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The Ozark Highlands have historically been dominated by a 
matrix of oak-hickory upland hardwood and mixed pine-hardwood 
systems, with upland hardwoods found in both open woodland 
and closed-canopy forest conditions.  Large tracts of public and 
private forest lands render the upland hardwood system in this 
geography unique and critical to many wildlife species, particularly 
those requiring large forest patches to carry out their life history.  
The GCPO LCC Integrated Science Agenda (ISA) identifies the 
upland hardwoods system in the Ozark Highlands as one of the 
nine initial priority systems of focus for LCC science efforts.  The 
desired ecological state for this system targets large blocks of oak 
forest and woodland, distributed in appropriate successional 
stages, with forests exhibiting nearly closed overstory canopy, 
with sub-canopy and understory of shrubs and shade tolerant 
species.  Upland hardwood woodlands exhibit moderate canopy cover with tree densities that allow 
ample light penetration and support a variety of grasses and forbs.  To meet these desired ecological 
states, the ISA targets landscape endpoints of upland hardwood forests and woodlands in large and 
connected forest patches within primarily forested landscapes, with specific conditions of overstory 
and midstory cover, basal area, tree density and diameter, snags and dead/down wood, and 
disturbance/succession.  The ISA also identifies a suite of species hypothesized to reflect these 

landscape endpoints in upland 
hardwood systems, including eight 
avian, five mammalian, and one 
amphibian species/species groups.  
In the draft ISA, each of these 
species is hypothesized to be 
limited by ecological conditions of 
the landscape endpoints.  

The purpose of this Assessment is 
to understand how much habitat is 
available and what condition that 
habitat is currently in relative to 
habitat targets, or endpoints, 
defined in the ISA.  To assess the 
ISA endpoints for upland hardwood 
systems, it was necessary that the 
most consistent, comprehensive, 
current and accurate data be used 
in summary and analysis.  For the 
best possible assessment product 
we cross-checked geospatial 
datasets spanning variable time 
periods and data sources in the 
Ozark Highlands subgeography and 
remainder of the GCPO geography.   

Figure 1.  Upland hardwood woodland and forest systems within 
the GCPO LCC at 250 m resolution (generated from LANDFIRE 
data).

Ozarks in autumn - Oakley Originals
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Forest patch size: ≥5000 ac of 
interdigitated forest habitat types

Landscape composition (woodland and 
forest in 10-km radius): >70%

Priority species in the ISA are presumed to exhibit 
more sustainable populations in upland hardwood 
forests and woodlands that consist of large and 
connected forest patches (≥5,000 ac) (all 
forest types), with >70% forest cover in 
the surrounding landscape.  This is 
particularly relevant for ISA priority 
species such as black bear, which exhibit 
very large home ranges and are thought 
to be influenced by forest composition 
and patch size.  Delineation of forest 
patches in a predominately forested 
landscape is challenged by uncertainties 
regarding which physical features (i.e., 
roads, rivers, etc.) present actual barriers 
to wildlife species.  Response to forest 
patch size will inherently vary by wildlife 
species size and life history 
characteristics.  The analysis found 420 
forest patches throughout the GCPO 

geography that were ≥5,000 ac in size, 
with 105 of those patches intersecting 
the Ozark Highlands subgeography.  
Over 71 million acres of the GCPO 
region exhibited >70% forest cover when 
examined at the 10,000 ac scale.  Over 
11 million of those high acres occur in the 
Ozark Highlands (Figure 2).

Summary of Findings for Landscape Endpoints

Figure 2. Forest areas exhibiting >70% forest 
composition (all forest types) within a 10 km landscape 
in the GCPO geography.

AMOUNT
Acreage of Upland Hardwood Forest and Woodland

The ISA targets landscape endpoints of 0.7 million acres of upland hardwood forest and 1.9 million 
acres of upland hardwood woodland in the Ozark Highlands.  The Assessment team first assessed 
upland hardwood forest and woodland acreage existing on the landscape in any condition within the 
Ozark Highlands subgeography and across the remainder of the GCPO LCC using a combination of 
25 upland hardwood forest and 10 upland hardwood woodland ecological system classes. This layer 
of predominantly upland hardwood cover served as the basis for independently identifying where 
within those systems the ISA landscape endpoints that describe upland hardwoods occur (Figure 1).  
Using this approach we found 30,528,885 upland hardwood forest and 2,022,015 upland hardwood 
woodland acres in the GCPO LCC, with 57% (17,465,690 acres) of upland hardwood forest and 40% 
(810,196 acres) of upland hardwood woodlands found in the Ozark Highlands subgeography.  
Acreage falling within the desired ecological state is evaluated at the end of this Brief using condition 
index values for upland hardwood woodland and forest systems.

