year-old stand may be by-passed
in favor of an 80-year-old stand if _e 80-year- (2) Clarify the conceptual definition and
old stand is larger, less disturbed, and adja- make any operational (practical) defini-
cent to a non-motorized area. tion congruent with it. (This may also

mean clarifying which forest types occur
To provide for the protection and maintenance in an old-growth condition).
of cornmunity and landscape diversity, to
provide ecologicN reference areas to aid in (3) Present any limitations to the develop-
understanding and managing ecosystems, and merit or use of the definition.
to provide the full spectrum of old-growth
values, old-growth allocations sl_o_d avoid: (4) Allow flexibility for modii_/ing the defini-

tions as concepts of old growth change
* overrepresentation of non- or tow-produc- or even as the ecosystems themselves

tive land undergo change.

o counting non-forested areas as old growth An increased ecological understanding of old
in old-growth landscapes growth, through study of remnant stands and

historical reconstructions, and continued
o overrepresentation of short-lived succes- discussions of old growth in relation to man-

sional species agement objectives, along with refinement of
the old-growth core concept, may ultimately

o shifting of old-growth allocations as stands provide additional guidance as to what consti-
produce marketable timber tutes old growth.



HOW TO USE THIS PUBLICATION

_, Nancy Brook Research Natural Area, White Moun-
tain National Forest, New Hampshire. Coarse woody
debris (in the form of snags and logs) is readily appar-
ent in this montane red spruce-balsam fir stand. See
Carbonneau (1986a) and Leak (1986b). Photo 7/92

by Lucy TyrreIL



GUIDE TO TEXT FOR FOREST Forest Service's Eastern Region)_ o_ _o Aopen.,. ......................

dix A (a tis_; of fbrest type groups fbund in the ,._, .......
TYPE _RO_P_ eastern United Sta[es). Additional mf0r,u,_ai:ior:_ ....,_,_........

about dift_rences in composition amon_ fbresi _!:f[
We present inibrrnatfion for nine forest type type groups is contained in the section RELA- _ ..........
groups---t2_re, e dominated by hardwoods, one TION TO OTHER FO_ST TYPE GROUPS. _:!).-
tha[ is a mixture of conifers and ha.rdwoodsl The source fbr conm_on and scientific names '_
and three dominated by coniferso The forest of' tree species is Little (1979).
type groups are arranged in alphabetical order

by name _thin each catego_ (hardwoods, Porest Cover Types
mixed, and conifers) (see Table 1). Hardwood-

dominated groups are: beech-maple-bass- V?¢ list the Society of American Foresters (SAF)
wood, northern hardwood, oak (dry and xeric]° forest cover types (Eyre 1980) that :fhli within
oak (mesic and wet-mesic northern), and the fbrest type group_ Some SAF cover types
wetland (hardwood), The mixed group is occur in two or more ibrest type groups (e.g.0
conifer-northern hardwood. Conifhr-domi- SAF 27 - sugar maple falls into northern
nated groups are pine (northern), spruce-fir hardwoods, beech-maple basswood, and mixed
(montane a:nd allied}, and spruce-fir mesophytic)o Note: To aid in det.ermining to
(subboreal). which forest type group(s) a given SAF cover

type group belongs, we also provide a list of
FOREST TYPE GROUPS which forest type groups (old-growth groups as

used in this publication) correspond to eact_
For each forest type _'oup. we include: COM- SAF cover type (Table 2),
MUNFIY COMPOSITION. PHYSICAL CONTEXT.

DISTURBANCE. _I_YFtON TO OTHER FOR- We atso list 'which Combined Data Systems
E_F TYPES. STRUCTURAL CHARACTERIS- (CDS) %rest cover types used by the Forest
TICS OF OLD-GROVV_FH STraNDS. SELECTED Service Eastern Region (USDA Forest Sepeice
t@;PRESEN't_kTIVE OLD-GROWTH STANDS. 1974) fall within the fbrest type group° A
and FOR ADDITIONAL INFORMATION, comparison of CDS forest cover types and

forest type groups (a.s used in this publication)
The COMMUNV[_" COMPOSITION. PHYSICAL is given in Table 3.
CONTEXTIL DISTURBANCE. I_L,_TtON TO

O'I\HER FOREST qTPES, and FOR ADDt- Species Composition ...........
TIONAL INFORMATION sections provide

general inti)rmation about the forest type Variation in species composition in diff)rer_[

groups,,,"e regardtess_ of age or old-growthness, parts of the geographic range is described lbr ,_,,_,.........'.......
Fhes-_: sections help classiD a particular stand the tbrest type group. For example, beech ,is : .....
by forest type group, absent from the beech-mapleobasswood fbrest

ty]_e group in the western part of the Lakes
More specific inibrmation about the character- States (western Wisconsin and Minnesota),

istics associated with old-growth condiaons is and there the ibrest type is really maple-
cormrained in the secLions STRUCTURAL basswood. In montane spruce-fir tbrests,
C_JKL_FEPJ_FtCS OF OLD-GROWTH Fraser fir and balsam tlr occur in the southern

STANDS and SELECTED P_E.P_SEt_£FATIVE and northern parts of the Appalachian Moun .......... ,_

OLD-GROWTH STANDS. tain range, respectively. "_ I

The intbrmation for each forest type group is Knowcing about variation in species composio
identified as a set by color pages. Note that tion within the forest type group is important

relerence rmmbers (MAP KEY) are assigned when interpreting information on old-growth
within a particular forest type group and are attribute.s. Differences in species composition
used in all rubles and the figure for tahat group, and abundance influence potential size of

trees, which in turn affects m_mum diam-
CON[MIJNITY COMPOSITION eter, diameter distribuaon, density, and basal

area, Species compositior_ also affects maxi-
To hetp determine the appropriate lbrest type nmm tree longevity, susceptibility" of trees to
group lbr a particular stand, reKr to Table 1 (a pathogens, rate of snag formatjon and decay,
list of all the ibrest type groups ibund in the
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"T'able2,--Cornpartson between Society of Arne_can Forester (SAF)forest cover types (Eyre 1980)
occurTing tn the USDA Forest Service Eastern Region and jbrest type groups as used _n this
pubttcatton,

SAF Forest Cover Type Forest Type Group

I - Jack pine Northern pine

5 - Balsam fir Montane and allied spruce-fir
Subboreat spruce-fir

12 o Black spruce
>subtype a Subboreat spruce-fir
>subtype b Subboreal spruce-fir
>subtype c Subboreal spruce4ir
>subtype d Northern conifer wetland
>subtype e Northern conifer wetland
>subtype f Northern conifer wetland

13 - Black spruce-tamarack Northern conifer wetland

14 _Northern pin oak Dry and xeric oak

15 - Red pine Northern pine

16 - Aspen Aspen-birch1

17 - Pin cherry 1

18- Paper birch Aspen-birch1

19 - Gray birch-red maple Aspen-birch1

20 - White pine-northern red oak-red maple Conifer-northern hardwood

21- Eastern white pine Conifer-northern hardwood
Northern pine

22 - White pine-hemlock Northern pine

23 - Eastern hemlock Conifer-northern hardwood

24 - Hemlock-yellow birch Conifer-northern hardwood

25- Sugar maple-beech-yellow birch Mixed and western mesophytic
Northern hardwood

26 - Sugar maple-basswood Beech-maple-basswood

27 - Sugar maple Beech-maple-basswood
Mixed and western mesophytic
Northern hardwood

(Table 2 continued on next page)
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(Table 2 continued)

SAF Forest Cover Type Forest Type Group

28- Black cherry-maple Northern hardwood

30 - Red spruce-yellow birch Conifer-northern hardwood
Montane and allied spruce-fir

31 - Red spruce-sugar maple-beech Conifer-northern hardwood

32- Red spruce Montane and allied spruce-fir

33 - Red spruce-balsam fir Montane and allied spruce-fir

34 - Red spruce-Fraser fir Montane and allied spruce-fir

35- Paperbirch-red spruce-balsam fir Conifer-northern hardwood
Montane and allied spruce-fir

37 - Northernwhite-cedar Northern conifer wetland
Rocky, thin-soiled cedar

38 - Tamarack Northern conifer wetland

39- Black ash-American elm-red maple Hardwood wetland

40 - Post oak-blackjack oak Dry and xeric oak
Great Plains riparian hardwood
Seasonally wet oak-hardwood

42- Bur oak Dry and xeric oak
Mesic and wet-mesic northern oak

43- Bear oak Dry and xeric oak
Xeric pine and pine-oak

44 - Chestnut oak Dry and xeric oak
Dry-mesic oak

45 - Pitch pine Northern pine
Xeric pine and pine-oak

46 - Eastern redcedar Rocky, thin-soiled cedar

50 - Black locust 2 ......._"_::

51 - White pine-chestnut oak Dry and dry-mesic oak-pine
Xeric pine and pine-oak

52 - White oak-black oak-northern red oak Dry-mesic oak
Mesic and wet-mesic northern oak
Mixed and western mesophytic -"

(Table 2 continued on next p_g_
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(Table 2 coT_ttn_ed)

SAF Forest Cover Type Forest Type Group

53 - White oak Coastal piain upland mesic hardwood
Dry-mesic oak
Mesic and wet-mesic northern oak
Seasonally wet oak-hardwood

55 - Northern red oak Dry-mesic oak
Mesic and wet-mesic northern oak

57 - YelJow-.popJar Mixed and western mesophytic

58 - Yellow-poplar-eastern hemlock Mixed and western mesophytic

59 - Yellow-poplar-white oak-red oak Mixed and western mesophytic

60 - Beech-sugar maple Beech-maple-basswood
Mixed and western mesophytic
Northern hardwood

61 - River birch-sycamore Eastern riverfront

62 - Silver maple-American elm Eastern riverfront

63 - Cottonwood Eastern riverfront

64 - Sassafras-persimmon 2

65 - Pin oak-sweetgum Hardwood wetland
River floodplain hardwood
Seasonally wet oak-hardwood

75 - Shortteaf pine Dry and dry-mesic oak-pine
Xeric pine and pine-oak

76 - Shortleaf pine-oak Dry and dry-mesic oak-pine
Xeric pine and pine-oak

78 - Virginiapine-oak Dry and dry-mesic oak-pine
Xeric pine and pine-oak

,a_ 79 - Virginiapine Dry and dry-mesic oak-pine
Xeric pine and pine-oak

87 - Sweetgum-yellow-poplar River floodplain hardwood

88 - Willow-water-diamondleaf oak River floodplain hardwood
Seasonally wet oak-hardwood

91 - Swamp chestnut oak-cherrybark oak River floodplain hardwood

(Table 2 continued on next page)



(Table 2 continued)

SAF Forest Cover Type Forest Type Group

92 - Sweetgum-willow oak River floodplain hardwood

93 - Sugarberry-American elm-green ash River floodplain hardwood

94 - Sycamore-sweetgum-American elm Eastern riverfront
River floodplain hardwood

96 - Overcup oak-water hickory River floodplain hardwood

97 - Atlantic white-cedar Atlantic white-cedar

101 - Baldcypress Cypress-tupelo

102 - Baldcypress-tupelo Cypress-tupelo

103 - Water tupelo-swamp tupelo Cypress-tupelo

107 - White spruce Subboreal spruce-fir

108 - Red maple Hardwood freshwater tidal
Hardwood wetland
River floodplain hardwood

109 - Hawthorn t,2

110 - Black oak Dry and xeric oak
Dry-mesic oak ..................

236 -Bur oak Dry and xeric oak
Great Plains riparian

hardwood

1This forest cover type may not exist in an "old-growth" condition, because trees are small, short-lived,
or are of a pioneer, successional species.

2This tree species or species group represents an "unnatural" forested system resulting from recent
human manipulation or presence of non-native species.
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Table 3.--Comparison betweerl Combir_ed Data Systems {CDS)forest cover types occurring trt the
_'_ Forest Ser_fce EasterT_ Regfon and]brest type groups as used in this publfcattort.

Eastern Region
Combined Data Systems (CDS) Forest Type Group

Forest Cover Type

1 - Jack pine Northern pine

2 - Red pine Northern pine

_ 3 - White pine Northern pine

4 - White pine/hemlock Conifer-northern hardwood

_, 5 - Hemlock Conifer-northern hardwood

_'_', 9 - Conifers Conifer-northern hardwood
Northern pine

11 ° Balsam fir/aspen/paper birch Subboreal spruce-fir

t2 - Black spruce Northern conifer wetland
Subboreal spruce-fir

"_ 13 - Red spruce/balsam fir Montane and allied spruce-fir

14 - Northern white-cedar Northern conifer wetland
Rocky,thin-soiled cedar

15 - Tamarack Northern conifer wetland

16 - White spruce/balsam fir/Norway spruce _,2

t7 - Upland black spruce Subboreatspruce-fir

19 - Cedar/aspen/paper birch 1

32 - Shortleaf pine Dry and dry-mesic oak-pine
,:__,_ Xeric pine and pine-oak

{_' 33 - Virginia pine Dry and dry-mesic oak-pine
Xeric pine and pine-oak

35 - Eastern redcedar Rocky, thin-soiled cedar

38 - Pitch pine Dry and dry-mesic oak-pine
_, Northern pine

Xeric pine and pine-oak

41 - White pine/northern red oak/white ash Conifer-northern hardwood

42 - Eastern redcedar/hardwood Rocky,thin-soiled cedar
_'_" Dry and dry-mesic oak-ine

(Table 3 continued on next page)
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3 continued)

Eastern Region
Combined Data Systems (CDS) Forest Type Group

Forest Cover Type

44 - Shortleaf pine/oak Xeric pine and pine-oak

48 - Jack pine/oak Northern pine
Xeric pine and pine-oak

49 - Red pine/oak Northern pine
Seasonally wet oak hardwood

52 - Chestnut oak Dry-mesic oak
Dry and xeric oak

53 - Black oak/scarlet oak/hickory Mesic and wet-mesic northern oak

54 - White oak Coastal plain upland mesic hardwood
Dry-mesic oak
Mesic and wet-mesic northern oak

55 - Northern red oak Dry-mesic oak
Mesic and wet-mesic northern oak

56 - Yellow-poplar/white oak/northern red oak Dry-mesic oak
Mixed and western mesophytic

57 - Scarlet oak Dry and xeric oak

58 - Sweetgum/yellow-poplar River floodplain hardwood

59 - Mixed oaks Dry and xeric oak
Dry-mesic oak
Mesic and wet-mesic northern oak

Seasonally wet oak hardwood

61 - Swamp chestnut/cherrybaridpin oak River floodplain hardwood

62 - Sweetgum/Nuttall's oak/willow oak River floodplain hardwood

67 - Baldcypress/Water tupelo Cypress-tupelo ...._:_ ,_
.....

71 - Black ash/American elm/red maple Hardwood wetland

72 - River birch/sycamore Eastern riverfront ......

73 - Cottonwood Eastern riverfront

75 - Sycamore/pecan/American elm Eastern riverfront

76 - Red maple (wet site) Hardwood wetland
River floodplain hardwood

(Table 3 continued on next page)

----,.



{Table 3 continued)

"_" Eastern Region
Combined Data Systems {CDS) Forest Type Group

Forest Cover Type

77 - Green ash Eastern riverfront
River floodplain hardwood

78 - Black walnut Eastern dverfront
River floodplain hardwood

_ 79 - Mixed lowland hardwoods Eastern riverfront
......... -_ Hardwood wetland

Riverfloodplain hardwood

81 - Sugar maple/beech/yellow birch Mixed and western mesophytic
Northern hardwood

82 o Sugar maple/basswood Beech-maple-basswood

83 - Black cherry/white ash/yellow-poplar Mixed and western mesophytic

84 - Red maple (dry site) Dry-mesic oak

85 - Sugarmaple Beech-maple-basswood
o_,,_,,_.,_ Mixed and western mesophytic

Northern hardwood

86- Beech Beech-maple-basswood

87 - Sugar maple/beech/yellow birch/red spruce Northern hardwood
Conifer-northern hardwood

88 - Black locust 2

89 - Mixed hardwoods Mesic and wet-mesic northern oak
Northern hardwood

91 - Quaking aspen 2

92 - Paper birch Aspen-birch2

93 - Bigtoothaspen Aspen-birch2

94 - Balsam poplar 2

95 - Aspen-white spruce-balsam fir Aspen-birch2

97 - Lowland brush

98 - Uplandbrush

99- Open

This tree species or species group represents an "unnatural" forested system resulting from recent
human manipulation or presence of non-native species.

2This forest cover type may not exist in an "old-growth" condition, because trees are small, short-lived,
and are of a pioneer, successional species.
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and rate of log decay. Tree species included in dise:ussed at; length here. Other human
the attribut.e tables for tree age, tree diameten influences (b_ging0 fires, fire suppressiorl,
and canopy height are listed i:n Table 4 (alpha- introduction of exotics, polh,_tion, and f:rag-
beticaltv by common name) and Table 5 {al- " ........ ".. .. n_entaUon) are discussed as Lhey relate to
ph._.,bct._c.alI) by scientific name), changes in forest age, composition, and stand

structure, inc;luding presence and an_ounts of
P}ffSICAt, CONTEXT dead wood.

Physiographic Provinces R_LATION TO OTHER FOREST _ES

Tl_e physical factors that influence the vegeta- It is otten difticult t.o a.ssign fbrests to their
tior_ present on a site are described using appropriate forest, type group because of
Fennernan's {1938) physiographic provinces, radar.ion in composiiffon within the geographic

sectlorL.., of the range of"each group. This section provideswith quali,f_fing remarks about " "" ' ' s ,.

provinces. For example, b:..ech-maple-bass- some guiclance in classiflying stands by lbrest
wood exists in the Coast.ai Plain physiographic type groups by pointing out :similarities and
province {among others), but only in the dKR_rences among R)rest type groups (see also
Embayed section of this province. Fig. 3). Again, referring to Table 1 may help,

as it presents the complete list of forest type
Ecological gaits groups ibund in th.e Eastern Regiorl of the

Forest Service. Re:leering to AppendLx A (list of
Which ecological units of the National Hierar- all R)rest type group in the East) rnay help the
chy of Ecological Units (ECOMAP 1993) con ° reader :identity which fbrest type group fits a
rain the forest type group? We provide a stand.
prelimina:_ T list of"t.he domain, division, and
province classifications ibr the range of _e STRUCTUP_JKL CHARACTERXSTICS OF
forest type group. OLD-GRO_H STraNDS

Geographic Distribution _¥_ list here the figure {map) and tables that
pertain to the forest type group. The figure

In which geographical area does a i ._rest type and tables were compiled fi'om studies that
group occur? Distribution of the forest type recorded data for the forest type group in an
gmoup is described in political terms {states) old-grov_h condition.
and in geographic terms (mountain range,.,"*_
glacial limit). SELECTED REPRESENTAT_E .....

OLD-GRO_H STANDS

So il S ,

Examples of fbrests in an old-growth conditioil __"':'_<_":_
Soils are desc_tbed ff)r the lbrest type group. If are listed alphabetically by state. This list is ;: .....................

the grouo is broad and variable, soils may be by no means exhaustive. In some cases
desci_bed _br subgroups of"the forest type (e.g., additional :informatiorl is given (e.g., National ...........
for conif_er-northern hardwoods, we describe Forest, county).
soils ibr ea_:'"ste,, ""nwhite pine-dominated areas in : ........
addiaon to eastern } ........lemloek-dominated areas). For the most part, our lists are based on otd

growth extant at the time of writing. However, .....:
DISTURB._NCE _ere is no guarantee that, the old-growth

examples remain rela_vely undistuffbed, o_
Knowledge of disturbance patterns for the Changes in ownership, management, or
fbrest type group is important because the natural disturbm'me may have alTected some
intensity and frequency of disturbance (e.g., stands. In addition, we may not .have been

:fires, tornados, hurricanes, do,,_mbursts, ice aware that some old-gro_h stands had been
storms, and floods} influence stand stcdcture, !o_ed or blown down before we compiled our
spec es composition, successional patterns list and _us we included them.
and potential stand longevity. MosL if not all,
eastern fi " _ °"o_ ests have been modified to some We listed a fe,w general areas (e.g., Shenan-
extent by Native eMnerican activises; while doah Valley, see page 179). In these cases, the
these influences are impo_ant, they are not entire area is not old grow_, but includes

38 some stands of old growth. : Y
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Table 5.NScient_c and common names of trees inctaded in the attr_brtte
tables, Names foltow Little (1979).

Scientific Names Common Names

Abies balsamea (L.) Miller Fir, balsam
Abies fraseri (Pursh) Poir. Fir, fraser
Acer L. Maple
Acer rubrum L. Maple, red
Acer saccharum Marsh. Maple, sugar
Betula alleghaniensis Britton Birch, yellow
Betula papyrifera Marsh. Birch, paper
Carya glabra (Mill.) Sweet Hickory, pignut
Carya laciniosa (Michx. f.) Loud. Hickory, shellbark
Carya ovata (Mill.) K. Koch Hickory, shagbark
Fagus grandifolia Ehrh. Beech, American
Fraxinus americana L. Ash, white

Fraxinus nigra Marsh. Ash, black
Liriodendron tulipifera L. Yellow-poplar
Magnolia acuminata L. Cucumbertree
Nyssa sylvatica Marsh. Blackgum or black tupelo
Picea glauca (Moench) Voss Spruce, white
Picea rubens Sarg. Spruce, red
Pinus banksiana Lamb. Pine, jack
Pinus resinosa Ait. Pine, red
Pinus strobus L. Pine, white
Populus L. Aspen
Populus grandidentata Michx. Aspen, bigtooth
Prunus serotina Ehrh. Cherry, black
Quercus L. Oak
Quercus alba L. Oak, white '_

Quercus macrocarpa Michx. Oak, bur
Quercus marilandica Muenchh. Oak, blackjack "..........
Quercus muehlenbergfi Engelm. Oak, chinkapin
Quercus prinus L. Oak, chestnut ........ "
Quercus rubra L. Oak, northern red
Quercus shumardii Buckl. Oak, Shumard _.... ....

Quercus stellata Wangenh. Oak, post
Quercus velutina Lain. Oak, black
Thuja occidentalis L. White-cedar, northern .....
Tilia americana L. Basswood, American

Tsuga canadensis (L.) Carr. Hemlock, eastern
Ulmus L. Elm
Ulmus americana L. Elm, American

- .#_,,.





Some of the example stands are referenced in height; density and basal area of snags; den-
the attribute tables, but we obtained some sity, basal area, and volume of logs, and total
examples from other citations as listed, and volume of coarse woody debris), and a SUM-
data bases from The Nature Conservancy or MARY TABLE,
State Heritage programs. In general, Davis
(1993) is an excellent source for lists of old- FIGUI_E (1NAIPOF STUDY SITES)
growth stands.

