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Executive Summary  

The Natural Resource Condition Assessment (NRCA) Program aims to provide documentation about 

the current conditions of important park natural resources through a spatially explicit, multi-

disciplinary synthesis of existing scientific data and knowledge. Findings from the NRCA will help 

Big Thicket National Preserve (BITH) managers to develop near-term management priorities, engage 

in watershed or landscape scale partnership and education efforts, conduct preserve planning, and 

report program performance (e.g., Department of the Interiorôs Strategic Plan ñland healthò goals, 

Government Performance and Results Act). 

The objectives of this assessment are to evaluate and report on current conditions of key preserve 

resources, to evaluate critical data and knowledge gaps, and to highlight selected existing stressors 

and emerging threats to resources or processes. For the purpose of this NRCA, staff from the 

National Park Service (NPS) and Saint Maryôs University of Minnesota ï GeoSpatial Services 

(SMUMN GSS) identified key resources, referred to as ñcomponentsò in the project. The selected 

components include natural resources and processes that are currently of the greatest concern to 

preserve management at BITH. The final project framework contains 15 resource components, each 

featuring discussions of measures, stressors, and reference conditions. 

This study involved reviewing existing literature and, where appropriate, analyzing data for each 

natural resource component in the framework to provide summaries of current condition and trends 

in selected resources. When possible, existing data for the established measures of each component 

were analyzed and compared to designated reference conditions. A weighted scoring system was 

applied to calculate the current condition of each component. Weighted Condition Scores, ranging 

from zero to one, were divided into three categories of condition: low concern, moderate concern, 

and significant concern. These scores help to determine the current overall condition of each 

resource. The discussions for each component, found in Chapter 4 of this report, represent a 

comprehensive summary of current available data and information for these resources, including 

unpublished preserve information and perspectives of preserve resource managers, and present a 

current condition designation when appropriate. Each component assessment was reviewed by BITH 

resource managers, NPS Gulf Network staff, and additional subject matter experts when appropriate. 

Existing literature, short- and long-term datasets, and input from NPS and other outside agency 

scientists support condition designations for components in this assessment. However, in some cases, 

data were unavailable or insufficient for several of the measures of the featured components. In other 

instances, data establishing reference condition were limited or unavailable for components, making 

comparisons with current information inappropriate or invalid. In these cases, it was not possible to 

assign condition for the components. Current condition was not able to be determined for six of the 

15 components (40%) due to these data gaps. 

For those components with sufficient available data, the overall condition varied. No components 

were determined to be in good condition. Five components (fire regime, birds, harvested mammals, 

freshwater mussels, water quality) were of moderate concern. Water quality and harvested mammals 

did not have an indication of a current trend, while birds and fire regime exhibited stable trends. 
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Freshwater mussels were the only component in the moderate concern category that exhibited a 

declining current trend. Four components were determined to be of significant concern (pine uplands, 

arid sand hills, air quality, and hydrology). While pine uplands and arid sand hills currently have 

management practices in place to improve their overall condition, the current status of these 

communities is still of significant concern. Due to the dynamic nature of these communities, and the 

ongoing management activities, a trend was not assigned to these components. The remaining two 

components of significant concern (air quality, hydrology) are strongly influenced by factors outside 

of NPS control. While they are currently exhibiting downward trends, there is little that NPS 

managers can do to mitigate these trends. Detailed discussion of these designations is presented in 

Chapters 4 and 5 of this report.   

Several preserve-wide threats and stressors influence the condition of priority resources in BITH. 

Those of primary concern include invasive exotic plant species, an altered fire regime, fragmentation 

and habitat loss, and adjacent land use practices. Understanding these threats, and how they relate to 

the condition of preserve resources, can help the NPS prioritize management objectives and better 

focus their efforts to maintain the health and integrity of the preserve ecosystem. 
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Chapter 1 NRCA Background Information  

Natural Resource Condition Assessments (NRCAs) evaluate current conditions for a subset of 

natural resources and resource indicators in national park units, hereafter ñparks.ò NRCAs also report 

on trends in resource condition (when possible), identify critical data gaps, and characterize a general 

level of confidence for study findings. The resources and indicators emphasized in a given project 

depend on the parkôs resource setting, status of resource stewardship planning and science in 

identifying high-priority indicators, and availability of data and expertise to assess current conditions 

for a variety of potential study 

resources and indicators.  

NRCAs represent a relatively new 

approach to assessing and 

reporting on park resource 

conditions. They are meant to 

complementðnot replaceð

traditional issue-and threat-based 

resource assessments. As distinguishing characteristics, all NRCAs: 

¶ Are multi-disciplinary in scope;1  

¶ Employ hierarchical indicator frameworks;2  

¶ Identify or develop reference conditions/values for comparison against current conditions;3 

¶ Emphasize spatial evaluation of conditions and GIS (map) products; 4 

¶ Summarize key findings by park areas; and 5 

¶ Follow national NRCA guidelines and standards for study design and reporting products.  

Although the primary objective of NRCAs is to report on current conditions relative to logical forms 

of reference conditions and values, NRCAs also report on trends, when appropriate (i.e., when the 

underlying data and methods support such reporting), as well as influences on resource conditions. 

These influences may include past activities or conditions that provide a helpful context for 

 

1 The breadth of natural resources and number/type of indicators evaluated will vary by park.  

2 Frameworks help guide a multi-disciplinary selection of indicators and subsequent ñroll upò and reporting of data for measures 

] conditions for indicators ] condition summaries by broader topics and park areas  

3 NRCAs must consider ecologically-based reference conditions, must also consider applicable legal and regulatory standards, 

and can consider other management-specified condition objectives or targets; each study indicator can be evaluated against one 

or more types of logical reference conditions. Reference values can be expressed in qualitative to quantitative terms, as a single 

value or range of values; they represent desirable resource conditions or, alternatively, condition states that we wish to avoid or 

that require a follow-up response (e.g., ecological thresholds or management ñtriggersò). 

4 As possible and appropriate, NRCAs describe condition gradients or differences across a park for important natural resources 

and study indicators through a set of GIS coverages and map products.  

5 In addition to reporting on indicator-level conditions, investigators are asked to take a bigger picture (more holistic) view and 

summarize overall findings and provide suggestions to managers on an area-by-area basis: 1) by park ecosystem/habitat types or 

watersheds, and 2) for other park areas as requested. 

NRCAs Strive to Provideé 

¶Credible condition reporting for a subset of 

important park natural resources and indicators 

¶Useful condition summaries by broader resource 

categories or topics, and by park areas 
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understanding current conditions, and/or present-day threats and stressors that are best interpreted at 

park, watershed, or landscape scales (though NRCAs do not report on condition status for land areas 

and natural resources beyond park boundaries). Intensive cause-and-effect analyses of threats and 

stressors, and development of detailed treatment options, are outside the scope of NRCAs.  

Due to their modest funding, relatively quick timeframe for completion, and reliance on existing data 

and information, NRCAs are not intended to be exhaustive. Their methodology typically involves an 

informal synthesis of scientific data and information from multiple and diverse sources. Level of 

rigor and statistical repeatability will vary by resource or indicator, reflecting differences in existing 

data and knowledge bases across the varied study components.  

The credibility of NRCA results is derived from the data, methods, and reference values used in the 

project work, which are designed to be appropriate for the stated purpose of the project, as well as 

adequately documented. For each study indicator for which current condition or trend is reported, we 

will identify critical data gaps and describe the level of confidence in at least qualitative terms. 

Involvement of park staff and National Park Service (NPS) subject-matter experts at critical points 

during the project timeline is also important. These staff will be asked to assist with the selection of 

study indicators; recommend data sets, methods, and reference conditions and values; and help 

provide a multi-disciplinary review of draft study findings and products. 

NRCAs can yield new insights about current park resource conditions, but, in many cases, their 

greatest value may be the development of useful documentation regarding known or suspected 

resource conditions within parks. Reporting products can help park managers as they think about 

near-term workload priorities, frame data and study needs for important park resources, and 

communicate messages about current park resource conditions to various audiences. A successful 

NRCA delivers science-based information that is both credible and has practical uses for a variety of 

park decision making, planning, and partnership activities. 

 

However, it is important to note that NRCAs do not establish management targets for study 

indicators. That process must occur through park planning and management activities. What an 

NRCA can do is deliver science-based information that will assist park managers in their ongoing, 

long-term efforts to describe and quantify a parkôs desired resource conditions and management 

Important NRCA Success Factors 

¶Obtaining good input from park staff and other NPS subject-matter experts at 

critical points in the project timeline  

¶Using study frameworks that accommodate meaningful condition reporting at 

multiple levels (measures ] indicators ] broader resource topics and park 

areas) 

¶Building credibility by clearly documenting the data and methods used, critical 

data gaps, and level of confidence for indicator-level condition findings 
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targets. In the near term, NRCA findings assist strategic park resource planning6 and help parks to 

report on government accountability measures.7 In addition, although in-depth analysis of the effects 

of climate change on park natural resources is outside the scope of NRCAs, the condition analyses 

and data sets developed for NRCAs will be useful for park-level climate-change studies and planning 

efforts. 

NRCAs also provide a useful complement to rigorous NPS science support programs, such as the 

NPS Natural Resources Inventory & Monitoring (I&M) Program.8 For example, NRCAs can provide 

current condition estimates and help establish reference conditions, or baseline values, for some of a 

parkôs vital signs monitoring indicators. They can also draw upon non-NPS data to help evaluate 

current conditions for those same vital signs. In some cases, I&M data sets are incorporated into 

NRCA analyses and reporting products.  

 

Over the next several years, the NPS plans to fund an NRCA project for each of the approximately 

270 parks served by the NPS I&M Program. For more information visit the NRCA Program website.  

 
6An NRCA can be useful during the development of a parkôs Resource Stewardship Strategy (RSS) and can also be tailored to act 
as a post-RSS project. 

7 While accountability reporting measures are subject to change, the spatial and reference-based condition data provided by 

NRCAs will be useful for most forms of ñresource condition statusò reporting as may be required by the NPS, the Department 

of the Interior, or the Office of Management and Budget.  

8 The I&M program consists of 32 networks nationwide that are implementing ñvital signsò monitoring in order to assess the 

condition of park ecosystems and develop a stronger scientific basis for stewardship and management of natural resources 

across the National Park System. ñVital signsò are a subset of physical, chemical, and biological elements and processes of park 

ecosystems that are selected to represent the overall health or condition of park resources, known or hypothesized effects of 

stressors, or elements that have important human values. 

NRCA Reporting Productsé 

Provide a credible, snapshot-in-time evaluation for a subset of important park 

natural resources and indicators, to help park managers: 

¶Direct limited staff and funding resources to park areas and natural resources that 

represent high need and/or high opportunity situations  

(near-term operational planning and management) 

¶Improve understanding and quantification for desired conditions for the parkôs 

ñfundamentalò and ñother importantò natural resources and values 

(longer-term strategic planning) 

¶Communicate succinct messages regarding current resource conditions to 

government program managers, to Congress, and to the general public  

(ñresource condition statusò reporting)   

http://www.nature.nps.gov/water/nrca/index.cfm
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Chapter 2 Introduction and Resource Setting 

2.1 Introduction 

2.1.1 Enabling Legislation 

Big Thicket National Preserve (BITH) contains a unique convergence of multiple habitats and an 

incredibly diverse biological community (Cooper et al. 2004). BITH was established and signed into 

public law by President Gerald Ford on 11 October in 1974 (PL 93-439). 

Be it enacted by the Senate and House of Representatives of the United States of America in 

Congress assembled, That in order to assure the preservation, conservation, and protection 

of the natural, scenic, and recreational values of a significant portion of the Big Thicket area 

in the State of Texas and to provide for the enhancement and public enjoyment thereof, the 

Big Thicket National Preserve is hereby established. 

At the time of establishment, BITH was the first national preserve created and consisted of 34,216 ha 

(84,550 ac). In 1993, legislative action incorporated an additional 5,431 ha (13,420 ac) of creek 

corridors in BITH. Between 2004 and 2015, additional land acquisitions expanded the total land area 

in BITH to just over 45,325 ha (112,000 ac). BITH has been designated as an International Biosphere 

Reserve since 1981 (UNESCO 2000), and in 2001 the American Bird Conservancy (ABC) 

designated BITH as a Globally Important Bird Area (IBA). There are 15 management units included 

in the preserve; some are connected by water corridor units, while others are completely detached. 

2.1.2 Geographic Setting 

BITH is comprised of several disjointed areas, some connected by narrow corridors, within Tyler, 

Polk, Hardin, Jasper, Newton, and Liberty counties in the state of Texas (Figure 1). The total area of 

the preserve is 45,325 ha (112,000 ac) with around 973 km (605 mi) of boundary that is adjacent to 

commercial timber management areas, some rural home-site developments, and residential 

subdivisions (Cooper et al. 2004). The northwestern Big Sandy Creek Unit (BSCU) is at the 

maximum elevation of all the preserve units and corridors, starting at 111 m (365 ft) and gently 

sloping downward, heading south, to just above sea level near Little Pine Island-Pine Island Bayou 

(LPI-PIBCU), the southern-most corridor unit (Cooper et al. 2004). The Beaumont Unit (BU) is the 

southern-most unit and is east and north of the city of Beaumont, Texas. 
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Figure 1. Locations and names of the nine units and six corridors of the preserve. 

The BITH area is characterized as humid subtropical and is warm and humid throughout much of the 

year (Table 1). BITH receives 116.8- 132.1 cm (46-52 in) of precipitation a year on average. 

Precipitation depends on latitudinal (north-south) location, and is fairly evenly distributed throughout 

the year. Precipitation often comes as short, intense rains and thunderstorms are common throughout 

the year (Cooper et al. 2004). The southern latitude and closeness to the Gulf of Mexico tend to 

regulate the regional climate, with most of the year being warm and humid. Occassional arctic fronts 

from the north bring freezing temperatures, icy rain, and rarely, snow to the area for short periods.  

Table 1. 30-year climate normal (1981-2010) for the Beaumont weather station near the BITH Beaumont 
Unit (NOAA 2015). 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

Average Temperature (°C)          

Max 16.4 18.0 21.8 25.6 29.3 32.2 33.3 33.8 31.2 27.0 22.0 17.2 25.6 

Min 5.4 7.1 10.7 14.5 19.6 22.9 23.8 23.4 20.6 15.6 10.5 5.8 15.0 

Average Precipitation (cm)         

Total  12.6 9.8 8.9 7.4 13.2 18.3 15.7 12.6 16.1 14.1 12.0 12.7 153.5 
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2.1.3 Visitation Statistics 

The yearly visitation records for 1981 to 2012 show that, on average, BITH receives about 87,000 

recreational visitors per year (NPS 2015b). The lowest attendance year between 1981 and 2012 was 

in 1981 when there were 22,763 visitors; the highest visitor year was in 2010 when 140,489 people 

visited (NPS 2015b). In 2012, the preserve received the most visitors from April to December and 

the fewest in January, February, and March with a monthly average of about 11,000. In October of 

2012, just over 1,000 of the visitors went back-country camping, though the monthly average number 

of campers is around 230 (NPS 2015b). BITH provides visitors with opportunities to hike, bike, and 

camp along the trails or boat along the creeks, rivers, and bayous, with chances to view several 

species of carnivorous plants and orchids, numerous resident and migratory birds, and other 

terrestrial and aquatic wildlife. 

2.2 Natural Resources 

2.2.1 Ecological Units and Watersheds 
 

BITH lies within the South Central Plains Level III Ecoregion (Figure 2). According to Griffith et al. 

(2007, p. 87), this ecoregion is: 

Locally termed the ñpiney woods,ò this region of mostly irregular plains represents the 

western edge of the southern coniferous forest belt. Once blanketed by a mix of pine and 

hardwood forests, much of the region is now in loblolly and shortleaf pine plantations. Soils 

are mostly acidic sands and sandy loams. 

 

Figure 2. The Level III Ecoregions associated with BITH. 



 

 8 

Among the South Central Plains are three distinct Level IV ecoregions that overlap the preserve 

units. These include the floodplains and low terraces, southern tertiary uplands, and flatwoods 

(Figure 3; Griffith et al. 2007).The BSCU lies within the Southern Tertiary Uplands of the South 

Central Plains where historic vegetation was dominated by longleaf pine-bluestem woodlands (Pinus 

palustris-Schizachyrium spp. and Andropogon spp.). There were also shortleaf pine-hardwood (Pinus 

echinata-Quercus spp.) forests, and mixed hardwood-loblolly pine (Pinus taeda) forests with 

hardwood-dominated forests along creeks (Griffith et al. 2007). Within more mesic areas of these 

uplands there were also American beech (Fagus grandifolia)/magnolia-beech-loblolly pine forests. 

Rare species of plants and animals (e.g., species of insectivorous plants and orchids), and the red-

cockaded woodpecker (Picoides borealis), a Federally Endangered species, are supported by this 

ecoregion and large portions of the Southern Tertiary Upland consist of public national forest (Bryan 

et al. 1976). 

