Introduction to Upland Hardwood Woodlands and Forest of the Ozark Highlands

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

upland hardwood priority system in the ISA was loosely derived from the Upland Hardwoods

and Montane Conifers class in the NatureServe/ U. S
Defined Habitatsod, which i ncl ueciekorywoedards,doéss ecol ogi
bluff hardwoods, mixed mesic hardwoods, and other classes crosswalked to NatureServe

Ecological Classifications.

The desired ecological state for Ozark Highlands upland hardwoods is described in the ISA as
flarge blocks of oak forest and woodland in appropriately distributed successional stages in
predominately forested landscapes. Woodlands are characterized by moderate canopy cover
and tree densities that allow ample light to reach the ground, supporting a variety of grasses
and forbs. Forests are characterized by nearly closed overstory canopy with well-developed
subcanopy, shrub, and understory strata comprised of shade-tolerant speciesd .To meet these
desired ecological states, the ISA targets landscape endpoints of upland hardwood forests and
woodlands found in large and connected forest patches in primarily forested landscapes, with
specific conditions of overstory and midstory cover, basal area, tree density and diameter,
shags and dead/down wood, and disturbance/succession, with defined thresholds provided
below in the relevant section from Appendix 1 of the GCPO LCC ISA.

Amount:
M 1.9 million acres of woodland
9 0.7 million acres of forest

Configuration:
9 Large blocks of oak forest and woodland in predominantly forested
landscapes
f Forest patch size O5dbedtypecr es of inte
9 Landscape composition (woodland and forest in 10-km radius) >70%
1 Adequate connectivity

Condition: Structure

1 Canopy cover:
0 2071 80% for woodlands
o 080% for forests

f Average dbh O140

1 Tree density:
o 4840 trees/ ac for woodl ands
o 480 tr erdosestac f



f Snag density: 1 large (0160 db
f Dead/ downed wood: One 606 | og (C
f Midstory density 020%

Composition
1 Oak and hickory basal area:
0 >90% for woodlands
0 >70% for forests

Temporal considerations:
1T Anappropriate distribution of successi
landscape
9 Fire return interval:
o0 3years for woodland
0 10 years for forest

The ISA also identifies a suite of species hypothesized to reflect these landscape endpoints in
upland hardwood systems. Priority species for Ozark Highlands upland hardwoods system
identified in the GCPO ISA include 8 avian species/species groups (cerulean warbler
[Dendroica cerulea], Kentucky warbler [Oporornis formosus], yellow-billed cuckoo [Coccyzus
americanus],nightjars [eg., Caprimulgus spp.], prairie warbler [Dendroica discolor], wood thrush
[Hylocichla mustelina], wild turkey [Meleagris gallopavo],American woodcock [Scolopax minor]);
5 mammalian species (black bear [Ursus americanus], elk [Cervus canadensis], silver-haired
bat [Lasionycteris noctivagans], Indiana bat [Myotis sodalis], Eastern spotted skunk [Spilogale
putorius]); and one amphibian species (southern red-backed salamander [Plethodon serratus]).
In the draft ISA, each of these species is hypothesized to be limited by ecological conditions of
patch size, landscape composition, connectivity, canopy cover, tree, midstory, snag and woody
debris density, tree diameter and basal area, and other factors. Phase Il of the GCPO
ecological assessment will evaluate these hypothesized species-habitat relationships.

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.



Chapter 1: Amount
Subgeography: OZARK HIGHLANDS
Ecological System: Upland Hardwoods
Landscape Attributes: Amount

Desired Landscape Endpoints: 1.9 million acres of woodland, 0.7 million acres of
forest

Delineating potential upland hardwood woodlands and forests in the GCPO geography

Successfully assessing upland hardwood woodlands and forests separately at a regional scale
presents a formidable data challenge. Remote-sensing based land cover classifications are
typically either too general for differentiation between woodland and forest (e.g., NLCD), or are
specific enough to separate woodland classes in some cases, but not others (e.g., GAP and
Landfire). Other technigues, such as using forest canopy cover or basal area to determine
woodland vs. forest in hardwood systems is also challenged by availability of reliable data at the
landscape scale. After several iterations to determine the best possible means to differentiate
woodlands from forests, members from the LCC Adaptation Science Management Team
suggested that distinct, undisputable land cover classes that specify woodland should be used,
but for classes where the description allows for forest and woodland (e.g., Crosstimbers Oak
Forest and Woodland) we would only characterize pixels as woodland if they were located in
areas with site potential for woodland (typically drier, south and west facing slopes in the Ozark
Highlands). To do this we first had to characterize potential upland hardwood woodland and
forest pixels, through which we could delineate present woodland and forest.

We derived potential upland hardwood pixels from a combination of potential classes in the
Central Hardwoods Joint Venture Ecological Potential data layer, and the Landfire Biophysical
Settings (BPS) layer (USGS EROS Center 2016). The Ecological Potential layer was
developed by Central Hardwoods Joint Venture staff and partners and represents an expert-
driven process for identifying where vegetative communities were once found and where
management activities to restore natural vegetative communities have the greatest potential for
success. The process used land-type associations and abiotic and biotic attributes to map 11
natural vegetative communities, which include classes of open oak woodlands (20-50%
overstory canopy cover), closed oak woodlands (50-80% overstory canopy cover), and mesic
closed canopy upland forests (>80% overstory canopy cover) in the Central Hardwoods Joint
Venture geography (Table UH.1). The Landfire BPS layer provides a national dataset that
maps the presumed pre-European settlement vegetative communities that dominated the
landscape, and usesthepresent-d ay FfAbi ophysical environmento in c
approximations of past disturbance regimes to map out pixels classified to NatureServe
Ecological Systems.