Maps
An asterisk beside the name of a stand means

that the area is known to include more than The map for each forest type group shows the
one forest type group and will appear on lists general location of studies providing stand
for those type groups as well. For example, structure information° A county on the map is
Sylvania Wilderness Area is listed as an ex- shaded if at least one study occurred in it.
ample of old growth for northern pines, north- Numbers on the map correspond to the cited
ern hardwoods, and Conifer-northern hard- reference listed under Map Key in the associ-
woods, ated figure caption [see Map Key betow). For

study sites located in Canada, the approxi-
Not all stands listed as examples have been mate location is indicated by a shaded block.
studied to document age or structural charac- These blocks were plotted from latitude and
teristics. Therelbre, these sites are not neces- longitude information provided by the authors
sarily included in the location maps and of the cited study.
described in the attribute tables.

Figure Captions
FOR ADDITIONAL INFORMATION

The figure captions include the following
References cited in the text, figures, and tables information:
are included in the References Cited section.

However, additional references may pertain to Map Key.--The references (Source/Date)
the forest type group, but the information in together with relevant attribute data for each
the study or paper was not applicable to forest forest type group are listed alphabetically by
stand structural attributes. These references author and assigned a number. The number
are listed in Appendix C arranged by forest is referred to as a Map Key because the
type group. For example, if a reference did not number is used on the map to show the
describe density or basal area of trees, but did location of study sites. The number appears
sample herbaceous species in an old-growth in the counties (or general location in the
area of this forest type group, this reference is case of Canadian sites) where the research

listed in Appendix C. study or inventory took place.

Appendix D lists references that were received The Map Key number also identifies the
too late to be incorporated into the figures and Source/Date of a row entry in all attribute

tables, but do provide data on old-growth tables for a particular forest type group. The
attributes, same number identifies this source in all

nine attribute tables within each forest type
GUIDE I'O FIGURES (MAPS OF group. Note that each forest type group has

STUDY SI'J,'ES) AND TABLES its own unique set of sources listed alpha-
betically and numbered.

For each forest type group, there are: FIGURE
(MAP OF STUDY SITES). nine ATTRIBUTE A Map Key number is also found in the
TABLES (location, size and elevation of study summary table in the column headed "refer-
sites; stand selection criteria and stand com- ences", if the study included data for the

position; methods; density of live trees; basal listed attribute.
area of live trees; average and maximum tree
age; maximum tree diameter and average tree Source/Date.wMany of the sources of infor-

mation are papers published in journals.
Other sources include agency reports and



notes, theses and dissertations, unpublished Stand) within the nine separate tables, the
literature, and books. Each Source/Date is same number of rows of information have been
listed as a full citation in the References placed on each page. Thus the row of interest
Cited section. For ease of' communicadon, will be in the same relative locatign on each of
the sources of information have been listed the nine tables pertaining to the same forest

alphabetically, and as previously mentioned, type group.
referenced by Map Key number within a
forest type group. Map Key.--See Figure (Map of Study- Sites]

section on previous page.

A source may be associated with more than
one forest type group. For example, Hough So_rce/Date.--See Figure (Map of Study
and Forbes (1943) provide data for both Sites) section on previous page.
northern hardwoods and conifer-northern

hardwoods. Sometimes, a study site con- Stando--Most oken, this is the name of the
rains more than one forest type group. In ' study site as described in the source docu-
other cases, it was not clear to us into which ment_ In many cases, more than one site

fbrest type group a study site best fit. was studied. If information was available for
each site, then each site or stand was given

State or Province.--For study sites within the a separate row entry" in the tables, even
United States, we list the State or States in though the sites shared the source/date and

which the studies took place. For Canadian hence Map Key number. However, some-
study sites, the Canadian province (Quebec times the source author(s) studied more
or Ontario) is given, than one site but presented the information

as data summarized or averaged for the

County or Latitude/Longitude.--Counties group of sites. If the source/author(s) did
are listed in alphabetical order by State. Not not provide a name for the set of sites, a site
all sources provided county information. We name or descriptor was created [e.g., 5
used contextual clues (mention of nearest stands in New Hampshire; 28 stands in

town, maps included in the paper), or per- Michigan's Upper Peninsula; Brule River
sonal communication with the author to Basin). Sometimes we included qualifiers to
obtain this information. If we were not indicate what specific composition or eleva-

certain about the county information, the tion of a site was sampled or studied (e.g.,
county name is indicated with an asterisk. Big Reed Pondmred spruce-fir; Great Smoky
In a few cases, several counties were in- Mountains_ < 1830 m).

cluded in a study, but we could not deter-
mine which ones they were. Consequently When the source author(s) provided informa-
the entry is a description of a region (e.g., tion separately for several stands and also
central states, northern Minnesota). provided a summary or average for all the

stands, a summary row for the study was

For Canadian provinces, latitude and longi- included first, followed by the individual row-

rude are given. Latitude and longitude were by-row entries for each stand. An example
either read directly from the source or of this is found in Hale (1996) (Map Key 13
estimated from information or maps pro- for beech-maple-basswood forests). The first
vided by the source, row of the Map Key 13 entry is "11 forests in

Minnesota", which is then followed by indi-
ATT_BUT_ TABLES vidual entries for all 11 forests (Bello, Big

Island, Dinosaur Island, etc.). In the case of

All Attribute Tables beech-maple-basswood, because of the
richness of data sources for this forest type,

There are nine attribute tables for each forest in general, sources were were included in the

type group. Each table shares the first three tables only if they used I0 cm d.b.h, as the
columns: Map Key, Source/Date, and Stand, minimum size for measuring and tallying
which identify the source of information for trees. However, recent sources that had
that entry (row) in each of the nine tables. To sampled snags and logs were included, even
better locate information that pertains to the if the minimum diameter for tallying trees

entry (same Map Key, Source/Date, and was not 10 cm.



Location, Size, and Elevation of Study Sites describe it as old gro_? Here we find
words or phrases such as:

State or Provinceo--For each stand entry
(each row in the table), location information virgin, near-virgin, remnant, near-origi-

is given. See Figure (Map of Study Sites) in nal, little-disturbed, relatively undis-
previous column, turbed, best remaining old grow_,

representative of original forest, relatively
County or Latitude/Longitude.--For each few signs of anthropogenic disturbance,

stand entry (each row in the table), location minimal human-caused disturbance, no
information is given. See Figure (Map of cutting, reserve, no signs of cutting,
Study Sites) on previous page. uncut, never" logged, no cutting known,

unlogged, uncut and undisturbed, con-
Sizeo--Size refers to the size of the study area. sidered old growth, virgin timber, old,

However, study area was sometimes difficult mature, climatic climax, primeval, spe-
to determine or was unspecified. If available cific percent crown in large trees, rela-
f_rom the source, the size listed is the size of tively pristine appearance, trees of large
tile area represented by the sampling, some- diameters.
times corresponding to one stand (e.g., Five
Ponds WildernessmPlot 5; Salsbury Cove; What does the source author(s) report
Hunt Hill) and sometimes to several stands about the old-growth area's disturbance
in a locality (e.g., Mianus Gorge). However, history? Modifications of a site by recent or
in some cases, the size is that of a larger not so recent grazing, logging, salvage, fires,
area in which the study occurred fire suppression, tornados, ice storms, or
(Menominee County, Porcupine Mountains, hurricanes will affect the structural charac-
Brule River basin, Bark Lake). In any case, teristics of a stand. Structural attribute
the size is not a listing of the total area data presented elsewhere in tile tables (tree
occupied by sample plots (see Methods density and basal area, tree age and size,
instead). Size is reported in hectares, and structure of coarse woody debris)

rounded to the nearest hectare for stands at should be interpreted in light of any site
least 5 ha in size, and to the nearest 0.1 ha modifications presented in this column and

ibr smaller stands, their possible impacts on stand structure.
Here we find words or phrases such as:

Elevation.--Elevation of the study site or area
is reported in meters, and converted to some logging, some recreational impacts,
meters from feet, if needed. Sometimes the minimal fuelwood cutting, light grazing in
source gave elevation in feet, and appeared the past, selectively cut in distant past,
to give rounded v_ues (e.g., elevations little disturbance in last 60 to 70 years, .....
rounded to the nearest 5 or 10'). However, old sugar bush, cut only sporadically
after conversion of feet to meters, the before 1920, intermittent grazing, sur-

rounded aspect of the original was no long vived hurricane undisturbed, salvage
apparent (e.g., 443-528 m). For some sites, white pine cut in 1911, burned in the _-"'__......
an elevation range is provided. The elevation past, some hurricane damage, scattered
of some study sites was unspecified by the stumps, lumbering in late 1800's, undis-
source author(s), turbed by adelgid, high-graded in late........ i'i:

1800's, no evidence of past fire, some ...............
Criteria for Stand Selection and areas logged ca. 1888.

Stand Composition
What is the species composition of the

Information about selection criteria, site stand? ...........

disturbance history, and species composition
are separated in this column by semicolons. The species composition is reported on a .........
Reported in this column are brief "answers" to percentage basis by basal area when
the following questions: available, otherwise by density. Foot-

notes are common here to further clarify

Why did the source author(s) consider this how the species composition was pre-
stand or area for study as old growth,/.e., sented by the source authors, or corn-
what terms did the source author(s) use to puted from data in the cited reference.



Common names of trees are used (Little Some sampling was based on round, rectangu-
1979) but sometimes abbreviated (e.g., tan or square plots, or belt or strip transects.
basswood for American basswood). Plots may have been located randomly, ran-

domly with s/ratification, or systematically.
Conifer Type.wIncluded in the Criteria .for Information about total area sampled can be

Stand Selection and Stand Composition calculated from the numbers and sizes of
table for conifer-northern hardwood forests plots. Plot dimensions or areas have been
is a column that indicates which conifer converted to meters or hectares, respectively
species (eastern hemlock, red spruce, or (see conversion table inside front cover) and
eastern white pine) is dominant at the site. rounded as appropriate.
Frequently, one conifer is dominant. How-
ever, many sites have some two-species Plotless methods included prism "plots", point-
combination, and all two-species combina- quarter sampling, walk-through inventories,
{ions occur on at least one site (white pine- casual observations, extracting increment
hemlock, hemlock-white pine, white pine-red cores, examination of stumps, and use of
spruce, red spruce-white pine, hemlock-red records from Oe:ner_ Land Office surveys
spruce, red spruce-hemlock). The order in before European settlement. Prism plot
which the species are listed reflects the factors have not been converted to metric
relative dominance of the species. All three equivalents. In a few cases, the source
species occur on some sites. Northern author(s) did not provide enough information
white-cedar is present at several sites, to describe what methods were used.

Species of Pixxe._Included in the Criteria for Sampling of herbaceous vegetation, saplings

Stand Selection and Species Composition and seedlings, soils, and other stand cornpo-
table for northern pine forests is a separate nents may have been reported in the source
column that indicates which species of pine document, However, we did not include these

(white, red, or lack) occur at the site. Many in the Sampling Methods, as the focus here is
sites contain two or three species. Red pine on tree- and stand-level attributes.
and white pine frequently co-occur, with
either species dominant. All three species Possible Confusioxa With These Types,_An
can occur together, with any of the three additional column is included in the Me{h-
species dominant. A gradient of stands ods for two forest type groups: dry and xeric
seems to occur, with composition probably oaks (Table 29), and mesic and wet-mesic
reflecting patterns of soil moisture or fertil- northern oaks (Table 39). If the composition
ity. Because the size and longevity of red of a particular site is a borderline case
and white pines differ greatly from jack pine, between two type groups, that is mentioned
it is important to know what species are in this column of the Methods. For dry and
dominant on a site when interpreting its xeric oaks ('Fable 29), the confusion exists in
stand attribute data. Ajack pine stand separating these forests and woodlands from
would never attain the huge basal areas dry-mesic ones. For mesic and wet-mesic
encountered in an old-growth white pine northern oaks (Table 39), the confusion
grove. Conversely, basal area of a jack pine arises as to whether the oaks have suc-
old-growth stand should not be interpreted ceeded to mixed mesophytic forests, or might
as an adequate minimum standard for an better be classified as slightly drier (dry-
eastern white pine old-growth stand, mesic) forests.

Sg.mplirlg Methods Density and Basal Area of Live Trees

We condensed to one line the methods that the We provide irfformation about density and

source author(s) used to conduct the study, basal area of live trees where available. Many
Consequently, not much detail is given; we of the references with data on structural
chose to emphasize the number, size, shape, attributes included data on live tree density
and arrangement of plots or transects used to (41-83 percent of references, depending on the
sample attributes of trees in the area. This forest type group) and basal area (48-70
information gives some indication of sampling percent of references, depending on the forest
intensity and data quality (fie., whether the type group) (Table 6).
sample is representative of the stand).
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Stand densities and basat areas of trees 10 cm except subboreal spruce-fir forests, tnfor-
and larger, 50 crn and larger, and 70 cm and mation about how many trees were aged is
larger in d.b.h, are reported in separate cob given in the notes.
urnns. The >_10 cm diameter is the most

common cutoff" between saplings and trees, as Ntaxim_m Tree Age,--This attribute is re-
welt as the most common size reported. In a ported for all forest type groups except
few cases (noted at the end of the table), the beech-maple-basswood. Many ages are
value reported is not the stand density or estimates, based on ring counts from incre-
basal area, but rather the density of one ment cores. The tree age is greater than
species or a few species dominants (e.g., btack reported if the corer did not reach the tree
spruce and jack pine, see Map Key 6, Ohmann center, the center was rotten, or the core was
and Ream (1971b), Table 90). In some cases, taken above ground level. Such ages are

density values were inferred from size-fl-e- fbllowed by a plus sign to indicate that these
quency tables or graphs, estimates are conservative. Some research-

ers were hesitant to age a stand on the basis
The >50 cm and >_70 cm columns reflect the of a few cores. Cores taken near a study plot

presence of large trees that would be found in may not represent the variation or maximum
old stands of some forest types but not in ages of trees present in the stand.
young stands. References reported in this
column may also have data for the >__10cm Maxim_ Tree Diameter by Species,
column. Average Canopy Height, Canopy Gaps

If diameter cutoffs other than >10, >_50 or _>70 Information about maximum tree diameter by
cm were used, the density or basal area is species and canopy gaps is provided where
reported in the >_Xcolumn and the minimum available. About 50 percent of references with
diameter is reported in the column labelled any data on structural attributes included
"Min Diam X". Other size cutoffs reported data on maximum tree diameter (33-62 per-
included: 2.0, 2.5, 7.t3, 12.7, 20, 25, 35, and cent of references depending on forest type
40. For conifer-northern hardwood forests, group) and less than 15 percent for canopy
additional columns headed "Density _>Ycm", gaps [Table 6).
"Basal Area >_Y", and "Min Diam Y" were

included to report densities and basal areas of Maximum Tree Diameter.--This attribute is
live trees of sizes other than those reported in sometimes qualified by elevation information
other columns (Tables 60, 61). in the notes. Diameters, reported rounded

to the nearest centimeter, were taken at 1.4

A blank in any column indicates that no meters (diameter at breast height--d.b.h.)
information was available; a zero indicates unless otherwise noted. A few diameters
that the stand contained no trees of this size. were measured above the root crown or from

stumps.
The diameter minimum chosen by the source

author greatly influences tree density or basal Average Canopy Height.wAverage canopy
area reported for a stand or site. Comparisons height, rounded to the nearest meter, is
among sites can be useful only if the values included for beech-maple-basswood (Table
were obtained using the same size trees. 13) and northern pines (Table 73). If the

stand had both canopy and supercanopy, or
Average and Maximtma Tree Age by Species different heights by species, heights are

reported separately or qualifying remarks are
We provide information about average or entered as notes.

maximum tree age where available. Numbers
of references with data on structural attributes Canopy Gaps.--We report the percent of
that included data on tree age varied among canopy in gaps if available. Sometimes

forest type group (12-73 percent of references canopy gaps are estimated as the percent
depending on forest type group) (Table 6). canopy cover per unit area, while in other

cases they are estimated by recording the

Average Tree Age.--This attribute is reported length of transect that intersects gaps as a
for at least one site in all forest type groups
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percentage of the total transect. This struc- Mininx_rt Diaxnetero--We list the minimum

tural attribute is relevant to closed-canopy diameter for tallying logso If the minimum
forests rather than woodlands or savannas, diameter was not the same for density and

for volume, this is noted.

Density, Basal Area, and Volume of Snags
Torn Vol_ne of Coarse Woody Debris°-- ......

Intbrmation about standing dead trees (snags) Total volume of logs and snags is given for

is provided where available. The percentage of conifer-northern hardwoods, beech-maple- .........
references :for a forest type group with data basswood, and northern pines. Minimum
pertaining to snags ranged from 0 percent for diameter for snags and logs is the same and
subboreal spruce-fir to 29 percent for conifer- listed in the minimum diameter column
northern hardwoods (Table 6). unless otherwise noted. ....

Density of Snags.--A column for density of SUMMARY TABLES
snags is included for all forest type groups,

although frequently the column is blank due These tables summarize information presented
to lack of information, in the nine tables for a given forest type group

arranged by ATTRIBUTE, RANGE OF VALUES,
Basal &lea of Snags.--Columns for snag basal and REFERENCES (MAP KEY).

area are included for all forest type groups
except beech-maple-basswood. Attributes

Volume of Snags.--A column for volume of The stand structural attributes summm_zed
snags is included for conifer-northern hard- are live tree .density, live tree basal area, tree
woods, beech-maple-basswood, hardwood or stand age (by species), maximum tree

wetlands, mesic and wet-mesic oak, and diameter (by species), average tree height (for
northern pines, some forest type groups), snag density, snag

basal area, snag volume (for some forest type
Minimum Diameter.wListed in this column is groups), log density, log volume, and total

the minimum size for tallying snags, If the volume of coarse woody debris (logs and snags,)
minimum diameter was not the same for (for some forest type groups),
density and volume, this is noted. Minimum
criteria for tallying snags other than diameter Different studies used different minimum

(i.e., snag height) may differ widely among diameters for trees, snags, and logs. For
studies. We noted these minima wherever example, some researchers reported values for
possible. The density, basal area, and vol- northern pine forests for trees >2.5 cm, _>10
ume of snags would be much greater for all cm, and >25 cm. However, nine references
snags > 1 m tall than for all snags >3 m tall. used some other minimum size (references 2,

3, 8, 16, 19, 20, 25, 30, 33--Table 76).

Density and Volume of Logs, and Total
Volume of Coarse Woody Debris Density, Basal Area, and Volume._Density,

basal area, and volume for live and dead

Information about fallen dead trees (logs) is trees are reported by size of trees. In some
provided where available. The percentage of cases, these were minimum sizes specified tr_
references referring to logs for a forest type the sampling methods for the study. Mini-
group ranged from 0 percent for subboreal mum sizes for trees were frequently 10 cm,
spruce-fir, dry and xeric oaks, and hardwood but 2 cm, 2.5 cm, 4 cm, or 20 cm minima
wetlands, to 27 percent for mesic and wet- were also encountered. In some cases,
mesic northern oaks (Table 6). larger sizes were established to find out how

many "big" trees were present in a stand. _
Density of Logs._A column for density of logs Information was taken directly from the cited .......

is included for all forest type groups, reference or indirectly from graphs or size
frequency tables in the reference to corre-

Volume of Logs,_A column for volume of logs spond to these minimum size classes (e.g.,
is included for all forest type groups. >__50cm, >70 cm). For example, for northern

hardwoods, the summary table reports
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values for density of live trees >_2.5 cm, >_10 summary tables. Total volume of coarse
cm, >35 cm, >50 cm, and >.70 cm. Despite woody debris is reported for beech-maple-
this variety of minimum size classes, some basswood, conifer-northern hardwoods, and
studies used other minimums. These are northern pines.
reported collectively as "Not as specified
above". When prism plots were used (based Range of Values
on English prism factors), minimum sizes
are not reported here. Variation Encounteredo--The range of values

summarizes the attribute tables for the

Tree Age and Diametero--Average or maxi- forest type group. The range of values
mum tree age and maximum tree diameter represents differences in stand age, tree
are summarized by species. Clearly, the species composition, degree of disturbance
maximum size that could be attained by a (how recent? how extensive?), and influences
bur oak versus a red oak in a mesic oak of elevation, topography, slope, aspect, and
fbrest, or by jack pine versus eastern white soils.
pine in a northern pine forest would be

different. Age and diarneter are reported for The summary table does not give the full
major species likely to be encountered in range of attributes found in extant examples
each forest Wpe group. Common species for of old growth for each forest type, as not at1
which data are included in these attribute attributes were measured in each study
tables are listed in Table 4 (by forest type (Table 6), and those forests that were studied
group}. Typically, tree ages are based on many not be truly representative examples.

overstory dominants. Tree ages need to be Many more studies gathered information
interpreted with caution. In some cases, about live tree densi_ and basal area than
only a few cores were taken. In others, the about snags or logs (Table 6). Few studies
trees may have been sampled in such a way gathered information about canopy gaps
that the ages are not representative of the (Table 6).
stand. Similarly, the largest reported diam-
eter may be the largest diameter sampled The values reported in the attribute tables
rather than the largest in the stand. To result from a variety of sampling methods.
complicate things further, the largest or Some studies report the results from inten-
oldest tree may be one of only a few of this sive sampling of many plots in many stands.
size or age, misrepresenting the rest of the Other studies report the results from one
stand as older than it is. Given the size of plot in one location. So, it is not meaningful
the largest tree or the age of the oldest, to report a mean value for any attribute.
questions still need to be asked: How does
the largest or oldest compare to the stand Incomplete Information. If the attribute
average? What is the size frequency or age table reports density or basal area for several
frequency distribution for the stand? How dominant tree species but not the entire
do these distributions differ by species? stand, that density or basal area is not

reported as a maximum or minimum in the
Average Canopy Height._Average canopy summary table.

height by species is summarized for beech-
maple-basswood (Table 16) and northern Not lVlinimurri Criteria._The range of values
pines (Table 76). represents some of the natural variation that

occurs within forests of this group. However.
Snags and Logs._We summarize data that it does not constitute critical values or

are based on different definitions used by minimums that distinguish mature forest
source authors for snags and logs (e.g., from old growth. The studies that provide
minimum snag height, whether stumps are data for the attribute tables summarized
included, decay criteria). The summary here took place in what the source authors
values should be interpreted with this in considered old growth. However, the source
mind. Some studies pooled logs, snags, and authors may have been conducting the study
stumps together as dead trees. These values for some reason other than to determine how
are included in the attribute tables with old-growth structure differs from that of

notes, but were not incorporated into the mature forests. In many cases, the stands
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were chosen by source authors because the Map Key numbers. No studies were con-
stands or areas were considered to be old ducted in Pennsylvania forests that pertain to

grow +& without question, rather than select- hardwood wetlands, xeric oak, mesic oak,
ing stands at the developmental stage where beech-maple-basswood, or subboreal or
true old growth begins (Oliver and Larson montane spruce-fir. However, several studies
1996). Values for attributes in such forests are documented for northern hardwood forests

may represent well-developed old- (Map Key numbers (13, 15, 27), conifer-

growthness, rather than the transition northern hardwood (23, 24, 30, 32, 35, 36, 39, i_'_!_ilbetween mature forests and old growth. 44, 51, 58), and northern pine (12, 16, 2t)o _ _
Reviewing the CRITERIA FOR STAND SE-
LECTION AND STAND COMPOSITION in the NE_ST RELEVANT 1NFO_TION

attribute tables will inform the reader of the FOR/k ]FO_ST TYPE GROUP
range of forests from which the range of

values comes. To find stand structural information for a

particular forest type group that is most
References (Map Key) relevant for a particular geographical area,

check the map showing the study sites for the
Following each attribute are the Map Key appropriate forest _ype group for studies (via
numbers corresponding to all of the cited Map Key numbers) located in the area of
references that provide data about that at- interest. If few data exist fbr the type group,
tribute. The references that report the maxi- no study may have occurred near the area of
mum and minimum values are included in the interest. In that case, by scanning the map,
Map Key list, but are not identified as such. you can identify any studies that occurred
Scanning the column in the attribute tables near the area of interest° Such studies may be
for the attribute in question will identify which helpful if the site is not too different in species
studies contributed the maximum and mini- composition, soils, geography, or elevation m
nmm values. Questions to ask in relation to be used as a reference study for the area of
these maximum and minimum values are: interest.
Why are these values so high? low?. Are the

values high or low because of greater degree of For example: You would like to know which
old-growthness? disturbance history?, species studies on northern hardwood forests are

composition? most relevant to your location in northwestern
Pennsylvania. Scanning the map for northern