 

Figure 3. Level IV ecoregions that overlap the units of BITH. 

Ten of the 15 BITH units are within the Flatwoods ecoregion. The land in this ecoregion is typically 

flat to gently sloping, and is at lower elevations than the Southern Tertiary Uplands to the north. The 

climate is generally warmer, wetter, and less dissected than other ecoregions in the area. (Griffith et 

al. 2007). According to Griffith et al. (2007), this area has an extensive history of anthropogenic 

modification, primarily due to the lumber, railroad, and oil and gas industryôs development and 

occupancy. Historically, this area consisted of longleaf pine flatwoods and savannas that were 

intertwined with diverse mixed pine-hardwood forest types and a mosaic of well-drained and poorly 

drained communities.  



 

 9 

The remaining units lie within the Floodplains and Low Terraces of the Neches River basin. This 

ecoregion is characterized by active alluvial channels that are dynamic systems. Erosion and 

deposition actively rework the topography of levees, ridges, and swales while overbank flooding, 

subsurface groundwater, and local precipitation recharge water levels in the floodplain (e.g., 

backswamps, pools, sloughs, oxbows, and depressions). This area is a complex continuum of flora 

created by a combination of topography, hydroperiods (periods of waterlogged soil), and soil 

composition, all of which have been altered by human impacts to some degree (Griffith et al. 2007). 

Two state-listed threatened species occur within Floodplains and Low Terraces, confirmed during 

herpetological surveys between 2008 and 2009.  

BITH is situated within four major watersheds: Village Creek, Lower Neches, Pine Island Bayou, 

and Lower Trinity-Kickapoo River drainage basins. Within these watersheds are several smaller 

catchments associated with creeks and rivers, many of which run directly through the units of BITH. 

These include the Big Sandy, Village, Boggy, Black, Cypress, Menard, Tenmile, Theuvenins, Beech, 

and Turkey Creeks and the Neches and Trinity Rivers, as well as the Pine Island and Little Pine 

Island Bayous (Figure 4). 

 

Figure 4. BITH major and sub-watersheds (HUC 8 and 10, respectively). 

2.2.2 Resource Descriptions 

Biological Resources 

Due in part to the tremendous biodiversity of the preserve, BITH was added to the list of 

International Biosphere Reserves in 1981 by the United Nations Man and the Biosphere Program 

(UNMBP) and is referred to as the ñbiological crossroads of North Americaò (NPS 2013). The 
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diversity in BITH can be attributed to a wide range of intermixed soil types, likely formed from 

sedimentary bedrock deposited during and post-Pliocene Epoch when the Gulf of Mexico and the 

Western Interior Seaway were regressing and transgressing across southeast Texas (Cooper et al. 

2004). An influence of habitats converging in this area from the north, south, east and west has also 

greatly contributed to the high biodiversity of BITH (Cooper et al. 2004). The preserve continues to 

encourage species inventories with the help of the Big Thicket Association and a joint ñThicket of 

Diversityò program that provides oversight and funding to researchers to continue all-taxa biological 

inventory. Of note, this partnership effort, along with earlier research studies, has resulted in species 

counts for such taxa as Lepidoptera (over 1,600 species); macro fungi (400 species); mosses, 

spongeworts & liverworts (179), fungus and algae (137); slime molds (93); water striders and water 

scorpions (64), and dragon and damsel flies (34). A number of species new to the state, country, and 

science have been identified during the various inventory efforts (BTA 2016).  

Many species of flora and fauna have been documented in the nine BITH land units and six aquatic 

corridors. An estimated 1,319 species of vascular plants occur in the preserve, hundreds of which are 

considered common (NPS 2015a). Abundant vascular plants in BITH include sweetgum 

(Liquidambar styraciflua), possumhaw (Ilex decidua), yaupon (I. vomitoria), calico aster 

(Symphyotrichum lateriflorum var. latiflorum), and crossvine (Bignonia capreolata) (NPS 2015a). 

Water oaks (Quercus nigra) and loblolly pines are considered abundant as well. Less common 

species in BITH include the orchids, with 21 species (nine genera) in the preserve, nearly half (10) of 

which are considered rare and the rest uncommon (NPS 2015a). Among the more unique flora of 

BITH, are the rare and uncommon carnivorous plants and orchid species. Carnivorous plants in 

BITH consist of four genera: Utricularia, Drosera, Pinguicula, and Sarracenia. These are species of 

bladderworts, sundew, butterworts, and pitcher plant, respectively (NPS 2015a). As a crossroads of 

many ecosystems found in the U.S., visitors can see grasses from the central prairies, cactus species 

from the southwest deserts, beech trees common to the eastern forests, longleaf pine which once 

covered large expanses of the southeast, and palmetto species from the southern coastal plains all 

within a short drive of each other in the preserve. 

As of 2015, there were 293 species (173 genera) of birds in the preserve that were present or 

probably present according to the NPSpecies database. Abundant and common bird species in the 

preserve included: yellow-billed cuckoo (Coccyzus americanus), northern cardinal (Cardinalis 

cardinalis), indigo bunting (Passerina cyanea), tufted titmouse (Parus bicolor), Carolina chickadee 

(Parus carolinensis), and pine warbler (Dendroica pinus) (NPS 2015a). Many of the species listed as 

probably present consisted of migratory birds that are only seasonally present in the area. The diverse 

vegetation and habitats attract a high number of bird species; the riparian areas are particularly 

attractive to a wide variety of bird species. 

Fifty-eight mammal species are associated with the preserve, 43 of which are documented as present 

(NPS 2015a). Some common mammal species in the preserve include the white-tailed deer 

(Odocoileus virginianus), striped skunk (Mephitis mephitis), mink (Neovison vison), and raccoon 

(Procyon lotor). The feral hog (Sus scrofa) is an invasive species considered a threat to the native 

ecology of the area (NPS 2015a), and has been documented in the preserve and the surrounding 



 

 11 

areas. There are several game and non-game mammal species that are harvested legally within the 

preserve. Game species include white-tailed deer, fox squirrels (Sciurus niger), and red squirrels 

(Tamiasciurus hudsonicus), and non-game species are mostly fur-bearer species such as beaver 

(Castor canadensis), fox (Vulpes vulpes), mink, river otter (Lontra canadensis), muskrat (Ondatra 

zibethicus), and several others. 

Over 100 freshwater fish species are documented in the preserve, and some saltwater species have 

recently been documented (Winemiller 2014; NPS 2015a). There are diverse families common to the 

creeks and rivers of the preserve, including minnows (family: Cyprinidae, Fundulidae, Percidae), 

panfish (Centrarchidae), and suckers (Catostomidae). There are also species of gar (Lepisosteus 

spp.), catfish (Icralurus spp.), and the recently re-introduced paddlefish (Polyodon spathula), which 

has been listed as a state-threated species in Texas (TPWD 2015, NPS 2015). 

There are 89 species of herpetofauna (32 amphibians and 57 reptiles) confirmed to inhabit the 

preserve (NPS 2015a). Many of the reptile species are snakes and turtles, with a few lizard and skink 

species. The year-round moisture availability and sub-tropical temperatures provide a desirable 

environment for reptiles and amphibians. The abundant vegetation and aquatic habitats also 

contribute greatly to the diversity of herptiles in BITH. 

Many species of freshwater mussels can be found in the creeks and rivers of the preserve. Mussels 

are filter-feeding invertebrates that are sensitive to pollution and are recognized as an indicator 

species for water quality (Ford 2013). The impacts from channel manipulation (i.e., dams, reservoirs, 

and channelization), and over-harvest in the last 50-100 years have caused widespread declines in the 

abundance and diversity of freshwater mussel species (Ford 2013). There are currently 48 mussel 

species known to inhabit BITHôs waterways, including seven Texas state-threatened species. 

Threatened species include the Texas pigtoe (Fusconaia askewi), triangle pigtoe (F. lananensis), 

sandbank pocketbook (Lampsislis satura), southern hickorynut (Obovaria jacksoniana), Louisiana 

pigtoe (Pleurobema riddelli), Texas heelsplitter (Potamilus amphichaenus), and the Texas fawnsfoot 

(Truncila macrodon).There is limited information in terms of published studies or surveys of other 

aquatic invertebrates (Arthropoda or terrestrial invertebrate communities); the most studied genera 

are the aquatic species identified during water quality monitoring. 

A remarkable feature of the many species of plants and animals at BITH is that they coexist in the 

same area; under their normal habitat conditions, these species would be isolated into less diverse 

communities (McHugh 2004). The area has also evolved with significant influence from fire, which 

likely contributed to vegetative diversity in the Big Thicket region (McHugh 2004). Forest types 

include upland pine forests and wetland pine savannas, sandhill pine forest, and hardwood-pine slope 

forests. These forest types, as well as the faunal communities, will be discussed in detail in Chapter 

4. 

2.2.3 Resource Issues Overview 

Urban Development and Land Use 

The units of the preserve are scattered near some significant urban interfaces, which represent a 

challenge to managers. Beaumont, Texas, which is directly adjacent on the southwest side of the BU, 
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is populated by over 100,000 people (USCB 2015). The areas north of Beaumont are not densely 

populated, but the proximity to multiple urban and industrial centers, including Beaumont, 

Galveston, and Houston, has exposed the preserve to impaired water and air quality, terrestrial and 

aquatic disruption, and invasion by exotic plant and animal species (Cooper et al. 2004).  

Water Threats 

Water is a major component of the preserve and important to the ecology of the area. The 

development of dams and saltwater barriers have altered the hydrology and confined channels in 

some parts. Dams have impounded rivers and creeks, which impair the ability of certain fish and 

larval-stage freshwater mussel species to migrate up and down stream to critical spawning habitats. 

The altered flow regimes have also been implicated in the decline of freshwater mussels in large 

rivers such as the Neches River. There are several sources of industrial effluent that are of concern to 

aquatic resources in the preserve. These sources include oil and gas production waste, sewage 

treatment facility effluent, paper/pulp mill effluent, as well as land use within the watersheds 

contributing to storm water runoff, that have caused varying degrees of degradation to water quality. 

Pollution in waterways often originates from the land surface by way of runoff. Parking lots, streets, 

and bare land contribute large amounts of contaminants directly into creeks and rivers during storm 

events when runoff occurs (Hughs et al. 1987). Saltwater intrusion due to changes in the Sabine-

Neches Waterway (near the salt water barrier) and climate change related sea-level rise is a concern. 

The permanent salt water barrier, although created to prevent intrusion of saltwater into freshwater 

systems, has been shown to disrupt the spawning migration of paddlefish and may have contributed 

to the drastic decline of this ancient species (Hughs et al. 1987, Jennings and Zigler 2000). It also 

affects freshwater flow during drought periods, resulting in significant salt water intrusion and 

retention in the southern portion of the BU. 

Altered Fire Regimes 

Of the total acreage of preserve land and corridors, there are between 6,070 and 8,094 ha (15,000-

20,000 ac) of highly fire-dependent ecosystems (Ken Hyde, BITH Chief of Resources Management, 

personal communication, 2016). Over relatively recent history (100-150 years), much of the Big 

Thicket area has undergone human-induced changes to the floral community. Primarily, repeated 

logging, the absence of fire from the past 100 years, fire suppression, and other human activities has 

shifted the open pine savannas and sandhills with dense herbaceous understories, to mixed 

pine/hardwood with dense brush understories (McHugh 2004). In more recent years (20-30 years), 

the preserveôs prescribed burn program has worked to control brush that accumulated during the 

absence of fire. The goal of the program is to eventually restore the longleaf pine ecosystem. So far, 

the removal of brush using prescribed burning has started to replace loblolly pine with longleaf pine 

seedlings and saplings (McHugh 2004). The fire managed units in the preserve include BSCU, 

Hickory Creek Savannah (HCSU), TCU, Beech Creek (BCU), Lance Rosier (LRU), Loblolly (LU), 

Big Sandy Creek Corridor Unit (BSCCU) and Canyonlands (CU) (McHugh 2004). 

Invasive/exotic Animals and Plants  

There are several non-native plants and animals that are a management concern in the preserve. 

Chinese tallow (Triadica sebiferum), a deciduous invasive tree, has been implicated in the reduction 
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of desirable forest used by migratory bird species (Cooper et al. 2004). Water hyacinth (Eichhorinia 

crassipes) is an exotic invasive aquatic plant that has been of concern to preserve managers. Both the 

Chinese tallow tree and the water hyacinth are of particular concern in water corridors (Cooper et al. 

2004). Japanese climbing fern (Lygodium japonicum) and trifoliate orange (Ponicurus trifoliate) are 

two recent plant invaders causing habitat impacts along forest edges and near waterways. Nine-

banded armadillos (Dasypus novemcinctus), red imported fire ants (RIFA) (Solenopsis invicta), grass 

carp (Ctenopharyngodon idella), zebra mussels (Dreissena polymorpha), nutria (Myocastor coypus), 

feral hogs, dogs (Canidis lupus), and cats (Felis catus) are all present and pose a threat to the local 

ecology of the BITH units and corridors (Cooper et al. 2004). 

Climate Change 

Global climate change (GCC) is expected to impact the entire U.S. during this century, although the 

expected changes vary across the country. In regards to drought and sea level rise, the preserve has 

highly vulnerable areas of concern. The coastal wetlands of southern states that are in close 

proximity to the Gulf of Mexico are highly susceptible to increased flooding, saltwater intrusion into 

freshwater wetlands, and coastline erosion (Guntenspergen and Vairin 1998). More acute impacts to 

the area involve increases in the severity and frequency of tropical storms (Guntenspergen and Vairin 

1998, Mann and Emanuel 2006). BITH is especially concerned with losing a significant portion of 

the cypress-tupelo swamps due to saltwater intrusion in the lower portion of the BU that is below the 

saltwater barrier on the Neches River. 

Climate change may also alter the frequency, intensity, and timing of hurricanes and floods in the 

region (Harcombe et al. 1999). The hurricanes in 2005 and 2008 were particularly hard on the large 

beech and magnolia trees in the BCU, BSCU, and TCU with many being windthrown, damaged, or 

succumbing to disease and rot after the storms (Hyde, personal communication, 21 January 2016). 

BITH management is concerned that there appears to be little recruitment of young beech trees since 

the hurricanes in 2005 and 2008. This may be a combination of climate stressors, the 2011 drought, 

feral hog consumption of beech mast production, and competition from dense stands of native, early 

successional shrubs (e.g., yaupon and holly) (Hyde, written communication, 6 October 2015). 

Continued monitoring of the effects that hurricanes have on the native vegetative communities in 

BITH will be needed, especially as the threat of hurricanes appears to be increasing due to climatic 

change. 

2.3 Resource Stewardship 

2.3.1 Management Directives and Planning Guidance 

The preserveôs resource management plan (Strahan et al. 1996, p. 3) states that,  

All decisions regarding the management, use, and development of the preserve are made 

toward the goal of achieving certain objectives relating to the following broad categories: 

Natural resource management, cultural resource management, land acquisition, 

infrastructure development, interpretation and resources education, maintenance, and 

special uses. 

The plan further outlines natural resources objectives to meet this goal, including: 
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¶ To perpetuate, protect, interpret, and where appropriate restore, the preserves unique mixture 

of temperate and subtropical botanical and biological communities. 

¶ To establish and nurture partnerships with appropriate state and federal agencies and other 

entities for the purpose of managing significant scenic and natural resources of the preserve 

in a manner that will ensure their integrity and ñhealthò of the greater ecosystem. 

¶ To initiate joint planning, educational and natural resource management programs with 

neighboring landowners and the general public to promote good land stewardship and to 

minimize conflicting uses that might be detrimental to the resources of the preserve and 

region (Strahan et al. 1996, p. 3). 

The 2004 BITH Fire Management Plan discussed historical conditions of the forests, prairies, and 

savannas, as well as how, when, and where the continued restoration of the fire-dependent 

ecosystems will be conducted (McHugh 2004).  The role and function of the BITH corridor units are 

described in an assessment from 1997 along with the purpose of the Water Corridor Management 

Assessment (Harcombe and Callaway 1997). The new ordinances on personal watercraft (PWC) use 

in national parks are in effect at BITH after a careful review during the the BITH Personal Watercraft 

Use Environmental Assessment process (NPS 2002). 

2.3.2 Status of Supporting Science 

The Gulf Coast Network (GULN) identifies key resources network-wide and for each of its parks 

that can be used to determine the overall health of the parks. These key resources are called Vital 

Signs. In 2007, the GULN completed and released a Vital Signs Monitoring Plan (Segura et al. 

2007); Table 2 shows the GULN Vital Signs selected for monitoring in BITH. 

Table 2. GULN Vital Signs selected for monitoring in BITH (Segura et al. 2007).  