We resampled 30 m resolution ecological potential and 30 m resolution BPS data to 250 m
using a nearest neighbor algorithm for spatial consistency with other layers used in this
assessment. For woodland we used the resampled open and closed canopy woodland
ecological potential data in the GCPO Ozark Highlands subgeography and mosaicked the data
with the resampled BPS woodland classes for the remaining GCPO subgeographies (Table
UH.1). For forest we used the resampled mesic forest ecological potential data in the Ozark
Highlands subgeography and mosaicked the data with the resampled BPS hardwood forest


http://www.landfire.gov/NationalProductDescriptions20.php
http://www.landfire.gov/NationalProductDescriptions20.php

classes for the remaining subgeographies. Thus the potential upland hardwoods layers used in
the ecological assessment reflect the ecological potential data in the Ozark Highlands, and BPS
elsewhere in the GCPO.

Table UH.1. Potential upland hardwood woodland and forest classes selected from the
Central Hardwoods Joint Venture Ecological Potential layer for the Ozark Highlands and
from the Landfire Biophysical Settings layer in the remainder of the GCPO.

Potential Woodland Classes Potential Forest Classes
Ozark Highlands CHJV Ecological Potential: CHJV Ecological Potential:
1 Open oak woodlands 9 Mesic Forest
1 Closed oak woodlands
East & West Gulf Landfire Biophysical Settings: Landfire Biophysical Settings:
Coastal Plain, Gulf 9 East Gulf Coastal Plain Northern Loess 1 Ozark-Ouachita Dry-Mesic Oak Forest
Coast, Mississippi Plain Oak-Hickory Upland [13060] [13040]
Alluvial Valley {1 East Gulf Coastal Plain Northern Loess 1 Southern Interior Low Plateau Dry-Mesic
Plain Oak-Hickory Upland [13070] Oak Forest [13050]
1 Crosstimbers Oak Forest and Woodland 1 North-Central Interior Maple-Basswood
[13080] Forest [13140]
1 North-Central Interior Dry-Mesic Oak 1 Southern Appalachian Oak Forest
Forest and Woodland [13100] [13150]
1 North-Central Interior Dry Oak Forest and 9 Southern Piedmont Mesic Forest
Woodland [13110] [13160]
1 Ouachita Montane Oak Forest [13120] 1 Central and Southern Appalachian
1 Allegheny-Cumberland Dry Oak Forest Montane Oak Forest [13200]
and Woodland [13170] 1 South-Central Interior Mesophytic Forest
1 South-Central Interior/Upper Coastal Plain [13210]
Flatwoods [13260] 1 Southern Crowley's Ridge Mesic Loess
1 Central and South Texas Coastal Fringe Slope Forest [13220]
Forest and Woodland [13380] 1 West Gulf Coastal Plain Mesic
1 Central Interior Highlands Dry Acidic Glade Hardwood Forest [13230]
and Barrens [13630] 1 East Gulf Coastal Plain Northern Mesic
9 Ozark-Ouachita Dry Oak Woodland Hardwood Slope Forest [13250]
[13640] 1 South-Central Interior/Upper Coastal
1 Southern Ridge and Valley/Cumberland Plain Flatwoods [13260]
Dry Calcareous Forest [13760] 1 East Gulf Coastal Plain Northern Loess
1 Lower Mississippi River Dune Woodland Bluff Forest [13270]
and Forest [13810] 1 East Gulf Coastal Plain Southern Loess
1 Edwards Plateau Limestone Savanna and Bluff Forest [13290]
Woodland [13830] 1 Ozark-Ouachita Mesic Hardwood Forest
9 North-Central Interior Oak Savanna [13340]
[13940] 1 West Gulf Coastal Plain Chenier and
1 Alabama Ketona Glade and Woodland Upper Texas Coastal Fringe Forest and
[14080] Woodland [13390]
{1 South-Central Interior/Upper Coastal Plain | T Atlantic Coastal Plain Mesic Hardwood
Wet Flatwoods [14570] Forest [13430]
1 East-Central Texas Plains Post Oak 1 Southern Coastal Plain Mesic Slope
Savanna and Woodland [15190] Forest [13570]
1 South-Central Interior/Upper Coastal
Plain Wet Flatwoods [14570]
1 Mississippi River Alluvial Plain Dry-
Mesic Loess Slope Forest [15090]




We also sought to remove pixels from the potential layer that were presently developed (open
space, and low, medium, and high intensity development), as well as pixels currently considered
open water as these pixels have low probability of converting back to upland hardwood systems
in the future. Developed and open water pixels were reclassified out of the 2011 National Land
Cover Database (NLCD) (Homer et al. 2015) and used as a mask to indicate that areas
currently under development or open water were not expected to be converted to forest over
time. We used a series of map algebra calculations to extract out developed (NLCD classes,
21, 22, 23, 24) and open water (NLCD class 11) from potential hardwood pixels. The product
identified where upland hardwood woodlands and forest could potentially be on the landscape
based on edaphic, geographic and localsitecondi t i ons . The | ayers of
hardwood woodlands and forest were calculated at 250 m resolution, and then reclassified to a
binary 1 or O (Figure UH.1).