GUIDE FOR LOCATING hardwood forests (Fig. 5), you see that the

INFORMATION citations to look up in the northern hardwood
tables are: Goodlett (1954) (Map Key 13, in

Following are suggestions on how to access Potter County), Hough and Forbes {1943) {15.
old-growth information in this publication, in McKean and Warren Counties), and Lu:

(1930a) (27, in Warren County).INFORMATION REIMkTED TO PLACE

For example: You would like to know about

To focus on a geographic area of interest, old-growth characteristics of hardwood wet-
whether a region, State, national forest, or lands especially in elm-ash-maple swamps in
single county, refer to the nine type group northern Wisconsin. The map of hardwood

maps (Figs. 4-12). Map Key numbers identify wetlands (Fig. 8) shows that no known studies
studies that took place in that target geo- examined such swamps in Wisconsin. The
graphic area. The Map Key leads to the perti- nearest studies were Hale's {1996) work in
nent information in the tables that correspond Pine or Carlton Counties in Minnesota (Map

m that map or forest type group. Key 3), or Boerner and Cho's (1987) study in
Fulton County, Ohio (Map Key 1). By consult-

For example: Suppose you are interested in ing Table 48, you can determine that the Pine
results of studies conducted in old-growth County stand (Hay Creek) was 33 percent
forests in northwestern Pennsylvania. You black ash and the Carlton County stand (jay

glance at all nine maps, scanning northwest- Cooke) was 30 percent black ash. Because
ern Pennsylvania for counties that contain the composition of these stands may be
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similar to that of the elm-ash-maple swamps INFORMATION BY SPECIFIC
you are interested in, stand structure data SORTING FACTOR
from both sites may provide some useful

information, if interfered with caution. Within a given forest type group, certain
attributes can be selected for sorting out

INFO_TION BY TREE SPECIES relevant sites from all the studies. Sorting
factors could be elevation, size of stand,

To find out the maximum diameter or age of a species composition, size limit on tree mea-
particular tree species in an old-growth condi- surements, tree age, or tree diameter. The
tion, there are several avenues to follow. Table column that includes the sorting factor chosen
1 provides an overview of SAF cover types (e.g., elevation) can be scanned to identify
included in each forest type group. Tables 2 stands that have the value of the attribute of

and 3 provide crosswalks from SAF and CDS interest. Once the Map Key number with
cover types to the relevant forest type group(s). Source/Date and Stand Name has been noted

This information is repeated in the composi- for those studies that meet the screening test,
tion portion of the text for each forest type the tables that give additional information for
group. It may be particularly helpful to con- that forest type group can be consulted,
sult Table 4, which lists the common names of zeroing in on the Map Key numbers (specific
those tree species included in the attribute rows) previously selected.
tables for tree age, diameter, and canopy

height and their associated forest type groups. For example: Suppose you are interested inSome tree species occur in several forest type montane or allied spruce-fir forests that occur
groups. Information on tree age and tree 800-900 m elevation. To locate any studies
diameter can be obtained for these species conducted in stands at this elevation, turn to
from the attribute and summary tables for Table 77 (location, size, and elevation for

forest type groups identified from Table 4. montane spruce-fir forests) and search the
elevation column for studies (rows) with

For example: Suppose you would like to know entries of 800-900 m. After noting the Map
more about the characteristics of balsam fir in Key numbers, Source/Date, and Stand Name

_ old-growth stands. From Table 2 you find that that correspond to your target elevational
balsam fir (SAF 5) corresponds to both mon- range, (e.g., 3 (Carbonneau (1986a), Gibbs
tane spruce-fir and subboreal spruce-fir forest Brook, Nancy Brook), 5 (Cogbill (1996), Basin
type groups. Note that Table I also lists Ponds, Bernard Mountain), 8 (Fitzgerald and
balsam fir under both of these forest type Raynal (1991), Whiteface Mountain), etc.), you
groups. Table 82 and 83 (montane spruce-fir) can look in the other montane spruce-fir
and Tables 92 and 93 (subboreal spruce-fir) tables at the rows that you have now identified
provide information about maximum age and as being of the suitable elevation.
diameter of balsam fir, which is summarized in

Table 86 (montane spruce-fir) and Table 96
(subboreal spruce-fir).
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INFO_TION BY
FOREST T_:_E GROUPS

_, Sylvania Wilderness, Ottawa National Forest, Michigan.
Small to large diameter classes are present in this old-

growth hemlock-northern hardwood stand near Helen
Lake. Tree ages upwards of 350 years were recorded.
See also TyrreU and Crow (1994).
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BEECH._LE°BASSWOOD FOISTS

COMe, UNITY CO_OSITION Species Composition

Forest Cover Types Sugar maple (Acer sacchamm Marsh,) forms
associations with American basswood (Titta

The following Society of American Foresters americana L.) in the Upper Great Lakes_ _ d• ' i Woods of Minnesota)an
(SAF) %rest cover types {Eyre 1980) are in- Region (e,g., B g
cluded in the beech-maple-basswood forest with American beech (Fagus grandtfoha Ehrh.)further south and east. The western margin
type group: of beech's range in eastern Wisconsin demar-

60 - beech-sugar maple

The (CDS)

the

85-
86-



Geographic Distribution

Beech-maple-basswood forests are located
, northern tier of eastern states

g into southern Canada. This forest
extends from Minnesota to southern New

England. Its southern boundary roughly
corresponds to the southern limit of past

glaciation,

Soils

Beech-maple-basswood forests typically grow
on mesic, upland sites and prefer
circumneutral, well- to moderately well-
drained loams and silt loams. Due to their

beech -maple-

farmland.

DISTURBANCE

disturbances are frequent but of low

intensity, often forming single- or small,
gap -

forest type
in which

particularly
dist_bu-

to _eas that
The

ex-

is

It
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Bendix Woods Nature Preserve, St. Joseph Co.

{Davis 1993, Lindsey and Schmetz 1970,
Lindsey et aL t969, Riemenschneider and
Blodgett 1983, Rogers 1982, Schmelz and
Lindsey 1970)

Caster's Woods, Montgomery Co,

(Lindsey and Schmelz 1970, Lindsey et aI.
1969, Rogers 1982)

Heron Woods, Big Walnut Natural Area,
Putnam Co.

(Davis 1993, Lindsey et aL 1969, Lindsey and
Schmelz 1970, Rogers 1982, Schmelz and

Lindsey 1970)

Hoot Woods, Owen Co.

(Abrell and Jackson 1977; Davis 1993;
Jackson and Abrell 1977; Jackson and Allen

1967; Lindsey and Schmelz 1970; Lindsey et
aL 1969; Petty and Lindsev 1962; Schmelz
1964; Schmelz and Lindsey 1965, 1970;
Williamson 1975)

Hultz Woods, Putnam Co.

(Rogers 1982}

Jackson's Woods, Versailles State Park, _pley

A Warren Woods is an old-growth tract of Co.
beech and sugar maple in southwestern (Jackson and Allen 1969, Lindsey and

Michigan. See Cain (1935), Schmelz (1964), Schmelz 1970, Lindsey et at, 1969, Schmelz
Woods (1979), and Rogers (1992), Photo and Lindsey 1970)
1989 by Lucy TyrreIl,

Kado-Lato Woods, DeKalb Co.

(Lindsey et aI. 1969, Rogers 1982)
tree diversity, favoring dominance by sugar
maple, American beech, and American bass-
wood. Specifically, the importance (Le., basal LaPorte Woods, LaPorte Co.

(Lindsey and Schmelz 1970, Lindsey et aI.

_'_'_ is twice or more that of the oak-hickory com- 1969, Rogers 1982)
ii__ area) of maple, beech, and basswood combined

ponent (see Lindsey et aL 1969, p. 196). Logansport Woods, Cass Co.

STRUCTURAL CHARACTERISTICS OF - " .... 2
OLD-GROWTH STANDS Schmelz 1970; Rogers l_ ; Schmelz 1964;

Schmelz and Lindsey 1965, 1970)

} Manlove

SchmelzLindsey et
and Lindsey 1970)SELECTED REPRESENTATIVE

OLD,GROWTH STANDS
Meltzer Woods, Shelby Co.

(Davis I993, Keller i945, Lindsey and
Indiana Schmelz 1970, Lindsey et al. 1969, Rogers

Allee Memorial Woods; Parke Co. 1982, Schmelz and Lindsey 1970)

(Jackson 1966, Lindsey and Schmelz 1970,

Lindsey etaL Schmelz
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First Woods, Be_ien Co.Officers' Woods North, Jefferson Co,

[Davis 1993, Lindsey and Schmelz 1970, (Rogers 1981, 1982)
et al. 1969, Schmelz and Lindsey

Fuller Woods, Van Buren Co.

(Rogers 1981, 1982)

Ogden Woods, Wabash Co.
(Lindsev et aL 1969, Rogers 1982) Lyon Woods, Ingham Co.

(Rogers 1981, 1982)

Pine Hills Nature Preserve, Montgomery Co.

_Lindsey a.nd Schmelz 1970; Lindsey et at. Morga_n Woods, Washtenaw Co.
969; -chmelz 1964; Schmelz and Lindsey (Rogers 1981, 1982)

1965, 1970) Russ (Newton) Woods, Cass Co.

Pioneer Mo_ers Memorial Forest(Cox Woods), (Lindsey and Escobar t 976: Rogers 198 I,

Orange Co. I982)

Tourney Woods, Ingham Co.
(Harlan and White 1967; Lindsey and
Escobar 1976: Palik 1988: Palik and Murphy

i990; Rogers 1981, 1982; Schneider t963)

, Potzger

et al.



Missc_TiWarrens Woods, Be rrien Co.

{Auten 1933; Billington 1924; Brewer 1980;
Brewer and Merritt 1978: Cain 1935: Dice Douglas Woods, Boone Co.

i920; Donnelly 1986; Donnelly and Murphy {Kucera and McDermott 1955)

1987; Fox 1977; Lindsey and Escobar 19713;Lindsey and Schmelz 1970; Peters and Schnabel Woods, Boone Co.
'_ ...... Pouison 1994; Pouison and Platt 1989, 1996; (Davis 1993, Kucera and McDermott 1955)

Rogers 1981. 1982; Schmetz 1964; Schmelz
and Lindsey 1965, 1970; Woods 1979) New York

Wells State Park, Menominee Co. Green Lakes State Park, Onondaga Co.

(Davis 1993) (Lindsey and Escobar 1976)

Woldumar, Eaton Co. Ohio
(Lindsey and Escobar 1976)

Ansell's Ledges, Geauga Co.

NirAnesota (Lindsey and Escobar 1976, Pell and Mack
1977)

Cedar Lake Woods, Rice Co.

(Rogers 1981, 1982) Blacklick Woods, Fairfield Co.
(Boerner andBrinkman 1996, Fritts 1958,

Escobar 1976, Rogers 1982,

Rogers i98 t,
Bole

CraU Woods, _hland Co.

Webster



..... i

Holden Arboretum, _ke Co. Wisconsin

(Pell and Mack 1977) Abraham's Woods, Green Co.

Hueston Woods Nature Preserve, Preble Co. (Harper 1963, Lindsey and Escobar 1976.

(Adams and Barrett 1977; Auten 1933; Davis Maher 1988, Rogers 1982, Warner 1963)
1993; Fore et at. 1992; Lindsey and Escobar

Adell Woods, Sheboygan Co.1976; Moore and Vankat 1986; Osborne
(Lindsey and Escobar 1976)

' W
1982, 1984, 1985, 1990; Runkle et al. 1984; Baxter s Hollo , Sauk Co.

(Davis 1993, Maher 1988)Snider 1984; Snyder and Vankat 1984;
Vankat 1991; Va_nkat et al. 1975; Vankat and
Carson 1991; Vankat and Snyder 1991; Cleveland Woods, Manitowac Co.
Williamson and Powetl 1984) (Rogers 1981, 1982)

Kimball Woods, Lake Co. Hunt Hill, Washburn Co.

(Lindsey and Escobar 1976; PeU and Mack (Eggler 1938, Tyrrell 1988d)

1977) Jericho Woods, Calumet Co.

Sears-Carmean Woods, Crawford Co. (Lindsey and Escobar 1976; Rogers 1981,

(Cho and Boerner 199 la, 199 lb; Davis 1982)
1993)

Renak-Polak Woods, Racine Co.

Sigrist Woods, S_k Co. (Davis 1993, Maher 1988)

Schmidt (Fernwold) Woods, Clark Co.

(Landaal 1986, Lindsey and Escobar 1976,0Tinker s Creek, Cuyahoga C .

(Lindsey and Escobar 1976, Pell and Mack Schmidt 1931)
1977)

Tschantz Woods, Wyandot Co.

(Rogers 1982) Steinbrenner 1951, Struik and Curtis 1962)

Rogers 1981, 1982)

Canada

FOR _DITIONAL INFORMATION

Pennsylvania

cited in

McConnetls Mill State forest _e group in

(Davis 1993,
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®
Table 16.--Summary of attributes for old-growth beech-mapte-basswood stands O_romTables 7 0

through 15).
O

Attribute _ng e ...... References (Ma Key

Live Tree Density (#/ha)
- Trees > 2 cm d.b.h. 3700 - 4500 37

- Trees >_10 crn d.b.h. 140-772 1,2,5,6,7,10,11,13,15,16,17,20,
21,22, 23, 24, 25, 26, 27, 28, 29, 31,

32, 34, 35, 38, 39, 40, 41, 42 O
- Trees >20 crn d.b.h. 70- 350 2, 14, 15, 1{;,27,28,32,34,42, 43
- Trees >_50 cm d.b.h. 0 - 213 2, 13, 16, 20, 21,22, 23, 24, 27, 28,

34, 39, 42, 43
- Trees >__70 crn d.b.h. 0 - 107 2, 13, 18, 22, 23, 24, 27, 28, 29, 34, 39, 43

=
37

1,5, 6, 10, 11, 13, 15, 16, 17, 18, 19, 20, t

21,22, 23, 24, 25, 28, 28, 29, 31,32, 34,
35, 38, 39, 40; 41, 42 • !_
39
39 _a

g
I
I
=
II



!_ Attdbute Range __ References (Ma

Average Canopy Height (m) 17 - 37 2, 3, 6, 7, 18, 29

O
_ Canopy Gaps (%) 2.6 - 7.0 6, 8, 33, 34

I
Standing Dead Trees (Snags) I

_ Snag Density (#/ha) i
- Snags >_2 cm d.b.h. 99 - 131 13,20, 21,22, 23, 24, 39, 41, 42

- Snags >_10 cm d.b.h. 0 - 173 37
Snag Volume (ma/ha)

- Snags __t0 cm d.b.h. 1 0 - 78.7 13 !I
- Snags >_15 cm d.b.h. 0.9 - 44.8 39 i® i

....... L J J

O
Fallen 1DeadTrees (Logs) I

Density of Logs (#/ha)
- Logs >_10 cm d.b.h. 13

O E I

- Logs z 10 cm d.b.h. 13, 37
®
O ___

'O
®
O
O
O
O
O
O
O
O

O
O
O
O
O



_O COMMUNITY COMPOSITION Speaies Composition

O Forest Cover Types Sugar maple {Acer saccharum Marsh.), Ameri-
can beech {Fagus grandtfolta Ehrh.), and

iO The following Society of American Foresters yellow birch {Betu_a allegheniensis Britton) are
(SAF) forest cover types {Eyre 1980) are in- the dominant northern hardwood species.

@ cluded in the northern hardwood forest type American beech drops out as a component

'l group: beyond the western limit of its range in east-ern Wisconsin. Deciduous associates include

25 - sugar maple-beech-yellow birch American basswood {Tilia americana L.), white

_O 27 - sugar maple ash (Fraxtnus americana L.}, red maple {Acer
28 - black cherry-maple rubrum L.), black cherry {Pnmus serotina

O 60 - beech-sugar maple Ehrh.), northern red oak {Quercus rubra L.),

and yellow-poplar (Liriodendron tulipifera L.).
@ The following Combined Data System (CDS) Elm {U/mus sp. L.) was formerly common in

tbrest cover types for the USDA Forest Service these forests. Dutch elm disease and elm

O Eastern Region (USDA 1974) are included in yellows, however, have sharply diminished the

_i the northern hardwood forest type group: abundance of elm in the overstory. Easternhemlock {Tsuga canadensis (L.) Carr.), eastern

81 - sugar maple/beech/yellow birch _ white pine {Pinus strobus L.), red spruce (Picea
@ 85 - sugar maple rubens Sarg.), and balsam fir (Abies balsamea

@ 87 - sugar maple/beech/yellow birch/red {L.) Mill.) are frequent associates; however,spruce their combined overstory coverage along with

@ 89 - mixed hardwoods other conifers is less than 25 percent (cf,conifer-northern hardwood forests).

®
®

®
®
®

A The Bowl Research Natural Area includes old-growth northern

hardwoods in a relatively undisturbed watershed on the White
Mountain National Forest in New Hampshire. See Carbonneau (1986a),

Leak (1973, 1974, 1985a, 1985b, 1987a), Leak and Graber (1974), and
Martin (1977, 1979). Photo 7/92 by Lucy Tyrrell.
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PHYSICAL CONTEXT Soils i

Physiographic Provinces In the North, northern hardwoo_i forests occur _g

on well- to moderately well-drained sites and i
Northern hardwood forests occur in the follow- are best developed on fertile, mesic Alfisols at

ing physiographic provinces (after Fenneman low to middle elevations. In the middle and
1938): southern Appalachians, northern hardwoods i

are restricted to high elevations with cool, _i
Blue Ridge (all sections) mesic conditions. These conditions are most
Ridge and Valley (all sections) prevalent on north- and east-facing slopes
Appalachian Plateaus (all sections) where direct radiation and evapotranspiration i
New England (all sections) rates are reduced. These forests are poorly
Adirondack developed in certain parts of the middle Appa- i
Central Lowland (Great Lake, lachians where mountains are relatively low

Driftless, and (e.g., Ridge and Valley Province). i

Western Young
Drift sections) DISTURBANCE

Superior Upland I
Canopy gaps formed by single or multiple tree

Ecological Units falls are common (Canham 1985). Under i
steady-state conditions, microcyclic succes-

Northern hardwood forests occur in several sion among dominant species may occur

divisions and provinces (see Keys et al. 1995): (Forcier 1975). Sites supporting northern

hardwoods are generally moist, so fires are a
200 Humid Temperate Domain infrequent and usually limited to small surface
210 Warm Continental Division burns. Additional disturbances, such as ice
212 Laurentian Mixed Forest Province and wind storms, occur periodically and range a

220 Hot Continental Division in intensity from catastrophic destruction to a
221 Eastern Broadleaf Forest (Oceanic) less than 10 percent canopy removal (Frelich

Province and Lorimer 1991). The potential for i
M210 Warm Continental Regime Mountains presettlement northern hardwood forests to

M212 Adirondack-New England Mixed achieve climax and possibly steady-state
Forest-Coniferous Forest- conditions may have been greatest in the

Alpine Meadow Province mountains of the Northeast, where fires and
M220 Hot Continental Regime Mountains catastrophic wind events appear to be less

M221 Central Appalachian Broadleaf frequent than in other areas within the range
Forest-Coniferous of northern hardwoods (Bormann and Likens

Forest-Meadow Province 1979b, Lorimer 1977). Disturbance patterns a
have undoubtedly been altered by human

Geographic Distribution activities such as logging and fire suppression
since European settlement (Bormann and

Northern hardwood forests are limited to the Likens 1979b). Though stand stature may be
northern tier of states in the East, except for a set back, small disturbances rarely alter

southern extension along the Appalachian species composition significantly. More severe
Mountains (Bormann and Likens 1979a). The disturbances, though rare, may increase the

distribution of yellow birch (Betula importance of species such as eastern white _l
alleghaniensis Britton) essentially demarcates pine, paper birch (BetuIa papyrifera Marsh.),
the southern boundary of this forest type aspen (Populus sp.), and eastern hemlock

group, which stretches from northwest Minne- (Hough and Forbes 1943, Lorimer 1977,

sota to Maine and extends southward from Maissurow 1941).
Maine to North Carolina, primarily along the

Appalachian Mountains (Burns and Honkala RELATION TO OTHER FOREST TYPES
1990b).

Northern hardwood stands are often close to
and intermingled with conifer-northern hard-

wood forests. In montane regions, as elevation
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_i_ Where their distributions overlap, (i.e., in the

middle and southern Appalachians), northern
hardwood forests are distinguished from mixed

mesophytic forests by (1) occmTing only on
high slopes and ridgetops, (2) having lower tree

species richness and diversity than mixed
mesophytic tbrests, and (3) including northern

_O species such as yellow birch and red spruce.

STRUCTURAL CHARACTERISTICS OFOLD-GROWTH STANDS

Information about northern hardwood forests

O in an old-growth condition is included in
Figure 5 and Tables 17 through 26.

O SELECTED REPRESENTATIVE

0 OLD-GROWTH STANDS

0 Maine

6 Beech Hill, Town of Pittston, Kennebec Co.
(Maine Critical Areas Program 1983b, 1985)

6 Big Reed Pond Preserve*, Piscataquis Co.

6 (Cogbill 1985, Maine Critical Areas Program1983b)

6 Cobbosseecontee*, Town of Monmouth,

6 A The influence of natural disturbance on patch Kennebec Co.
formation in an old-growth northern hard- (Maine Critical Areas Program 1983b, 1985)

Q wood landscape is apparent in this photo
taken in the McCormick Wilderness (also a Day Mountain, Franklin Co.

6 research natural area), Ottawa National (Maine Critical Areas Program 1985)
Forest, Michigan. A large gap produced by

wind uprooted some trees and snapped off Hafey Hardwoods, Aroostook Co.
others, increasing coarse woody debris. (Maine Critical Areas Program 1983b, 1985)

l_ Photo 7/93 by Lucy TylTell.
Haystack Mountain, Oxford Co.