Category GULN Vital Sign 
Category 

1a 

Category 
2b 

Category 
3c 

No 
Monitoring 

Planned 

Air and Climate 

  
  

Ozone 
 

x 
  

Air Contaminants 
 

x 
  

Weather/Climate 
 

x 
  

Geology and 
Soils 

  

  

  
  

Stream/River Channel Dynamics and 
Geomorphology 

   
x 

Erosion and Deposition 
   

x 

Soil Biota 
   

x 

Soil Chemistry 
   

x 

Soil Structure and Stability 
   

x 

 

Table 2 (continued). GULN Vital Signs selected for monitoring in BITH (Segura et al. 2007).  
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Category GULN Vital Sign 
Category 

1a 

Category 
2b 

Category 
3c 

No 
Monitoring 

Planned 

Water 

  

  

  

Groundwater Hydrology 
   

x 

Water Chemistry x 
   

Water Nutrients x 
   

Water Toxics x 
   

Biological 
Integrity 

  

  

Non-native Vegetation x 
   

Non-native Animals 
  

x 
 

Riparian Communities x 
   

Forest Health x    

Biological 
Integrity 

  

  

  

  

  

  

Freshwater Invertebrates 
   

x 

Terrestrial Invertebrates 
   

x 

Amphibians x 
   

Non T&E Reptiles 
   

x 

Migratory Birds x 
   

Resident Birds x 
   

Non T&E Small Mammals 
   

x 

Biological 
Integrity 

  

 

Terrestrial Vegetation x 
   

T&E/Rare Birds 
  

x 
 

T&E/Rare Freshwater Fish 
  

x 
 

T&E/Rare Plants  x   

T&E/Rare Reptiles    x 

Freshwater wetland communities x    

Human Use Visitor Usage 
   

x 

Landscapes 
(Ecosystem 
Pattern and 
Processes) 

  

Fire and Fuel Dynamics x 
   

Land Cover/Land Use x 
   

Soundscape 
   

x 

a Category 1 represents Vital Signs for which the network will develop protocols and implement monitoring.  

b Category 2 represents Vital Signs that are monitored by BITH, another NPS program, or by another federal or state agency 
using other funding.  

c Category 3 represents high-priority Vital Signs for which monitoring will likely be done in the future. 
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Chapter 3 Study Scoping and Design 

This NRCA is a collaborative project between the NPS and Saint Maryôs University of Minnesota 

Geospatial Services (SMUMN GSS). Project stakeholders include the BITH resource management 

team and GULN Inventory and Monitoring Program staff. Before embarking on the project, it was 

necessary to identify the specific roles of the NPS and SMUMN GSS. Preliminary scoping meetings 

were held, and a task agreement and a scope of work document were created cooperatively between 

the NPS and SMUMN GSS. 

3.1 Preliminary Scoping 

A preliminary scoping meeting was held on 11-13 January 2014. At this meeting, SMUMN GSS and 

NPS staff confirmed that the purpose of the BITH NRCA was to evaluate and report on current 

conditions, critical data and knowledge gaps, and selected existing and emerging resource condition 

influences of concern to BITH managers. Following NRCA program guidance, this NRCA includes 

the following: 

¶ Condition assessments are conducted using existing data and information; 

¶ Identification of data needs and gaps is driven by the project framework categories; 

¶ The analysis of natural resource conditions includes a strong geospatial component; 

¶ Resource focus and priorities are primarily driven by BITH resource management. 

This condition assessment provides a ñsnapshot-in-timeò evaluation of the condition of a select set of 

preserve natural resources that were identified and agreed upon by the project team. Project findings 

will aid BITH resource managers in the following objectives: 

¶ Develop near-term management priorities (how to allocate limited staff and funding 

resources); 

¶ Engage in watershed or landscape scale partnership and education efforts; 

¶ Consider new preserve planning goals and take steps to further these; 

¶ Report program performance (e.g., Department of Interior Strategic Plan ñland healthò goals, 

Government Performance and Results Act [GPRA]). 

Specific project expectations and outcomes included the following: 

¶ For key natural resource components, consolidate available data, reports, and spatial 

information from appropriate sources including: BITH resource staff, the NPS Integrated 

Resource Management Application (IRMA) website, Inventory and Monitoring Vital Signs 

program, and available third-party sources. The NRCA report will provide a resource 

assessment and summary of pertinent data evaluated through this project. 

¶ When appropriate, define a reference condition so that statements of current condition may 

be developed. The statements will describe the current state of a particular resource with 

respect to an agreed upon reference point. 
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¶ Clearly identify ñmanagement criticalò data (i.e., those data relevant to the key resources). 

This will drive the data mining and gap definition process. 

¶ Where applicable, develop GIS products that provide spatial representation of resource data, 

ecological processes, resource stressors, trends, or other valuable information that can be 

better interpreted visually. 

¶ Utilize ñgray literatureò and reports from third-party research to the extent practical. 

3.2 Study Design 

3.2.1 Indicator Framework, Focal Study Resources and Indicators 

Selection of Resources and Measures 

As defined by SMUMN GSS in the NRCA process, a ñframeworkò is developed for a park or 

preserve. This framework is a way of organizing, in a hierarchical fashion, bio-geophysical resource 

topics considered important in preserve management efforts. The primary features in the framework 

are key resource components, measures, stressors, and reference conditions.  

ñComponentsò in this process are defined as natural resources (e.g., birds, plant communities), 

ecological processes or patterns (e.g., natural fire regime), or specific natural features or values (e.g., 

geological formations) that are considered important to current preserve management. Each key 

resource component has one or more ñmeasuresò that best define the current condition of a 

component being assessed in the NRCA. Measures are defined as those values or characterizations 

that evaluate and quantify the state of ecological health or integrity of a component. In addition to 

measures, current condition of components may be influenced by certain ñstressors,ò which are also 

considered during assessment. A ñstressorò is defined as any agent that imposes adverse changes 

upon a component. These typically refer to anthropogenic factors that adversely affect natural 

ecosystems, but may also include natural processes or disturbances such as floods, fires, or predation 

(adapted from GLEI 2010).  

During the BITH NRCA scoping process, key resource components were identified by NPS staff and 

are represented as ñcomponentsò in the NRCA framework. While this list of components is not a 

comprehensive list of all the resources in the preserve, it includes resources and processes that are 

unique to the preserve in some way, or are of greatest concern or highest management priority in 

BITH. Several measures for each component, as well as known or potential stressors, were also 

identified in collaboration with NPS resource staff. 

Selection of Reference Conditions 

A ñreference conditionò is a benchmark to which current values of a given componentôs measures 

can be compared to determine the condition of that component. A reference condition may be a 

historical condition (e.g., flood frequency prior to dam construction on a river), an established 

ecological threshold (e.g., EPA standards for air quality), or a targeted management goal/objective 

(e.g., a bison herd of at least 200 individuals) (adapted from Stoddard et al. 2006). 

Reference conditions in this project were identified during the scoping process using input from NPS 

resource staff. In some cases, reference conditions represent a historical reference before human 
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activity and disturbance was a major driver of ecological populations and processes, such as ñpre-fire 

suppression.ò In other cases, peer-reviewed literature and ecological thresholds helped to define 

appropriate reference conditions.  

Finalizing the Framework 

An initial framework was adapted from the organizational framework outlined by the H. John Heinz 

III Center for Scienceôs ñState of Our Nationôs Ecosystems 2008ò (Heinz Center 2008). Key 

resources for the preserve were adapted from the GULN Vital Signs monitoring plan (Segura et al. 

2007). This initial framework was presented to preserve resource staff to stimulate meaningful 

dialogue about key resources that should be assessed. Significant collaboration between SMUMN 

GSS analysts and NPS staff was needed to focus the scope of the NRCA project and finalize the 

framework of key resources to be assessed.  

The NRCA framework was finalized in July 2014 following acceptance from NPS resource staff. It 

contains a total of 15 components (Figure 5) and was used to drive analysis in this NRCA. This 

framework outlines the components (resources), most appropriate measures, known or perceived 

stressors and threats to the resources, and the reference conditions for each component for 

comparison to current conditions.



 

  

2
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Figure 5. Big Thicket National Preserve natural resource condition assessment framework. 
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Figure 5 (continued). Big Thicket National Preserve natural resource condition assessment framework. 
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3.2.2 General Approach and Methods 

This study involved gathering and reviewing existing literature and data relevant to each of the key 

resource components included in the framework. No new data were collected for this study; however, 

where appropriate, existing data were further analyzed to provide summaries of resource condition or 

to create new spatial representations. After all data and literature relevant to the measures of each 

component were reviewed and considered, a qualitative statement of overall current condition was 

created and compared to the reference condition when possible. 

Data Mining 

The data mining process (acquiring as much relevant data about key resources as possible) began at 

the initial scoping meeting, at which time BITH staff provided data and literature in multiple forms, 

including: NPS reports and monitoring plans, reports from various state and federal agencies, 

published and unpublished research documents, databases, tabular data, and charts. GIS data were 

also provided by NPS staff. Additional data and literature were acquired through online bibliographic 

literature searches and inquiries on various state and federal government websites. Data and literature 

acquired throughout the data mining process were inventoried and analyzed for thoroughness, 

relevancy, and quality regarding the resource components identified at the scoping meeting. 

Data Development and Analysis 

Data development and analysis was highly specific to each component in the framework and 

depended largely on the amount of information and data available for the component, as well as 

recommendations from NPS reviewers and sources of expertise including NPS staff from BITH and 

the GULN. Specific approaches to data development and analysis can be found within the respective 

component assessment sections located in Chapter 4 of this report. 

Scoring Methods and Assigning Condition 

Significance Level 

A set of measures are useful in describing the condition of a particular component, but all measures 

may not be equally important. A ñSignificance Levelò represents a numeric categorization (integer 

scale from 1-3) of the importance of each measure in assessing the componentôs condition; each 

Significance Level is defined in Table 3. This categorization allows measures that are more important 

for determining condition of a component (higher Significance Level) to be more heavily weighted in 

calculating an overall condition. Significance Levels were determined for each component measure 

in this assessment through discussions with preserve staff and/or outside resource experts. 

Table 3. Scale for a measureôs Significance Level in determining a components overall condition. 

Significance Level (SL) Description 

1 Measure is of low importance in defining the condition of this component. 

2 Measure is of moderate importance in defining the condition of this component. 

3 Measure is of high importance in defining the condition of this component. 

 



 

25 

 

Condition Level 

After each component assessment is completed (including any possible data analysis), SMUMN GSS 

analysts assign a Condition Level for each measure on a 0-3 integer scale (Table 4). This is based on 

all the available literature and data reviewed for the component, as well as communications with 

preserve and outside experts. 

Table 4. Scale for Condition Level of individual measures. 

Condition 
Level (CL) Description 

0 Of NO concern. No net loss, degradation, negative change, or alteration. 

1 Of LOW concern. Signs of limited and isolated degradation of the component. 

2 Of MODERATE concern. Pronounced signs of widespread and uncontrolled degradation. 

3 
Of HIGH concern. Nearing catastrophic, complete, and irreparable degradation of the 

component. 

Weighted Condition Score 

After the Significance Levels (SL) and Condition Levels (CL) are assigned, a Weighted Condition 

Score (WCS) is calculated via the following equation: 

ὡὅὛ 
В Ὓὒz ὅὒ
Π  

σz В Ὓὒ
Π  

 

The resulting WCS value is placed into one of three possible categories: good condition (WCS = 0.0 

ï 0.33); condition of moderate concern (WCS = 0.34 - 0.66); and condition of significant concern 

(WCS = 0.67 to 1.0). Figure 6 displays all of the potential graphics used to represent a componentôs 

condition in this assessment. The colored circles represent the categorized WCS; red circles signify a 

significant concern, yellow circles a moderate concern and green circles that a resource is in good 

condition. White circles are used to represent situations in which SMUMN GSS analysts and 

preserve staff felt there were currently insufficient data to make a statement about the condition of a 

component. For example, condition is not assessed when no recent data or information are available, 

as the purpose of an NRCA is to provide a ñsnapshot-in-timeò of current resource conditions. The 

arrows inside the circles indicate the trend of the condition of a resource component, based on data 

and literature from the past 5-10 years, as well as expert opinion. An upward pointing arrow indicates 

the condition of the component has been improving in recent times. A horizontal arrow indicates an 

unchanging condition or trend, and an arrow pointing down indicates deterioration in the condition of 

a component in recent times. These are only used when it is appropriate to comment on the trend of 

condition of a component. In situations where the trend of the componentôs condition is currently 

unknown, no arrow is given.   
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Condition Status Trend in Condition 
Confidence in 
Assessment 

 

Resource is in Good 
Condition 

 

Condition is Improving 

 

High 

 

Warrants 

Moderate Concern  
Condition is Unchanging 

 

Medium 

 

Warrants 

Significant Concern 
 

Condition is Deteriorating 

 

Low 

Figure 6. Description of symbology used for individual component assessments. 

Examples of how the symbols should be interpreted: 

 

Resource is in good condition, its condition is improving, high confidence in the 

assessment. 

 

Condition of resource warrants moderate concern; condition is unchanging; 

medium confidence in the assessment. 

 

Condition of resource warrants significant concern; trend in condition is unknown 

or not applicable; low confidence in the assessment. 

 

Current condition is unknown or indeterminate due to inadequate data, lack of 

reference value(s) for comparative purposes, and/or insufficient expert knowledge 

to reach a more specific condition determination; trend in condition is unknown or 

not applicable; low confidence in the assessment. 

Preparation and Review of Component Draft Assessments 

The preparation of draft assessments for each component was a highly cooperative process among 

SMUMN GSS analysts and BITH and GULN staff. Though SMUMN GSS analysts rely heavily on 

peer-reviewed literature and existing data in conducting the assessment, the expertise of NPS 

resource staff also plays a significant and invaluable role in providing insights into the appropriate 

direction for analysis and assessment of each component. This step is especially important when data 

or literature is limited for a resource component. 

The process of developing draft documents for each component began with a detailed phone or e-

mail conversation with an individual or multiple individuals considered local experts on the resource 

components under examination. These conversations were a way for analysts to verify the most 
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relevant data and literature sources that should be used and also to formulate ideas about current 

condition with respect to the NPS staff opinions. Upon completion, draft assessments were forwarded 

to component experts for initial review and comments. 

Development and Review of Final Component Assessments 

Following review of the component draft assessments, analysts used the review feedback from 

resource experts to compile the final component assessments. As a result of this process, and based 

on the recommendations and insights provided by BITH resource staff and other experts, the final 

component assessments represent the most relevant and current data available for each component 

and the sentiments of preserve resource staff and outside resource experts.  

Format of Component Assessment Documents 

All resource component assessments are presented in a standard format. The format and structure of 

these assessments is described below. 

Description 

This section describes the relevance of the resource component to the preserve and the context within 

which it occurs in the preserve setting. For example, a component may represent a unique feature of 

the preserve, it may be a key process or resource in preserve ecology, or it may be a resource that is 

of high management priority. Also emphasized are interrelationships that occur among the featured 

component and other resource components included in the NRCA. 

Measures 

Resource component measures were defined in the scoping process and refined through dialogue 

with resource experts. Those measures deemed most appropriate for assessing the current condition 

of a component are listed in this section, typically as bulleted items. 

Reference Conditions/Values 

This section explains the reference condition determined for each resource component as it is defined 

in the framework. Explanation is provided as to why specific reference conditions are appropriate or 

logical to use. Also included in this section is a discussion of any available data and literature that 

explain and elaborate on the designated reference conditions. If these conditions or values originated 

with the NPS experts or SMUMN GSS analysts, an explanation of how they were developed is 

provided. 

Data and Methods 

This section includes a discussion of the data sets used to evaluate the component and if or how these 

data sets were adjusted or processed as a lead-up to analysis. If adjustment or processing of data 

involved an extensive or highly technical process, these descriptions are included in an appendix for 

the reader or a GIS metadata file. Also discussed is how the data were evaluated and analyzed to 

determine current condition (and trend when appropriate).  

Current Condition and Trend 

This section presents and discusses in-depth key findings regarding the current condition of the 

resource component and trends (when available). The information is presented primarily with text 
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but is often accompanied by detailed maps or plates that display different analyses, as well as graphs, 

charts, and/or tables that summarize relevant data or show interesting relationships. All relevant data 

and information for a component are presented and interpreted in this section. 

Threats and Stressors Factors 

This section provides a summary of the threats and stressors that may impact the resource and 

influence to varying degrees the current condition of a resource component. Relevant stressors were 

described in the scoping process and are outlined in the NRCA framework. However, these are 

elaborated on in this section to create a summary of threats and stressors based on a combination of 

available data and literature, and discussions with resource experts and NPS natural resources staff.  

Data Needs/Gaps 

This section outlines critical data needs or gaps for the resource component. Specifically, what is 

discussed is how these data needs/gaps, if addressed, would provide further insight in determining 

the current condition or trend of a given component in future assessments. In some cases, the data 

needs/gaps are significant enough to make it inappropriate or impossible to determine condition of 

the resource component. In these cases, stating the data needs/gaps is useful to natural resources staff 

seeking to prioritize monitoring or data gathering efforts. 