Table UH.2. Acres of potential upland hardwood woodland and forest habitat by GCPO
geography, derived in the Ozark Highlands from the Central Hardwoods Joint Venture
Ecological Potential layer and from the Landfire Biophysical Settings layer in the
remaining GCPO. The table reflects acres of site potential only on all pixels that are
currently not developed and not in an open water classification, and does not account for
pixels that are currently in a woodland or forest state.

Acres site potential Acres potential upland

upland hardwood hardwood forest

woodland
Ozark Highlands 17,214,240 4,791,184
West Gulf Coastal Plain 3,906,980 4,012,988
East Gulf Coastal Plain 5,399,480 9,641,626
Mississippi Alluvial Valley 443,029 461,037
Gulf Coast 0 25,653
GCPO LCC 26,963,730 18,932,487



http://www.mrlc.gov/nlcd2011.php
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Figure UH.1. Potential upland hardwood woodland (left) and hardwood forest (right) at
250 m resolution developed from the Central Hardwoods Joint Venture Ecological
Potential data layer in the Ozark Highlands and Landfire Biophysical Settings data layer
in the remaining GCPO geography. These reflect pixels that are currently not developed
or classified as open water.

Delineating current upland hardwood woodlands and forests in the GCPO geography

We used a composite approach that incorporated state-level land cover data from Florida,
Oklahoma and Texas in combination with 2011 GAP land cover update data in the remaining
GCPO states for development of an wupland hardwood
upland hardwood woodlands and forest currently exist on the landscape. We relied heavily on
the description for each land cover class provided with the layer documentation for Florida
(Kawula 2014), Oklahoma (Diamond and Elliott 2015), and Texas (Elliott et al. 2014) land cover
datasets and on the NatureServe Ecological Descriptions (NatureServe 2009) document for the
GAP layer when selecting woodland and forest classes. This approach allows for the most
current available data to be used as a basis for woodland and forest delineation, but represents
a tradeoff in consistency. We outline input data sources for the composite hardwood dataset
below.

GAP/Landfire

The National Gap Analysis Program (GAP) is designed to provide foundational data for
assessments of vertebrate species by creating and combining maps of detailed land cover,
species distribution, and land stewardship. Once created these data layers are analyzed to
identify areas of vertebrate biodiversity, conservation gaps, and assess vertebrate species
status in the U.S. Land cover products created through the GAP program are mapped to multi-
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season 1999-2001 Landsat ETM+ satellite imagery and include a crosswalk to NLCD land

cover, and tiered land cover based on the top 5 National Vegetation Classification System

(NVCS) levels and 538 classes provided in the NatureServe Ecological Systems Classification

(NESC) (Comer et al. 2003). Comer et al. (2003) defines terrestrial ecological systems as a

Afigroup of plant community t yogoorrswithindasdscapeswith i ons) t h
similar ecological processes, substrates, and/ or
account upland and wetland areas and prominent environmental features into classification.

Datasets used in mapping GAP land cover analysis included landscape layers derived from

numerous physiographic, community, and disturbance models (e.g., elevation, slope, aspect,

landform, geology, soils, hydrology, rare plant communities, fire, tree harvest, agriculture,

developed) in addition to Landsat derived products such as Normalized Difference Vegetation

Index. Therefore GAP land cover products incorporate both dominant vegetation and physical

elements of the environment in classification. GAP land cover is provided as a national layer

and combines data from four regional GAP analysis projects (California, Northwest, Southeast,

Southwest) supplemented with crosswalked Landfire Existing Vegetation Type data in other

areas without GAP classification (i.e., states west of the Mississippi River in the GCPO

geography).

We used of the recently-released 2011 national GAP land cover dataset, with relevant level 3
GAP ecological classifications for delineation of upland hardwood woodland and forest systems
in the GCPO listed in Table UH.3 below. For the woodland system we selected only six classes
that were distinctly defined aswoodlandand | eft the remaining cl asses
wo o d | ia theld&finition to be extracted through the layer of potential woodland and forest
described below. This guaranteed that what we determined to be woodland truly exhibited
woodland character, such that classes that were combined forest and woodland classes were
only considered woodland if they were found on a site that was woodland-appropriate. All
distinct woodland classes from Table UH.3 were mosaicked with pixels determined to be
woodland via extracting the data through the layer for woodland site potential. Similarly, we
extracted all indeterminate forest and woodland classes as well as classes that were clearly
identified as forest through the layer of forest site potential. This data was used to define the
upland hardwood woodland and forest mask components in Alabama, Arkansas, Georgia,
lllinois, Kentucky, Louisiana, Mississippi, Missouri, and Tennessee portions of the GCPO.

Table UH.3. Upland hardwood classes defined in the 2011 national GAP land cover data
that were used in concert with information on site potential to delineate woodlands and
forests in the GCPO. Codes reflect GAP level 3 classification codes, Landfire EVT Fuel
classification codes, and NatureServe ESLF/CES code.