CONFIGURATION
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CONDITION
Overstory Canopy Cover

upland hardwood forests: >80% 
upland hardwood woodlands: 

20-80%
Ecological conditions within forest 
patches are important indicators of 
ecosystem integrity, with wildlife species 
often preferring a specific range of 
conditions within forests (including 
canopy cover, basal area, tree diameter, 
midstory cover, and more).  The team 
estimated about 1.2 million acres of 
upland hardwood woodlands in the 
GCPO geography exhibit overstory 
canopy cover within the range of 
20-80% cover, with 580,000 of those 
acres in the Ozark Highlands (Figure 3).  
In upland hardwood forests, about 12.3 
million acres exhibited >80% overstory 
canopy cover in the GCPO geography, 
with 4.8 million of those acres in the 
Ozark Highlands. 

Figure 3. Upland hardwood woodlands and forests 
exhibiting the target range of overstory canopy cover 
conditions, 20-80% for woodlands and >80% for forests in 
the GCPO geography.  

Average tree diameter (DBH) ≥14” DBH
This endpoint condition is important for some species requiring large trees and subsequent tree 
cavities for denning/nesting/roosting.  Mean upland hardwood forest diameter was 5.2” and mean 
upland woodland tree diameter was 4.5”, suggesting trees in the vast majority of upland hardwood 
systems may be younger than targeted in the tree diameter endpoint.  Specifically, only 3,259 acres 
of upland hardwood forest met the ≥14” DBH criteria, with only 386 acres in the Ozark Highlands, 
and the GCPO region has 1,050 acres of upland hardwood woodland meeting the endpoint with 
none in the Ozarks Highland subgeography.  

Tree Density
upland hardwood forests: ~80 trees/acre

upland hardwood woodland: ~40 trees/acre
The data available to assess this endpoint made a precise assessment of this condition challenging.  
Therefore, the Assessment team calculated mean tree density for upland hardwood forests and 
woodlands that met the target endpoint within a range of ±20 and ±10 trees/acre (tpa), respectively, 
from the target endpoint.  In the Ozark Highlands, over 350,000 acres of upland hardwood forests 
exhibited tree density between 60-100 trees/acre.  However, less than 50,000 acres of upland 
hardwood woodland exhibited tree density between 20-60 trees/acre.  Tree density would be expected 
to correlate somewhat with findings for basal area and canopy cover (Table 1).
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Standing Dead Trees (Snags)
1 large (≥16” DBH) snag/5 ac

Standing dead trees, or snags, are an 
important habitat element in any forested 
system, and provide diurnal or seasonal 
shelter for many LCC priority species.  The 
ISA landscape endpoint is based on the 
cavity-roosting habitat needs of the silver-
haired bat and other mammalian and avian 
species that require snags at some point in 
their life cycle.  This analysis identifies all 
areas where snag density is greater than the 
target of 1 large snag/5 acres.  The 
Assessment team estimated 7,005,818 
acres of upland hardwood forest and 
259,043 acres of upland hardwood 
woodland meet the desired endpoint in the 
Ozark Highlands subgeography, with 
10,595,267 acres of upland hardwood 
forest and 645,022 acres of woodland 
across the GCPO region (Figure 4).

Shaw Nature Center, Missouri - Shelley Powers

Upland hardwood forestUpland hardwood forestUpland hardwood forestUpland hardwood forest Upland hardwood woodlandUpland hardwood woodlandUpland hardwood woodlandUpland hardwood woodland

Mean tpa
Acres
40 tpa

Acres
30-50 tpa

Acres
20-60 tpa Mean tpa

Acres
80 tpa

Acres
70-90 tpa

Acres
60-100 tpa

Ozarks 
Highlands 451 8,880 178,101 356,943 288 1,035 24,185 46,765

GCPO LCC 449 14,209 289,144 574,859 396 1,699 36,294 73,807
Table 1: Acreage amounts for Open Pine forest condition endpoints. Each endpoint is tallied 
independently of all others within pine-dominant forests.