Overall Condition  

This section provides a qualitative summary statement of the current condition that was determined 

for the resource component using the WCS method. Condition is determined after thoughtful review 

of available literature, data, and any insights from NPS staff and experts, which are presented in the 

Current Condition and Trend section. The Overall Condition section summarizes the key findings 

and highlights the key elements used in determining and justifying the level of concern, if any, that 

analysts attribute to the condition of the resource component. Also included in this section are the 

graphics used to represent the component condition. 

Sources of Expertise 

This is a listing of the individuals (including their title and affiliation with offices or programs) who 

had a primary role in providing expertise, insight, and interpretation to determine current condition 

(and trend when appropriate) for each resource component.  

3.3 Literature Cited 

This is a list of formal citations for literature or datasets used in the analysis and assessment of 

condition for the resource component. Note: Citations used in appendices referenced in each section 

(component) of Chapter 4 are listed in that componentôs ñLiterature Citedò section. 

Great Lakes Environmental Indicators Project (GLEI). 2010. Glossary, Stressor. 

http://glei.nrri.umn.edu/default/glossary.htm (accessed 31 January 2013). 

The H. John Heinz III Center for Science, Economics, and the Environment. 2008. The state of the 

nationôs ecosystems 2008: Measuring the land, waters, and living resources of the United States. 

Island Press, Washington, D.C. 
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Segura, M., R. Woodman, J. Meiman, W. Granger, and J. Bracewell. 2007. Gulf Coast Network Vital 

Signs monitoring plan. Natural Resource Report NPS/GULN/NRRï2007/015. National Park 

Service, Fort Collins, Colorado. 

Stoddard. J. L., D. P. Larsen, C. P. Hawkins, R. K. Johnson, and R. J. Norris. 2006. Setting 

expectations for the ecological condition of streams: the concept of reference condition. 

Ecological Applications 16(4):1267-1276. 
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Chapter 4 Natural Resource Conditions 

This chapter presents the background, analysis, and condition summaries for the 15 key resource 

components in the project framework. The following sections discuss the key resources and their 

measures, stressors, and reference conditions. The summary for each component is arranged around 

the following sections: 

1. Description 

2. Measures 

3. Reference Condition 

4. Data and Methods 

5. Current Condition and Trend (including threats and stressors factors, data needs/gaps, and overall 

condition) 

6. Sources of Expertise 

7. Literature Cited 

The order of components follows the project framework (Figure 5): 

4.1 Fire Regime 

4.2 Pine Uplands 

4.3 Slope Forests 

4.4 Arid Sand Hills 

4.5 Longleaf Pine Wetlands 

4.6 Floodplain Hardwood Forests 

4.7 Estuarine Wetlands 

4.8 Birds 

4.9 Amphibians/Reptiles 

4.10 Harvested Mammals 

4.11 Freshwater Mussels 

4.12 Freshwater Fish 

4.13 Water Quality 

4.14 Air Quality 

4.15 Hydrology 
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4.1 Fire Regime 

4.1.1 Description 

Fire has had a significant influence in the 

ecosystems of the southeast coastal plain, 

playing a key role in maintaining the mosaic of 

vegetation in areas such as BITH (McHugh 

2004, NPS 2012a). Several vegetation 

communities within BITH, particularly those 

that supported longleaf pine (Pinus palustris), 

are considered ñfire-dependentò and require 

periodic burning for maintenance and renewal 

(McHugh 2004, NPS 2012a; Photo 1). Without 

fire, vegetation communities such as longleaf 

pine uplands and arid sand hills, longleaf 

wetland savannas, and pitcher plant bogs are 

overgrown with brushy hardwood species (Liu 

et al. 1990, NPS 2012a). When these fire-

dependent communities are maintained with 

regular burning, they are more resilient to 

environmental stressors such as drought, high 

winds, insects, and disease (NPS 2012a). For example, fire is known to control brown-spot needle 

blight, a disease of young longleaf pines, by burning and removing infected needles (Boyer and 

White 1989, Henderson 2006). Fire is also critical to the establishment of new longleaf pine 

seedlings, which are relatively slow growing and need full sunlight. However, they are also much 

more resilient than the other southern pine species because they put down a deep tap-root, have a 

tight and strong wood grain, and produce plentiful resins that allow them to withstand drought, 

hurricanes, and most wood rot issues. They also live for 300 of more years and reach heights 

exceeding 91 m (300 ft.). Historically, there were 36 million ha (90 million ac) of longleaf pine in the 

southeastern U.S., growing essentially in the ñhurricane alleyò of the Gulf of Mexico. Burning also 

favors new growth of herbaceous plants over woody species, providing more brows with higher 

nutritional value for wildlife (Henderson 2006). According to the BITH resource management plan 

(NPS 1996, p. 7, Hyde, personal communication, 2016), approximately 15-20% (6,070 ï 10,117 ha 

[15,000-25,000 ac]) of the current preserve lands (45,325 ha [112,000 ac]) would have supported a 

mix of ñhighly fire dependent ecosystemsò before humans interfered with the natural processes. 

The term ñfire regimeò refers to several characteristics of fire occurrence in an area, including 

frequency, severity, and seasonality. The variation in these characteristics influences biodiversity, 

vegetative structure, and population dynamics in the area burned (Henderson 2006). It is widely 

believed that frequent, low-intensity fires were historically common in east Texas and throughout the 

Coastal Plain; severe fires involving the tree overstory were likely rare (McHugh 2004). Higher 

intensity burns could have occurred in extremely dry years or following blow-downs from high 

winds, when downed woody fuel built up (NPS 2012a). In the BITH area, hardwood bottomlands 

Photo 1. Prescribed burn in Big Sandy Creek Unit, 
August 2004 (NPS photo). 
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along riparian areas and wetlands often acted as natural barriers to fire spread (NPS 2012a). 

Although fires can occur at any time of year, there are typically two ñfire seasonsò in the BITH 

region: one in winter (January-April) due to increased fuel availability from leaf fall and drying 

grasses, and one in summer (July-September) when temperatures are high and precipitation is 

typically low (McHugh 2004). 

Prior to European settlement, fires were ignited naturally by lightning or intentionally by Native 

Americans (NPS 2012a). The first European settlers, many of whom were ranchers, continued 

utilizing intentional fires to eliminate pests (e.g., snakes and insects) and to improve forage for 

livestock (Henderson 2006). Around 1910-1930, wildfire suppression policies began to spread 

throughout the south and suppression was effectively in place by the 1950s (Henderson 2006). These 

were partly for the protection of human settlements, pine plantations, agriculture, and, eventually, oil 

and gas development (Frost 1993, NPS 2012a). Unfortunately, fire suppression contributed to 

substantial changes in vegetation communities in BITH and throughout the south (MacRoberts and 

MacRoberts 2000, NPS 2012a). Open pine savannas and upland sandhills with a diverse herbaceous 

ground layer have shifted towards mixed loblolly pine/hardwood communities with a dense, brushy 

midstory (NPS 2012a), made up primarily of yaupon holly which has thrived after repeated logging 

events and the suppression of fire. Longleaf pine is often shaded out by the faster growing but less 

fire-tolerant loblolly (Pinus taeda) and shortleaf pine (P. echinata) (McHugh 2004, NPS 2012a) and 

recruitment of new longleaf seedlings is also very low without fire and the resultant full sunlight that 

this species needs. These shifts in community composition, particularly the increase in brushy under- 

and midstory which shades out the herbaceous understory, reduces the likelihood of fire occurrence 

(Streng and Harcombe 1982, McHugh 2004). However, when fires do occur, the increase in woody 

fuels can increase the intensity and severity of the burn, increasing the risk to both natural and human 

resources (McHugh 2004, Varner et al. 2005, Henderson 2006). Of particular concern is the ability of 

yaupon holly to grow to heights of 4.5 to 6.1 m (15 to 20 ft.) in the midstory which makes them a 

particular concern as a ñladder fuelò which carries the fire into the lower live branches of the pine 

overstory and can lead to high mortality of the pine during prescribed burns and even to wildfires as 

the fires crown and greatly increase in intensity and the ability to jump fire lines and spread into non-

burn areas. 

Fire behavior (e.g., intensity, rate of spread, flame height) can often be predicted using fuel models. 

These models, based largely on fuel and weather conditions, were first developed by Rothermel 

(1972) and later modified by Albini (1976). The fuel models that best describe vegetation 

communities within BITH were outlined by McHugh (2004) in BITHôs fire management plan and 

are summarized in Table 5. The vegetation types and units where these fuel models occur (also 

according to McHugh 2004) are shown in Tables 6a and 6b. 
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Table 5. Fuel model descriptions for BITH vegetation communities from McHugh (2004). 

Fuel Model Description 

2 
Upland vegetation types composed of a relatively open tree layer, sparse shrub stratum, and a 
well-developed herbaceous layer; moderate fire intensity and rate of spread. 

4 

Upland and upper slope vegetation types with scattered areas of dense shrub and understory 
thickets, largely due to fire suppression over a number of years; highest predicted fire intensity 
and rate of spread, with flame heights greater than 6 m (20 ft.). 

7 
Moderately dense stands of flammable shrubs between two and six feet high, below a 

pine or mixed pine-hardwood canopy; low to moderate fire intensity and rate of spread. 

8 

Vegetation dominated by hardwoods; the fuel bed is normally a thin hardwood leaf mat. 
Intermittent drainages and permanent stream channels often dissect this fuel type. Fuel moistures 
are relatively high throughout the year; lowest fire intensity and rate of spread. 

9 

Mixed pine-hardwood forests, dominated by hardwoods in the canopy, with a moderately 

well-developed hardwood understory and scattered shrubs. Fuel bed is a hardwood leaf-pine 
needle mat; low fire intensity and rate of spread. 

11 

Dense understory of highly flammable brush. The open canopy allows wind penetration; 
exceptional fire behavior should be expected during the summer. High intensities and canopy 
scorch of mature pines are possible. 

Table 6a. Vegetation type within BITH where each of the fuel models described in Table 5 can be found 
(McHugh 2004).  

 Fuel Model 

Vegetation Type 2 4 7 8 9 11 

Upland pine x x x    

Wetland pine savanna x x x    

Sandhill pine x  x    

Upper slope pine oak  x x  x x 

Mid slope pine oak   x  x  

Lower slope hardwood pine     x  

Floodplain hardwood pine    x   

Floodplain hardwood    x   

Flatland hardwood    x   

Wetland baygall    x   
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Table 6b. Fire Management Units (FMU) within BITH where each of the fuel models described in Table 5 
can be found (McHugh 2004).  

 Fuel Model 

Fire Management Unit 2 4 7 8 9 11 

Big Sandy  x x x x  

Hickory Creek   x   x 

Turkey Creek  x x x x  

Beech Creek  x  x   

West Hardin*    x   

Neches River Floodplain   x x x  

*The West Hardin FMU includes the Lance Rosier and Loblolly Units. 

NPS staff initiated a prescribed burning program at BITH in 1982 to restore and maintain fire-

dependent habitats and to reduce hazardous fuel levels (McHugh 2004, NPS 2012a). Prescribed fire 

benefits native vegetation communities by returning nutrients to the soil, removing dense 

undergrowth, reducing competition with weedy species, and increasing seed production and 

germination of fire-adapted species (Liu 1995, NPS 2012a). Surveys of vegetation monitoring plots 

in prescribed burn treatment areas suggest that, ñgrasses and forbs are returning, longleaf pine is 

regenerating, loblolly pine regeneration is decreasing, and yaupon brush growth is being controlled in 

frequently burned areasò (McHugh 2004, p. 32; further discussion in Liu 1995). In terms of fuel 

models, repeated prescribed fires have helped to convert areas of BITH from Fuel Model 4 (highest 

intensity and rate of spread) to Fuel Model 7 (low to moderate intensity and spread; see Table 5). 

However, it will likely take 40-100 years of regular prescribed burning to restore longleaf pine to the 

canopy where it historically occurred (McHugh 2004). On some NPS properties, wildland fire use 

(e.g., allowing naturally ignited wildfires to burn) is an effective tool in restoring historic fire 

regimes. Given the unusual shapes and sizes of the disjunct preserve units, as well as concerns over 

surrounding land uses (e.g., residential communities, timber plantations), wildland fire use is not an 

appropriate management tool for BITH (McHugh 2004).    

4.1.2 Measures 

¶ Frequency 

¶ Severity 

¶ Fuel loading and distribution 

¶ Location 

¶ Intensity 

4.1.3 Reference Conditions/Values 

The reference condition for this component is the pre-European settlement fire regime. While exact 

information from this time is not available, research suggests that fire-dependent communities in the 
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area experienced fires at an average frequency of 1-10 years (Chapman 1932, 1944, Christensen 

1981, as cited by McHugh 2004; MacRoberts and MacRoberts 2000). Actual frequency likely varied 

with vegetation type and other characteristics (e.g., topography, weather, etc.). At this return interval, 

the vast majority of fires would have been low in severity and intensity. 

4.1.4 Data and Methods 

The BITH Fire Management Plan (McHugh 2004, p. 6) defines the objective of the preserveôs fire 

management program as, ñto allow fire to function in its natural ecological role, restore ecosystem 

balance (stand structure and diversity) of pyric communities, and manage hazardous fuels in the 

Urban Interface through the use of prescribed fire and mechanical treatments.ò The priority areas for 

the preserveôs prescribed fire program are the three units that contain the majority of fire-dependent 

vegetation: BSCU, Hickory Creek Savannah (HCSU), and TCU (McHugh 2004). Secondary 

priorities would include portions of the LRU and CU where fire would have occurred historically and 

maintained longleaf wetland pine savannah and upland pine communities. The Fire Management 

Plan contains information on the regionôs historic fire regime, reviews the accomplishments of the 

prescribed fire program through 2003, outlines the preserveôs fire affects monitoring program, and 

summarizes previous research on fire effects in BITH, as well as outlining future research needs. 

Several fuel loading inventories were completed for various preserve units in the late 1970s and early 

1980s (Streng and Harcombe 1978, 1979, Glitzenstein and Harcombe 1980, Harcombe and Schafale 

1981). At that time, fire suppression had been in place for several decades and the prescribed burning 

program had not yet begun. Therefore, the information in these inventories is not helpful in assessing 

current fuel load conditions or in identifying a desirable reference condition and the data will not be 

utilized in this condition assessment.  

Liu et al. (1990, 1992, and Liu 1995) studied the effects of fire on vegetation in BITH. Over 100 

treatment (burned) and control sample plots were established in fire-prone habitats of four preserve 

units: BSCU, HCSU, TCU, and LRU (Liu et al. 1990). Vegetation community composition and 

structure were regularly surveyed to identify any changes following prescribed burn treatments. Data 

were also collected on fuel loads and fire intensity during prescribed burns (Liu et al. 1990, 1992). 

Fuels were divided into two groups: downed woody material (further divided into size classes) and 

fine fuels, sorted by type (e.g., litter, twigs, live material) (Liu et al. 1990). 

Henderson (2006) used fire-scar data from longleaf pine tree ring analysis to study fire history in the 

BITH region. Samples were taken from the TCU. Study methods are described in detail in Henderson 

(2006). Parameters reported include mean, minimum, and maximum fire intervals. Henderson (2006) 

notes that information from fire-scar analysis is limited, as not all fires are ñrecordedò by every tree, 

and the age of fire-scarred stands in the eastern and southeastern U.S. does not typically exceed 500 

years. This could be particularly applicable in the BITH region, where fires were historically low-

intensity and may not have scarred the fire-resistant longleaf pines, and because nearly all of the 

areaôs mature longleaf pines were removed by logging.  
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Photo 2. A 2001 prescribed burn in the Hickory Creek Savanna Unit (NPS photo). 

NPS (2004) and Hansen (2004) contain information on wildfire and prescribed burn occurrences in 

and around BITH from approximately 1980 through 2004. More recent data on prescribed burns and 

wildfires (i.e., any fire not set for management purposes by the NPS - natural or human-caused) were 

provided by BITH staff (NPS 2015a, NPS 2015b).  

Burn severity data for six preserve fires were obtained through the Monitoring Trends in Burn 

Severity (MTBS) project website (MTBS 2012b). Additional information regarding fire return 

interval (i.e., frequency), fuel loading, and severity was obtained from the LANDFIRE website 

(http://www.landfire.gov/). LANDFIRE is an interagency mapping program that produces vegetation 

and fire-related spatial data layers (at a 30-m pixel resolution) for the entire country. 