System/Class GAP Landfire NatureServe
Upland East-Central Texas Plains Post Oak Savanna and 4140 2519 4158/CES205.679
hardwood Woodland
woodlands Edwards Plateau Limestone Savanna and
(definitively) Woodland 4152 2383 4326/CES303.660
North-Central Interior Oak Savanna 5506 2394 5410/CES202.698
North-Central Oak Barrens Woodland 5507 2395 5411/CES202.727
Ozark-Ouachita Dry Oak Woodland 4149 2364 4306/CES202.707
Western Great Plains Mesquite Woodland and
Shrubland 5801 2111 5317/CES303.668



http://www.landfire.gov/

Upland
hardwood
forests or
woodlands
(determined by
site potential)

Allegheny-Cumberland Dry Oak Forest and

Woodland - Hardwood 4126 2317 4123/CES202.359
ﬁg?;stltc Coastal Plain Dry and Dry-Mesic Oak 4133 2335 4141/CES203.241
Central and South Texas Coastal Fringe Forest 4136 2338 4144/CES203.464
and Woodland

Crosstimbers Oak Forest and Woodland 4118 2308 4114/CES205.682
Crowley's Ridge Mesic Loess Slope Forest 4203 2321 4128/CES203.079
Deciduous Plantations 8201 N/A N/A
East Gulf Coastal Plain Limestone Forest 4102 2328 4134/CES203.502
East Gulf Coastal Plain Northern Dry Upland 4117 2307 4113/CES203.483
Hardwood Forest

Eg;sésct;ulf Coastal Plain Northern Loess Bluff 4128 2397 4133/CES203.481
East Gulf Coastal Plain Northern Loess Plain

Oak-Hickory Upland i Hardwood Modifier . 2306 4112/CES203.482
East Gulf Coastal Plain Northern Mesic Hardwood 4205 2395 4131/CES203.477
Slope Forest

Eg\rsés(t;ulf Coastal Plain Southern Loess Bluff 4129 2329 4135/CES203.556
East Gulf Coastal Plain Southern Mesic Slope 4209 N/A N/A
Forest

Iﬁg\:\éesrtMlssssmpl River Dune Woodland and 4151 2381 4324/CES203.531
Mississippi River Alluvial Plain Dry-Mesic Loess 4139 2509 4155/CES203.071
Slope Forest

North-Central Interior Beech-Maple Forest 4123 2313 4119/CES202.693
North-Central Interior Dry-Mesic Oak Forest and 4120 2310 4116/CES202.046
Woodland

North-Central Interior Dry Oak Forest and 4121 2311 4117/CES202.047
Woodland

North-Central Interior Maple-Basswood Forest 4124 2314 4210/CES202.696
Northeastern Interior Dry-Mesic Oak Forest 4106 2303 4109/CES202.592
Northern Atlantic Coastal Plain Hardwood Forest 4313 2324 4130/CES203.475
Ouachita Montane Oak Forest 4122 2312 4118/CES202.306
Ozark-Ouachita Dry-Mesic Oak Forest 4115 2304 4110/CES202.708
Ozark-Ouachita Mesic Hardwood Forest 4207 2334 4140/CES202.043
South-Central Interior Mesophytic Forest 4402 2321 4127/CES202.887
Southern and Central Appalachian Oak Forest 4125 N/A N/A
ﬁg:]etgern Atlantic Coastal Plain Mesic Hardwood 4403 2343 4150/CES203.242
Eg:Jet:tern Coastal Plain Dry Upland Hardwood 4130 2330 4136/CES203.560
Southern Coastal Plain Oak Dome and Hammock 4146 N/A 4275/CES203.494
Southern Interior Low Plateau Dry-Mesic Oak 4116 2305 4111/CES202.898
Forest

Southern Piedmont Mesic Forest 4202 2316 4122/CES202.342
Southern Ridge and Valley / Cumberland Dry 4334 2376 4319/CES202.457
Calcareous Forest

West Gulf Coastal Plain Chenier and Upper Texas

Coastal Fringe Forest and Woodland 4137 2339 | 4145CES203.466.2
West Gulf Coastal Plain Mesic Hardwood Forest 4204 2323 4129/CES203.280




Texas, Oklahoma, and Florida land cover classification

In 2014, the Texas Parks and Wildlife Department working in concert with the Texas Natural
Resources Information System, and Missouri Resource Assessment Partnership (MoRAP)
finalized development of the Texas Ecological Systems Data (Elliott et al. 2014). The data was
delineated state-wide as part of a six phase effort that mapped 398 unique classes at 10 m
spatial resolution to standards of the NatureServe Ecological Systems Classification. The
approached used 30 m multi-season Landsat satellite imagery, soil and elevation data, and high
resolution NAIP aerial imagery in an expert ruleset and in combination with >12,000 field-based
vegetation plots to map ecological systems. Using the associated ecological descriptions
document (Elliott 2014) we found nine relevant woodland classes and eight relevant forest
classes for use in the upland hardwood ecological assessment (Table UH.4).

Table UH.4. Land cover classification code and description for upland hardwood
woodland and forest classes used to delineate the forest mask in Texas, derived from the
Texas Ecological Systems Data (Elliott et al. 2014).