Figure 4. GCPO upland hardwoods with snag density 
conditions of > 1 large (≥16” DBH) snag/5 acres.

Dead/downed Wood
1 6’ log (≥8” DBH)/ac 

Often termed “coarse woody debris” (CWD), this 
component in any forest serves important ecological 
functions, including decomposition, nutrient cycling, and 
provision of critical habitat for many reptile and amphibian 
species as well as food for insects and detritivores.  Using 
the best measure available (tons of carbon per acre of 
downed dead woody matter >3” DBH), the Assessment 
team made the assumption that areas with >0.05 tons 
carbon/acre would suffice for this endpoint.  An estimated 
17,388,980 acres of upland hardwood forest and 792,574 
acres of upland hardwood woodland contain >0.05 tons 
carbon/acre in dead/downed wood.
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Midstory Coverage ≤20%
This endpoint is an indicator of a healthy vertical strata in the system.  Midstory is an important 
habitat component for several ISA priority species, particularly those avian species who require 
midstory structure for nesting such as the wood thrush.  Using a measure of midstory density as a 
surrogate for coverage, an estimated 3,223,132 acres of upland hardwood forests and 171,059 
acres of upland hardwood woodlands has the lower range of midstory density in the Ozark 
Highlands.

Basal Area: upland hardwood 
forest: >70% oak/hickory

upland hardwood woodland: 
>90% oak/hickory

This endpoint is considered desirable in 
upland hardwood systems to provide 
ample hardwood mast (i.e. acorns and 
nuts), particularly for species such as 
black bear and wild turkey.  Mean 
proportions of oak/hickory basal area in 
upland hardwood forests and woodlands 
were 67% and 52%, respectively (Figure 
5).  Within the Ozark Highlands, an 
estimated 8,864,712 acres of upland 
hardwood forests (9,530,923 GCPO-
wide) exhibited >70% composition of oak 
and hickory as total basal area.  An 
estimated 19,460 acres of upland 
hardwood woodlands (47,521 acres 
across the GCPO) exhibited >90% of 
total basal area comprised of oak and 
hickory.

Figure 5. Proportion of total live tree basal area comprised 
of oak and hickory species in upland hardwood forests 
and woodlands in the GCPO region.

Lost Valley Trail, Arkansas - Adam Shaver
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TEMPORAL CONSIDERATIONS
<10% of landscape in early successional stage

upland hardwood forest: fire return interval = 10 years
upland hardwood forest woodlands: fire return interval = 3 years

The ISA recommends that upland hardwood systems reflect an appropriate distribution of 
successional stages, with presumably ≤10% of the landscape in early succession.  However, 
thresholds defining forest regeneration/succession in relation to ecosystem integrity are generally 
unclear.  The ISA also emphasizes the importance of disturbance in maintaining system dynamics, 
suggesting fire return intervals of 10 years for forests and three years for woodlands in upland 
hardwood systems of the Ozark Highlands.  Assessing only fire disturbance, the team examined 
historic mean fire return interval and observed fire return interval (through 2012).  In upland 
hardwood forests, an estimated 141,715 acres in the Ozarks and 86,471 acres in the West Gulf 
Coastal Plain exhibit fire return intervals of 6-10 years (230,039 GCPO-wide).  In upland hardwood 
woodlands, an estimated 1,683 acres in the Ozark Highlands and 88,649 acres in the West Gulf 
Coastal Plain exhibit fire return intervals of 2-5 years (92,201 acres GCPO-wide) See Figure 6.

Figure 6: LANDFIRE mean historic fire return interval within the GCPO geography (left) and observed 
fire return interval (2-5 year for woodlands, 6-10 year for forest) derived from LANDFIRE 2012 
vegetation disturbance layer (right) in upland hardwood woodlands and forests in the Ozark 
Highlands and West Gulf Coastal Plain subgeographies.  
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Conclusion: Assessing Desired Ecological State for 
Ozark Highlands Upland Hardwoods

The final step in this Assessment was to combine endpoint criteria for each upland hardwood forest 
and woodland system into a condition index to understand how much and where upland hardwoods 
within the GCPO region can be considered to be in a desired ecological state as specified in the 
ISA.  ISA endpoint criteria included in the condition index analysis were forest composition, patch 
size, overstory canopy, average tree diameter, tree density, snag density, dead/down wood density, 
midstory density, proportional oak/hickory basal area, and observed fire return interval.  Excluded 
were measures of connectivity and early succession due to uncertainty in endpoint thresholds 
across forest patches.  