4.1.5 Current Condition and Trend 

Frequency 

Research suggests that low intensity fires were historically relatively frequent in the BITH region, 

approximately every 3-10 years on uplands and slopes (NPS 2012a). For upland pine forests, 

Chapman (1932) suggested that lightning-caused fires likely occurred 3-4 years apart. Christensen 

(1981) found that some arid sandhills on the Coastal Plain accumulated enough pine litter and fine 

fuels within 3-5 years to carry a fire; forests on these hills likely experienced fires every 4-7 years 

(McHugh 2004). Christensen (1981) also stated that natural fire frequency in Coastal Plain savannas 

was probably 2-8 years. This is supported by Glitzenstein and Harcombeôs (1986) fire scar analysis 

from three HCSU longleaf pines, which indicated a fire interval of 2-7 years, with a mean of 3.9 

years, from the period 1928-1967. The historic fire frequency in slope forests, such as those within 

BITH, is less clear. Based on the presence of longleaf pine and dominance of shortleaf pine in upper 

slope pine-oak forests, researchers conclude that fire occurred in these communities, but less 

http://www.landfire.gov/
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frequently than in uplands and wetland savannas (McHugh 2004). According to Chapman (1944), 

shortleaf pine grows best on sites with fire intervals less than 10 years. Therefore, evidence suggests 

that fire intervals of 6-8 years would maintain the upper slope pine-oak forests (McHugh 2004). 

Shortleaf pine is also present in mid-slope oak-pine forests, although it is less dominant, suggesting 

that natural fire intervals in this community were probably 8-10 years (McHugh 2004). Fires were 

likely less frequent in lower slope hardwood pine forests, given the dominance of hardwoods. 

However, the presence of loblolly pine, which requires exposed mineral soil for seed germination, 

suggests that fires do occasionally occur in these forests, possibly during extreme droughts (McHugh 

2004). The general frequency at which prescribed fires are conducted in BITH burn units is 

summarized in Table 7. 

Table 7. General guidelines for prescribed burn frequency by vegetation type, based on estimations of 
natural fire regimes and restoration needs, according to the BITH fire management plan (McHugh 2004). 

Vegetation Type Burn Rotation 

Upland pine 3-4 years 

Wetland pine savanna 2-8 years 

Sandhill pine 4-7 years 

Upper slope pine-oak 6-8 years 

Henderson (2006) used fire scar data from longleaf pines in the TCU to estimate historic fire return 

intervals for the area. The earliest fire scar detected in tree rings was from 1714 (Henderson 2006). 

From this time through 2003, the mean fire interval for the TCU was estimated at 10.6 years, with a 

minimum fire interval of 1 year and a maximum of 74 years (Henderson 2006). Fire frequency 

peaked between 1900 and 1950, occurring approximately every 5 years, and then declined 

dramatically in the last half of the 20th century due to fire suppression. Fire frequency appeared to be 

influenced by moisture conditions, which control the rate of fuel accumulation (Christensen 1981, 

Henderson 2006). Drier sites, like arid sand hills, burn less frequently than other vegetation types 

because it takes longer to accumulate enough fuel to carry a fire. Henderson (2006) noted that the 2 

years prior to a fire in BITH were typically wetter than the fire year, allowing fuel to accumulate.  

The LANDFIRE program utilized a vegetation and disturbance dynamics model (Vegetation 

Dynamics Development Tool [VDDT]) to generate a nationwide mean fire return interval (MFRI) 

GIS data layer (under a presumed historic regime) (LANDFIRE 2015). Due to its broad scale, this 

information is not as accurate as on-the-ground research, but can provide some insight into fire 

frequency where studies are minimal or non-existent. The modeled MFRI data for the BITH region 

are shown in Figure 7. This suggests that the majority of the area had a historic MFRI of 0-5 years, 

with an MFRI of 26-40 years also common (LANDFIRE 2013a). 
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Figure 7. Mean fire return interval, under the presumed historical fire regime, for the BITH region from 
LANDFIRE (2013a). 

Since 1981, over 150 prescribed burns have been conducted at BITH (NPS 2015a). According to fire 

occurrence data received from BITH, managers have conducted prescribed burns approximately 

every 3-4 years in portions of the BSCU since the early 1990s and throughout the HCSU since the 

early 1980s (NPS 2004, 2015a). In the TCU, the area around the Pitcher Plant Trail was burned every 

2-4 years, with the exception of a gap between 2000 and 2010 (NPS 2004, 2015a). Other portions of 

the TCU burned every 4-6 years; the Sandhill Loop Trail area was burned in 3 years between 2003 

and 2012 (NPS 2004, 2015a). In the LRU, only two small areas burned twice between 1983 and 2010 

(NPS 2004, 2015a). 

Since 2002, the BITH area has experienced an average of six to seven wildfires per year, ranging 

widely from zero to nearly 20 (NPS 2015b). Wildfire activity was especially high in 2005 and 2011 

(a record-breaking drought year). Wildfires that started within or crossed into preserve units 

generally impacted only small areas (<5 ha [12.4 ac]); most were suppressed by NPS staff, although 

some burned out naturally (NPS 2015b). 

The timing of fires (prescribed and wildland) in the BITH area since 1995 shows two peaks, one in 

January and one in July (Figure 8). The proportion of spring fires (March, April) has increased since 

2002 (NPS 2004, 2015a, 2015b). Large fires are infrequent, with only nine prescribed fires (just one 
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since 2002) covering over 405 ha (1,000 ac) and just one wildfire of over 405 ha extending into the 

preserve since 2002 (McHugh 2004; NPS 2015a, 2015b).  

 

Figure 8. Fire occurrence (prescribed and wildland) in the BITH area by month, 1995-2014 (NPS 2004, 
2015a, 2015b). 

Severity 

Fire (or burn) severity is a term used to describe the physical and chemical changes to the soil, the 

conversion of vegetation and fuels to inorganic carbon, and structural or compositional 

transformations that create new microclimates and species assemblages (Key and Benson 2006). 

Severity can be measured by amount of organic matter loss both above and below the surface of the 

ground after a fire (Keeley 2008). In cases of very high burn severity, the organic layer of the soil can 

be consumed and soils may become water-repellent (NPS 2012a). Severity is influenced by rate of 

fire spread and amount of fuel consumed (i.e., fuel load), among other characteristics (Oliver and 

Larson 1990). Studies suggest that high severity fires were historically rare in the BITH region, likely 

because fires occurred frequently, preventing heavy build-ups of fuels (Frost 2000, Henderson 2006, 

NPS 2012a). 

A recently developed method for measuring burn severity is to compare Landsat imagery prior to and 

after a fire to determine a Differenced Normalized Burn Ratio (dNBR). The dNBR data, which 

represent continuous values, are separated into six categories. MTBS (2015b) classifies the six 

severity categories as unburned to low, low, moderate, high, increased greenness, and no data. 

According to MTBS (2015a), an analyst evaluates the dNBR data range and determines where 

significant thresholds exist to discriminate between severity categories. In Sorbel and Allen (2005), 

the accuracy of the dNBR method was tested by sampling Composite Burn Index (CBI) plots 

established on the ground in recently burned areas. CBI methods involve scoring burn severity based 

on 22 variables including soil cover/color change, duff and litter consumption, percent of colonizers, 

percent of altered foliage, and percent of canopy mortality (Sorbel and Allen 2005). A comparison of 
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CBI scores and dNBRs for the same areas shows that dNBR is ña suitable measure and predictor of 

burn severityò (Sorbel and Allen 2005, p. 9). MTBS (2015b) provided burn severity data in which 

acreage of severity categories were derived for five fires within BITH and one just outside preserve 

boundaries (Table 8). Spatial representations of MTBS data for the Marcus Fire are presented in 

Appendix A. 

Table 8. Area (in acres) of different burn severity categories for five fires within BITH and one fire outside 
preserve boundries (MTBS 2015b).  

Date of Fire 

Inside Preserve 

Severity Level (acres) 

Unburned to Low Low Moderate High 
Increased 

Greenness* 

24 March 1986 1,251.1 1,057.2 394.3 144.4 5.0 

28 July 1998 56.7 210.9 151.8 128.3 -- 

13 July 2001 654.1 445.6 56.8 4.2 17.9 

9 August 2001 304.8 182.6 69.2 11.8 1.1 

21 July 2004 480.6 368.2 94.8 2.2 -- 

Total 2,747.3 2,264.5 766.9 290.9 24.0 

Outside Preserve      

1 April 1996 30.7 180.7 449.0 1,214.2 -- 

*ñIncreased greennessò indicates an increased post -fire vegetation response. 

 

LANDFIRE program has also generated nationwide fire severity GIS data using the vegetation and 

disturbance dynamics model VDDT. This includes a ñpercent of replacement-severity firesò layer 

and a ñpercent of low-severityò layer (under the presumed historic fire regime). Replacement severity 

is defined as ñgreater than 75 percent average top-kill within a typical fire perimeter for a given 

vegetation type,ò whereas low severity is described as ñless than 25 percent average top-kill within a 

typical fire perimeter for a given vegetation typeò (LANDFIRE 2015). These modeled severity data 

are presented in Figure 9 and Figure 10. As expected, less than 10% of fires in the vast majority of 

BITH are of replacement severity (Figure 9); similarly, over 76% of fires in most BITH units are 

considered low severity (Figure 10), based on the modeled data (LANDFIRE 2013b, c). 
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Figure 9. Percent of fires of replacement-severity in the BITH region, according to LANDFIRE (2013b). 

 

Figure 10. Percent of fires of low-severity in the BITH region, according to LANDFIRE (2013c). 
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Fuel Loading and Distribution 

Fuel loading and distribution strongly influence the frequency, intensity, and severity of fires. When 

fuels build up due to a reduction in fire frequency, as has been the case in much of BITH, fire 

intensity and severity generally increase when fires do occur (McHugh 2004, Henderson 2006). Fuel 

distribution also influences a fireôs ability to carry or spread across the landscape. Fuel loads are 

describes as ñthe net result of two processes - fuel production and fuel decompositionò (Liu 1995, p. 

94). The highest fuel loads would be expected in vegetation communities where production is high 

and decomposition is low, while light fuel loads would be associated with low vegetation production 

and/or fast decomposition. At BITH, fuel loads can be influenced by forest composition, since pine 

needles typically decompose more slowly than deciduous, hardwood tree leaves (Streng and 

Harcombe 1979). Liu (1995) mapped fuel load and depth conditions by vegetation type in BITH 

during the early 1990s (Figure 11). Baygalls, which are a very productive community, had the 

highest fuel load; wetland savannas, which support few trees to produce needles and woody fuels, 

had the lowest fuel loads but the greatest fuel depths (Liu 1995). Fuel load conditions have likely 

changed in these communities over time, as the BITH prescribed burning program has continued, but 

relative comparisons between vegetation types may still apply (e.g., upland pine communities have 

higher f uel loads than mid and lower slope communities). 

 

Figure 11. Fuel load (left) and fuel depth (right) data by vegetation type from Liu (1995). sh = sand hill, up 
= upland pine, us = upper slope, ms = midslope, ls = lower slope, bg = baygall, ws = wetland pine 
savanna. 1 hour = fine fuels (e.g., leaves, needles); 10 hr. = woody material, 0.25-1 inch diameter; 100 hr. 
= woody material, 1-3 inches diameter. 
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The LANDFIRE program has created a nationwide GIS data layer of the 13 Anderson fire behavior 

fuel models (LANDFIRE 2010). This model classifies fuels by type (e.g., grass, shrub, timber). Fuel 

type influences fire behavior, such as intensity and rate of spread (Liu 1995, McHugh 2004). This 

data layer can be used by land managers in fire behavior and effects software programs (LANDFIRE 

2015). As mentioned previously, these modeled data are not as accurate as on-the-ground research, 

but it can provide some information on fuel loading in areas where it has not been monitored or 

studied. Figure 12 shows fuel model data for all BITH units while Figure 13 presents a closer look at 

fuel model data in the BSCU, where several prescribed burns have occurred in recent decades. 

 

Figure 12. Fire behavior fuel model data for all BITH units from LANDFIRE (2010). 
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Figure 13. Fire behavior fuel model data for the BSCU (LANDFIRE 2010). 

Threats and Stressors Factors 

Threats to BITHôs fire regime include land development/fragmentation, fire suppression, past 

logging practices, southern pine beetle (SPB) (Dendroctonus frontalis) damage, invasive plant 

species, hurricanes and drought, and climate change. Residential, agricultural, and industrial 

development has fragmented the natural landscape in the BITH region, preventing the spread of fire 

and reducing its frequency (Simberloff 2000). When natural fires do occur, they must be suppressed 

to protect homes, crops, or other structures (Simberloff 2000). The proximity of residential 

development has also limited the use of prescribed fire in some BITH units, particularly the HCSU 

which borders the Wildwood Community (NPS 2001). Residential subdivisions or rural homes occur 

along approximately 212 km (132 mi) of BITHôs boundaries; commercial timber property borders 

nearly 1,000 km (621 mi) of preserve (NPS 2012). 

Fire suppression was common throughout the U.S. during the 20th century, including in the BITH 

region (Frost 1993, McHugh 2004). When fire is suppressed, open vegetation communities are 

invaded by fire-intolerant trees, and native shrubs are able to form dense thickets (McHugh 2004, 

Varner et al. 2005). This increases the density and coverage of the midstory vegetation layer. A dense 

midstory and brushy understory increases fuel loads, along with the risk that wildfires will cause 

significant damage to the ecosystem when they do occur (McHugh 2004, Brockway et al. 2005). 
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Yaupon thickets can produce 24 m (80 ft.) flame lengths, which can kill mature longleaf pines 

(McHugh 2004). Increased intensity and severity of wildfires throughout the U.S. have been linked to 

hazardous fuel loads due to 20th-century fire suppression (Swetnam et al. 1999, Henderson 2006). 

Historic logging has altered BITHôs vegetation and fire regime in several ways. Initial logging 

activities in the early 20th century fragmented the landscape, preventing fires from spreading and 

reducing their extent and frequency (Simberloff 2000, NPS 2012). The logging of large pines altered 

fuel beds by removing a source of fine ground fuels (e.g., pine needles, bark, cones), which 

contributed to reduced fire frequency (McHugh 2004). Logged areas and former plantations also 

provided openings for brushy species such as yaupon, holly (Ilex opaca), and sweet gum to form 

dense thickets, which alter fire regime (NPS 2012). 

Southern pine beetle outbreaks (which will be discussed further in Chapter 4.2) can cause tree 

mortality, which influences fuel loads. Dead pines contribute a heavy load of bark, needles, and 

cones to the ground layer, all of which are very flammable. Such conditions were observed in the 

BSCU and the LRU in the early 1980s following beetle infestations in the late 1970s (Glitzenstein 

and Harcombe 1980, Harcombe and Schafale 1981). The loss of mature canopy trees in the BITH 

region around that time also increased light availability for the understory, and allowed brushy 

vegetation to become dominant (McHugh 2004). This brush often burns with a high intensity that can 

damage any remaining large pines as well as pine saplings (McHugh 2004). Some infestations have 

left large trees on the ground, which can reduce accessibility for personnel conducting prescribed 

burns or fighting wildfires (McHugh 2004). McHugh (2004) noted that southern pine beetle activity 

had altered vegetation and fuel conditions in the BSCU, TCU, and BCU. 

Hurricanes or other strong wind events can cause large blowdowns (i.e., trees uprooted or broken by 

wind) which increase woody fuel loads (Henderson 2006, NPS 2012). These downed trees may 

provide enough fuel to kill or severely damage nearby living trees (Henderson 2006). The 

blowdowns also increase light availability, which, as mentioned above, allows brushy vegetation to 

thrive. Dense brush also typically lacks grasses and other fine fuels, which makes them resistant to 

prescribed fire treatments (NPS 2012). After hurricanes in 2005 and 2008, BITH managers had to use 

mechanical treatments (i.e., cutting and removal) to reduce hazardous fuel loads (NPS 2012). 

During droughts, fuels are drier and more flammable, increasing the likelihood of fires and their 

potential rate of spread (Henderson 2006). Nearly every vegetation type in BITH could experience 

fire during extended droughts, even the baygalls which are normally wet with frequent standing 

water (Liu 1995, McHugh 2004). Droughts can cause prescribed fire treatments to be postponed, as 

conditions are often too dangerous or unpredictable to conduct burns safely (NPS 2012). Droughts 

may increase in both frequency and duration in the BITH area due to global climate change 

(Harcombe et al. 1999). 

Invasive plants can alter vegetation communities which, in turn, influences fuel loads and fire regime 

(Brooks et al. 2004, Brooks 2008). One of the non-native species of concern in BITH is Chinese 

tallow, a highly invasive tree. Tallow trees can shade out herbaceous ground layer vegetation, 

reducing the fine fuels necessary to start and carry a fire (Brooks 2008). This often reduces fire 
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frequency, but increases intensity and severity when fires do occur (Brooks 2008). In turn, fire 

occurrence outside the historic fire regime may favor invasive species (Smith et al. 2008, Zouhar et 

al. 2008). Fire suppression in fire-adapted communities such as grasslands and savannas may allow 

woody non-native species to invade (Zouhar et al. 2008); in other communities, fire may actually 

favor invasive plants over natives due to their high competitive abilities (Smith et al. 2008, Zouhar et 

al. 2008). 