System Class code

State-level classification

Upland 1

Post Oak Savanna: Post Oak Motte and Woodland

hardwood 18

Native Invasive: Deciduous Woodland

woodland 29

Post Oak Savanna: Sandyland Woodland and Shrubland

42

Pineywoods: Sandhill Oak Woodland

82

Post Oak Savanna: Live Oak Motte and Woodland

103

Crosstimbers: Post Oak Woodland

109

Edwards Plateau: Live Oak Motte and Woodland

120

Edwards Plateau: Oak / Hardwood Motte and Woodland

125

Edwards Plateau: Oak - Hardwood Motte and Woodland

Upland 11

Pineywoods: Upland Hardwood Forest

hardwood 12

Pineywoods: Dry Upland Hardwood Forest

forest 28

Post Oak Savanna: Oak - Hardwood Slope Forest

46

Pineywoods: Southern Mesic Hardwood Forest

92

Chenier Plain: Live Oak Fringe Forest

93

Chenier Plain: Mixed Live Oak - Deciduous Hardwood Fringe Forest

108

Post Oak Savanna: Oak / Hardwood Slope Forest

117

Edwards Plateau: Oak / Hardwood Slope Forest

Working under a similar premise the Oklahoma Department of Wildlife Conservation partnered
in 2012 with MoRAP, University of Oklahoma Biological Survey, and the Gulf Coast Prairie and
Great Plains Landscape Conservation Cooperatives to produce the state-wide Oklahoma

Ecological Systems Mapping dataset in 2015 (Diamond and Elliott 2015). The state-wide
dataset was completed in two phases (east-west), and aimed to map to both National
Vegetation Classification System and the NatureServe Ecological Systems Classification targets
to the subsystem level. The project used a similar mapping strategy as was done in the state of
Texas, and incorporated >3,000 field-based vegetation plots in combination with satellite and
aerial imagery and abiotic factors to map >175 land cover classes land cover at 10 m spatial
resolution. Using the ecological descriptions provided in Diamond and Elliott (2015) we found
twelve relevant woodland classes and three relevant forest classes for use in the upland
hardwood ecological assessment (Table UH.5).



https://tnris.org/data-catalog/entry/tpwd-texas-ecological-systems-data/
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Table UH.5. Land cover classification code and description for upland hardwood
woodland and forest classes used to delineate the forest mask in Oklahoma, derived
from the Oklahoma Ecological Systems Mapping data (Diamond and Elliott 2015).

System Class code State-level classification
Upland 504 | Crosstimbers: Post Oak - Blackjack Oak Forest and Woodland
hardwood 506 | Crosstimbers: Young Post Oak - Blackjack Oak Woodland
woodland Crosstimbers: Sandyland Post Oak - Blackjack Oak Forest and
534
Woodland

604 | Post Oak Savanna: Post Oak Woodland

614 | Post Oak Savanna: Post Oak Sandyland Woodland

1114 | Arbuckle: Oak Woodland

West Gulf Coastal Plains: Young Upland Hardwood Woodland
3006
Regrowth

3204 | West Gulf Coastal Plain: Sandhill Oak Woodland

9104 | Ruderal Deciduous Woodland

9206 | Ruderal Deciduous Shrubland and Young Woodland

13104 | Ozark-Ouachita: Dry Oak Woodland

13706 | Ozark-Ouachita: Montane Stunted Oak Woodland

Upland 524 | Crosstimbers: Post Oak - Blackjack Oak Slope Forest
hardwood 3014 | West Gulf Coastal Plain: Dry Upland Hardwood Forest
forest 13004 | Ozark-Ouachita: Dry-Mesic Oak Forest

In October 2015 the cooperative Florida Fish and Wildlife Commission and Florida Natural
Areas Inventory (FNAI) partnership released version 3.1 of the Florida Cooperative Land Cover
Map (CLC). CLC provides a compilation of 37 land cover and vegetation data products
collected into a state-wide land cover classified hierarchically to the Florida Land Cover
Classification System, a unified combination of the natural community classification of FNAI and
the Florida Land Use and Forms Classification System of the Florida Department of
Environmental Protection (Knight et al. 2010). The Florida CLC maps land cover classification
in vector and 30 m raster format at two levels of confidence, including state-level (classifications
mapped with confidence at the state-level) and site-level (detailed, site-based information that
may not be available at the state-level). State-level classifications were of greater relevance to
this assessment as we desired to delineate upland hardwood woodland and forest classes for
the entirety of the western Florida panhandle. We found no relevant upland hardwood
woodland classes in this geography, and eight upland hardwood forest classes described in
Table UH.6 below. Advantages to use of Florida CLC in the ecological assessment reflect the
variety of detailed product inputs used to produce the compiled maps, often reflecting extensive
local knowledge of Florida land cover. However, CLC data is only valuable in the Florida portion
of the GCPO LCC geography and therefore prohibits assessment beyond state boundaries.
Variation in input data sources (in time and in mapping methodology) also adds inherent
uncertainty to map products.
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Table UH.6. State-level classification code and description for upland hardwood forest
classes used to delineate the forest mask in Florida, derived from the Florida
Cooperative Land Cover version 3.1 data.

State-level | State-level classification Site-level Site-level classification
code code

1110 | Upland hardwood forest 1110 Upland hardwood forest
1112 Mixed hardwoods

1120 | Mesic hammock 1120 Mesic hammock
1123 Live oak

1140 | Slope forest 1140 Slope forest

1210 | Scrub 1211 Oak scrub

1830 | Rural 18311 Rural open forested

18333 | Tree plantations 183331 Hardwood plantations

Advantages to use of each state-level dataset for Florida, Oklahoma, and Texas in the
ecological assessment include the variety of detailed field-based data, reflecting extensive local
knowledge of state-level land cover. However, a tradeoff is that each dataset is only valuable in
the state portion of the GCPO LCC geography and therefore prohibits consistency in
assessment across state boundaries. Variation in input data sources (in time and in mapping
methodology) also adds inherent uncertainty to map products. However, in various stakeholder
meetings throughout the GCPO in 2016, it was clear that states prefer state-generated products
over national and regional land cover layers for conservation assessment and planning
purposes.