Q (Maine Critical Areas Program 1983b)

Q increases, northern hardwoods grade into Hedgehog Mountain, Aroostook Co.
conifer-northern hardwoods in which the (Selva et al. 1989)

Q conifer component is red spruce. Transitions
from northern hardwoods to the hemlock- Little Bigelow

Q northern hardwoods and eastern white pine- (Hudson et al. 1986, Maine State Planning
northern hardwoods may also occur along Office 1986)

Q edaphic gradients. Transitions from conifer-
northern hardwoods to northern hardwoods Lunksoos Mountain, Penobscot Co.

occur as scattered, old conifers (e.g., eastern (Maine Critical Areas Program 1983b, 1985)
white pine) die off and are gradually replaced

Q. by hardwoods (Kittredge 1934, Maine Critical Mahoosuc Notch, Oxford Co.
Areas Program 1983b). Severe disturbances (Maine Critical Areas Program 1983b)

can produce a transition from northern hard-
woods to conifer-northern hardwoods, pro- Morrison Mountain, Aroostook Co.

O vided such disturbances increase conifer (Selva et al. 1989)abundance.
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Mount Philip, Kennebec Co. Dukes Experimental Forest, Upper Peninsula
(Maine Critical Areas Program 1985) (Mroz et al. 1985, Tubbs 1977)

Musquacook Hardwoods, Aroostook Co. Huron Mountain Club*, T52-53N R28-29W
(Maine Critical Areas Program 1983b, 1985) (Bourdo 1956)

Priestly Mountain*, Piscataquis Co. Isle Royale National Park*, Keweenaw Co.

Pump Handle, Eagle Lake Township, Keweenaw Point, Keweenaw Co.
Piscataquis Co. (Bourdo 1956)

(Maine Critical Areas Program 1983b, 1985)
Lake Gogebic State Park, Gogebic Co.

Town of Rockport, Knox Co. (Davis 1993)
(Maine Critical Areas Program 1983b, 1985)

McCormick Tract, Marquette Co.

Trout Pond, Town of Mason, Oxford Co. (Mroz et al. 1985, Pregitzer and Barnes 1984)

Yankeetuladi Hardwoods*, Aroostook Co. Misery Bay, Ontonagon Co.

(Maine Critical Areas Program 1983b, 1985) (Bourdo 1956)

York, York Co. North Fox Island*, Leelanau Co.
(Maine Critical Areas Program 1985) (Davis 1993)

Massachusetts Northshore Research Natural Area*, Mackinaw
State Forest

Bashbish Brook Watershed, Berkshire-Taconic (Davis 1993)

Region
(Leverett 1991) Porcupine Mountains Wilderness State Park*

(Davis 1993)

Cold River Tract, Berkshire-Taconic Region

(Leverett 1991) South Fox Island, Leelanau Co.
(Hatt et al. 1948)

Dunbar Brook Watershed, Berkshire-Taconic

Region South Manitou Island, Leelanau Co.
(Leverett 1991) (Hatt et aL 1948)

Fife Brook Watershed, Berkshire-Taconic Sylvania Wilderness Area*, Ottawa National

Region Forest
(Leverett 1991)

Wells State Park, Menominee Co.

Mount Everett, east side, Berkshire-Taconic (Davis 1993)

Region, Berkshire Co.
(Leverett 1991) Minnesota

The Hopper, Mount Greylock, Berkshire- Magney Park, Duluth
Taconic Region, Berkshire Co. (Davis 1993)

(Leverett 1991)
Moose Mountain State Scientific and Natural

Todd Mountain*, near Mohawk Trail State Area, St. Louis Co.
Forest (Davis 1993)

(Leverett 1988)
Snively Park, Duluth

Michigan (Davis 1993)

Alberta, Baraga Co.
(Bourdo 1956)
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Star Island in Cass Lake, Beltrami and Cass Edmund Niles Huyck Preserve

Co. (Runkle 1982)
(Braun 1950, Kittredge 1934)

Five Ponds Wilderness*, Adirondack Park
New Hampshire (Leopold et al. 1988)

@
Bartlett Experimental Forest, White Mountain Gill Brook*, Town of Keene, Essex Co.

O National Forest
{Leak 1973, 1987b) Huntington Forest, SUNY Reserve Natural

_O Area
Charcoal Hearth, Grafton Co. (Bratton 1976)

O (Carbonneau 1986a, Tritton 1980)
Kildare, Adirondack Park, St. Lawrence Co.

O Eagle Cliff, Grafton Co. (Leopold et al. 1988)
(Carbonneau 1986a)

O McKenzie Mountain, Adirondack Park, Essex
Jefferson Notch, Coos Co. Co.

{Wood 1975) (Leopold et al. 1988)

O Mountain Pond, White Mountain National North Carolina
Forest, Carroll Co.

(Carbonneau 1986a; Leak 1985a, 1985b, Black Mountain Research Natural Area*,
1987b) Yancey Co.

6 (Roe 1987)
Nancy Brook Scenic Area

(Carbonneau 1986a) Cherry Cove, off Blue Ridge Parkway
(Davis 1993)

Q Pittsburg Township, White Mountains
(Braun 1950) Great Smoky Mountains National Park*, also

6 TN
The Bowl Research Natural Area*, White (Bratton 1975, Crandall 1958, Runkle 1982,

Mountain National Forest Russell 1953)
(Carbonneau 1986a; Leak 1973, 1974,

6 1985a, 1985b, 1987b; Leak and Graber Joyce Kilmer Memorial Forest*, Graham Co.
1974; Martin 1977, 1979) (Runkle 1982)

Waterville Township, White Mountains Walker Cove Research Natural Area*, near

Q (Braun 1950) Asheville
(Runkle 1982)

Q Williams Tract, Cheshire Co.
(Carbonneau 1986a, 1986b; Leak 1985a, Wayah Bald Area, Nantahala National Forest

Q" 1987a) (Davis 1993)

Q New York Pennsylvania

Q Ampersand Mountain*, Adirondack Park, Ayers Hill Quadrangle, Potter Co.
Franklin Co. (Goodlett 1954)

Q (Leopold et al. 1988)
Coudersport Quadrangle, Potter Co.

i_ _ Baldwin Hill, Adirondack Park, Essex Co. (Goodlett 1954)
(Leopold et al. 1988)

Q" Hearts Content, Warren Co.
Catskill Mountains, Ulster and Greene (Hough and Forbes 1943, Lutz 1930a)

i_" Counties
(Mclntosh 1972) Kennedy Mills, Lawrence Co.

_' (Davis 1993)
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Lost _es, Monroe Co. Lookoff Mountain, Green Mountain National

Forest
Miller Wobds, 2 mi. N of Slippery Rock, Butler

Co. Lords Hill State Natural Area, Washington Co.
(Davis 1993)

Oleona Quadrangle, Potter Co.
(Goodlett 1954) The Cape Research NaturN Area, Rutlamd Co.

(Davis 1993) 1
Prince Gallitzin State Park, Cambria Co.

Wisconsin
Promised Land State Park, Pike Co.

Brule Basin, Douglas Co. 1
Raymond B. Winter State Park, Union Co. (Fassett 1944)

Silvermine Run*, 2 mi. E of Rector, Gogebic Range, Iron Co.

Westmoreland Co. (Mladenoff and Howell 1980.)

Tidioute Hotel Woods, Tidioute, Warren Co. Menominee Co. 1
(Milfred et al. 1967)

Tionesta Scenic and Research Natural Area*, 1
Allegheny National Forest Canada

(Hough and Forbes 1943, Runkle 1982) 1
Duchesnay Experimental Forest, Quebec

Woodbourne Forest and Wildlife Sanctuary*, (Messier and Bellefleur 1988) ii
Susquehanna Co.

(Runkle 1982) FOR ADDITIONAL INFORMATION 1

Vermont Additional references that pertain m northern
hardwood forests but are not cited in tables or

Camel's Hump, Green Mountains, Washington text are listed by forest type group in Appendix
Co. C.

(Vogelmann etal. 1985) 1

Gifford Woods State Natural Area, Rutland Co.

1
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Table 26.--Summary of attributes for old-growth northern hardwood stands (from Tables
17 through 25).

Attribute

"_glr

Live Tree Density(#/ha)
- Trees >_2.5 cm d.b.h. 880 - 2280 17, 41

- Trees > 10 cm d.b.h. 190 - 907 4, 9, 10, 12, 18, 28, 34, 35 mL
- Trees > 35 cm d.b.h. 70- 140 9

- Trees > 50 cm d.b.h. 30 - 85 18, 34, 44
- Trees > 70 cm d.b.h. 5 - 25 18, 34, 37
- Not as specified above 3, 25, 27, 36, 38, 39, 45, 46

O
Live Tree Basal Area (m2/ha)

- Trees >_5 cm d.b.h. 25.3 - 37.6 22, 25
- Trees >_10 cm d.b.h. 25.7 - 73.O 4, 9, 10,12,34, 35, 40
- Trees >_35 cm d.b.h. 17.8 - 33.3 9

- Trees >_50 cm d.b.h. 12.7 - 29.6 8, 34 dmt
- Trees >_70 cm d.b.h. 2.1 - 11.6 34

- Not as specified above 6, 7, 20, 23, 27, 28, 32, 33, l_
38, 39, 41, 45

O.............. J..LI.._.L._.._.J L_'J____....

Tree or Stand Age (yr)
Average Age by Species dL

- Sugar Maple 115 - 175 34

Red Spruce 218 34
Hemlock 274 34

- Other Species 8, 12, 28, 29, 30 OF
Maximum Age by Species

- Sugar Maple 100+ - 420 5, 6, 9, 13, 15, 16, 19, 21,28, _)
31,35, 39, 44

- Yellow Birch 101 - 366 5, 10, 15, 16, 19, 24, 28, 31, 34
Beech 101 - 366 9, 15, 16, 19, 24, 28, 29, 35
Red Maple 290 - 310 15
Hemlock 189 - 475 10, 26, 28, 31,34, 35

- Other Species 17, 29, 36, 37, 43

O

(Table 26 continued on next page)
152



(Table 26 continued)

A_ribut Range

Maximum Tree Diameter

if" at Breast He!ght by Species (cm)
- Sugar Maple 36 - 103 1,4, 5, 9, 10, 11, t3, 17, 18, 21,

_ .... 22, 24, 25, 28, 32, 34, 37, 38, 39, 44
- Yellow Birch 4.0 - 112 1,4, 5, 7, 9, 10, t8, 22, 24, 25, 28,

0 32, 34, 37, 38, 39, 46
- Basswood 13 - 81 10, 17, 22, 28, 34, 37, 38
- Beech 15 - 74 4, 7, 9, 10, 13, 18, 22, 24, 28, 32,

_. 34, 41
Elm spp. 47 - 107 10, 37

- Red Maple 10 - 71 4, 9, 17, 18, 22
- Red Oak 36 - 104 17, 28, 37

D _ Hemlock 32 - 107 1,9, 10, i 8, 22, 28, 34, 37, 38
- Other species 2, 8, 14, 20

It
= ................. . .....

Canopy Gaps (%) 10 - 25 28, 42

_ ........ _ -

I_ Standing Dead Trees (Snags)
Snag Density (#/ha)

- Snags >_5 cm d.b.h. 70 - 77 25
- Snags >_10 cm d.b.h. 0 - 60 4, 9, 34
- Not as specified above 12, 27

Snag Basal Area (m2/ha)
_ - Snags z 5 cm d.b.h. 0.8 - 7.5 25

_!" - Snags >_10 cm d.b.h. 0 - 12.5 4, 9, 34
- Not as specified above 6

I_" Fallen Dead Trees (Logs)
Density of Logs (#/ha)

_ - Logs > 10 cm d.b.h. 99 - 481 4
Volume of Logs (ma/ha)

_ - Logs >_10 cm d.b.h. 121 -213 4,34

............ _ ......... I/ I LJ I........... II I ._--, • L-- J/' ' ".... IL-- I ----
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DRY AND XE_C O_ FO_$T$o WOOD_D$o AND SAVAaNNA$
D

COMMUNITg CON_POSITION Species Cor_position

Forest Covem TyI_s This forest type group v_Ies greatly, partly
because its r_ge is so wide and the number

The follow_ing Society of Ame_can Foresters of o_ species that can domkiate is so great.

D (SAF) forest cover _es (Eyre 1980) are For ease in discussion° this fbrest type groupincluded in the dry, and xeric oak _brests. can be considered in three subgroups based
on dom_mnt species, location, and fire his-

woodlands. _d savannas forest type group: to<_.

14 northern pin oak
40 -post oak-blackjackoak Norther_ oaks _th

42 - bur o_ oak forests, woodlands, and savannas43 - bear oak nated solely or in vmrious combinations by

D 44 - chestnut oak northern pin oak (Quercus eIlipsoMaRts E.J.67 - Mohrs {"shin') oak. Hill), bur oak (Q. macrc_arpa Micl_x.), and

72 - southern scrub o_ btack oak (Q. velaaaa Lain.) occur in the89 - live oak Upper Great Lakes Region, principally between

I t0 -black o_ the southern margin of the Wisconsin glacia-tion mid the northern tension zone of Minne-

The following Combined Data Systems (CDS} sofa, Wisconsin, and Michigan. These oak
forest cover types for the USDA Forest Service dominants often have morphological features
Eastern Region (USDA i974} are included in that encourage fire (e.g., small size, retentionP
the dry" and xeric o_ forests. woodlands, _d of dead leaves and tower branches}. Decidu-

savannas forest _e _oup: ous associates, such as red maple (Acerr_rum L J, cherry (_nus L.}, sassafras

52 - ches_ut oak
57 - scarlet o_

59 - mixed o_s small Jack, red, and eastern white pine

P

P
B

P

B
P



A large post oak snag
_ stands out in a restored

old-growth xeric savanna
at Ix_ng Bald, on Caney
Mountain in Mtssour_

Photo 4/92 by Lucy
T_IrreU.

..{Ptnus banksiana _b., PI-IYSICAL CONTEXT

ares; Physiographic Pro_nces
_an oak;

prinus L.), and scarlet

conditions.



Ecelogical Units south to Texas in the West rand across t:o the
Eastern Seaboard from southern Maine to

F Dry and xeric oak fbrests, woodlands.. _ld Florida, This forest type group indicates
sav_nas occur in several divisions and int%_te, droughty uplands arid has been
provinces [see Keys et aL 1995): called °'oak barrens/' Representative studs

also occur on steep, south-facing slopes _md
F 200 Humid Temperate Domain along rock outcrops_ Although dry conditions

210 Warm Continental Division m_, prevail throughout most of the year, soil
212 i_urentJa_n Mixed Forest, _ovinee moisture deficits are rnost intense in summen

220 Hot Continent.al Division With severe environmental conditions, indi-
221 Eastern Broadleaf Forest (Oceax_c) vidual Fees may be stunted and gnarled.

Pro_dnce

222 Eastern B_oadleaf Forest ICon/inch- Soila
t_l} ._.ovince

250 _airie Division. Most stands are located on coarse-textured

251 PraJ._e and perate) _-ov- soils, or where bedrock is near ithe surface
ince and soil moisture is limiting. Soils are typi-

255 Prairie Parkland (Subtropical[) call}, Inceptlsolso Enasots. or Spodosots,
Province

M2 !.0 Warm Continental Regime Moun- DISTU_CEtan s

M212 Adirondack-New England Mixed in p_ esettlemen times. the open condition ofForest-Coniferous Forest-Alpine the woodhmds m-_d savannas was maintained
Meadow i_ovince by poor site conditions., fire, or both. Fre-

M220 Hot Continental rne Moun_ns quent fire allowed shade-intolerant grasses,
M221 Centxal .AppNacl_ian Broadleaf forbs, and shrubs to domina_e the understory.

Forest-Con s Forest-Meadow During severe droughts, large fires burned

Province through the stands. Today, due to fire sup-pressiom many tbrmer oak woodlands and
L Ge e Distril_u¢ion sav_nas have been replaced by closed-

canopy oak lbrests, especially on sites where

Dry and xeric o,._ forests, wo_lands, and presettlement iire limited stand densib _.sawannas are found throughout most of the Hence. most present-dmJ woodlands and
eastern United States. from North Dmkota savannas _e found on sites where stand

denslW .is bruited by soft moisture.

P
J
J



RELATION TO OTHER FO_T _F_ Mark Twain National Forest. Taney Co.
(Kucera and Martin 1957)

The
Mudltck Mountain Natural Area, Sam A. Baker
State Park

Noah Caro_a

Great smo_ Mount_s Natlonal Park

Mnvflle Gorge, _sgah National Forest
A_

through 36. Ohio

Hawk Woods, Athens Co.
(McC _t_ 1987)

Ar_sa$ Ok1_Oz_u_

[selected areas in] W. Oklahoma (pralrie-forest
ecotone)

Connecticut (Rice and Penfound 1959)

Sou_ Carolina

• _,- Post Oak S_d, Edgefleld r District
Indiana

T@_@ssee:
Indiana Dunes
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Table 36.--S of attributes for old-growth dry and xe_ oak stands (from Tables
27 through 35).

Attribute References 4

Live Tree Density (#/ha)
- Treesp_2 cm d.b.h. 1900 - 5567 11

- Trees > 10 cm d.b.h. 280 - 443 1,6, 7, 9 (
- Trees> 40 cm d.b.h. 36 1
- Trees> 50 cm d:b.h. -- --

4,9,10



A_ribut

Canopy Gaps (%) ....

B
Standing Dead Trees (Snags)
Snag Density (#/ha)
- Snags >_2 cm d.b.h. 139 - 207 11
- Not as specified above

Snag Basal Area (m2tha)

_ - Snags _ t0 cm d.b.h. 5, 10

e
Fallen Dead Trees (Logs)

_, Density of Logs (#/ha)
- Logs _ 7,5 cm d.b.h. -- --

Volume of Logs (m3/ha)

- Logs z. t0 cm d.b.h. 24.3 - 34.6 11

e
l
i
i
i

i
i
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MESIC &51D WEToMESIC NORTHERN OAK FORESTS,

WOOD_DS0 AND SAVANNAS

COMMU_TY COMPOSITION the mesic and wet-mesic northern oak forests,

woodlands, and savannas forest type group:
Fores, CoverTypes

53 - black oak/scarlet oak/hickory
The following Society of American Foresters 54 - white oak

{SAF) forest cover types {Eyre 1980) are in- 55 - northern red oak
eluded in the mesic and wet-mesic northern 59 - mixed oaks

oak forests, woodlands, and savannas forest 89 - mixed hardwoods
type group:

Species Composition
42 - bur oak

B 52 - white oak-black oak-northern red oak Mesic and wet-mesic oak forests are usually
53 - white oak comprised of various mixtures of overstory

B 55 - northern red oak northern red oak (Quercus rubra L.), white oak
110 - black oak (Q, alba L.), black oak (Q. veIuKna Lam.), and

hickories (Carya Nutt.). These species also
The following Combined Data Systems (CDS) occur in woodlands and savannas; however,

B forest cover types for the USDA Forest Service bur oak (Q. macrocarpa Michx.) is usually
Eastern Region (USDA 1974) are included in more prevalent in these open situations.

$
B
D
B
B
B
e
O

D
O
D
D
D

A Donaldson's Woods in Indiana, like many mesic oak forests in the
Central Hardwoods Region, are succeeding to mixed or western meso-

phytic forests in the absence of fire. Donaldson's Woods contain white
oak, red oak, and shagbark hickory, with increasing sugar maple in the
understory. See Lindsey et al. (1969). Photo 4/92 by Lucy Tyrrell.
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PHYSICAL CONTEXT surrounding mountain toe stopes. In the _ i

northern portion of its range, this forest type _@
Physiographic Provinces group usually occurs on warm sites that face

south and west. The best examples of this _O •The mesic and wet-mesic northern oak forests, forest type group occur in and along the edge

woodlands, and savannas occur in the following of the Prairie Peninsula, which extends east- O
physiographic provinces (after Fenneman ward from central Illinois to western Pennsyl-

1938): vania (Transeau 1935). O

Piedmont (all sections) Soils

Ridge and Valley (Hudson-Champlain _

and Middle sections) Mesic oak forests, woodlands, and savannas @Appalachian Plateaus (Allegheny Mountain, are most common on fine-textured soils;

Unglaciated and however, they will also occur on coarse-tex-
Glaciated Allegheny tured soils that are moist due to landscape

Plateaus, Catskill position or underlying hardpans. OMountains, and

Mohawk sections) DISTURBANCE ONew England (Upland and Seaboard

Lowland section) In presettlement times, these oak forests, O
Central Lowland (all sections except woodlands, and savannas burned frequently.

Osage) Well adapted to fire (thick bark, ability to O tSuperior Upland reproduce vegetatively, etc.), oaks on these

sites had an advantage over species that were OEcological Units competitively superior but less tolerant of fire,

such as sugar maple (Acer saccharum Marsh.) O
Mesic and wet-mesic northern oak forests, and American beech (Fagus grandifolia Ehrh.).

woodlands, and savannas occur in several O
divisions and provinces (see Keys et al. 1995): Oak density over the presettlement landscape

was dictated by fire intensity and frequency, O200 Humid Temperate Domain ranging from low densities in open savannas

220 Hot Continental Division that burned hot and frequently to higher O221 Eastern Broadleaf Forest (Oceanic) densities in closed forests where surface burns

Province were cooler and less frequent. O222 Eastern Broadleaf Forest (Continental)

Province Today, mesic and wet-mesic northern oak O250 Prairie Division forests, woodlands, and savannas are becom-

251 Prairie Parkland (Temperate) Province ing relicts due to fire suppression and other O
M220 Hot Continental Regime Mountains factors that inhibit regeneration. Indeed,

M221 Central Appalachian Broadleaf Forest- these woodlands and savannas represent some O ]Coniferous Forest-Meadow Province of the rarest tree communities in the entire 1

eastern United States (Curtis 1959). Because

Geographic Distribution these stands grew on soils ideal for agricul-
ture, most were cut soon after European

The range of mesic and wet-mesic northern oak settlement. The few stands that survived

forests, woodlands, and savannas extends from initial cutting were frequently used as pas- O
about the 38th parallel northward to the Cana- tures for livestock, resulting in heavy grazing

dian border. In the Upper Great Lakes (Minne- of the understory. Any uncut stands protected
sota, Upper Peninsula of Michigan) and the New from grazing or fire, have been converting to
England States from northeastern New York mixed mesophytic forests. At present, most
through Maine, the mesic northern oaks merge oak woodlands and savannas that resemble
into northern hardwoods. The southern their presettlement condition occur along

boundary of mesic northern oaks generally railroad rights-of-way that bum periodically or

follows the edge of the Wisconsin Drift. In the have been restored to such a condition by
Appalachians, these stands are restricted to low thinning and prescribed fire. However, ex-

elevations and often occur in broad valleys and amples of presettlement condition (e.g., tree O_
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_ Old-growth mesic oak (black oak,
white oak) and a subcanopy of

flowering dogwood can be seen
at Hemmer Woods in southern

Indiana. See McCune et al.
(1988) and Spetich et al. (1996).

Photo 4/92 by Lucy TyrreU.