Data Needs/Gaps 

Actual data regarding the historic frequency of fires in the various BITH vegetation communities are 

limited. The lack of older trees throughout the southeast (due to logging and removal for other human 

activities) for fire scar analysis presents a challenge, as does the fact that most historic fires were 

likely low severity and may not have been hot enough to scar trees (McHugh 2004, Henderson 

2006). However, fire-dependent communities at BITH could be searched for large trees that could 

contribute further information on historic fire frequency. 

The effects of fire in some mesic communities (e.g., mid and lower slope forests) have not been well-

researched (Christensen 1988, Liu 1995). This is partly because fires naturally occur less frequently 

here due to slightly wetter conditions. Wetland baygalls also have not burned during fire effects 

studies (Liu 1995). Fire impacts in this community could be severe due to the sensitivity of many 

common plant species and the presence of deep peat layers (Christensen 1981, Liu 1995).  

Fire affects research in BITH has focused primarily on woody species. Further research is needed 

into the response of ground-layer plants to burning, particularly in longleaf pine communities known 

for their biodiversity (Liu et al. 1995). Additional information on post-fire vegetation responses such 

as re-sprouting and germination (e.g., hardwoods vs. pines, shrubs vs. tree seedlings) would also be 

useful (McHugh 2004). Lastly, research into the relationships between invasive species and fire in 

various vegetation communities is needed (Stocker and Hupp 2008, Zouhar et al. 2008). The GULN 

will be implementing a vegetation monitoring program at BITH in 2016 that will include some of the 

preserveôs prescribed burn units and may provide some insight on these data needs over time (Robert 

Woodman, GULN Ecologist, written communication, 16 July 2015). 

Overall Condition 

Frequency 

The project team assigned this measure a Significance Level of 3. Historically, the BITH region 

likely experienced frequent low-intensity fires (every 3-10 years, depending on vegetation type; 

McHugh 2004, NPS 2012a). After European settlement (early to mid-1900s), a policy of fire 

suppression was enforced, contributing to greatly reduced fire frequency in east Texas and across the 

U.S. (Frost 1993, Henderson 2006). In 1982, BITH initiated a prescribed burn program to return fire 

to the communities within the preserve where it naturally occurred (McHugh 2004). Due to the often 

dangerous conditions created by the accumulation of hazardous fuel levels during the decades of fire 

suppression and other constraints (e.g., personnel, weather, adjacent land uses), the NPS prescribed 

burn program has not yet been able to achieve the frequency at which fires historically occurred in all 
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fire-dependent communities throughout the preserve. Therefore, fire frequency remains of moderate 

concern (Condition Level = 2). 

Severity 

The severity measure was also assigned a Significance Level of 3. Historically, low severity fires 

were likely common in the BITH region and high severity fires were extremely rare (Frost 2000, 

NPS 2012a). Decades of fire suppression have contributed to fuel build-ups that could increase the 

severity of fires when they do occur. Burn severity data from MTBS for five fires in BITH showed 

that a majority of burned area fell into the ñunburned to lowò and ñlowò severity categories (MTBS 

2015b). However, on a 1996 fire just outside BITH boundaries, nearly 65% of the burned area 

showed high severity (MTBS 2015b). Since high severity fires are still a danger in the BITH area, 

this measure is of moderate concern (Condition Level = 2). 

Fuel Loading and Distribution 

The Significance Level of this measure is a 3. No recent on-site data are available for fuel loading in 

BITH. LANDFIRE fuel models show that much of the preserve area would be expected to 

experience only low intensity or slow moving ground fires (Figure 12, LANDFIRE 2010). However, 

the models show several areas containing fuels that are highly flammable or that could support high 

intensity ground fires with frequent crowning (LANDFIRE 2010). This supports observations by 

NPS staff and researchers of heavy fuel accumulations (due to fire suppression, bark beetle activity, 

and blowdowns) in some areas of BITH (Harcombe and Schafale 1981, Liu 1995, McHugh 2004). 

Because hazardous fuel loads are still present within the preserve, this measure is assigned a 

Condition Level of 2, indicating moderate concern. 

Location 

This measure was assigned a Significance Level of 1. Measures with a Significance Level of 1 are not 

discussed in depth in the current condition section of this assessment, but available information is 

summarized here in the overall condition section. Fire locations are mapped by date (1976-2002 and 

2003-2015, varying by unit) in Appendix B. Over the past decade, prescribed burns in BITH have 

been limited to the BSCU, HCSU, TCU, LRU, and a single boundary area just east of preserve 

headquarters (NPS 2015a, Appendix B). Prior to 2000, smaller prescribed burns occurred in the Jack 

Gore Baygall Unit (JGBU) and BCU (NPS 2004). Wildland fire locations are dispersed throughout 

the BITH area; since 2002, wildfires have primarily impacted only very small areas within preserve 

boundaries (NPS 2015b, Appendix B). Since there is no evidence that fire locations are currently a 

cause for concern, this measure is assigned a Condition Level of 1 (low concern). 

Intensity 

The intensity measure also received a Significance Level of 1. Intensity is the energy or magnitude of 

heat produced by a fire (Key and Benson 2006, Keeley 2008). It can be an indicator to fire managers 

of the potential effects of fire on soil and vegetation (i.e., fire severity) during prescribed burns. Low 

intensity fires normally only impact herbaceous vegetation and small woody individuals (e.g., 

seedlings and saplings, small shrubs); high intensity fires can impact larger trees, even those 

considered fire resistant (Liu 1995). Pines are generally more fire resistant (i.e., able to handle more 

frequent and intense burns) than hardwoods such as oaks and gums, partly due to bark thickness 
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(McHugh 2004). As a result, fire intensity can influence both the composition and structure of 

vegetation communities. 

To document fire intensity during burns at BITH, Liu (1995) recorded fire temperatures using fire-

sensitive tablets (from Tempil, Big Three Industries) and measured scorch heights on trees after fires. 

The data collected during this study are presented in Table 9. Recorded fire temperatures ranged 

from 0°C to 399°C, with the highest temperatures occurring in upland pine communities (Liu 1995). 

Scorch heights varied from 3.2 cm (1.3 in) to 210.5 cm (82.9 in); the highest scorch heights also 

occurred in upland pine communities (Liu 1995). These data indicate that upland pine communities 

experienced the highest intensity fires during this study period.  

Table 9. Fire temperature (°C) and scorch height data from early 1990s BITH fires (Liu 1995). 

Unit Vegetation Type Fire Temp (°C) Scorch Height (cm) 

Big Sandy 

 

Upper slope N/A 12.7 

N/A 70.4 

N/A 21.9 

N/A 3.2 

204 N/A 

152 N/A 

<52 N/A 

Mid slope N/A 22.1 

N/A 41.4 

N/A 32.2 

N/A 46.3 

N/A 11.8 

Upland pine 399 N/A 

253 N/A 

253 N/A 

343 N/A 

152 N/A 

Lance Rosier Wetland pine 
savanna 

<52 18.6 

262 122.7 

0 11.6 

152 80.6 

0 15.0 
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Table 9 (continued). Fire temperature (°C) and scorch height data from early 1990s BITH fires (Liu 
1995). 

Unit Vegetation Type Fire Temp (°C) Scorch Height (cm) 

Lance Rosier Savanna/lower slope 52 22.4 

101 6.9 

0 4.8 

0 6.9 

101 25.8 

Turkey Creek 

 

Upland pine 101 78.9 

262 70.5 

204 210.5 

153 171.3 

<52 54.5 

Upper slope <52 52.4 

204 66.8 

Upper slope 204 73.0 

101 46.1 

<52 31.1 

Hickory Creek Wetland savanna <52 N/A 

52 N/A 

153 N/A 

<52 N/A 

262 N/A 

<52 N/A 

262 N/A 

101 N/A 

<52 N/A 

153 N/A 

Data regarding fire intensity in BITH are limited to this one source (Liu 1995), which is now two 

decades old and likely not indicative of current conditions in the preserve. However, NPS managers 

are aware of many areas within the preserve where brushy fuel loads are high and high intensity fires 

are a significant danger. As a result, this measure is assigned a Condition Level of 2, indicating 

moderate concern. 
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Weighted Condition Score 

The WCS for BITHôs fire regime is 0.64, which indicates moderate concern. Conditions in many 

areas of the preserve have improved in recent decades due to the NPS prescribed fire program. 

However, some hazardous fuel loads still remain, meaning the risk of high severity fires continues to 

be a management concern.  

Fire Regime 

Measures Significance Level Condition Level WCS = 0.64 

Frequency 3 2 

 

Severity 3 2 

Fuel Loading and 
Distribution 

3 2 

Location 1 1 

Intensity 1 2 

4.1.6 Sources of Expertise 

¶ DW Ivans, BITH Fuels Specialist 

¶ Ken Hyde, BITH Chief of Resources Management 
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4.2 Pine Uplands 

4.2.1 Description 

The pine uplands of BITH occur on level or 

rolling hilltops with sandy soils (Harcombe and 

Marks 1979). Longleaf pine was the dominant 

species historically, occurring in relatively open 

stands of varying height and density, depending 

on stand history (Photo 3). Currently, longleaf 

remains in small pockets and as individual trees. 

Shortleaf and loblolly pine are also common in 

these uplands, while several oaks (bluejack 

[Quercus incana], blackjack [Q. marilandica], 

post [Q. stellata], southern red [Q. falcata]) and 

sweetgum may be present (Harcombe and Marks 

1979, NPS 2012a). The understory in these stands 

can vary greatly depending on past disturbance 

and management, particularly fire history. Where 

fire has been absent, woody understory species are 

often dense, including flowering dogwood (Cornus florida), American beautyberry (Callicarpa 

americana), wax-myrtle (Morella cerifera), yaupon and flame-leaf sumac (Rhus copallina) 

(Harcombe and Marks 1979, NPS 2012a). When woody species are absent, a dense and diverse 

herbaceous layer of grasses and forbs is typically present, often dominated by bluestem species 

(Harcombe and Marks 1979).  

Longleaf pine upland communities are known for their species diversity, supporting some of the 

highest levels of species richness outside the tropics (Brockway et al. 2005). Unfortunately, these 

communities are also among the most endangered ecosystems in the U.S., with just over 5% of their 

original extent remaining (1.9 million ha [4.7 million ac] of the original 36 million ha [90 million 

ac]) (Noss et al. 1995, Brockway et al. 2005, ALRI 2013). The U.S. Fish and Wildlife Service 

(USFWS) (USFWS 2009) has identified 30 federally listed threatened or endangered species that live 

in longleaf pine forests. One of the now rare species historically associated with upland pine forests 

in the BITH region is the red-cockaded woodpecker. These birds excavate nesting and roosting 

cavities from live pines, unlike most woodpecker species, which target dead trees (Belanger et al. 

1988). The woodpeckers excavate small holes around their nest cavities that ooze resin, creating a 

barrier that prevents predatory snakes from reaching the cavities (Rudolph et al. 1990). Red-

cockaded woodpeckers prefer older trees in mature, low-density pine stands (Belanger et al. 1988), 

which are now rare due to logging and fire suppression.  

Recent reviews of historic information, soils, topography, and LiDAR mapping data have found 

7,976 ha (19,710 ac) of historic, current, and/or potential habitat for longleaf pine restoration within 

BITH (Hyde, and Jeff Bracewell, GULN GIS Specialist, written communications, October 2015). A 

majority of this area would be pine uplands, although some longleaf pine wetlands may also be 

included (Hyde, written communication, 6 October 2015). Currently, pine uplands are known to 

Photo 3. Longleaf pine stand (NPS photo by 
Rudy Evenson). 
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occur in nearly all of the units of the preserve, with the largest areas located in the BSCU, TCU, 

BCU, HCSU, LRU, and the CU (Hyde, written communication, 6 October 2015). According to 

Harcombe and Marks (1979), pine uplands covered approximately 388.5 ha (960 ac) in BSCU and 

71.2 ha (176 ac) in TCU for an estimated total of 459.7 ha (1,136 ac) (Figure 14). More recent 

mapping efforts (DESCO 2007) identified 209 ha (517 ac) of Longleaf Pine Woodland Alliance and 

250 ha (618 ac) of Loblolly-Shortleaf Pine Forest Alliance in the TCU alone (Figure 14). Since 2000, 

BITH managers have aggressively used prescribed fire, mechanical removal of aggressive understory 

species, and planting of young seedlings to begin the restoration of longleaf pines to upland and 

wetland pine habitats (Hyde, written communication, 6 October 2015). As of 2015, they have also 

added herbicide treatments into the toolbox for both fire management planning and site restoration. 

 

Figure 14. Pine uplands in TCU (DESCO 2007) and BITH fire effects monitoring plots located within pine 
uplands (NPS 2012b). Note that pine uplands occur in many other preserve units but have not been 
formally mapped. 

4.2.2 Measures 

¶ Herbaceous understory diversity 

¶ Herbaceous understory density 

¶ Midstory density 
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¶ Basal area 

¶ Age class 

4.2.3 Reference Conditions/Values 

The reference condition for this component is the condition of the pine uplands prior to European 

settlement and extensive logging of the area. However, little information is available from this time 

period. The earliest known studies of vegetation within the current preserve boundaries occurred in 

the 1970s (Marks and Harcombe 1978, Harcombe and Marks 1979), when much of the region had 

already been harvested for timber several times. The information presented in this NRCA could serve 

as a baseline for future assessments. 

4.2.4 Data and Methods 

Harcombe and Marks (1979) sampled 56 vegetation stands throughout the various BITH units, 

covering the topographic range from floodplains to upland forests. The focus of the study was on 

woody vegetation, with little attention given to the herbaceous understory. Only three of the stands 

sampled were classified as upland pine forests. Harcombe and Marks (1975) also studied upland 

forest stands in the BSCU. Streng and Harcombe (1982) sampled one upland forest stand in BITHôs 

HCSU. Watson (1982) provided a preserve-wide plant species list and information on the community 

types where each species was found; this provided information on herbaceous understory diversity.  

Liu et al. (1990, 1992) sampled vegetation in TCU and BSCU pine uplands as part of a fire affects 

monitoring study. Data gathered included basal area and stand density. Different plots were sampled 

within the study area in the two survey efforts. Data were presented in these reports by stand and plot 

type (burn vs. control); SMUMN GSS analysts calculated means for pine uplands in each unit from 

these data.    

Lewis et al. (2000) sampled forest vegetation in the BSCU as part of a study of the herpetofaunal 

community. The study identified the most dominant plant species in the overstory, midstory, 

understory, and herbaceous ground layer, as well as documenting density and canopy closure in the 

first three layers. To determine the most dominant species in each layer, Lewis et al. (2000) 

calculated ñimportance values,ò which factor in the speciesô frequency, density, and basal area.  

During a 2006 vegetation assessment of the TCU, DESCO (2007) visited several upland pine stands 

(Pinus taeda-Pinus echinata Forest Alliance). Sixteen plots totaling 0.4 ha (1.0 ac) were sampled for 

woody vegetation; data gathered included basal area and density (total and by layer). Herbaceous 

vegetation was sampled in 140 1 m x 1 m plots, totaling 14 m2 (151 ft2) (DESCO 2007). 

4.2.5 Current Condition and Trend 

Herbaceous Understory Diversity 

As mentioned previously, longleaf pine communities are known for their species diversity, and this 

includes the herbaceous understory. Watson (1982) provided a plant species list for the preserve that 

documented the community types where each species was found. SMUMN GSS analysts used this 

list to isolate herbaceous species (trees and shrubs were excluded) known to occur in longleaf pine 
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uplands. According to this list, 168 herbaceous species have been documented in BITHôs pine 

uplands (Appendix C).  

Only one recent survey, limited to TCU (DESCO 2007), has addressed herbaceous understory 

diversity. DESCO (2007) documented 104 plant species in the understory of TCU pine upland plots. 

However, only 39 of these species were herbaceous plants; the remainder were seedlings or saplings 

of woody species (trees or shrubs). These species are also listed in Appendix C. 

Herbaceous Understory Density 

In the open setting typical of pine uplands prior to European settlement, the herbaceous understory 

was likely very dense. However, fire suppression has contributed to increased canopy cover in these 

woodlands, especially of midstory shrubs, reducing both the diversity and density of the herbaceous 

understory (Varner et al. 2005). Herbaceous understory density has not been specifically studied 

within BITHôs pine uplands. While Lewis et al. (2000) reported understory density values, the 

ñunderstoryò was classified as plants between 0.5 and 3 m (1.6-9.8 ft.) in height; at these heights, the 

ñunderstoryò is likely dominated by young woody plants rather than herbaceous species. Lewis et al. 

(2000) did document ñground coverò (vegetation less than 0.5 m [1.6 ft.] in height), defined as the 

number of times a ñmeter stick touched per 10 point samplesò (p. 145). In pine uplands, the mean 

herbaceous ground cover value was 4.0 and the mean woody species ground cover value was 4.1 

(Lewis et al. 2000). DESCO (2007) also recorded ñground coverò in the herbaceous layer of TCU 

pine uplands. Herbaceous vegetation ground cover in sample plots averaged 22.71% (DESCO 2007). 