A note on 2011 NLCD Deciduous Forest

The National Land Cover Database (NLCD) is a periodic national 30-m resolution geospatial
data product derived from the Landsat Thematic Mapper satellite imagery that provides land
cover data and change information for the U.S. in 5-year intervals (Homer et al. 2015). NLCD
products are produced by the Multi-Resolution Land Characteristics Consortium (MRLC) with
NLCD component led by the U.S. Geological Survey. The 2011 NLCD product maps to 2011
Landsat 5 TM imagery data from NLCD 2001 and 2006, derived elevation data products, soils,
cropland, and wetland data and other data layers to classify land cover (Homer et al. 2015). We
considered use of NLCD class 41, deciduous forest for assessment of the upland hardwoods
system, which is defined loosely following Anderson et al. (1976) as land cover dominated by
trees >5 m tall, with >20% of total vegetation cover and with >75% of the tree species shedding
foliage seasonally (MRLC). NLCD is one of the most current and comprehensive datasets
available at this time, however it does not provide the specificity necessary to differentiate
hardwood woodlands from hardwood forests, nor does it align with the Broadly Defined Habitat
classes used in the initial definition for these systems.

Composite approach
To develop the composite approach for use in the remainder of the ecological assessment of

upland hardwoods we first resampled the 30 m GAP and Florida CLC and 10 m Texas and
Oklahoma land cover data to 250 m using a nearest neighbor algorithm. The assessment was
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conducted at a 250 m spatial resolution to allow for use of U.S. Forest Service Forest Inventory
and Analysis Program (FIA) imputed data to assess several landscape endpoints related to
forest structure. To proceed with the mask we reclassified each 250 m land cover layer to
extract the selected woodland and forest classes, and created a binary (1,0) layer for each
woodland and forest layer. These data were clipped to a 10 km buffer around the GCPO
boundary. For upland hardwood woodlands, we then mosaicked three binary datasets together,
taking the Oklahoma and Texas data as primary over the remaining GAP data for the rest of the
GCPO geography. The result was a binary layer of upland hardwood woodland that
represented state-derived woodland classes for Oklahoma and Texas, and GAP woodland
cover for the remaining states in the GCPO. For upland hardwood forests, we mosaicked four
binary datasets together, taking the Florida, Oklahoma, and Texas data as primary over the
remaining GAP data for the GCPO. This resulted in a separate binary layer for upland
hardwood forest similar to that of woodland (Figure UH.2). These became the woodland and
forests fimaskso summarized below and Wesed in the
summarized woodland and forest data by GCPO subgeography, as proportion of area within a
HUC 12 watershed, and by area currently considered protected under the Protected Areas
Database (PAD-US, GAP Status 1-3).

\'i:_ |:| Upland hardwood woodland '*7
/ - Upland hardwood forest
V |:| GCPO LCC subgeographies
- County

Alluvial -/
Valley

East Gulf Coastal Plain

Figure UH.2. Upland hardwood woodland and forest systems within the GCPO LCC at
250 m resolution (generated from composite 2011 GAP, 2014 Florida Cooperative Land
Cover, 2014 Texas Ecological Systems Data, and 2015 Oklahoma Ecological Systems
Mapping data).
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The landscape endpoint for upland hardwood amount specified 1.9 million acres of woodland
and 0.7 million acres of forest meet the desired ecological condition in the Ozark Highlands
subgeography. Those targets are yet to be defined for the remaining GCPO geography, though
there are areas of high apparent woodland and forest density in the West Gulf Coastal Plain and
East Gulf Coastal Plain (Figure UH.2). Through summary of the upland hardwood masks we
estimate nearly 9.8 million acres of upland hardwood woodland and nearly 3.8 million acres of
upland hardwood forest exist in any condition in the Ozarks Highlands subgeography, with over
14.3 million acres of woodland and 9.8 million acres of forest across the entire GCPO (Table
UH.7). Figure UH.3 summarizes woodland and forest proportionally by HUC12 watershed and
demonstrates several high-density woodland watersheds throughout the Ozark Highlands, as
well as in parts of western Oklahoma in the West Gulf Coastal Plain, and western
Tennessee/northwestern Alabama in the East Gulf Coastal Plain. It also shows very distinct
watersheds of upland hardwood forest along the Loess Hills area of southwestern Mississippi,
as well as in the Boston Mountains of northern Arkansas, along the GCPO boundary in western
Tennessee, as well as in parts of east Texas. We estimate nearly 11% of upland hardwood
woodlands and nearly 24% of upland hardwood forests are currently considered protected in the
Ozark Highlands subgeography, with 10% of woodlands and 15% of forests protected across
the GCPO geography (Table UH.7).

Table UH.7. Acres of upland hardwood woodland and forest in any condition by GCPO
LCC subgeography (generated from 250 m resolution composite i ma s k 80110GAP,
2014 Florida Cooperative Land Cover, 2014 Texas Ecological Systems Data, and 2015
Oklahoma Ecological Systems Mapping data).