B
composition and density) may still exist on 1989, Shotola et al. 1992). To the north,
sites influenced by humans, such as old various other hardwoods in combination with

pastures, parks and cemeteries (e.g., Pioneer northern red oak constitute northern hard-
Cemetery Park, Kalamazoo, MI). wood forests. Mesic forests with a conifer

component in addition to oak or other hard-
RELATION TO OTHER FOREST TYPES woods would be classified as conifer-northern

hardwoods. Oak forests on the dry end of the
In most mesic oak forests today, oaks occur moisture gradient would be dry-mesic oak

only in the canopy, representing the oldest age forests.
and largest size classes, whereas the under-

story is normally dominated by shade-tolerant STRUCTURAL CHARACTERISTICS OF
sugar maple, American beech, white ash OLD-GROWTH STANDS

(Fraxinus americana L.), American basswood
(Tilia americana L.) and other mesophytic Information about mesic and wet-mesic north-

species. Thus, existing oak forests are likely to ern oak forests, woodlands, and savannas in
be replaced by beech-maple-basswood or an old-growth condition is included in Figure 7

mesophytic forests in time as shade-tolerant and Tables 37 through 46.
trees replace canopy oaks (Ward and Parker

O
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SELECTED REPRESENTATIVE Indiana
OLD-GROWTH STANDS @

Bryan Nature Preserve, Clinton Co.
Illinois (Johnson et aL 1972)

Allerton Park, Platt Co. Central Indiana '_

{Boggess and Gels 1967, Johnson and Bell (Potzger and Friesner 1940)
1975)

Davis Purdue Research Forest, Randolph Co.

Argenta, Macon Co. {Leopold et al. 1985; Parker and Leopold
(Johnson and Bell 1975) 1983, 1985; Parker et aL 1985; Parker and

Sherwood 1986; Parker and Ward 1987; '_

Baber Woods, Edgar Co. Schmelz 1964; Ward and Parker 1989)
(Ebinger and McClain 199 I, McClain and
Ebinger 1968, Newman and Ebinger 1985) Donaldson's Woods, Spring Mill State Park,

Lawrence Co.

Beall Woods Nature Preserve and State Park, (Lindsey et al. 1969)
Wabash Co.

(Lindsey 1963, Schmelz 1964) Grider's Woods, Tri-County State Fish and
Game Area

Boulder Slope Woods, Little Black Slough
Natural Area Hemmer Woods, Gibson Co.

(Robertson 1987) (McCune et al. 1988)

Brownfleld Woods, Champaign Co. James Bird Woods, Harrison Co.
(Miceli et al. 1977) (Lindsey et al. 1969, Schmelz and Hodde

1970)

Foley Woods, East-Central
(Jackson and Petty 1971) Laughery Creek Valley

(Potzger and Chandler 1952)
Funk's Grove, McClean Co.

(Boggess and Gels 1965) Lilly-Dickey Woods, Brown Co.

George S. Park Memorial Woods, Putnam Co. Mauntel Woods (Stand A), Dubois Co.
(Potzger and Friesner 1934)

Hart Woods, Champaign Co.
{Johnson and Bell 1975} Ross Biological Reserve Woods, Tippecanoe Co.

(Schmelz 1964)
Middle Fork Woods Nature Preserve, Vermillion

Co. Winghaven, Steuben Co.

Rocky Branch Nature Preserve, Clark Co. Kentucky
(Ebinger and Parker 1969}

[selected areas in the] Inner Bluegrass Plateau

Sargents Woods, Coles Co. Region
(Eblnger 1968) (Bryant et al. 1980)

[selected areas in the] Shawnee Hills Region, Big Woods, Mammoth Cave National Park _ ]
Southern Illinois

(Fralish et al. 199 I, Leitner and Jackson Maine _ i

1981)
Camden Hills State Park, Knox Co. _

Iowa
Michigan _'

White Pine Hollow, Dubuque Co.
Esker, Southern Michigan near Grass Lake,

O
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Jackson Co. Hawk Woods, Athens Co.

_ (Wing 1937) (McCarthy et at. 1987)

Pioneer Cemetery Park, Kalamazoo Pennsylvania
(Brewer and KJfler 1.989)

0 Sophia's Woods, Fayette Co.
Radrick Forest, Matthael Botanical Gardens, (Abrams and Downs 1990)

B Washtenaw Co.
(Hammit and Barnes 1989) Virginia

e
_sso_ [selected areas in file] Shenandoah Valley

B (Braun 1950)
Big Oak Tree State Park

W (Laughlin 1947) Wisconsin

B Ashland Wildlife Area, Boone Co. Babcock Oak Opening, Dane Co.
(Palta_dy et aL 1991) (Stout 1944)

e
Hicko_ Canyons Natural Area, Sainte Devil's Lake State Park, Sauk Co.
Genevieve Co.

New Glarus Woods State Park, Green Co.

Wegener Woods, WmTen Co.
Noe Woods, U.W. Arboretum

New Jersey (McCune and Cottam 1985)

0 Mettler's Woods (Hutcheson Memorial Forest), Wyalusing State Park, Grant Co.
Somerset Co.

0 (Buell 1957; Buell et al. 1954; Forman and [site in] Southeastern Wisconsin near Albion
Elfstrom 1975; Frei and Fairbrothers 1963; (Bray 1960)

e Lang and Forman 1978; Monk 1961a, 1961b;
Sulser 197 I) FOR ADDITIONAL INFORMATION

e
Ohio Additional references that pertain to mestc and

wet-mesic oak forests, woodlands, and savan-
Cabin Run Forest, Clermont Co. nas but are not cited in tables or text are listed

(Cobbe 1943) by forest type group in Appendix C.

Drew Woods, Darke Co.
(Boerner and Kooser 1991)

O
O
O
O
O
O
O
O
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Table 46.mS_ of attributes for old-growth mestc and wet-mestc northern oak stands O?om
Tables 37 through 45).

O

Attribute _ R_ferences {Map Key)

Live Tree Density (#/ha) °
- Trees > 2.5 cm d.b.h. 290 - 1192 2, 21,39, 40, 50, 57
- Trees > 7.6 cm d.b.h. 332 - 965 3, 4

- Trees >_10 cm d.b.h. 124-602 1,2, 11, 14, 15, 16, 17, 19, 20,
33, 21,22, 27, 28, 30, 31,32,

34, 41,44, 47, 48, 53, 54, 57
- Trees > 50 cm d.b.h. 5 - 175 2, 7, 20, 24, 27, 28, 47, 49, 50, 51,54
- Trees > 70 cm d.b.h. 0 - 26.8 1,2, 20, 50, 54

- Not as specified above 8, 12, 29, 35, 37, 38, 42, 55 O

Live Tree Basal Area (m2/ha)

- Trees > 2.5 cm d.b.h. 16.6 - 51.8 2, 20, 57
- Trees > 7.6 cm d.b.h. 23.4 - 31.5 3, 4

- Trees > 10 cm d.b.h. 0.5 - 47.2 11, 15, 16, 17, 19, 20, 22, 27,
28, 30, 31,32, 33, 34, 36, 41,

43, 44, 48, 53, 54
- Not as specified above 8, 14, 24, 29, 37, 42, 52, 55

[

Tree or Stand Age (yr)

Average Age by Species
- White Oak 148 - 150 13, 59

- Black Oak
- Bur Oak 200 - >400 38, 56
- Other 20, 38, 48, 55

Maximum Age by Species
- White Oak 300 - 324 1,9, 13, 18, 23
- Black Oak 140 - 240 1, 21
- Bur Oak 180 - 440 6, 7, 8, 48 _'

- Chestnut Oak 395 8 _
- Shumard Oak 480 8

- Other 8, 22, 39, 43
rpl........... m

f
f,

(Table 46 continued on next page)
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'_ {Table 46 conKnaed)

®

0
Attrib.t _nge ...... R_fer_nces Map Ke

®
Maximum Tree Diameter

'_ at Breast Height by Species (cm)

- White Oak 62- 137 1,2,4,5,7,10,11,12,13,17,18,22, 23, 29, 31, 32, 34, 35, 35, 37,

46, 48, 49, 50, 54
- atack Oak 55 - 127 1,7, 11, 12, 15, 29, 31,35, 36, 37, 50, 54

_1_ - Bur Oak 25 - 196 2, 3, 7, 8, 22, 26, 27, 31,46, 48
=Shumard Oak 168 8

- Other 1,3, 8, 12, 19, 22, 23, 26, 29,
32, 33, 37, 38, 39, 46, 48, 50 55

O

_1_ Canopy Gaps (%) 0.7 - 9 22, 40, 43, 57, 58

_. Standing Dead Trees (Snags)
Snag Density (#/ha)

- Snags > 2 cm d.b.h. 109 - 168 55
- Snags >_10 cm d.b.h. 0-88 11,14,15,19,20,22,27,28,34,43,45,48

I_ - Not as specified above 2, 3, 37

Snag Basal Area (m2/ha)- Snags >_.10 cm d.b.h. 0.7 - 3.2 11,15, 19, 22, 27, 28, 34

_. - Not as specified above 2, 3, 37
Snag Volume (m3/ha)

_., - Snags >_10 cm d.b.h. 0 - 74.8 19, 20

0
Fallen Dead Trees (Logs)

_ Density of Logs (#/ha)
- Logs >_10 cm d.b.h. 125-600 10,11,15,19,20,25,34

_' - Not as specified above 2, 3, 27, 28, 37, 45, 48

l_ _ Volume of Logs (m3/ha)
- Logs > 10 cm d.b.h. 20.8 - 68.4 19, 20, 55

_,. - Not as specified above 2, 8, 27, 28

0

0

0

0

0

0
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_WOOD _L_D FO_TS
®

COI_UI_TY COI_OSITION Species Composition

e
Forest cover types Species composition varies greatly among

ibrests. Dominant trees Include red maple
The foU Society of Ame_can Foresters {Acer _rum L.), black ash {Frax/nus nigra

(SA_ forest cover _es {EyTe 1980) are in- Marsh.), green ash iF. pennsyhaznica Marsh.),
cluded in the hardwood wetland forest type elms (Utmus L.), sweetgum (Liqutdambar

group: styraciflua L.), pin oak {Quercus paIustris
Muenchh.). and blackgum {?v_yssa syIvatica

39 - black ash,Amebean elm-red maple Marsh.}.

Common associates vary by region. In thenorthern States. common associates are:

0 balsam poplar (Populus balsamifera L.), yellow
(Betula alleghantensts Britton), and

1 included in paper birch (B. papyrifera Marsh.). In the
Me hardwood wetland forest type _up: central States, common associates are silver

maple (A. sacc_ L.), swamp white oak
{Quercus bicolor Willd.), bur oak (Q.

macroca_a Michx.), sycamore (Platanus
occ_entalts L.), and eastern cottonwood (R

deltoides Bartr. ex Marsh.).

S

0

0
0

O
Q

Q
O
Q
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@ the VC_s_ to the Carolinas northw_d to souhh- Wabash and Tippecanoe Rivers

ern Maine m the East. In Minnesota, Wiscon- (Lindsey et aL 19611
sin, and Michigan° the northern _mit roughly

corresponds m the vegetative tension zone. Maine
These forests occur maipJy in noPdverine,

_, upland basins (e.g., kettleholes), although they Black Gum Swamp, New Gtouster
can be found atong smaller drainages (lst-4th Wogelmann 19761

order streams) and along the margins of
CoaskN Plain ponds and bays. Mas_ehusetts

Soils Ormnge Black Gum Swamp, Town of Orange,

Franklin Co.
Because of their topographic position, high {Davis 19931

water tables prevail {soll mot_g close to the
surface), and most sites are moist to wet Ohio

throughout the year. These wetlands are
t}_pically oligotrophtc, although they may be |areas in] Black Swamp Region, Northwest

fertile in the South. Soils can be either mln- Ohio
eral or organic and neu_ to slightly acid. (Gordon 19691

DIST_CE Blacklick Woods, Fairfield Co.

(Sudla 1960)
Topographic position and moist soils help

protect these forests from fire. Since high Drew Woods, Darke Co.
water tables rest_ct rooting and limit tree (Boerner and Kooser 1991)

anchorage, these forests are prone to
windthrow, resulting In many tip-up mounds, GoU Woods, Fulton Co.

_ downed trees, and canopy gaps. Trees may (Boemer and Cho 19871
also be _ed by fluctuating levels and

i_ flooding due to beaver activity. Vermont

_l_ RELATION TO OTHER F Brandon Swamp, Rutland Co.

Hardwood wetland forests differ from season- ComwaU Swamp, Addison Co.
ally wet oak-h ds

apt seasonal dryness, Leicester Junction Swamp, Addison and
rarely bum, i Rutland Co.

_' Town p, Chittenden Co.

_,, woodlands.
Vernon Black Gum Swamp,

O (Davis 19931

FOR ADDITIONAL INFORMATION

O

O

O

II Inal

O Spicer lake,
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Table56._Summary of attributes for old-growth hardwood wetland sm_ (j_romTabtes 47 through
55).
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(Table 56 continued)

0

Attribute Rang_e Refere_

0 (O/o) _ .Canopy Gaps ....

O
Standing Dead Trees (Snags) '

Snag Density (#/ha)
-_ Snags p_.10 cm d.b.h. 25 - 225 3

Snag Basal Area (m2/ha)
- Snags >_10 cm d.b.h. -- --

Snag Volume (m3/ha) j
Snags _ 10 cm d.b.h. 4.4 - 129.3 3

O _ _. _ j_-- _........ _ _ __ ..... ._ _ _- ._

Fallen Dead Trees (Logs)
Density of Logs (#/ha)

- Logs p_10 cm d.b.h. 238 - 638 3

Volume of Logs (m_/ha)

O
*oldestof cores taken but not necessarilymaximumage in stand.

O
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CONIFER-NORTHERN _WOOD FORESTS

0
COMMUNITY COMPOSITION Species Composition

@
Forest Cover Types Conifer-northern hardwood forests are com-

O prised of various mixtures of coniferous and
3\he following Society of American Foresters broadleaf trees, with at least 25 percent of the

O (SAF) tbrest cover types (E}_e 1980) are in- overstory canopy in conifers or hardwoods.
cluded in the conifer-northern hardwood The dominant conifer of conifer-northern

O forest type group: hardwood forests is eastern hemlock (Tsuga
canadensts [L.] Carr.), eastern vchite pine

O 20 - white pine-northern red oak-red {P/nus strobus L J, or red spruce (_cea rubens
maple Sarg.), although mixtures of several conifers

O 21 - eastern white pine often occur in a given stand.
22 - white pine-hemlock

23 - eastern hemlock Hemlock-do_atedo--Eastern Hemlock is
24 - hemlock-yellow birch considered a wet-mesic species, developing

O 30 - red spI-uce-yellow birch best on cool, moderately well- to somewhat
31 - red spruce-sugar maple-beech poorly-drained sites. Main associates are

O 35 - paper birch-red spruce-balsam fir yellow birch (Betula aUeghaniensis Britton),
sugar maple (A. saccharum Marsh.), American

The following Combined Data Systems (CDS) beech (Fagus grand_olia Ehrh.), red maple
tbrest cover types for the USDA Forest Service (Acer rubmm L.), and eastern white pine.

O Eastern Region {USDA 1974) are included in Because of its dense foliage, eastern hemlock
the conifer-northern hardwood forest type greatly limits light penetration to the forest
group:

4 - white pine/hemlock
5 - hemlock

_ 9 - conifers
41 - white pine/northern red oak/white

ash
87 - sugar maple/beech/yellow birch/red

spruce

@
Q
0
0
0

Hearts Content is a well-studied b.e_k-

Imrdwood forest in northwestern Pennsylva-
nia on the Allegheny National Forest. See
Lutz (I 930c), Morey (I 936a, 1936b), Whitney
(1984), and Tritton and Siccc_ma (1990).

Photo 8/89 by Lucy TyrreU.

0
Q
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Eastern white pine-do_ainated.mThe distri-

bution of eastern white pine-northern hard- G
wood forests is closely related to historical fire

patterns. White pine is more likely to be the G
dominant conifer at the dry end of the conifer-

northern hardwood complex, occupying sites G
more likely to burn. However, white pine-

northern hardwood mixtures do occur on G
moist sites. Common associates include red

maple, paper birch, and northern red oak G
{Quercus rubra L.) on dry sites and sugar

maple, American beech, yellow birch, white G
ash (F. americana L.), and eastern hemlock on

moist sites. I

Red spmce-do_atcd.mThls mixture occurs G
on cool microsltes, but only in those States

along the Appalachian chain from Maine to
North Carolina. In New England, red spruce-

northern hardwoods can be found in various
topographic locations. However, they most

frequently occur at mid-elevations where
montane spruce and northern hardwood

forests intergrade (Bormann et al. 1970,
Cogbill and White 199 I). Moving south along

the Appalachians, one finds that the transition
occurs at progressively higher elevations

according to regional changes in temperature.
A Big Reed Pond Preserve in northern Maine In the southem Appalachians, many red

is a large landscape of old-growth mixed spruce-northern hardwoods occur only on
woods, as illustrated in this photo (hard- mountaintops. Since this mixture is prevalent
woods, red spruce, and balsam fir), as well . in mountainous terrain, sites are normally
as northern hardwood forests, spruce-fir steep, and soils shallow and rocky. Common

forests, and northern white-cedar wetlands, associates vary greatly among locations and
From left to right, prominent red spruce in the include yellow birch, sugar maple, American
photo measured 36 cm, 46 cm, and 50 cm beech, red maple, eastern white pine, balsam
diameter at breast height. See Cogbill (1985) fir, sweet birch (Betula lenta L.), and paper
and Widoff (1985). Photo 7/92 by Lucy birch.
Tyrrell.

PHYSICAL CONTEXT

floor. Thus, understory vegetation varies Physiographic Provinces

greatly according to overstory conditions:
being sparse beneath hemlocks, common Conifer-northern hardwood forests occur in
beneath hardwoods, and abundant within the following physiographic provinces (after

canopy gaps. Fenneman 1938)"

Yellow birch and red maple are most common Piedmont (Lowland section)
associates of eastern hemlock in wet areas. Blue Ridge (all sections)

However, many moisture-tolerant species Ridge and Valley (all sections)
may occur, including balsam fir (Abies Appalachian Plateaus (all sections)
balsamea [L.] Mill.), paper birch (B. New England (all sections)

papyrifera Marsh.), black spruce (Picea Adirondack
mar/ana [Mill.] B.S.P.), black ash (Fraxtnus Central Lowland (Great Lake, Driftless,

nigra Marsh.), elm (Olmus L.), and northern and Western Young
white-cedar (Thuja occidentalis L.). Drift sections)

Superior Upland

240
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®
Ecological U_its Geographic Distribution

Conifer-nort:hern hardwood forests occur in The distribution of conifer-noiihern hardwood

several divisions and provinces (see Keys et aL forests is similar to that of northern hard-
1995): woods. They cover the northern tier of States

fl'om Minnesota to Maine and extend south-

200 Humid Temperate Domain ward along the Appalachian Mountains to
210 Warm Continental Division north Georgia. Mo_ing south along the Appa-

Q 212 Laurenti_ MLxed Forest FTovince tachlan chain one finds that the cool tempera-_
220 Hot ContJnent_ Division tures required by species of this %rest type
221 Eastern Broadleaf Forest (Oceanic) group restrict these forests to progressively

Pro%nce higher elevations. In the southern Appala-
M2 i0 Warm Continent_ Regime Mountains chians, cool sites are found primarily on
M212 Adirondack-New England Mixed no_- and east-facing slopes.

Forest-Coniferous Forest-

Alpine Meadow Province Soils
M220 Hot Continental Regime Mountains
M221 Central Appalachian Broadleaf Forest- In the North, conifer-northern hardwoods

Coniferous Forest-Meadow Province typically grow on Alfisots, Inceptisols, or
Spodosols, ranging f_om dry mesic to wet
mesic. Soil nutrient availability greatly influ-
ences the competitiveness of conifers and
hardwoods. In general, conifers are more
successful on nutrient-poor sites and hard-

, woods on nutrient-rich sites. Hence, conifer-

hardwood mixtures usually develop best on
sites intermediate in fertility where there is no
distinct competitive advantage for either tree
group.

Softs in hemlock-dominated forests are more

likely to be covered with needles and twigs.
Acids released by decomposing coniferous
debris on the surface aid in soil podsolization;
in turn, many softs are Spodosols or
Inceptisols with spodic tendencies. Some
hemlock-northern hardwood forests are found

in depressions or seepage areas that receive
groundwater discharge, frequently along
swamp margins. The fertility of these wet
areas varies, depending largely on the mineral
concentration of groundwater inflow. Flooding

_} is common, particularly during and Immedi-
ately after winter snow melt. Soils in white
pine-dominated stands are coarse- to medium-

textured.

DISTURBANCE

Wind_bxow

A The upper slopes of The Cape Research
Natural Area, Green Mountain National Windthrow is particularly common where high
Forest, Vermont, are occupied by red spruce- water tables limit downward growth of tree
hardwoods. The large red spruce at left roots; creating shallow rooting patterns. This
measured 58.0 cm in diameter at breast disturbance allows for frequent gap-phase

height. Photo 7/92 by Lucy TyrreU. regeneration, and windthrown trees provide
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O
sites for eastern hemlock and yellow birch eastern hemlock stands remain classified as
regeneration. Pit-and-mound microtopog- conifer-hardwoods.
raphy is characteristic of hemlock-northern Q
hardwood forests. Because of relatively moist STRUCTURAL CNARACTERISTICS OF
conditions that prevail in hemlock-northern OLD-GROWTH STANDS O
hardwood forests, storms have Influenced

stand dynamics more than fire. Information about conifer-northern hardwood
forests in an old-growth condition is inctuded

Fire in Figure 9 and Tables 57 hhrough 66. @

Fire and other disturbances have greatly SELECTED _P_NNTAT_ @

helped maintain eastern white pine by creating OLD-GROWtH STANDS
conditions that encourage pine regeneration or

stand initiation (e.g., reducing hardwood Kentucky
competition, exposing mineral soil, increasing Q
forest-floor light levels, etc.). Indeed, most of Lilly Cornett Woods*, Letcher Co.
the impressive eastern white pine-northern (Nowacki and Trianosky 1993) Q
hardwood forests present before European
settlement resulted from large-scale fires Maine
centuries earlier. Such events have been

documented for the Great Lakes region (Gra- Adams Pond, Town of Bridgton, Cumberland
ham 1941, Maissurow 1941), and for the Co.

Northeast (Cline and Spurr 1942, Hough and (Maine Critical Areas Program 1983b)
Forbes 1943).