Using a dichotomous, 
decision-based approach 
(Figure 7), we found no 
upland hardwood forest or 
woodlands meeting all ISA 
endpoints (condition index 
score 37) (Table 2).  We 
found only 494 acres of 
upland hardwood forest 
within Ozark-St. Francis 
National Forest and Gulf 
Mountain Wildlife 
Management Area in 
Arkansas met all but one 
ISA endpoint.  Areas 
meeting several ISA endpoints in upland hardwood forests were found scattered in central and 
south-central portions of Missouri and in areas northeast of Jefferson City (Figure 8).  The Ouachita 
Mountains in the West Gulf Coastal Plain, the Loess Hills in Mississippi, and other areas of the East 
Gulf Coastal Plain also showed concentrations of upland hardwood forests meeting several ISA 
endpoints.  There are also portions of Oklahoma, in the West Gulf Coastal Plain that contain 
woodlands meeting several ISA endpoint targets.  Highest scoring areas were found in and around 
the Ozark Plateau and Boston Mountains in Missouri and Arkansas, and in the Lake of the Ozarks 
area of central Missouri. 

Figure 7. Decision tree using landscape endpoints to assess the 
configuration and condition of upland hardwood woodlands and forest 
within the GCPO LCC.  

Subgeography Upland hardwood 
system type

Acres Score 37 
(100% endpoints)

Acres Score 36 
(92% endpoints)

Acres Score 35 
(83% endpoints)

Acres Score 34 
(75% endpoints)

Ozark Highlands
Forest 0 494 19,429 349,052

Ozark Highlands
Woodland 0 0 0 772

GCPO LCC Forest 0 494 21,159 363,980

Woodland 0 0 30 958

Table 2: Acreage summary for the Ozark Highlands and across the entire GCPO region for upland 
hardwood woodland and forest showing condition index values meeting all ISA endpoints (i.e., in the 
desired ecological state [score 37], meeting 92% of endpoints [score 36], 83% of endpoints [score 
35], and 75% of endpoints [score 34] (see Figure 7).
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This ecological assessment of upland hardwood 
woodland and forest systems provided a good initial 
and comprehensive look at the state of upland 
hardwoods in the GCPO geography.  It is clear that 
large public landholdings in the Ozark Highlands and 
West Gulf Coastal Plain subgeographies are 
bastions of quality upland hardwood forest condition.  
However, it is also evident that upland hardwood 
systems fall short of the desired acreage amounts 
that meet all landscape endpoints.  Since this 
assessment relies heavily on interpretations of 
imputed and often remotely-sensed data, analyses 
must be approached with caveats to scale of 
application.  In conducting this assessment, the 
GCPO LCC was able to identify several ways in 
which the accuracy and precision of this work could 
be improved in future.  These include, but are not 
limited to:

• Assess the accuracy of and limitations to use 
of imputed plot-level Forest Inventory and 
Analysis Program data of the U.S. Forest 
Service, using alternative data sources for 
evaluating forest structure (e.g., LiDar, local 
inventory data, etc...)

• Refine estimates of forest composition, patch-
size and connectivity needs for priority wildlife 
species identified in the ISA and other state 
and federal planning documents.

• Update the assessment by incorporating 
state-level data on upland hardwood 
woodland extent, and clarifying 
inconsistencies among forest and woodland 
classes across space.

• Refine ISA endpoints where measurable 
thresholds were unclear.

Figure 8.  Condition index values based on 
decision-criteria for upland hardwood 
woodlands and forest ranging from a value of 1 
indicating potential hardwoods to values of 
29-27 indicating existing hardwoods meet most 
of the measurable endpoints and are 
approaching the desired ecological state.

Sunlight in Mark Twain National Forest, Missouri - Bhanu Tadinada
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