Upland Proportion Upland Proportion
hardwood woodland hardwood forest
woodland acres forest acres

acres protected acres protected
Ozark Highlands 9,796,824 1,058,846 3,786,254 899,710
West Gulf Coastal Plain 3,048,737 358,874 4,459,275 468,017
East Gulf Coastal Plain 1,425,673 40,819 1,418,260 47,398
Mississippi Alluvial Valley 59,012 4,973 137,499 19,413
Gulf Coast 0 0 11,413 587
GCPO LCC 14,330,246 1,463,511 9,812,700 1,435,125
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Figure UH.3. Ué'lgﬁd hardwood woodland (top) and forest (bottom) systems within the

GCPO LCC assessed by proportion of pixels in each HUC12 watershed.
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Future Directions and Limitations

Assessment of the upland hardwood system via the composite land cover approach reveals that

there are ample amounts of woodland and forest available on the landscape to be managed

toward the desired ecological state outlined in the GCPO Integrated Science Agenda. The

purpose of the assessment is to examine acreage o0
meet the landscape endpoint criteria defined by the ISA. The assessment then overlays that

information to determine how much and where the acreage of woodland and forest can be

found in the desired ecological state. This also defines how much more as well as where and

how to potentially target management to help meet those desired endpoints. We evaluate

acreage falling within the desired ecological state at the end of the synopsis where we calculate

condition index values for upland hardwood woodland and forest systems

One obvious limitation associated with development of the upland hardwood mask relates to
thematic and scale mismatches associated with the composite land cover approach. Itis clear
from the assessment that state-level thematic classes may not align well with GAP
classification, as exemplified along the state of Texas boundary in the assessment of upland
hardwood forests. These issues in land cover must be resolved in future iterations of the
ecological assessment of hardwood systems. A consistent and temporally current classification
like that currently being developed for the GCPO LCC east of Texas and Oklahoma will help
offset these issues, as will the forthcoming GAP/Landfire remap efforts that commenced in
2016.

Conservation Planning Atlas Links to Available Geospatial Data Outputs:

 GCPO LCC Upland Hardwood Woodland and Forest (All condition) (raster and vector 1
polygon: proportion HUC 12 acres)
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Chapter 2: Configuration, large blocks of hardwood forest, forest landscape composition
Subgeography: OZARK HIGHLANDS
Ecological System: Upland Hardwoods
Landscape Attributes: Configuration

Desired Landscape Endpoints: For est patch size O5, 000 ac of
habitat types, landscape composition (woodland and forest in 10-km radius) >70%

Delineating forest cover in the GCPO geography

Much like we see in other forested systems, ecological function of upland hardwood system is
presumed to be positively related to the amount and configuration of all forest habitat in the
surrounding landscape, such that interspersion of upland hardwood systems with mixed pine-
hardwood, pine-dominated, and forested wetland will better support the holistic ecological
integrity of the system. The breadth of targeted priority species in the ISA are also presumed to
exhibit more sustainable populations in upland hardwood forests and woodlands that consist of
|l arge and connected forest patches (05,000 ac) (c
cover in the surrounding landscape in the Ozark Highlands. This is particularly relevant for ISA
priority species like the black bear (Ursus americanus) in the Ozarks, which exhibit very large
home ranges and are thought to be influenced by forest composition and patch size. For the
upland hardwood woodland and forest systems the ISA suggests configuration endpoints
related to multiple forest types for patch size and forest composition as important. We therefore
approached the assessment of upland hardwood woodlands and forests by first examining all
forest cover in the landscape. For assessment of forest cover we used a combination of remote
sensing products including 2011 National Land Cover Database (NLCD) forest classes (Homer
et al. 2015) and the 2011 MAV forest characterization layer produced by the Lower Mississippi
Valley Joint Venture (LMVJV; Mitchell et al. 2016). We used NLCD as the primary data source
when assessing forests outside the GCPO LCC MAV subgeography, and the LMVJV forest
characterization as the primary data source for forest assessment within the MAV.

NLCD was developed using 2011 Landsat TM imagery, with forest classes including only areas
with trees exceeding 5 m (16 ft) in height and where trees compose at least 20% of the total
vegetation cover (Homer et al. 2015). We first clipped the 2011 NLCD to a 10 km buffer around
the GCPO LCC geographic boundary, then resampled the data from 30 m resolution to 250 m
resolution using a nearest neighbor algorithm. We resampled to 250 m to allow the forest
classification to be assessed with other forested wetland condition data developed at a 250 m
resolution from MODIS satellite imagery (see sections below). Once data were at 250 m
resolution we then reclassified the data to extract NLCD Deciduous Forest (41), Evergreen
Forest (42), Mixed Forest (43), and Woody Wetlands (90) classes as a single forest value.