Big Reed Pond Preserve*, Piscataquis Co. I

Other Disturbance (Cogbfll 1985, Widoff 1985) t

Insect outbreaks, wind and ice storms, and Cobbosseecontee*, Town of Monmouth,
fire are common in red spruce-northern Kennebec Co.

hardwoods. Deer browsing, fire suppression, (Conkling 1978, Davis 1993, Maine Critical
and climate change in relation to soil moisture Areas Program 1983b) I
may have hindered regeneration of eastern

hemlock (e.g., Frelich and Ix)rimer 1985). The Cold Brook, Town of Dead River, Somerset Co.

preferential removal of certain conifers (i.e., (Maine Critical Areas Program 1983b)
eastern white pine and eastern hemlock) and

changes in the disturbance regime by Europe- Farm Cove Mountain, Washington Co.
ans (fire suppression, fragmentation prevent- (Maine Critical Areas Program 1983b)
ing widespread fire pathways) have reduced

the occurrence of this forest type group in Fryeburg Stand, Town of Fryeburg, Oxford Co.
many locations (EUiott 1953, Goodlett 1954, (Davis 1993, Stern 1982)
Whitney 1990). I

Mahoosuc Notch, Town of Grafton, Oxford Co.RELATIONSHIP TO OTHER FOREST TI_ (Davis 1993, Hudson et al. 1986, Maine

CriUcal Areas Program 1983b, Maine StateStands with a high percentage of eastern white Planning Office 1986)
pine and less than 25 percent hardwoods will

merge into the northern pine forest type Mattawamkeag, Winn Township, Penobscot

group. With increasing elevation, the hard- Co.
wood component in red spruce-hardwood (Maine Critical Areas Program 1983b)

stands becomes less than 25 percent and the
stands transition to the montane spruce-fir Mount Christopher, Town of Greenwood,

forest type group. At lower elevations, the Oxford Co.
spruce drops out, resulting In northern hard- (Maine Critical Areas Program 1983b)

wood forests. Hemlock-hardwood stands also I
grade into northern hardwood stands ff hem- Number 3 Pond, Penobscot Co.

lock is less than 25 percent. Nearly pure (Davis 1993, Maine Critical Areas Program I1983b)
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_ Otdo.growth red spruce-hardwoods can be viewed

_om t;%e CrawJbrd Path
pcass_ng throuc_h Gibbs
Brook candidate Research

0 Natural Area on the White

Mow_tairt National Forest inNew .Hampshire, i_ts
photograph, taken at an

0 eIevaaorl of aboLtt 650 m,

0 tnctudes a view of a redspruce snag (left of center),
ye{low birch O-[qht of center),

0 red spPdce fright) and balsam
fir Ubreqrou.nd r_'.gha. See

0 Carbonneau (1986a). Photo

0 3/92 by Lucy Ty_etL

®

O Ocean Park, Town of Old Orchard Beach, York Ice Glenn, Town of Stockbridge

O Co. (Davis 1993)(Maine Critical Areas Program 1983b)
Mount Greylock State Reservation, Berkshire

O Pleasure{ Lake, Washington Co. Co.

0 (M_ne Critical Areas P_ogram 1983b) (Davis 1993, Dunw-lddie 1993)

Prentiss Wood, Town of Bangor, Penobscot Co. Todd Mountain*, near Mohawk Trail State(Maine Critical Areas Program 1983b) Forest
(Davis 1993, Leveret{ 1988)

Sabao Lake, Hancock Co,

._ (Maine Cititical Areas Program 1983b) i_tiehigan

Thomas Point, Town ofWestport, Lincoln Co. Estivant Pines*, Keweenaw Co.
(Maine Critical Areas Program 1983b) (Davis 1993)

_O Waldoboro, Lincoln Co. Huron Mountain Club*, T52-53N R28-29W, MI

_ (M_ne Crltffcal Areas Program 1983b) (Frelich and Lorimer 1991)

Wassataquoik Mountain/Lake/Stream, Little Presque Isle, Marquette Co.Penobscot Co,. (Davis 1993)

(Davis 1993, Hudson et aL 1986, Maine
CrAticat Areas Program 1983b, Maine State North Fox Island*, Leelanau Co.

_ Planning Office 1986) {Davis 1993)

Massachuaetta Northshore Research Natural Area*, MackinawState Forest

Cold River Watershed-Black Brook* (Day-is 1993)
(Davis 1993, Dunwiddie 1993, Leveret{ 1988}

Porcupine Mountains Wilderness State Park*
Dunbar Brook Watershed, Franklin Co. (Dahir and Lorimer 1996, Frelich and

{Dunwiddie 1993) Lorimer 1991)

:_ Fife Brook Ravine South Manitou Island*, Leelanau Co.
(Davis 1993, Dunwiddie 1993, Deverett t988) (Scott 1984, Scott and Murphy 1986)

243

@



Q

Sylvania Wilderness Area*, Ottawa National Nancy Brook Research Natural Area* White
Forest Mountain National Forest

(Frelich and Lorimer 1991, Tyrrell and Crow (Davis 1993; Leak 1975, 1985b; Nowaeki and

1994) Trianosky 1993)

Minnesota The Bowl Research Natural Area*, White
Mountain National Forest

Hovland Woods, Cook Co. (Davis 1993, Leak and Graber 1974)
(Davis 1993)

New York

Red Lake Peatland*, Beltrami Island/Pine

Island State Forest Ampersand Mountain*, Adirondack Park
(Davis 1993) (Davis 1993, Leopold et aL 1988)

New Hampshire Baldwin Hill, Adirondack Park

(Leopold etal. 1988)
Barlett Experimental Forest*, White Mountain
National Forest Dead Creek Flow, Adirondack Park

(Leak 1985a, 1987a, 1987b) (Davis 1993, Leopold et aL 1988)

Crawford Notch*, White Mountain National Five Ponds Wilderness*, Adirondack Park

Forest (Davis 1993, Leopold et aL 1988)
(Davis 1993; Foster and Reiners 1983, 1986;

Worrall and Harrington 1988) Huyck Preserve, near Albany
(Runkle 1982, 1991)

Gibbs Brook Scenic Area*, White Mountain

National Forest Kildare, Adirondack Park

(Carbonneau 1986a) (Davis 1993, Leopold et al. 1988)

Harvard Tract, Pisgah Forest McKenzie Mountain, Adirondack Park

(Foster 1988) (Davis 1993, Leopold et aL 1988)

Roaring Brook, Town of Keene, Essex Co.

(Davis 1993, Leopold et al. 1988)

Fallen dead wood (logs) and
standing dead wood (snags)

are part of the forest struc-
ture at Patterson Hem-

locks State Natural Area
in Oneida County, Wiscon-

sin. The dominant conifers
in this 10-ha relatively

undisturbed stand are
hemlock (55 percent) and

white pine (20 percent). The
estimated age of trees in
this stand was upwards of
215 years. See Tyrrelt
(1988b) and TyrreU and
Crow (1994). Photo 1988 by
Lucy Tyrrell.



@ North Carolina Detweiler Run Natural Area*, Huntington Co.

O (Davis 19930 Erdman and Wiegman 1974,
Cra_ Mountain, Buncombe Co. Nowacki and Abrams 1994)

@ (Davis 1993, Roe 1987)
Dingman Falts. _ke Co.

O Great Smoky Mount_ns Nation_ Park* (Davis I993)
(DeYoung 1979)

Dunlo Flats, Cambria Co.
Joyce Kilmer MemoriN Forest*, Graham Co_ (Erdman and }Vlegman 1974)

O (Oos_ng and Bourdeau 1955, RunMe 1982)
East Branch Swamp, Sproul State Forest,

Ketsey Tract, Nantahata National Forest Clinton Co.
(Davis 1993) (Erdman and Wiegman 1974)

®
Llnville Gorge*, _sgah Nat21onM Forest Forrest H. Dutjnger Natural Area,

6 (Davis 1993, Roe 1987) Susquehannock State Park
(Davis 1993)

O Mackey Mount_i:n*, Pisgal_ National Forest
(Davis 1993) Hearts Content Scenic Area*, Allegheny

National Forest
Moses Cone Memo_al Park*, off Btue _dge (Lutz 1930c; Morey 1936a, 1936b; Tritton

Parkway _d Siccama 1990; Whlmey 1984)
(Davis 199,3)

Jet W Run, Elk State Forest, Cameron Co.
Mount _sgah*, near Blue _dge Parkway (Erdman and Wiegman 1974)

'0 (Davis 1993, Roe 1987)
Joyce Kilmer Natural Area, Union Co.

O Santeettah Creek Bluffs, Graham Co. (Erdman and Wiegman 1974)
(Davis 1993}

Laurel Hill State Park, Somerset Co.
Side of Graveyard Ridge, Balsam Mountains (Erdman and Wiegman 1974)

O (Davis 1993)
Laurel Run Natural Area, Perry Co.

Walker Cove Research Natural Area*, near (Davis 1993)
Ashevtlle

(Nowacki and Trlanos_ 1993; Runkle 1981, Lehigh Gorge, Carbon Co.
1982, 1991; Ru_e and Yetter 1987; Yetter (Davis 1993)

O and RunMe 198(3)
Lower Bear Island, lower Susquehanna River

O Pennsylvaxfla {Erdman and Wiegman 1974)

Alan Seeger Natural Area*, Huntington Co. Lowery Run, southeast of Emlenton, Butler
(Davis 1993, Nowacki and Abrm-ns 1994) Co.

(Erdman and Wiegman 1974)
Bark Cabin, Lycomlng Co.

{Davis 1993) McCormick Gorge, Butler Co.
(Erdman and Wiegman 1974)

Bear Creek, WesUnoreland Co.
(Donahue 1954) Mount Logan, southeast of Castanea, Clinton

O Co.
Calendonia State Park, Franklin Co. {Erdman and Wiegman 1974)

,_ (Davis 1993)
Mount Riansares, northwest of Loganston,

Cook Forest State Park*, northwestern PA Clinton Co.
(Morey 1936a, 1936b) (Erdman and Wlegman 1974)

e
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Sweet Root Natural Area*, Bedford Co.

[Davis 1993)

Tall Timbers State Forest Natural Area, Snyder
Co, Q

{Davis t993)

The Hemlocks, Tuscarora State Forest, Perry
Co, Q

(Davis 1993)

Tionesta Scenic and Research Natural Areas*,Allegheny National Forest

(Meyer and Stevenson 1943, Runkle 1982)

Trough Creek State Park*, Huntington Coo{Erdman and Wiegman t974)

Upper Bear Island, lower Susquehanna River

(Erdman and Wiegman 1974)

White Mountain Wild Area-McConnelisNarrows, south of Weikert

(Erdman and Wiegman 1974)

Wotf Swamp, northwest of Hyndman, BedfordCoo

(Erdman and Wiegman 1974)

H A stand oj'hemlock, white pine, and red pine Woodboume Forest and Wildlife Sanctuary*,
atong with some hardwoods at Squaw Susquehanna Co.
Creek on the Hiawatha National Forest in (Runkle 1982)
the Upper Peninsula of Mfchigcm. The year

of origin for the stand is 1860. Dominating World's End State Park, Sullivan Co.
the ptmtograph is an 85-cm diameter wh_e {Erdman and Wiegman 1974)
pine. Photo 6/92 by Lucy Tyrretl.

Tennessee

Fall Creek Falls State Park*

Muddy Creek Research Natural Area, Crawford (Caplenor 1965, Davis 1993)Co.

(Erdman and Wiegman 1974) Great Smoky Mountains National Park*
(DeYoung 1979)

Ricketts Glen State Park, Sullivan and
Wyoming Co. Savage GuK State Natural Area*, Grundy Co.

(Meyer and Stevenson 1943) (Davis 1993, Quarterman et at. t972)

Rockwood Reservoir, Somerset Co. Vermont(Erdman and Wiegrnan 1974)

Battell Biological Preserve, Addison Co.
Silvermine Run*, east of Rector, Westmoreland (Davis 1993)

Co.
(Erdman and Wiegman 1974) East Mountain-Glastenbury, Bennlngton Co.

(Davis 1993)
Snyder-Middleswarth State Park, Snyder Co.

(Davis 1993) Mayo Mountain, Chlttenden Co.
(Davis 1993)
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_@ Tinker Brook State Natural Azea, Windsor Co. Gaudineer Scenic Area*_ Monongahela

@ (Davis 1993) National Forest.{Davis 1993)

@ VirgL_ia Wisconsin

@ Bottom Creek Gorge(Davis t993} Bose _e Research Natural Area, Nicolet
National Forest

Hunting Creek, Bedford Co. (Davis 1993)

@ (Davis 1993) Memorial Grove I-{ernlocks Research Natural

@ The Limberlost*, Shen.andoaln National Park .Area, Chequamegon Nation_d Forest(Davis I993) (TyrrelI and Crow 1994)

@ _mseys Draft Wilderness*, George Outer Island, Apostle Islands National
Washington Nation_ Forest _eshore

@ (Halpin 1990) (7_yrrell and Crow 1994]

Rom'ing Branch, north of Big Stone Gap Plum Lake State Natural Area, Vilas Co.

@ (Davis 1993] (_etl and Crow 1994]

@ 'West Virginia FOR ADDITIOI_AL INFO_TION

Cathedral State Park*, east of Aurora, Preston Additional references that pertain to conifer-Co. northern forests but are not cited in tables or

O (BIeFI and Anliot 1965) text are listed by forest type group in AppendixC.
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Table 66.--Summanj of attributes for old-growth con_rer-ra'_rt,hRrn hardwo<_-_ s:tand_ @)_om

Tab_s 58 thJ'ough 65). _ .....

:,,=¸¸¸

Attribute _ Beferences,:Ma K_
.... - 04

Live Tree Density (#/ha)

- Trees >_2.5 cm d.b.h. 359 - 1998 3, 4, 13, 33, 39, 40, 41,48, 50 _
- Trees z 8.9 cm d.b.h. 519 - 934 22, 33

- Trees >_10 cm d.b.h. 2t0- 1173 8,12,14,15,19,21,35,38,39, _1_

48, 51,52, 53, 54, 55, 56, 59 _,
- Trees >_25 cm d.b.h. 175 - 301 35, 41,49

- Trees z 35 cm d.b.h. 80 - 200 15
- Trees >_50 cm d.b.h. 7 - 82 4, 8, 21, 33, 39, 41,52, 53, 54,

55, 56, 59 _
- Trees __70 cm d.b.h. 0 - 30 8, 33, 39, 52, 53, 54, 55, 56

- Not as specified above 2, 4, 5, 18, 21,32, 33, :39, 45,

46, 49, 50

Live Tree Basal Area (m2/ha)

- Trees _ 2.5 cm d.b.h. 23.5 - 98.5 3, 39, 40, 41, 50
- Trees >_10 cm d.b.h. 23.9 - 147.6 2, 8, 9, 12, 14, 1,, 19,21,35,38,

39, 42, 43, 51,51 53, 54, 55, 56

- Trees >_35 cm d.b.h. 16.7 - 37.6 35
Trees _50 cm d bh 17- 270 39, 56 _1_
Trees >_70 cm d bh 0- 135 39, 56

- Not as specified above 4, 6, 11, 18, 23, 25, 26, 27, _1)

30, 34, 39, 46, 5_ _lb
............... ........ __. _ _._: ._

qlb
Tree or Stand Age (yr)

Average Age by Species
- Hemlock 151 - 275 19, 31,37, 42, 5_

White Pine 181 - 232 24, 35 _lb

Red Spruce 97 - 129 9, 42
Sugar Maple 114 - 145 19, 42

Maximum Age by Species _lb
- Hemlock 140- 536 1,2, 3, 15, 20, 2: 24, 3t, 33,

36, 37, 56 _lb
- White Pine 135 - 450 2, 10, 24, 30, 31 35, 36, 50

Red Spruce 100 - 309 9, 15, 31

Sugar Maple 141 - 420 15, 20, 24
- Other 14, 19, 24, 27, 3 , 3,6, 42

....................... - - - .-.:__ _ : • - :_

ITable 66 continued on next: _e) '_
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0

{Table 66 continued)

O

0 Attrib.t ,  ange .......

_ Maximum Tree Diameter

at Breast Height by Species (cm)- Hemlock 37 - 198 1,3, 4, 8, 15, 20, 21, 22, 26, 29,
30, 31,33, 34, 36, 38, 39, 41,
42, 52, 53, 54, 55, 56

- White Pine 40 - 132 2, 10, 13, 16, 17, 22, 26, 30, 31,
33, 36, 37, 38, 50, 53, 55, 56

- Red Spruce 33 - 71 8, 15, 26, 28, 31
- Sugar Maple 13 - 1O0 15, 20, 28, 29, 33, 34, 39, 52, 53,

54, 56

- Yellow Birch 29 - 98 15, 26, 28, 31,34, 36, 39, 52, 53,54, 55, 56

- Other 3, 8, 15, 21, 26, 29, 31,35, 36,
39, 42, 52, 55, 56

O - __ _...__ -_ _ _ _. ___ --_ . . , ..... . u-- .

Canopy Gaps (%) 3.1 17.3 6, 7, 19, 44, 56

.... __ ..._ ....... __ _ _ • .... , ......

Standing Dead Trees (Snags)
Snag Density (#/ha)

- Snags > 7.6 cm d.b.h. 37 - 98 39
- Snags > 10 cm d.b.h. 15 - 238 8, 15, 21,30, 51,52, 53, 54, 55,

56, 59
- Not as specified above 19, 45, 47

Snag Basal Area (m2/ha)
- Snags >_7.6 cm d.b.h. 4.6 39

_ - Snags >_10 cm d.b.h. 0.9 - 13.6 8, 15, 21,30, 35, 51,52, 53, 54,
55, 56

- Not as specified above 9
Snag Volume (m3/ha)
- Snags > 7.6 cm d.b.h. 36.3 39
- Snags > 10 cm d.b.h. 14.3 - 153.5 56

___- __-. -- _ - _ -- _ ..... ., _ - _ .... _ .......

P

P (Table 66 continued on next page)
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(Table 66 continued)

o_ .Attribute Bange ..,

Fallen Dead Trees (Logs)
Density of Logs (#/ha)

- Logs > 10 cm d.b.h. 200 - 288 8, 59 _

- Logs > 30 cm d.b.h. 46 - 66 52, 53, 54, 55 _.
- Not as specified above 47

Volume of Logs (m3/ha)
- Logs > 7.6 cm d.b.h. 88.4 - 124.7 39
- Logs > 20.0 cm d.b.h. 1t .4 - 376.2 21,56

- Logs _ 30.0 cm d.b.h. 19.9 - 70.0 52, 53, 54, 55

Total Volume of
Coarse Woody Debris

(Snags and Logs) (m3/ha)
- Snags and Logs > 7.6 cm 125.2 39
- Snags and Logs > 20 cm 58.4 - 207.2 56

...... O

O

O

O

O
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t

_ NORTHE_ PINE FOISTS
f

_ COM_UNITT COW,POSITION Eastern Region (USDA 1974) are included in
northern pine forest type group:

t Forest Cover T_es
1 - jack pine

_ The following Society of American Foresters 2 - red pine

(SAF) forest cover types (Eyre 1980) are 3 - white pineincluded in the northern pine forest type 9 - conifers
38 - pitch pine

group: 48 - jack pine/oak

1 -jack pine 49 - red pine/oak
_! 15 - red pine

21 - eastern white pine Species Compositio_

_' I45 - pitch pine] not fully treated here
Northern pine forests can be divided into long-

_' The following Combined Data Systems (CDS) lived pines (eastern white pine (Pinus strobus

forest cover types for the USDA Forest Service L.) and red pine (P_ resinosa/kit.)) and short-lived pines {jack pine (P. banksiana Lamb.) and

O

O

0

0

_I Large red pines in Squirrel
River State Natural Area.

Trees in this old-growth area in

0
143 years, based on a total
12 trees cored. See Duvall

(1997). Photo, 7/95 by Lucy

Tyrrell.

0

0

0

0

0
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pitch plne (P. r/g/da Mill.)), although some sites M210 Warm Continental Regime Mountains _

may contain some of both groups. For ex- M212 Adirondack-New England Mixed _ample, although some forests are dominated Forest-Coniferous Forest-Alpine
by white pine and red pine, either solely or in Meadow Province

mixtures, such s_ds may also Include jack M220 Hot Continental Regime Mountains _"
pine. M221 Central Appalachlan Broadleaf

Forest-Coniferous Forest-Meadow _
Pioneer species, such as big'tooth aspen Province
(Populus grandidentata Mlchx.), quaking aspen _

{P. tremuloides Mlchx.), paper birch (Betula Geographic I)istxibution
papyrifera Marsh.), and oaks (Quercus L.), are

common associates. At later stages, balsam fir Northern pine forests occur primarily in the(Abtes batsamea [L.] Mill.) red maple (Acer northern tier of Eastern States and extend

rubrum L.), white spruce (Picea glauca southward along the Appalachians. Jack pine
[Moench] Voss), red spruce (P. rubens Sarg.) and/or pitch pine forests frequently occur on
{eastern portion of range), and other later Infertile outwash sands In the Upper Lake
successional species may occur. The shrub States, Mid-Atlantic and New England Re-
layer, ff present, is usually characterized by gions. Fire has greatly Influenced geographic
ericaceous species, distribution. For example, short-lived, highly

flammable species, such as jack pine, oc-PHYSICAL CONTEXT curred mainly in areas that burned hot and
frequently (50-100 years), whereas long-lived,

Physiographic Pro_Ces less flammable species, such as eastern white

Northern pine forests occur in the following _}

physiographic provinces (after Fenneman 973, 1981; Whitney
1938): 1986).

Coastal Plain (no_ern portion of the Soils

Piedmont glacial

Blue Ridge "

and

Appalachian Plateaus sites as weU as mesic,

sites.

D
New England Dist_anceAdirondack Central

Lowland

Superior Upland

Northern

sions and provinces

200
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t
......... _LAT]tON TO OTHER FOI_ST TYPES

_ Barring frequent disturbances,
moist sites tend to succeed to

_ However, this forest type group may
stable on xeric sites, even without dlstur-

e _

f

_) woods (Elllott 1953, Goodlett i954).

Pine stands with a
would fall Into the conifer-northern

O_

_ group.

_ STRUCTURAL CHAIIACTERISTICS OF
OLD-GROWTH STAI_DS

O
Information about northern pine forests in an

_° old-growth condition is included in Figure I0
and Tables 67 through 76.

O -
SELECTED REPRF_ENTATIVE

OLD-GROWTH STANDS

A Wh_ pines at Bowdoin Pines, in Maine. Connecticut

_ pine in the Cathedral Pines
foreground were 65.5 _ (right of ce_r) and (Davis 1993)

_ 67.5 cm (right) in diameter at breast height)

_ Porter Co.

by Lucy _rre//. Iowa
0

O Euro- Echo Valley, Fayette Co.
Eluffton Stand, Winneshiek Co.

O

O



f
White Pine Hollow State Park*, Dubuque Co. Falmourttah Interchange. Cumberland Co.

{Davls 1993, Lindsey and Eseobar 1976) (Conklir_g 1978, M_dne C_acai Areas

Prograr_ 1985}
Wildcat Den State Park, Muscatine Co.

French tslacrld. OMbrd Co,

Yellow River Stand, Allamakee Co. (Maine Crl_ca] Areas _ogram t983bo 1985)

Ma_e Gero Island. Chesunc_k To_ship, _
Plscataquls Co.

Attean Pond, Town of Attean, Somerset Co. {Conkllrlg 1978: Maine CNtic_d Areas Program
(Maine Critical Areas Program 1983a) 1983b, 1 98 5}

Baker Pond, Town of Caratunk, Somerset Co. Goddard Farm. Aroosmok Co_ _

{Maine Critical Areas Program 1983b, 1985) _;
Hollls Stand. Town of Hollts Center, York Co.