Midstory Density 

In pre-settlement pine upland communities, the midstory layer would have been open (i.e., low 

density) with scattered shrubs and hardwoods (primarily oak species) due to frequent fires. However, 

fire suppression, repeated logging opening the overstory, and other factors have caused the midstory 

density to increase in many pine uplands (Varner et al. 2005). This is especially the case for yaupon 

holly which produces abundant seed, is a re-sprouter, and is an early ñcolonizerò of disturbed sites 

Very little information is available regarding midstory density in BITHôs upland pine communities. 

Lewis et al. (2000) reported a midstory density of 27.5 stems/100 m2 in pine upland forest stands in 

BSCU, and Streng and Harcombe (1982) documented the density of shrub species in a Hickory 

Creek upland forest (Table 10). 

Table 10. Density (stems/ha) of shrub species within an upland forest stand sampled by Streng and 
Harcombe (1982). 

Scientific Name Common Name 
Density 

(stems/ha) 

Morella cerifera wax-myrtle 3,600 

Symplocos tinctoria common sweetleaf 2,476 

Ilex vomitoria yaupon 1,882 

Rubus sp. blackberry 1,160 

Callicarpa americana American beautyberry 120 
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Table 10 (continued). Density (stems/ha) of shrub species within an upland forest stand sampled by 
Streng and Harcombe (1982). 

Scientific Name Common Name 
Density 

(stems/ha) 

Cornus florida flowering dogwood 128 

Magnolia virginiana sweetbay 1,016 

Rhododendron oblongifolium Texas azalea 620 

Persea borbonia redbay 182 

Rhus copallina flame-leaf sumac 2 

Hypericum hypericoides ssp. hypericoides St. Andrewôs cross 60 

Asimina parviflora smallflower pawpaw 60 

Frangula caroliniana Carolina buckthorn 60 

Sassafras albidum sassafras 62 

Vaccinium arboreum farkleberry 198 

Vaccinium stamineum deerberry 40 

Total  11,666 

DESCO (2007) recorded midstory and shrub layer density in 16 sample plots within TCU pine 

uplands (Pinus taeda-Pinus echinata Forest Alliance). ñMidstoryò included stems 2.5-12 cm in 

diameter, whereas the ñshrubò layer consisted of stems 0.5-2.5 cm in diameter. The average midstory 

density was 1,610 stems/ha and shrub density was 6,380 stems/ha (DESCO 2007). Densities by 

species are presented in Table 11. 

Table 11. Midstory and shrub layer densities by species in TCU pine uplands (Pinus taeda-Pinus 
echinata Forest Alliance) (DESCO 2007).  

Scientific Name Common Name 
Midstory Density 

(stems/ha) 
Shrub Layer Density 

(stems/ha) 

Quercus nigra water oak 10.0 75.0 

Quercus incana bluejack oak 12.5 25.0 

Quercus margaretta sand post oak 20.0 -- 

Vitis rotundifolia muscadine 10.0 50.0 

Carya texana black hickory 10.0 25.0 

Ulmus alata winged elm 10.0 -- 

Morus rubra red mulberry 5.0 -- 

Prunus serotina black cherry 5.0 -- 
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Table 11 (continued). Midstory and shrub layer densities by species in TCU pine uplands (Pinus taeda-
Pinus echinata Forest Alliance) (DESCO 2007).  

Scientific Name Common Name 
Midstory Density 

(stems/ha) 
Shrub Layer Density 

(stems/ha) 

Viburnum rufidulum rusty blackhaw 10.0 -- 

Halesia diptera two-wing silverbell 7.5 -- 

Magnolia virginiana sweetbay 5.0 -- 

Pinus palustris longleaf pine 5.0 -- 

Juniperus virginiana eastern redcedar 2.5 -- 

Crataegus marshallii parsley hawthorn 2.5 -- 

Toxicodendron radicans eastern poison ivy 2.5 -- 

Fraxinus caroliniana Carolina ash 2.5 50.0 

Styrax grandifolius bigleaf snowbell 2.5 -- 

Bignonia capreolata crossvine 2.5 -- 

Castanea pumila chinquapin 2.5 25.0 

Ilex vomitoria yaupon -- 1,802.5 

Cyrilla racemiflora swamp titi -- 775.0 

Quercus falcata southern red oak -- 400.0 

Vaccinium corymbosum highbush blueberry -- 950.0 

Persea palustris swamp bay -- 500.0 

Quercus hemisphaerica Darlington oak -- 377.5 

Liquidambar styraciflua   sweetgum -- 75.0 

Ditrysinia fruticosa Gulf Sebastian-bush -- 450.0 

Pinus taeda loblolly pine -- 150.0 

Symplocos tinctoria common sweetleaf -- 100.0 

Ilex opaca American holly -- 100.0 

Callicarpa americana American 
beautyberry 

-- 100.0 

Asimina parviflora smallflower pawpaw -- 75.0 

Ulmus rubra slippery elm -- 25.0 

Morella cerifera wax myrtle -- 75.0 
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Table 11 (continued). Midstory and shrub layer densities by species in TCU pine uplands (Pinus taeda-
Pinus echinata Forest Alliance) (DESCO 2007).  

Scientific Name Common Name 
Midstory Density 
(stems/ha) 

Shrub Layer Density 
(stems/ha) 

Nyssa sylvatica blackgum -- 25.0 

Smilax glauca cat greenbrier -- 25.0 

Vaccinium stamineum deerberry -- 25.0 

Sassafras albidum sassafras -- 25.0 

Vaccinium arboreum farkleberry -- 25.0 

Carpinus caroliniana American hornbeam -- 25.0 

Pinus echinata shortleaf pine -- 25.0 

Basal Area 

Basal area is calculated by multiplying the cross-sectional area of all stems (or trunks) of a species 

within a known area (typically a hectare or acre) (Harcombe and Marks 1979). It is a density 

measurement that takes into account the area occupied by each species, rather than just the number 

of stems of each species within a given area. Stand density can impact longleaf pine regeneration in 

several ways. First, higher density stands typically have greater canopy cover, which limits the 

amount of light available for pine seedlings. Boyer and White (1989) also state that stand density 

affects longleaf cone production, with production peaking at basal areas between 6.9 and 9.2 m2/ha 

(30-40 ft2/ac) and dropping rapidly outside this range. 

Basal area data are very limited for the pine uplands of BITH. Harcombe and Marks (1979) 

calculated basal areas for three upland pine stands. The basal areas for pine uplands by species and 

overall from Harcombe and Marks (1979) are shown in Table 12. Longleaf pine had the greatest 

basal area in these stands by far, comprising 81% of the total basal area. 

Table 12. Mean total basal area (m2/ha) by species within upland pine forest stands sampled by 
Harcombe and Marks (1979). Only species with basal areas >0.05 m2/ha are included in the table. 

Scientific Name Common Name Basal  Area 

Pinus palustris longleaf pine 9.5 

Pinus taeda loblolly pine 0.7 

Quercus incana bluejack oak 0.5 

Pinus echinata shortleaf pine 0.4 

Quercus marilandica blackjack oak 0.2 

Quercus falcata southern red oak 0.2 
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Table 12 (continued). Mean total basal area (m2/ha) by species within upland pine forest stands sampled 
by Harcombe and Marks (1979). Only species with basal areas >0.05 m2/ha are included in the table. 

Scientific Name Common Name Basal  Area 

Quercus stellata post oak 0.1 

Liquidambar styraciflua   sweetgum 0.1 

Total  11.7 

Streng and Harcombe (1982) calculated basal area for one upland forest stand in the HCSU of BITH. 

In this stand, loblolly pine had a slightly higher basal area than longleaf (Table 13). The total basal 

area was higher than the mean data for stands sampled by Harcombe and Marks (1979). However, it 

should be noted that Harcombe and Marks (1979) only included species with basal areas >0.05 

m2/ha, while the Streng and Harcombe (1982) total includes all species with basal areas >0.01 m2/ha. 

Table 13. Mean total basal area (m2/ha) by species within an upland forest stand sampled by Streng and 
Harcombe (1982). Only species with basal areas >0.01 m2/ha are included in the table. 

Scientific Name Common Name Basal  Area 

Pinus taeda loblolly pine 6.72 

Pinus palustris longleaf pine 5.85 

Liquidambar styraciflua   sweetgum 2.41 

Pinus echinata shortleaf pine 1.80 

Quercus falcata southern red oak 1.05 

Quercus laurifolia laurel oak 0.82 

Quercus nigra water oak 0.69 

Nyssa sylvatica blackgum 0.59 

Acer rubrum red maple 0.07 

Quercus stellata post oak 0.05 

Quercus alba white oak 0.04 

Total  20.09 

Liu et al. (1990, 1992) gathered basal area data from pine uplands in the BSCU and TCU. All mean 

basal area values documented by Liu et al. (1990, 1992) were higher than those previously 

documented. In both survey years, TCU stands showed greater mean basal areas than BSCU stands 

(Table 14, Table 15). Longleaf pine had the highest individual species basal area in both units during 

the first survey (Liu et al. 1990), followed by loblolly pine (Table 14). In the second survey (Liu et 

al. 1992), longleaf pine showed the greatest basal area in TCU stands, but shortleaf pine dominated in 

BSCU stands (Table 15). 
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Table 14. Mean total basal area (m2/ha) by species within pine uplands sampled by Liu et al. (1990). 
Values are means by unit based on stand data presented in Liu et al. (1990). 

Species BSCU TCU 

Acer rubrum -- 0.15 

Cornus florida -- 0.15 

Crataegus sp. 0.05 -- 

Ilex opaca -- 0.10 

Ilex vomitoria 0.90 0.20 

Liquidambar styraciflua   2.25 0.65 

Magnolia virginiana -- 0.30 

Myrica cerifera 0.05 -- 

Nyssa sylvatica 0.10 2.25 

Persea borbonia -- 0.10 

Pinus echinata 1.10 -- 

Pinus palustris 12.45 19.75 

Pinus taeda 8.65 9.45 

Quercus falcata 0.25 1.70 

Quercus laurifolia -- 0.10 

Quercus marilandica 1.15 -- 

Quercus nigra -- 1.05 

Quercus stellata 0.45 -- 

Symplocos tinctoria -- 0.05 

Total 27.4 36.0 

Table 15. Mean total basal area (m2/ha) by species within pine uplands sampled by Liu et al. (1992). 
Values are means by unit based on stand data presented in Liu et al. (1992). Note that the exact same 
plots within the pine uplands were not visited during this survey as in Liu et al. (1990). 

Species BSCU TCU 

Acer rubrum -- 0.1 

Aralia spinosa 0.05 -- 

Cornus florida 0.15 0.3 

Ilex vomitoria -- 0.2 
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Table 15 (continued). Mean total basal area (m2/ha) by species within pine uplands sampled by Liu et al. 
(1992). Values are means by unit based on stand data presented in Liu et al. (1992). Note that the exact 
same plots within the pine uplands were not visited during this survey as in Liu et al. (1990). 

Species BSCU TCU 

Liquidambar styraciflua   0.25 0.2 

Nyssa sylvatica -- 1.7 

Pinus echinata 11.05 -- 

Pinus palustris 0.25 31.0 

Pinus taeda 8.20 -- 

Quercus falcata -- 0.2 

Quercus marilandica 0.80 -- 

Quercus nigra -- 0.6 

Quercus stellata 1.55 -- 

Vaccinium arboreum 0.05 -- 

Viburnum rufidulum 0.05 -- 

Total 22.45 34.3 

DESCO (2007) also reported basal areas for pine uplands in the TCU. In 16 sample plots, total basal 

area (overstory, midstory, and shrub layer) was 29.23 m2/ha. Basal area of the overstory alone was 

24.56 m2/ha, dominated by loblolly pine with a basal area of 9.0 m2/ha and shortleaf pine with 7.7 

m2/ha (DESCO 2007). This overstory basal area was lower than the values reported by Liu et al. 

(1990, 1992) for TCU pine uplands. 

Threats and Stressors Factors 

Threats to the pine uplands within BITH include altered fire regime, increased density of the 

midstory, invasive and exotic plants, feral hogs, drought, southern pine beetle, and past logging 

operations. The upland pine forests within BITH are strongly influenced by fire (Liu 1995, NPS 

2012). The herbaceous understory species of longleaf pine communities have evolved with frequent, 

low intensity fires that often increased flowering, fruiting, and/or seed germination following a burn 

(Reinhart and Menges 2004, Caldwell 2005). Periodic fire has been shown to increase herbaceous 

species diversity in longleaf pine ecosystems (Brockway and Lewis 1997) and to stimulate 

regeneration of longleaf pine itself (Liu 1995). Historically, fires are thought to have occurred 

naturally every 2 to 8 years in longleaf pine forests (Brockway et al. 2005). Unfortunately, 

clearcutting by logging operations and agricultural development by European settlers resulted in 

habitat fragmentation, which prevented fires from spreading through forests, ultimately reducing 

their frequency (Frost 1993, Simberloff 2000). Active fire suppression was common in the BITH 

area and throughout the U.S. during the 20th century, especially after pine plantation expansion in the 

mid-1900s (Frost 1993). When fire is suppressed, hardwood species such as fire-intolerant oaks, 

sweetgum, and blackgum (Nyssa sylvatica) invade these open pine communities (Watson 1982, 



 

66 

 

Varner et al. 2005). This invasion often increases the density of the midstory (e.g., shrubs such as 

dogwood and yaupon) (Watson 1982). Dense mid- and under-stories often act as ñladder fuels,ò 

carrying fire into the tree canopy. Combined with the increased fuel load, this can escalate fire 

intensity and severity, thereby increasing the risk that wildfires will cause catastrophic losses within 

the ecosystem and nearby residential areas when they do occur (Brockway et al. 2005). A dense 

midstory also shades out any longleaf seedlings and saplings, resulting in very low recruitment even 

around mature longleaf trees with abundant cone production (Hyde, written communication, 6 

October 2015). BITH managers have been using prescribed fire on an ever-increasing portion of the 

landscape in an effort to restore the pre-settlement vegetation structure, composition, and function to 

these historically fire-maintained communities (NPS 2012). Managers also use mechanical 

vegetation removal to pre-treat areas with tall and dense understories, in order to reduce longleaf 

mortality from intense fires and to open the canopy. Herbicide treatments are another tool that is now 

being used to better control root-sprouting vegetation, such as yaupon and sweetgum, which quickly 

regenerates after prescribed burns (Hyde, written communication, 6 October 2015). 

Feral hog numbers have increased across Texas and the U.S. in recent decades, including in the 

BITH region where reported hog damage to preserve resources has increased (Chavarria 2006). 

Using harvest survey data and track-count surveys, Chavarria (2006) estimated a nearly three-fold 

increase in the preserveôs feral hog population between 1981 and 2004. The average number of hog 

tracks documented annually in the preserve increased from 0.5 tracks/km in 1987 to 2.1 tracks/km in 

2004 (Chavarria 2006). Vegetation damage from hog activity averaged 28% across the three BITH 

units sampled (BSCU, TCU, and Lance Rosier; Chavarria 2006). In addition to direct damage from 

rooting, wallowing, trampling, and herbivory, hogs can alter nutrient cycling and litter dynamics, as 

well as facilitate the spread of non-native plants (NPS 2013). While hog impacts are often most 

severe in wetter habitats, such as floodplain forests, damage has also been observed in uplands 

(Chavarria 2006) and hogs are known to consume longleaf pine seedlings (Brockway et al. 2005).   

Non-native and invasive plant species have the potential to outcompete native plants and can alter 

ecological processes (e.g., nutrient cycling, disturbance regimes such as fire) (Gordon 1998). The 

pine uplands have not been specifically inventoried for invasive plants, but 132 non-native plants 

(approximately 10% of all documented plant species) are included on the preserveôs certified species 

list (NPS 2015; Appendix D).  

Drought has been shown to have a negative impact on east Texas forests, especially on pine species. 

Glitzenstein et al. (1999) found that severe, prolonged droughts in Texas in the 1950s and 1980s 

caused growth declines in pines. Their findings suggest that changes in both the amount and 

seasonality of precipitation can impact species composition and competition in forests (Glitzenstein 

et al. 1999). According to Harcombe et al. (1999), drought frequency is likely to increase due to 

global climate change. An extended period of below-average rainfall in 2011 led to an unprecedented 

drought through much of Texas, including BITH (Nielson-Gammon 2012). This drought impacted 

the survival rates of some longleaf pine seedlings planted at BITH as part of ongoing restoration 

efforts (Hyde, written communication, 6 October 2015). 
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Southern pine beetle (SPB) damage is also a threat to BITHôs pine uplands. The SPB is the most 

destructive insect pest in West Gulf Coastal Plain pine forests (Clarke et al. 2000). It is an aggressive 

native bark beetle capable of killing healthy trees; longleaf pine tends to be resistant to SPB due to its 

heavy resin production, but loblolly pine is particularly vulnerable (Clarke et al. 2000). SPB damage 

tends to increase with increases in pine stand density and age (Belanger et al. 1988). A study in 

Texas loblolly stands (Gara and Coster 1968) found that infestations were able to spread between 

trees up to 5.5 m (18 ft) apart and concluded that infestations were unlikely to expand if average tree 

spacing was 6.1 m (20 ft) or more. Beetle attacks often start in pine stands already stressed by 

disturbance, lack of water, intense competition, or overmaturity (>30 years old) (Belanger et al. 