We next assessed the LMVJV forest characterization data for the MAV, using 2011 Landsat-
based classification supplemented with known reforestation patches and aggregated across 90
m breaks (Mitchell et al. 2016). To produce this product Mitchell et al. used 11 cloud free
Landsat 5 TM scenes from Oct-Nov 2011 in combination with ancillary data, then used object-
based image analysis to segment out classify forests and other land cover features. This
analysis was supplemented with spatial data on regenerating forest planted under the U.S.
Department of Agriculture Wetland Reserve Program (now part of the Agricultural Conservation
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Enhancement Program), Conservation Reserve Program, and other conservation easement
lands, which is often misclassified in national mapping products. We converted vector polygon
data to a 30 m resolution raster layer, then resampled up to 250 m resolution using a nearest
neighbor algorithm. We clipped this layer to the GCPO LCC MAYV subgeography boundary. We
then mosaicked the LMVJV forest classification to 2011 NLCD forest classes using LMVJV
forest as the primary operator, resulting i
two datasets within the GCPO (Table UH.8).

Table UH.8. Estimated acreage per GCPO subgeography of forest derived from National
Land Cover Dataset forest classes (deciduous forest, mixed forest, evergreen forest,
forested wetlands) mosaicked with the Lower Mississippi Valley Joint Venture forest
classification for the Mississippi Alluvial Valley.

Acres forest mask per
GCPO subgeography

Ozark Highlands 19,448,550
East Gulf Coastal Plain 34,365,330
West Gulf Coastal Plain 30,480,610
Mississippi Alluvial Valley 9,185,486
Gulf Coast 2,917,463
Gulf Coastal Plains and Ozarks

(full extent) 96,397,439

Forest patch size

During the ecological assessment process, staff from the GCPO LCC consulted with upland
hardwood system experts, including staff at the Central Hardwoods Joint Venture in concert with
upland hardwood specialists on the LCC Adaptation Science Management Team, to revise
select ISA endpoints. The group felt strongly that the forest patch size endpoint of >5,000 ac
was too restrictive for use in the assessment given evidence of species-habitat relationships in
the Ozark Highlands. Evi dence from existing | i tommendation e
and suggests patches smaller than the ISA target may be appropriate in the Ozark Highlands
subgeography. In Appendix A of the 2005 Forest Plan for the Mark Twain National Forest
(USFS 2005), Nelson indicated targeting of patch sizes 10-100 acres for open woodlands, 100-
>1,000 ac for closed woodland, and 10-100 ac for upland forest would be appropriate targets for
natural community management within the National Forest. Dickson et al. (1993) suggested
somewhat greater forest patch sizes between 3,400 and 6,200 acres would promote neotropical
migratory bird diversity, including ISA target species such as Kentucky warbler, prairie warbler,
and wood thrush, though his estimates focused on mixed oak-pine forests. Greenburg et al.
(2014) also suggested a patch size of 3,294 ac would maximize breeding birds in upland
hardwood oak regeneration treatments. In contrast, Herbeck and Larsen (1999) suggest red-
backed salamanders were found within a study area approximately 16,000 ac in size.
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Given the literature and input from the ASMT we therefore reduced the forest patch size
threshold to >3,000 ac and completed the ecological assessment following this revised target.
To assess forest patch size we first clipped the forest classification raster layer to a 10 km buffer
around the GCPO geography, then converted pixels to non-simplified polygons. We then ran an
aggregate polygon function in ArcGIS, aggregating all polygons within 250 m (i.e., grouping
adjacent and diagonal pixels into a single polygon). We then selected out contiguous forest
patches within the GCPO >3,000 acres in size (Figure UH.4). We then extracted the forest
patch layer through the upland hardwood woodland and forest mask pixels to produce a layer
that indicated which woodland and forest pixels fell in forest patches >3,000 ac. This was used
as part of the compiled assessment to calculate a hardwood condition index, described in later
sections.

When assessed for contiguity across 250 m pixels we estimate there are 834 unique forest
patches >3,000 acres in the GCPO geography, ranging up to 30 million acres in size. We
estimate over 6.6 million acres of upland hardwood woodland and nearly 3.2 million acres of
upland hardwood forest are found in forest patches >3,000 acres in the Ozarks Highlands
(Table UH.9). This suggests nearly 68% of woodlands and over 84% of forests in the Ozark
Highlands are found in forest patches >3,000 acres. We estimate nearly 9.2 million acres, or
64% of upland hardwood woodlands and over 6.7 million acres, or 69% of upland hardwood
forests are found in forest patches >30,000 acres across the entire GCPO geography. Pixels of
woodland and hardwood associated with large forest patches were found throughout the Ozark
Highlands, often associated with large public protected lands like National Forests. Upland
hardwood woodlands and forest across the West Gulf Coastal Plain, as well as the Mississippi
Loess Hills, parts of western Tennessee and northern Alabama in the East Gulf Coastal Plain,
and Cr owl ernyAbkansaR weategakso found in large forest patches (Figure UH.5).

Table UH.9. Acres of upland hardwood woodland and forest found in forest patches
>3,000 ac by GCPO LCC subgeography.

Upland hardwood
woodland acres

Upland hardwood
forest acres

Ozark Highlands 6,649,925 3,199,147
West Gulf Coastal Plain 1,680,763 2,487,561
East Gulf Coastal Plain 821,841 927,401
Mississippi Alluvial Valley 44,510 120,526
Gulf Coast 0 3,753
GCPO LCC 9,197,038 6,738,388




Figure UH.4. Composite patches of all forest types >3,000 ac in size in the GCPO LCC,
generated from a combination of National Land Cover Data forest classes (Homer et al.
2015) and the Lower Mississippi Valley Joint Venture 2011 forest characterization

(Mitchell et al. 2016).
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