Bald Mountain, Washington Co. {Conkling 1978: Maine C_acal Areas
{Maine Critical Areas Program 1983b, 1985) Program 1983b, 19851

O
Big Lake*, Washington Co. Huston Brook*. Dead River Towtlship, Franklin

{Maine Critical Areas Program 1983b, 1985) Co.
(Maine C_tdcat Areas Program I983b. 1985)

Bowdoin Pines, Cumberland Co.
, ?f O{Conkling 1978; Maine Critical Areas Lobster Lake-Big Claw/Big Island*, Piscataquls

Program 1983b, 1985) Co.
{Maine Critical Areas i_ogram t983b. 1985)

Bradstreet Jack Pine Natural Area, Moose _
River Valley May Mountain, :_at_q ulsCo.

(Maine Critical Areas Program 1983a) (Phnette arid Rowe t987}

Bridgeton, Cumberland Co. Moosehorn S_eam, Piscataqu:ts Co.
{Maine Critical Areas Program 1983b, 1985) (Maine Critical Areas _ogram 1983b, 1985)

O
Cathedral Pines, Town of Eustis, Franklin Co. MuUen W'oods. Town of Newport, Penobscot Co.

(Maine Critical Areas Program 1983b. 1985) {Conkllng 1978, Maine Cr/Ucai Areas
Program 19,851

Chesuncook Lake, s Co.
(Maine Critical Areas Program 1983b, 1985) Newcastle, Lincoln Co.

(Maine Critical Areas 1983b, 1985)

Number 5 Bog, Somerset Co.
(Maine Critical _:reas I983b. 1985)

Cobbosseecontee, Kennebec Co.
(Conkltng 1978; Maine Critical Areas Ordway Grove. Oxford Co.

Program 1983b. 1985) (Maine Critical Areas Program 1985)

Corrina Stand, Town of Corrina, Penobscot Co. Pennesseewrassee Lake Stand, Town of Norway,
(Conlding 1978) Oxford Co.

(ConNing 1978} ,_
Debsconeag Lake*, T2-R10

uis Co.
[Areas _ogram !983b)

Q
Co. . Town of Portland,

Co. I_Maine Cri_cal Areas

Q
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O
t Salsbury Cove Stand° T ow_ of Bar Harbor. Ziegler Campground Stand, Piscataquis Co.

Hancock Co. {Conkling t978, Maine Crtttcal Areas

{Conkling t978, Maine Crit_c'_ Areas Program 1985)

Program 1985) Masaachusetts

Snowshoe Pond, _scataquis Co.

_ {Ptnette and Rowe 1987) Carlisle Pines State Forest

'_ Soper Brook East. Piscataquls Co. Walden Woods, Middlesex Co.

:_ (Maine Critical Areas Program !985) Michigan

Soper Brook West. Plscataquis Co,
_ (Maine Critical Areas Program 1983b, 1985) Estivant Pines Nature Sanctuary*, Keweenaw

Co,

Spencer I_ke, Somerset Co.

(Maine Critical Areas Program t983b, 1985) Hartwick(CollinsPines1958,StateRosePark,1984)Crawford Co.

Squa Pan Lake, Aroostook Co.
(Pinette and Rowe 1987) Huron Mountain Club, Marquette Co.

(Davis 1993)

The Hermitage, Piscataquis Co.

(Conkling 1978, Maine Critical Areas Indian River Pines, Hiawatha National Forest
Program t985)

McCormick Tract, Marquette Co.

The Narrows, Oxford Co.

(Conkling 1978; Maine Critical Areas Negro Creek White Pine, Lake Superior State
Program t983b, I985) Forest

The Pines-Systadobsis Lake, Washington Co. Parcell Lakes White Pine. Lake Superior State

(Maine Critical Areas Program 1983b, 1985) Forest

Vaughan Estate Stand. Town of HaUoweU, Roscommon Red Pines, north of Saint Helen,
Kennebec Co. RoscoInmon Co.

(Conkling 1978, Maine Critical Areas (Collins 1958)

Program 1985) Sylvania Wilderness Area*, Ottawa National

'_ Wassataquoik Stream, Penobscot Co. Forest

(Maine Critical Areas Program 1983b, 1985)

O

O

D

"4 Old-growth jack pine on the

,_ Schoodic Peninsula in Acadia
National Park is stunted.from
coastal Maine winds and salt

spray. See Maine Critical Areas

0

0



Red and white pines at
Murphy Pines, on the
Hiawatha National Forest• in
Michigaru Based on stand
records, this stand originated
in 1824. Photo 6/92 by Lucy
7_yrrell.

eteran s Memorial Park, Midland Co. Ordway Pines, Merrimack Co.

Minnesota Pisgah Forest Blowdown, Cheshire Co.
(Davis 1993, Foster 1988, Henry and Swan

Boundary Waters Canoe Area Wilderness* (Lac 1974)
La Croix Research Natural Area), Superior
National Forest New York

Cathedral Grove, Lake Co. Altona Flat Rock, Clinton Co.

Hovland Woods Scientific and Natural Area, Five Ponds Wilderness*, Adirondack State
Cook Co. Park

(Davis 1993) (Davis 1993, Leopold et a/. 1988) _

Itasca Wilderness, Itasca State Park, Pine Orchard, Hamilton Co.
Clearwater Co. (Davis 1993)

Lost 40 Pine Stand, Itasca County North Carolina
(DuvaU 1997)

Horsepasture River Gorge, Transylvania Co.
Pine Point Research Natural Area, Chippewa (Roe 1987)
National Forest _

(Davis 1993)

Red Lake Peafland*, Beltrami Island/Pine
Island State Forest

(Davis 1993)

}.

New Hampsbl_re
Ohio

Big Pines Natural Area,

Forest Ashland Co.
(Davis 1993) i

{B_dwln 1951)

Lord Pines, Carroll Co_ and _rams 1994)
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Beechdaie Hollow, near Meyerdale West Virgh_ta

B Cook Forest State Park Helmick Rock. South Branch Mountain, H_y

(Davis 1993, Hough 1932, Hough and Forbes Co.
1943) (Davis 1993)

O
Dingman Falls, near Dingman's Ferry Pine Knob, North Fork Branch Mountain.

(Davis 1993) Pendleton Co,

Hearts Content Scenic Area*, Alleg_heny Wi_eonsl_aNational Forest

(Morey 1936b) Annaton Pine Knob, Grant Co,

Joyce Kilmer Natural Area*, Union Co. Baxter's Hollow, Sauk Co.(Davis 1993, Ltndsey and Escobar 1976,

Lower Jerry Run, Elk State Forest Maher 1988)
(Erdman and V_Iegman 1974)

Bloch Pines, Marinette Co.
Pack Saddle, near Falrhope

(Erdman and Wtegman 1974) Brule River Conservation Area. Brule RiverState Forest

_ Reynolds Spring Natural Area, Tioga State {Davis 1993, Maher 1988)
Forest

(Erdman and Wtegman 1974) Cathedral Pines, Nlcolet National Forest

Snyder-Mlddleswarth State Park Finnerud Pine Forest, Oneida Co,
(Davis 1993) (Llndsey and Escobar 1976, Davis 1993,

DuvaU 1997)
*World's End State Park

Flambeau River Preserve*

Tennessee (Davis 1993, Dunn eta/. 1983, Llndsey and

Escobm- 1976. Maher 1988)
Wright White Pine/Hemlock Stand, Johnson

Co. Giant White Pine Grove, Nicolet NationalForest

Vermont (Davis 1993)

Cambridge Pines State Natural Area, LamotUe Lampson Moraine Pines, Washburn Co.
Co.

{Davis 1993) Lucius Woods, Douglas Co.

Canfield-Fisher Memorial Pines, Bennington New Hope Pines, Portage Co.
Co.

Ordway Pines, Douglas Co.
Fisher-Scott Memorial Pines, Be_gton Co.

Pleasant Valley Pines, Grant Co.
Roy Mounta!n State Nat'_ral Area, Caledonia
Co. Toft

(Davis 1993)

6
Spectacle Pond State Natural Area, Essex Co.

6
WiUard Mountain, Essex Co.

(Davis 1993)
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,!Table 76.--S_ of attributes for okl-growth northern pine stands (from Tabtes G7 _

through 75). _

@
Attribute Range J_

Live Tree Density (#/ha)
- Trees >_2.5 cmd.b.h. 541 - 2569 4, 10, 23
- Trees > 10 cm d.b.h. 151 - 1479 t, 22, 29, 32, 33 _)
- Trees > 25 cm d.b.h. 59 °494 5, 14, 15
- Trees _ 50 cm d.b.h. 0 - 188 14, 15, 20, 32 _

- Trees > 70 cm d.b.h. 0-90 t4, 15, 20, 32 _
- Not as specified above 2, 3, 8, 16, 19, 20, 25, 30, 33

O
- Trees >_.2.5 cmd.b.h. 19.5 - 83:8 10, 23, 33
- Trees >_10 cm d.b.h. 27.7 - 76.6 22, 25, 27, 29, 32
- Trees > 50 cm d.b.h. 8.4 - 55.9 32

- Trees _ 70 cm d.b.h. 0 - 41.2 32 _ ,il

- Not as specifiedabove 2, 4, 7, 8, t 5, 19, 24, 26, 30 _
.......... _ _-=- _ _ _ .... ,-.-.-------___--_ :i_

O
Tree orStand Age (yr)

AverageAge bySpecies
-White Pine 82 - 350 1,4, 10, 12, 13, 14, 18, 20, 22,

24, 30, 33
- Red Pine 90- 283 1,5, 7, 8, 10, 13, 14, 17, 18, 22, 31
-Jack Pine 31- 215 10, 13, 14, 17 _ !i

- White Pine 94 - 450 1,2, 3, 4, 5, 6, 12, 13, 18, 21,22, _

24, 25, 28, 30, 32
- Red Pine 95 -326 1, 3, 5, 7, 13, 18, 25, 32
- JackPine 78 - 168 14,17
- Eastern Hemlock 290 - 320 12

- Red Spruce 88 - 200 18

.- _ - - - _ i _ • - J __ "---_ - : - _ 0

Maximum Tree Diameter
at Breast Height by Species(cm)

-White Pine 36-140 2.3,4, 5,6,7,9, 10, 14, 17, 18,
21,23, 24, 27, 29, 30, 32

- Red Pine 31,96 4, 5, 7, 10, 14, 18, 23, 30, 32
- JackPine 25 - 7, 14,17

14 - 4.32
7



tZ'czb_ 76 co_'_,tbmed)

A_ibate Ran_,e

_" Average Canopy Height (m) t .2 _52 1,2, 5, 9_14, 17_ I8, 21_ 24, 30 o

Canopy Gaps (%} 6 30

Standing Dead Trees (Snags)

Snag Density (#/ha_
- Snags _ 2°5 cm d.b.h. 0 - 402 7, 23

- Snags _ 10 cm d,b.h.. i0 _240 t, 25_32
Snags £ 1o cm d.b.h. 7 - 50 25

_} (with holes)
Snag Basa_ Area (m2/ha)

_ - Snags z 2.5 cm d.b.h. 0 - 6.9 7

- Snags z 10 cm d.b.h. 0.89 - 10.9 1, 25, 27, 29
Snag Volume (me/ha)

- Snags z 2,.5 cm d.b.h 0 - 56.7 7
- Snags z 15 cm d.b.h. 0 - 154.1 32

F,atien Dead Trees {Logs)
Density of Logs (#/ha)
- Logs >_15 cm d,b.h. 215 25

Volume of Logs (mS/ha}- Logs _>2.5 cm d.b.h. 6.7 - 69.3 7

_, - Logs z 15 cm d.b.h. 3.8 - 183.0 25, 27, 32

l
Total Volume d

Coarse Woody Debris
(Snags and Logs) (mS/ha)

i - Snags and Logs z 2.5 cm 12.6 - 118.2 7

I - Snags and Logs z t 5 cm 3.8- 197.2 32

t
i
t

l



CONINUNITf CO_OSITION Species Compo:Mgion

_ Forest Cover _es Red spruce (_cea :rubens Sarg.) is one of"the
major comporlents ofmontame spnace-fir

_' The ibllowing Socie W of American Foresters tbrests from the northeast United States _md

{SAF) ibrest cove:r types (EyTe 1980) are in- adjacent C_mada to the southern Appala-
eluded in the montane spruce-fir tbrest type chians. Low-elevation allied tbrest ty_s

_ group: (Burns and Honkala 1990a) are simih_" in
composition. The fir component in the south-

montane ern Appalachian spruce-fir communities is
5 -balsam fir Fraser fir (Abiesg?aseri [Purshl Po[r.), which

_ 32 - red spruce reaches ,its northernmost limit at Mount
33 o red spruce-balsam fir Rogers in southwestern Virginia (Stephenson

34 - red sprace-Fraser fir _¢t Ad,_ns 1984). Transitional montane
35 - paper birch-red spmce-bNsam fir stands in West Virginia contain balsam

(northern} fir (Ab_es ba_samea ILl Mill.} _d

Other forests are similar to :mon_e spruce- red spr_ee. Some isolated high-eteva_on

fir fbrests because of similar growing condi- stands in Virginia contan red spruce but no
tlons, mainly moisture. These forests are fir, perhaps due to loss of habitat in the

considered "Nlied" with montane spruce-fir xerothermic period (Rheinhardt and Ware
fbrests. F_ng into this category are spruce- 1984).

fir forests in mountain wetlands, on lowerslopes, and in coastal areas. The SAF types

occurring on the allied groups are as follows:

allied {mountain wetlands, lower slope,and coastal)
5 - balsam fir

30 - red spFace-yeHow birch

32 - red spruce
33 -red spruce-bNsam fir

The fbllowtng Combined Data Systems (CDS)

forest cover _ for the USDA Forest Service
Eastern Region (USDA 1974) is Included In

the montane and allied spruce-fir forest _e
group:

D
13- red spruce/balsam f_

_ Red spruce trees at Nancy Brook Research

Natural Area on the White Mountain Na-
tional Forest in New Hampshire are more

than 400 years old. See Carbonr_au
(1986a), Cogb_ (1996], Leak (19851)}. Photo

7/92 by _ Tyrrell.
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Red spruce, yellow birch (Betula atteghantensts PHYSICAL C©NTEXT @

Britton), American mountain ash (Sorbus _
americana Marsh.), and mountain maple (Acer Physiogra!phie l_rovi_aees

sptcamm Lain.) are present in most spruce and
spruce-fir forests. However, associated species The montane and allied spruce-fir fbrests

differ according to location, slope position, and occur in the following physiographic provinces _
possibly soil depth and nutrient capacity, For (after Fenneman 1938):

example, a red spruce-balsam fir-yellow birch-
beech spruce fiats community type has been Blue Ridge (a_ sections)

described by Roman (1980). Ridge and Valley (Hudson, Champlain _@
and Middie sections)

In fne northern Appalachians, Adirondacks, Appalachian Plateaus (all sections except
mad adjacent Canada, prominent associates in Cumberland

montane spruce-fir stands are: Mountains and
Cumberland Plateau)

balsam fir New England (all sections) O
paper birch (Betula papyrtfera Marsh.) Adirondack

showy mountain-ash (Sorbus decora ISarg.] Canadian Maritimes (all sections)
Schneid.)

mountain paper birch (Betula papy_fera vat. Ecological U_its !_
cordifolta IRegel] Fern.)

striped maple (Acer pennsylvanicum L.) Montane and allied spruce-fir forests occur in
several divisions and provinces (see Keys et aL

In the southern Appalachians, frequent associ- 1995):
ares are:

200 Humid Temperate Domain @
Fraser fir 210 Warm Continent_ Division

pin cherry (Prunus pensylvanica L.f.) 212 Laurentian Mixed Forest Province
M210 Warm Continental Regime Mountains

Non-montane stands along coastal areas and M212 Adirondack-New England Mixed
in low-lying mountain wetlands may have Forest-Coniferous Forest-Alpine

these additional associates: Meadow Province
M220 Hot Continental Regime Mountains

red maple (Acer rubrum L.) M221 Central Appalachian Broadleaf _O
American beech (Fagus grandifolia Ehrh.) Forest-Coniferous Forest-Meadow

eastern hemlock (Tsuga canadensis L.) Province

Hobblebush (Viburnum alnifolium Marsh.) and Geographic Distribution
blueberry (Vaccinium sp. L.) are characteristic

understory shrubs throughout the Appala- Montane and allied spruce and spruce-fir
chlans and Adirondacks, Southern stands on forests occur at middle-to-high elevations in

moist aspects may have dense evergreen shrub the Appalachians from the Canadian Maritime
layers, especially of rhododendron (Rhododen- Provinces and Maine to North Carolina. These

dron canadense (L.) BSP). forests are best developed in the northern O
Appalachians and Adirondack Mountains. In

Many herbaceous species grow In the under- these areas they cover most mountains down
story of spruce and spruce-fir forests. Of to the mid-slopes or about 750 to 1,200 m

particular Interest are the lichens in the (2,500-4,000 ft) (Leak and Graber 1974). At
Caltciales group (Selva 1988). Recent research higher elevations (Adirondack plateau) and

indicates that species in this group may be more northerly locations (Maine), there are
strongly correlated to virgin or old-growth more extensive red spruce-balsam fir forests

spruce-fir stands in New England and Canada than in the rest of New England. Montane _
(Selva 1994). spruce-fir forests are absent or poorly devel-

oped in the lower mountains of the central _
Appalachians (Pennsylvania); however, they

D
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_ A thickmot humus ischaract.erlstlcofthese

ibrests_ and_ where soils are developed (usually
mid-slope and lower positions), a welbdeflned

_ E horizon {zone of leachin_ is often present
{Blum t 990). At lower ele_ _vations_'' soils are

_,, simflm-, but better developed sandy-to-clay
podzolie loams {Davis 1966). At higher fir-

_,, dominated elevations, stands develop on thick
layers of moss and organic matter lying di-

_, rectJy on bedrock°

_ DISTURB_CE

_,, Development of' okl-growth red spruce- fir
& Coastal fog tn Acadia Natior_l Pc_k, Maitre, tbrests requires long pe:riods ,_._thout fire

provides much the same rnofsa..tre cor_it_rts (Cogblll 1982). Natural fire intervals of 500-
1,000 years in New England {Fahey and

as cfoud:/f_xg tt_.t _curs at t_h alatudes_ Relners 198 I t a_.d much longer In the south-
Here at Black_t_oods, a red spruce is 7_a.- ern Appalachians (Harmon 1981) allow for old-
sated to be 31 cm fn ,diaTr_ter In the right growth tbrest development in t_ese a:reas,

_ backgrou_td, ar_ aprooted tree has produced provided the stand or seed sources are not
m_ccoto_raphy as we5 ,as dead w_.

_ Photo 2/92 by Lucy TyrreU. eliminated by lo_ing, fire, and other human
activity. The lack of fire in natural old-growth

red spruce-fir foresis contrasts markedly with
the devas_.ting slash fires that occurred in

heawily logged st_mds at the turn of _e 19th
century (Korstian 1937, Weseceld 1953).

are common in the higher mountains of the
southern Appalachians where tLhey cap all the Wind

highest peaks (Oostirlg and Billings 1951).
Since these forests grow in shallow, moist softs

_. Montane spruce-fir forests typically grow in and "fog-drip" mountain areas, wind, rather
fbg-shrouded locations _here direct cloud than fire, :is the primary disturbance. Stands

contact provides a_ important source of dominated by red spruce tend W have canopy
moisture. Closely allied forests include red .gaps of 15-150 m _ created by wind fWhite et

spruce-dominated stands occurring at low al. 1985). Such small gaps retain moister seed
elevations _ong tl?e Atlantic coastline (Maine beds and more stable environments than do

and maritime provinces) and in mountain larger disturbance patches, which favor red
wetlands. "121ese mountain wetlands, or spruce dominance in old-grovel stands

"inverted fats," are distinct from northeastern (Westveld 1953),
boreal bogs and peatlands. "Spruce fiats" are

_} found below deciduous forests, frequently Higher elevation balsam fir-dominated forests
along poorly drained stream margins. Here {SAF type 05) experience more severe wind

soils are cool and moist, and cool air drains damage, often resulting in _flr wave _ mortality
into the fiats (Roman 1980, Cogblll 1987). across the montane landscape (Fitzgerald and

Raynal 1991, Reiners and Lang 1979, Sprugel
Soils 1976). Because of exposure and limited

rooting depth, these forest_ are susceptible to
Montane spruce-fir tbrests generally grow on large-scale blowdowns during storms.

8}. shallow, poorly developed, very acid [pH 3.4-
5.5), coarse-textured to rocky softs underlain lxtsects

by granite bedrock. These thin soils are
mostly Podzols and include Spodosols, Insect outbreaks, particularly spruce bud-

Inceptlsols, and sometimes Histosols. worm and the balsam woolly adelgid [Busing
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et al. 1988), can cause widespread damage. RELATION TO OTHER FO_T TYPES O

However, only when windthrow or insect
attacks are coupled with extreme droughts Montane forests differ from subboreal forests

does tree mortality predispose these areas to in having (1) overstorles dominated by red
fire. spruce rather than white or black spruce, (2)

greater diversity of vascular plant species, and ,_
Spraee-fir "Decline" (3) wind-dominated rather than fire-dominated

disturbance regimes (Cogbfll and W"r_ite 1991)_
Numerous researchers (Hornbeek and Smith In eastern Canada, where annual precipitation
1985, LeBlane 1990, Siccama 1974, Siccama falls below 87 cm and the natural fire interval

et at. 1982) have documented red. spruce drops below 100 years, red spruce gradually

decline in most montane environments, par- yietds to the black and white spruces of _
ticularly at high elevations and on thin soils, subboreal forests.

Even in some productive old-growhh stands,
subdominant spruce are not responding to STNUCTUNAL CHARACTERISTICS OF

canopy mortality (Adams and Stephenson OL1)-GROWTI4 STUDS O
1989). Some researchers have linked acid

deposition and resulting soil chemistry Information about montane and allied spruce- O
changes with red spruce decline (Johnson and fir forests in an old-growth condition is in-

Siccaxna 1984); others have found evidence of cluded in Figure 11 and Tables 77 through 86. !_
root-feeding insects, rime ice damage, and

other factors (Hertel 1987). Researchers agree SELECTED REP_ENTATIVE
that high-elevation red spruce, at least in the OLD-GROWTH STANDS

Northeast, is suffering high mortality from a
complex of causes not related to normal Maine

competitive stressors (LeBlanc 1990).
Bald Mountain, Washington Co.

Montane spruce-fir stands in the southern
Appalachians are suffering from a different Basin Ponds, Mount Katahdin Township,

threat. Here red spruce does not appear to be Plscataquis Co.
declining and may even be stabilizing in many (Maine Critical Areas Program 1983b)

stands (Busing et al. 1988). However, exten- O
slve mortality caused by the exotic balsam Bernard Mountain, Town of Southwest Harbor,

woolly aphid (Adelges piceae) threatens to Hancock Co.eliminate all mature Fraser fir within the next

few decades (Bailey 1985, Beck 1990, Harmon Big Lake*, Washington Co. O
et at. 1983). However, fir regenerates success-

fully follow_ing attack, and young trees appear Big Reed Pond Preserve*, Piscataquis Co. _
fairly resistant (Bailey 1985). An Isolated (Cogbill 1985, Selva 1994)

population of Fraser fir on Mount Rogers in
southwestern Virginia may be genetically Buckle Island, Town of Swan's Island,

resistant to the balsam woolly adelgid Hancock Co.
{Rheinhardt and Ware 1984).

CHandler Mountain, Aroostook Co.In low-elevation and coastal forests of the

Northeast, red spruce is not suffering unusual Chesuncook Lake, Piscataquis Co. _
mortality (Blum 1990, Burns and Honkala

1990a). In some old-growth stands in New Crocker Mountain, Town of Carrabassett
York (McMartin 1994) and New Hampshire Valley, Franklin Co.

(Leak 1987b), red spruce has increased In _
importance while balsam fir and yellow birch Dry Town (T13 R11), Aroostook Co.

declined. Although these allied spruce-fir (Maine Critical Areas Program 1983b, Selva
types (mountain wetland, low slope, and 1994)

coastal stands) have moisture conditions
similar to their montane counterparts, they East Royce Mountain, Town of Batchelder's

are not experiencing a similar decline. Grant, Oxford Co.
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Elephant Mountain_ Fr_mklin Coo Traveler Mount.Mn, Piscataquls Co.

_ (Maine Cr_itical Areas _ograrn t983b) (Maine, Critical Areas Program 1983b, Selvaet aL 1988)

. Hurd Mountain, t_scataquis Co_
(Maine Critical Areas }>rogram 1983[)) Wassataquoik Lake, Piscataquis Co_

_, (Maine Critical _eas }_'ogram 1983b)
Town of Jonesborough, Washington Co.

Wlzau'd Pond, Hancock C<z

Moosehorn Stream, Rscataquis Co. {Cogbllt 1996)

Mooseleuk Mountain, Piscataquis Co. New Hampshire

(Maine Critical Areas thoogram 1983b) Crawford Notch*. White Mountain National

Nestuntabunt MounU_in, Rainbow To_:nship, Forest
_scataquis Co.

{Maine Critical _eas _ogram t983b} Gibbs Brook Scenic Area*, White MountainNational Forest

North Traveler, Piscataquis Co.. {Carbonneau 1986a, Foster and Reiners
(M_dne Critical Areas )fh'ogr_n 1983b) t983)

Number 9 Mountain, Aroostook Co. Nancy Brook*, White Mountain National Forest

(Maine Critical _a'eas F_rogram 1983b, Setva (Carbonneau 1986a, Leak t985b)
et aL 1988}

Norton Pool, Coos Co.

Priestly Mountain*, _scataquls Co. (Carbonneau 1986a, Lyon and Reiners 1971)

(Mmne Critical Areas _ogram 1983b) The Bowl Research Natural Area*, _ite

Roque Island, Town of Jonesport, Washington Mountain National Forest
Co. (Carbonneau 1986a, Le_ 1985b, t_ak and

(Maine Critical ,Areas Program 1983b) Graber 1974)

Sugarloaf Mountain-Burnt Hill Saddle, New York
FranMin Co,

(Maine Critical Areas Program 1983b) Gill Brook*. Town of Keene, Essex Co.(Leopold et al. 1988)

D
_t A remnant red spruce stand

occurs at approxtnuately
1,250 m elevation at

Gaudineer Scenic Area on
the Monongahela National

Forest in West Virginia. See
Adams and Stephenson

(1989). Photo 7/94 by Lucy
TyrrelL

t
t
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Phelps Brook, Essex Co., Adirondack Park Vermont O

(Leopold et aL 1988) 0
Camels Hump State Forest

Whiteface Mountain {Siccama 1974, Siccmma et aL 1982) _0
(Fitzgerald and Raynal 1991, LeBlanc 1990,

Sprugei 1976) East Mountain-East Haven, Essex Co. O

Powley---Spruce Flat Hunger Mountain, Washington Co. _
{McMm_tin 1994)

West Virginia
North Carolina

Gaudineer Scenic Area*, Monongahela Na- !_
Black Mountain Research Natural Area*, tional Forest

Yancey Co. {Adams and Stephenson 1989)
{Boner 1979, Korstian 1937)

Shaver's Mountain Spruce-Hemlock Stand,
Great Smoky Mountains National Park* Monongahela National Forest

{Boner 1979, Crandall 1958, Oosting and {Adams and Stephenson 1989) O
Billings 1951, White et al. 1985. numerous

others) FOR ADDITIONAL INFORMATION O

Mount Pisgah*, near Blue Ridge Parkway Additional references that pertain to montane
and allied spruce-fir forests but are not cited

PowleymMixed in tables or text are listed by forest type group
(McMa_rtin 1994) in Appendix C.

Torten & Crossfield Township 40*

(Hosmer and Bruce 1901)

Tennessee

Great Smoky Mountains National Park*
(Boner 1979, Crandall 1958, Oosting and

Billings 195 I, White et al. 1985, numerous @
others)

Roan High Bluff (northwest side)

O
O
O
0
O
O
O
D
O
O

378

O
Ill I I







382

....................................................................... nnnm.........17-r_......... 1 ...............................................



383

I



ii'i



385



386

i+!!



387

i







390



391



392 0



393





395



396





6

398

0



399



©

E _l------- °°° ++6

_× EEE

°{j
_ •

Q
6 _ co co co _ o _ coo_

0

_ 8 g88

+_ +_++"-°i+i°°_ _ _ °+_ +
8

NNNNN_ _

+++++0+o+oooo++g+i....+0-_+-+-0+ +_ "0

_- _°°_ ° ° _ 9 _ 0 ooo 0 o_

+++ -+ -++ +-+-+,+..++++:,+_o++++,+++.+++++..o°°°
° ++o+o+o++-+°+.°° +++++++_++++oo oo ooo ++o+++oo+++++.+.++-.++.++++++ +_=++ooo++_ +++...++++o+_++ +++_+..ooo+++oo+_++oo+oo:= ®
+_s + ++ +m+m °+0 0 r._OCO O0 r.,O r.O cO O_ 00 m _

.+mzz o o +m <++
g

+ ®

4oo

O







Q

Q _ :2 0

a,,,.,

. _ .,,
QO

Q

Q _

B I1) .....
_ +

_m

¢/)





i

I

_ co

Q !

405







408







8

_ c5""04o _o

13

c

= _ " _oo_-CO qD::_



C
©

C

412



..... i i i [ i I J' '--,--,m ................ [ ........... __ ........... + . _ = _--





0

8

- ......... _ :-__ .... _ -=4....

E

_)
c_'8



o

8

IIIIIII



0
J
0
0
0
0
0
l

............. .... , ........ _.................. _ ,,', .......... _,, ;_':_,_iil' :_



Table 86.mSummary of attributes for otd-growth montane and attted spruce-tic stands

(from Table 77 through 85). _

Attribute Range _

Live Tree Density (#/ha)
- Trees >_2.5 cm d.b.h. 855 - 3310 1,9, 22
- Trees > 10 cm d.b.h. 385 - 1750 1,3, 7, 12, 18, 25, 27
- Trees > 12.7 cm d.b.h. 692 - 876 2
- Trees >_20 cm d.b.h. 210 - 594 5, 9
- Trees > 50 cm d.b.h. 20 - 45 1

- Trees > 70 cm d.b.h. 0 - 20 1 _,_
- Not as specified above 10, 11, 12, 17, 23, 27, 28, 29

- _ .... , _ ..

Live Tree Basal Area (m2/ha) _'_
- Trees > 2.5 cm d.b.h. 35.3 - 58.7 1,9, 22
- Trees >_10 cm d.b.h. 13.8 - 63.3 1,3, 7, 12, 18, 25, 27 _"_
- Trees >_12.7 cm d.b.h. 27.5 - 84.5 2, 6
- Trees >_20 cm d.b.h. 22 - 49.5 5, 9 '_

- Trees > 50 cm d.b.h. -- -- ._
- Trees > 70 cm d.b.h. -- --

- Notas specified above 8, 14, 17, 23, 24, 28 _'_
._ ,, ___ __ _ _ .... ...... - _ __._ _ - ........ _._ .....

r_

Tree or Stand Age (yr)
Average Age by Species

- Red Spruce 20 - 390 1,4, 5, 7, 18, 19, 20, 22, 27
- Balsam Fir 1.2 -200 8, 18, 23, 26 _

Maximum Age by Species
- Red Spruce 125 - 423 1,4, 5, 7, 9, 10, 13, 16, 18,

20, 21,22, 27, 28, 29
- Balsam Fir 65 - 202 8, 13, 18, 20, 23, 26
- White Spruce 125 7
- Fraser Fir 123 - 137 27, 29

"b
....... - . - _ - ...... ,_-,_ .......

Maximum Tree Diameter _

at Breast Height by Species (cm)
- Red Spruce 15 - 100 1,2, 3, 5, 6, 7, 10, 11, 12, 13,

15, 16, 18, 20, 21, 27, 28, 29
- Balsam Fir 25 - 61 3, 10, 11, 13, 18, 20
- Yellow Birch <35 - 107 3, 10, 11, 12, 13
- Fraser Fir 33+ - 74 2, 6, 12, 27, 29

"D

ITabte 86 continued on next page)
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lTable 86 cort_nued)

Q

A_dbute Range

Canopy Gaps (%) 20 - 30 9, 27

Standing Dead Trees (Snags)
Snag Density (#/ha)

- Snags >_2.5 cm d.b.h. 40 - 390 1
- Snags >_10 cm d.b.h. 44 - 592 3
- Snags >_20 cm d.b.h. 36 - 167 9
- Not as specified above 17, 23

Snag Basal Area (m2/ha)

- Snags >_t0 cm d.b.h. 3.7 - 23.0 3, 4
- Snags >_20 cm d.b.h. 3.1 - 12.3 9
- Not as specified above 17, 23

Fallen Dead Trees (Logs)

Density of Logs (#/ha)
- Logs >_10 cm d.b.h. 183- 467 3

Volume of Logs (m3/ha)
- Logs >_10 cm d.b.h. 691 - 951 3

f
O

f

f_
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SUBBO_ SPRUC_FIR FOISTS

0
COMMUNITY CO_OSITION and balsam fir (Abtes batsc_mea

the predominant

Forest Cover Types forests. Common associates include
birch {Betula papyrtfera Marsh.),

The

(SAF) forest cover _es poplar (P. balsamtfera L.), eastern(_us strobus L.). northern white-cedar

_e group: occidentalts L.), and eastern hemlock i
canadensts IL.] Carr.).
rubens Sarg.) is also an associate

1 the northeast United States.

P_SICAL CONTEXT

The foUowing Physiographic Provinces

Eastern Region (USDA 1974) are included in
e subbore_ spruce-t_ forest We group: Subboreal spruc¢

}:

(all sections)

em Young Drift



q
q
q

A High Lake State Natural Area, a subborealforest, is located
in Vtlas County, Wisconsin. Photo 5[95 by Lucy TyrreU.

q
Ecological Units wet-mesic. Soils are typically Spodosols or q

Inceptlsols, The frost-free season is usually

short, and much of the precipitation is snow.
divisions and

DIST_CE

I
by I

breaks(e.g., spruce budworm), In the Upper
Great Lakes Region, fire is a major disturbance

addition to and insect outbreaks.

TO OTHER FOREST TYPES g
Sub fir

g
sub forests are res

along the g
keeps true

cool.

g
of



SELECT]_D P_P_ENTAT_ _Tisc onsin
OLD-GROWTH STANDS

Flambeau ]_ver Preserve*, northern Wisconsin

Iowa High Lake State Natural Area, Vtlas Co.

Bluffton Fir Stand, Winneshlek Co. Port Wing Boreal Forest State Natural Area,

l_ehtgan Bayfleld Co.

North Fox Island*, Leelanau Co, Ridges Sanctuary, Door Co.

1Ntnnesot_ Toft Point State Natural Area*, Door Co.

Boundary Waters Canoe Area Wilderness*, FOR ADDITIONAL INFORMATION
Superior National Forest

Additional references that

Red Lake Peatland*, BeltrarnI Island/Pine spruce-fir forests but are

Island State Forest teXtc,are listed by

Pennsylvania

Hickory Run State Park, Carbon Co.B

$
$
$
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Table 96.mS_ of attributes for otd-growth s_boreaI spruce-fir stands

{from Tables 87 through 95).

Live Tree Density (#/ha) f
- Trees >_2.5 cm DBH 440 - ,1788 1,5, 6

- Trees > 1Ocm DBH 1010- 3500 ' 1 _)
- Trees >_50 cm DBH 20 4

- Trees >_70 cm DBH .... _
- Not as specified above 4



(Tab_ 96 continaect)

Canopy Gaps (%) ....

Standing Dead Trees (Snags)
Snag Density (#/ha)

'_ - Snags >_10 cm DBH ....
- Snags >_10 cm DBH ....O_

Fallen Dead Trees (Logs)

_ Density of Logs (#/ha)
- Logs >_t0 cm DBH ....

Volume of Logs (m3/ha)
- Logs >_10.0 cm DBH ....

..... J .... 1..... J.---- - ....

B
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  PPENDIX A.--COMPLETE LIST OF FOREST
TYPE GROUPS IN THE EAST

!_ Forest type groups arranged as upland and 4, Beech-_ple-basswood forests
lowland groups for the eastern United States,

with SAF forest cover types. Forest type 26 - sugar l_aple-basswood
groups were created for the purposes of com- 27 - sugar maple

_ piling information about old growth and 60 - beech-sugar maple
numbers were originally informally assigned

as identification numbers. Those forest type 5. Mixed mesophytic and western mesophytic
groups treated in this publication are indi- forests
cared in bolckface print. If the forest type

group occurs only minimally within the East- a) mixed mesophytic subgroup

ern and Southern Regions of the USDA Forest
Service, the forest type group is identified with 25 - sugar maple-beech-yellow birch

"#'. Those types noted with "@" primarily 27 - sugar maple
occur but within The Nature Conservancy's 57 - yellow-poplar

Eastern, Midwestern, or Southeastern Re- 58 - yellow-poplar-eastern hemlock
gions. 59 - yellow-poplar-white oak-northern

red oak

Upland forests 60 - beech-sugar maple

O
I. Northern hardwood forests b) western mesophytic subgroup

25 - sugar maple-beech-yellow birch 52 - white oak-black oak-northern red
27 - sugaJr maple oak
28 - black chert:y-maple 57 - yellow-poplar

60 - beech-sugar maple 59 - yellow-poplar-white oak-northern
red oak

2. Conifer-northern hardwood forests
6. Coastal Plain upland mesic hardwood

a) he_Iock-northern hardwood subgroup forests

22 - white pine-hemlock 53 - white oak
23 - eastera hemlock 82 - loblolly pine-hardwood

'_ 24 - bemock-yellow birch 89 - live oak (in part; mesic salt domes)

b) white pine-northern hardwood sub- 7. Southwestern subtropical upland forests

group (Rio Grande Valley, south Texas)@
O

20 - white pine-northern red oak-red None
maple

21 - eastern white pine 17. Western lower montane conifer forests@#
22 - white pine-hemlock

210 - interior Douglas-fir

c) spruce-northern hardwood subgroup 237 - interior ponderosa pine

30 - red spruce-yellow birch 18. Western juniper woodlands#
31 - red spruce-sugar maple-beech
35 - paper birch-red spruce-balsam fir 66 - Ashe juniper-redberry (Pinchot)

juniper

_ 220- Rocky Mountain juniper
239 - plnyon-juniper
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19, Great Plains riparian hardwood woodlands 24. Xeric pine and pine°oak fo.rests and wood°

and savannas@# lands _-

40 _ post oak-blackjack oak 43 - bear oak {where overstory P_rm_ _.
23G o bur oak species co-occur and dominate the

overstory}
20_ Western hardwood gatle_ forests (mainly 45 - pitch pine

Great Plans# 51 - white plne_chesmut oak
75 - shorfleaf pine

63 _ cottonwood 76 -_shortteaf pine-oak
95 _ black willow 78 ,_Virginia pine-oak

235 - cottonwood-willow 79 o Virginia pine

21_ D_-mesic oak forests 25. Dry _d dry-mesic oak-pine forests _'

44 - chestnut oak 51 - white pine-chesmut oak
52 - white oak-black oak-no,%hem red 75 - shordeaf pine

oak 76 - shorflea_ _pine-oak
53 - white oak 78 - Virginia pine-oak

55 - no.hem red oak 79 - Virginia pine
1 i 0 - black oak 80 - lobtolly pine-shortlea_f pine

81 - loblolly pine
22o D_ a_d xeric oak forests, woo_aads_ 82 - loblolly pine-hardwood

_d savannas O
26o Upland longleaf and south. Florida slash

a) northern '°catastrophic fire" subgroup pine forests, woodlands, and savannas

14 - no_helta l_in oak 70 - longleaf pine
42 - bur oak 7 t - longleaf pine-scrub oak

110 - black oak 83 - longleaf pine-stash pine
111 - south Florida slash pine

b) wideapread aubgr_ul_
27. Seasonally wet oak-hardwood woodlands

40 - p_at oak-blackjack oak ('oak flatwoods;' low intensity, widespread
4_ - bur oak fire; seasonally flooded; hard pan)

43 - _ear oak [where large_ _er¢_ 0
_peeie_ ee-oee_r axed demi_ate 40 - post oak-blackjack oak ("on heavier,
the e_e_tery) clayey soils the type tends towards

44 - ehe_tmut oak the post oak variant")

110 - black oak 53 - white oak ("occasionally it occurs
on poorly drained bottomtand soils

e) _o_ther_ subgroup with a high clay content")
_7 - Nehr_ ("_hin") oak _5 - pin oak-sweetgum
7_ - aouther_ _erub oak 88 - willow oak-water oak-diamondleaf
g9 - live _ak (laurel) oak (the type may also

occur on terrace fiats and poorly
2_, Nle_ie arid we_-me_ie _orther_ oak drained flatwoods sites and is often

forests0 woodla_¢l_, _¢1 aava_o_a_ referred to as oak glades' or 'pin
oak flats')

42 - bur oak

5_ - white _ak-blaek oak-_orther_ 80, Subboteal _pr_ee a_¢_ spruce-fir f_rest_
red oak "_

5a - white oak 5 - bN_a fir

55 - _orther_ re_ oak 1_ - black _pruee {_u_ylpe_ a, _, e) _
107 - white _praee
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31. Monta_e a_d allied spruce a_d apmce- Lowland forests

fir foresta 8_ Northern conifer wed_d/bog %rests

_ 5 - b__ fir
30 ored spruee-yellowbirch a)whlteocedarsubgroup

32 - _0ed sp_ee
33 - red spruceobals_ fir 37 - northern white-.cedar

34 ,ored spr_eeopraaer fir
35 - paper birch-red spruceobalsam fir b) black spruce-tamarack subgroup

32. _pen°birch %rests and woodlands 12 - black spru.ce (subtypes d, e, f)
13 ° black spruce-tacmarack

a)successionalaspen-birchfbrestsand 38 -tamarack
woodlands (interiorEasternDeciduous
ForesO 10o Hardwood (etm-ash-maple) wetland

forests
1G - aspen
18 - paper birch 39 - black aahoAmerieax_ etra-red
19 °graybirch-redmaple maapie

_ 65 ° pin eakosweetg_ {in paxt)
b) aspen parkland forests, woodlands, and 108 - red maple

scrub (western border of Eastern De-
ciduous Forest)# 12. Hardwood freshwater tidal swamps

16 - aspen 108 - red maple

l
34. Sand pine forests and woodlands 13o River floodplNn hardwood forests

t
69 - sand pine 65 - pin oak-sweetgum

82 - loblolly plne-hm°dwood
35° Northern pine forests 87 - sweetgum_yetlow poplar

88 - willow oak-water oak-diamondleaf
a] shortdived pines (laurel) oak

,_ 91 - swamp chesmut oak-cherrybark
1 - jack p,hte oak

_ 45 - pitch pine 92 - sweetgum-wi11ow oak
93 - sugarberry-Amerlcma elm-green

,_ b] long-lived ph_es ash
94 - sycamore-sweetgum-American elm

15 ° red pine 96 - overcup oak-water hickory
21 - eastern white pine 108 - red maple

37. Rocky, thln-sofled, excessively-dralned i4. Cypress-tupelo swamp ibrests

_ cedar woodlands (pavement barrens,
glades, rocky outcrops, granitic flatrock 100 - pondcypress
borders; widely spaced, stunted trees) 101 - baldc3rpress

102 - baldcypress-mpelo
37 - northern white-cedar (limestone 103 - water tupelo-swamp tupelo

cliff faces)

48 - eastern redcedar 15. Tropical and subtropical wettamd forests
and woodlands {south Florida)

38. Barrier island (maritime) mixed forests and
woodlands 105 - tropical hardwoods

73 - southern redcedar

_!_ 74 - cabbage palmetto
89 - live oaR
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@

16. Mangrove swamps (south Texas, south 40. Atlantic white-cedar forests

Florida) @97 - Atlantic white-cedar

106 - mangrove
41. Bay (toblolly-, sweet-, and redbay) forests

28. Eastern riverfront forests
84 - slash pine

61 - river birch-sycamore 85 - slash pine-hardwood _
62 - silver maple-American elm 104 - sweetbay-swamp mpelo-redbay

63 - cottonwood _:
89 - live oak

94 - sycamore-sweetgum-American elm _,
95 - black willow

29. Southern wet pine forests, woodlands, and

savannas

70 - longleaf pine
83 - longleaf pine-slash pine

84 - slash pine O
85 - slash pine-hardwood

98 - pond pine

O
e
O
e
e
e
e
e
e
f
@
e
O
O
O
O
@
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;_ APPEND_ B.--STATE _S WTTH COUNTY NAMES

_ New England Connecticut, Maine, Massachusetts, New

,_ Hampshire, Rhode Island, Vermont (page 464)

Mid-Atlantic/South Delaware, Kentucky, Maryland, New Jersey,
North Carolina, Tennessee, Virginia, West Virginia

(page 465)

_ East New York, Ohio, Pennsylvania (page 466)

Upper Midwest Michigan, Minnesota, Wisconsin (page 467)

Central Illinois, Indiana, Iowa, Missouri (page 468}

South-Central Arkansas, Oklahoma (page 469)

l

t
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1998. Information about old growth for selected forest type groups
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Compiles information about old-growth attributes for nine forest
O type groups that occur in the eastern United States. A range of values

for each old-growth attribute for each forest type is summarized region-
O ally from published and unpublished sources.

O KEY WORDS: Old growth, old-growth forest, forest structure, coarse
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Our job at the North Central Forest Experiment Station is discovering and _
creating new knowledge and technology in the field of natural resources and
conveying this information to the people who can use it. As a new generation ._
of forests emerges in our region, managers are confronted with two unique

challenges: (1) Dealing with the great diversity in composition, quality, and _.
ownership of the forests, and (2) Reconciling the conflicting demands of the

people who use them. Helping the forest manager meet these challenges ._.
while protecting the environment is what research at North Central is all

about. _ ....
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