1988). Once SPBs have attacked and overcome a tree, additional pine beetle species may colonize 

the tree (Clarke et al. 2000). In areas where fire suppression has allowed hardwoods to invade the 

understory, pines may not be able to recover following beetle outbreaks, due to competition. SPB 

outbreaks occurred in the area that is now BITH during the mid-1970s and from 1992-1993, both 

impacting over 810 ha (2,000 ac) (Clarke et al. 2000). Also, this area of Texas is located in the 

hurricane alley coming up from the Gulf of Mexico. Longleaf upland pine forests are particularly 

resilient to hurricane damage from high winds and heavy rains. However, following pine beetle 

outbreaks, they can become much more prone to windthrow during hurricane events and wind storms 

if large areas of the forest canopy have been opened due to beetle mortality. 

Human activity prior to preserve establishment is still impacting its vegetation communities. 

According to Allen (1996), logging and conversion to commercial loblolly or slash pine (Pinus 

elliottii ) plantations contributed to declines in longleaf pine throughout the southeast. Harcombe and 

Marks (1979) found evidence of past logging in most BITH forest stands. Logging not only removed 

large trees from the community, but the associated activity damaged pine seedlings and herbaceous 

understory species as well (Boyer and White 1989). It also opened large areas to encroachment by 

aggressive native species such as yaupon and sweetgum (Hyde, written communication, 6 October 

2015). 

Data Needs/Gaps 

Most of the data available for the selected measures presented here are over 10 years old. The only 

more recent information (DESCO 2007) is limited to the TCU. Updated surveys are needed in the 

pine uplands, focusing on the herbaceous understory, midstory density, and tree basal area and age 

structure. A search for invasive plant species could also help determine the threat that they pose to 

this community. A compilation of the past 15 years of BITH fire affects monitoring data (2000-2015) 

would be valuable, along with detailed maps of past efforts to use prescribed fire, physical vegetation 

treatments, herbicides, and seedling plantings to restore longleaf to historic habitats (Hyde, written 

communication, 6 October 2015). Since 2000, BITH has planted thousands of longleaf pine seedlings 

in order to restore the species to historic habitats. The goal of current restoration efforts is to return 

121 ha (300 ac) or more to longleaf pine habitat and plant over 100,000 seedlings (Hyde, written 

communication, 6 October 2015). 

During 2014-2015, BITH managers and a GULN GIS Specialist compiled information on potential 

longleaf pine habitat in the preserve using GIS maps and analysis tools (Hyde, written 
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communication, 6 October 2015). Nearly 8,000 ha (over 19,700 ac) of potential longleaf pine habitat 

were identified, along with information on where current stands and recent restoration plantings are 

known to occur (Bracewell, written communication, 7 October 2015). Maps were derived from 

historic sources and an analysis of soils, drainage, and topography that are believed to be conducive 

to longleaf pine habitat. These maps have not yet been finalized and were not available for inclusion 

in this NRCA, but will provide critical information regarding potential pine upland extent for future 

assessments and restoration efforts. 

The GULN is currently developing a vegetation map and monitoring protocol that will begin 

gathering data at several BITH units by 2016 (Woodman, written communication, December 2014). 

The areas of focus for the vegetation monitoring will be portions of the TCU, JGBU, BCU, and LRU 

(Martha Segura, GULN Program Manager, email communication, 18 February 2015) with additional 

information coming from the fire affects monitoring occurring in the BSCU and HCU. This sampling 

will provide information on plant community composition and coverage at the understory, midstory, 

and canopy levels, and will identify trends in those parameters and species richness (Woodman, 

written communication, October 2015). 

Overall Condition 

Herbaceous Understory Diversity 

The project team assigned this measure a Significance Level of 3. Longleaf pine forests are known 

for their species diversity. Watson (1982) listed 168 herbaceous species known to occur within 

BITHôs pine uplands. Although the pine uplandsô herbaceous understory has not been specifically 

studied throughout the preserve in over 30 years, managers feel it is a serious concern (Hyde, written 

communication, 6 October 2015). As a result, a Condition Level of 3 is assigned. 

Herbaceous Understory Density 

This measure was also assigned a Significance Level of 3. While it is likely that herbaceous 

understory density has decreased in BITHôs pine uplands since European settlement, insufficient data 

exist to confirm this. However, preserve management considers understory density of moderate 

concern (Condition Level = 2). 

Midstory Density 

A Significance Level of 3 was assigned for this measure. Historically, pine uplands were very open 

with a sparse or nonexistent midstory. Primarily due to fire suppression, the midstory in these 

communities has increased greatly and plays a significant role in inhibiting longleaf pine recruitment. 

Only three small studies (Streng and Harcombe 1982, Lewis et al. 2000, DESCO 2007) have 

documented midstory density at BITH, but preserve fire affects monitoring efforts have recognized 

the aggressive regrowth rates of native midstory shrubs and trees (Hyde, written communication, 6 

October 2015). While it is known and documented that the midstory density has increased 

significantly in BITHôs pine uplands since European settlement, limitations in staffing, funding, and 

the ability to use prescribed burns on large areas of a very scattered preserve have limited BITHôs 

ability to restore the historic fire ecology to much of the preserve and deal with aggressive shrubs and 



 

69 

 

trees (Hyde, written communication, 6 October 2015). This is a serious concern for BITH 

management and, as a result, a Condition Level of 3 is assigned to this measure. 

Basal Area 

The basal area measure was assigned a Significance Level of 2. Few studies have calculated basal 

area for BITHôs pine uplands, and three of these are now more than 20 years old (Harcombe and 

Marks 1979, Streng and Harcombe 1982, Liu et al. 1990, 1992, DESCO 2007). Due to the outdated 

nature of the data, a Condition Level cannot be assigned. 

Age Class 

This measure was assigned a Significance Level of 1. Measures with a Significance Level of 1 are not 

discussed in depth in the current condition section of this assessment, but available information is 

summarized here in the overall condition section. Age structure is often studied using size class 

distributions and can be helpful in inferring the history and current successional status of a forest 

stand (Harcombe and Marks 1975). Tree species that are successfully regenerating will be present in 

a range of size classes and abundant in smaller size classes, while newly invading species will be 

common in the smallest size classes and absent from the larger ones (Harcombe and Marks 1975). 

Natural longleaf pine forests have been described as ñan uneven-aged mosaic of even-aged patchesò 

(Brockway et al. 2005, p. 3); the even-aged patches commonly form after fires sweep through the 

area (Allen 1996). 

Harcombe and Marks (1975) studied the size class distributions of several upland forest stands in the 

BSCU of BITH (Table 16). They noted that large trees were generally lacking from these stands, 

partly due to past logging, but also because of poor site quality (e.g., low nutrient soils). Only one of 

the stands sampled by Harcombe and Marks (1975) exhibited a tree species composition typical of 

upland pine forest (Site BS-1); the other two were more typical of oak woodlands, and may represent 

pine uplands that have been invaded by oaks due to fire suppression (NPS 2012a). Because this is the 

only age structure information available for pine uplands and it is 30 years old, a Condition Level 

was not assigned for this measure. 

Table 16. Size class distributions (diameter in cm) for three forest stands in BSCU (Harcombe and Marks 
1975). Stand BS-1 was classified as true upland pine forest.  BS-2 and BS-3 occurred on uplands but the 
vegetation composition was more typical of an oak woodland (Harcombe and Marks 1975). These stands 
may be pine uplands that have been invaded by oaks due to fire suppression. 

Forest Stands in BSCU Size Class Distributions (diameter in cm) 

BS-1 10-14 15-19 20-24 25-29 30-34 35-39 

Pinus echinata 70 32 26 18 -- -- 

P. palustris 168 112 106 48 8 2 

Quercus marilandica 30 20 4 -- -- -- 

Total 268 164 136 66 8 2 
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Table 16 (continued). Size class distributions (diameter in cm) for three forest stands in BSCU 
(Harcombe and Marks 1975). Stand BS-1 was classified as true upland pine forest.  BS-2 and BS-3 
occurred on uplands but the vegetation composition was more typical of an oak woodland (Harcombe and 
Marks 1975). These stands may be pine uplands that have been invaded by oaks due to fire suppression. 

Forest Stands in BSCU Size Class Distributions (diameter in cm) 

BS-2 10-14 15-19 20-24 25-29 30-34 35-39 

P. echinata 92 68 48 28 12 4 

P. palustris -- 12 16 12 4 -- 

Q. marilandica 112 108 56 36 -- 4 

Q. stellata 120 16 -- -- -- -- 

Total 324 204 120 76 16 8 

BS-3       

Liquidambar styraciflua 28 14 6 8 -- -- 

P. echinata 112 62 12 6 2 -- 

P. palustris 12 4 8 -- 2 -- 

P. taeda 46 14 10 2 -- -- 

Q. falcata 2 8 -- 6 2 6 

Q. marilandica 82 64 26 14 4 2 

Q. stellata 84 22 22 10 -- -- 

Total 366 188 84 46 10 8 

Weighted Condition Score  

The WCS for BITHôs pine uplands is 0.89, suggesting significant concern. Limitations in staffing, 

funding, and the ability to use prescribed burns on large areas of a scattered preserve have limited 

managementôs ability to restore fire ecology to much of the preserve, which has slowed the 

restoration of pine upland habitats. Given the lack of recent data for several of the selected measures, 

a trend could not be assigned for this component. 

  



 

71 

 

Pine Uplands 

Measures Significance Level Condition Level WCS = 0.89 

Herbaceous 
Understory Diversity 

3 3 

 

Herbaceous 
Understory Density 

3 2 

Midstory Density 3 3 

Basal Area 2 n/a 

Age Structure 1 n/a 
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4.3 Slope Forests 

4.3.1 Description 

Slope forests, as the name implies, occur 

on the gentle slopes within BITH where 

surface soils are fine sand or sandy loams 

(Harcombe and Marks 1979). These areas 

are generally dominated by loblolly and 

shortleaf pine, a variety of oaks (Quercus 

spp.), and other hardwoods, with a more 

closed canopy than the preserveôs upland 

forests. Slope forests can be further 

divided into three types: upper slope pine 

oak, mid slope oak pine, and lower slope 

hardwood pine (Harcombe and Marks 

1979). Canopy density and height, 

hardwood abundance, and soil moisture all tend to increase from upslope to downslope (Marks and 

Harcombe 1978, Harcombe and Marks 1979). On upper slopes, shortleaf and loblolly pine are 

dominant, along with blackjack oak, southern red oak and some longleaf pine (Harcombe and Marks 

1979). Common mid and understory species include yaupon, flowering dogwood, and American 

beautyberry (Callicarpa americana). The mid slopes are typically dominated by loblolly pine, 

southern red oak, shortleaf pine, and white oak (Q. alba) (Harcombe and Marks 1979). Additional 

tree species present include sweetgum, blackgum, and red maple (Acer rubrum). The understory is 

similar to upper slopes, with the addition of American holly and red maple saplings. On the lower 

slopes, southern magnolia (Magnolia grandiflora), loblolly pine, white oak, and water oak are 

generally codominant (Photo 4; Harcombe and Marks 1979). In some lower slope areas of the 

preserve, American beech is also present and dominant. Additional tree species include laurel oak (Q. 

laurifolia) and willow oak (Q. phellos), while American holly and yaupon are most common in the 

understory (Harcombe and Marks 1979).  

The slope forests are sometimes referred to as Beech-Magnolia-Loblolly forests, due to the 

prevalence of these three species (NPS 2006). Because of its rarity in the state, the beech-magnolia 

assemblage within this forest type is considered imperiled (NPS 2006). East Texas represents the 

southwestern range limit for both American beech (Jha et al. 2004) and southern magnolia (NRCS 

2015). 

Slope forests occur in many BITH units: BSCU, TCU, HCSU, BCU, LRU, Menard Creek Corridor, 

Upper Neches, Beaumont, LPI-PIBCU, and Neches Bottom Unit (NBU)/ JGBU (Harcombe and 

Marks 1979, Watson 1982). The total area of slope forests in BITH during the late 1970s was 

estimated at 18,126 ha (44,791 ac) (Harcombe and Marks 1979). Available distribution information 

for slope forest communities is presented in Figure 15 and Figure 16. 

Photo 4. A lower slope forest in BITH (NPS photo). 



 

76 

 

 

Figure 15. Locations within BITH where slope forests (or a slope forest/baygall mix) are the potential 
natural vegetation communities (NPS 2003, based on Harcombe and Marks 1979). USPO = Upper slope 
pine oak, BG = baygall, MSOP = Mid slope oak pine forest, LSHP = Lower slope hardwood pine. 
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Figure 16. Slope forest vegetation within the Big Sandy Creek Unit (PBS&J 2003) and Turkey Creek Unit 
(DESCO 2007) in the early to mid-2000s and BITH fire effects monitoring plots located within slope 
forests (NPS 2012a). 

4.3.2 Measures 

¶ Canopy cover 

¶ Presence of beech-magnolia assemblage 

¶ Basal area 

¶ Age class 

4.3.3 Reference Conditions/Values 

The reference condition for this component is the condition of the slope forests prior to major 

logging operations in the area (around the late 19th century). However, little scientific information is 

available from this time. The earliest known studies of forests within current BITH boundaries 

occurred in the 1970s (Marks and Harcombe 1978). The information presented in this NRCA could 

serve as a baseline for future assessments. 

4.3.4 Data and Methods 

Harcombe and Marks (1979) sampled 56 vegetation stands throughout the BITH units, covering the 

topographic range from floodplains to upland forests. The focus of the study was on woody 
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vegetation, with little attention given to the herbaceous understory. Eighteen of the stands sampled 

were within slope forests (seven upper slope, two mid slope, and nine lower slope). Additional 

descriptions of slope forests were found in Marks and Harcombe (1978) and Watson (1982). 

Fountain (1984) also collected data from slope forests during a study of oil and gas drilling impacts 

in the preserve. Five sample sites were located in Upper Slope Pine Oak (USPO), one in Mid Slope 

Oak Pine (MSOP) and seven in Lower Slope Hardwood Pine (LSHP). Harcombe et al. (1999) 

included basal area data from a long-term study site within a (TCU) USPO stand. 

Liu et al. (1990, 1992) sampled vegetation in several slope forest types in the TCU and Big Sandy 

Creek Unit (BSCU) as part of a fire affects monitoring study. Data gathered included basal area and 

stand density. Different plots were sampled within the study area in the two survey efforts. Data were 

presented in these reports by stand and plot type (burn vs. control); SMUMN GSS analysts calculated 

means for each slope forest type sampled (e.g., mid slope, upper slope, etc.) from these data.    

Lewis et al. (2000) sampled forest vegetation in the BSCU as part of a study of the herpetofaunal 

community. Communities sampled included USPO and LSHP. The study documented density and 

canopy closure in the overstory, midstory, and understory. The overstory and midstory included all 

trees over 3 m (9.8 ft) in height; trees with crowns in the dominant canopy layer were considered 

overstory and trees below the dominant canopy layer were midstory. The understory consisted of all 

plants between 0.5 m and 3 m (1.6-9.8 ft) in height. 

PBS&J (2003) sampled several slope forest types in the BSCU during a 2003 vegetation survey. 

Basal area data were collected from 22 plots in the Quercus alba-(Quercus nigra) Forest Alliance 

and 81 plots in the Pinus taeda-Quercus (alba, falcata, stellata) Forest Alliance. DESCO (2007) 

collected similar data from five different slope forest vegetation types in the TCU in 2006. 

4.3.5 Current Condition and Trend 

Canopy Cover 

Anecdotally, canopy cover has been described as increasing from the upper slope forests to the lower 

slope forests, with cover so dense in the lower slope forests that shade restricts the development of an 

herbaceous ground layer (Marks and Harcombe 1978, Harcombe and Marks 1979). Very little 

scientific data on canopy cover have been collected in BITHôs slope forests, as only Lewis et al. 

(2000) reported on canopy closure in LSHP and USPO forests. In this study, the LSHP showed 

greater canopy cover than the USPO in the overstory and understory layers, while midstory canopy 

cover was higher in the USPO (Table 17). However, these differences were not statistically 

significant (Lewis et al. 2000). 
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Table 17. Canopy closure in lower slope hardwood pine (LSHP) and upper slope pine oak (USPO) 
forests. Note that the differences in canopy coverage between the two types were not statistically 
significant (Lewis et al. 2000). 

 Forest Type 

Canopy Closure LSHP USPO 

Overstory 80.0 77.6 

Midstory 65.6 76.0 

Understory 36.4 16.8 

Presence of Beech-Magnolia Assemblage 

As mentioned previously, American beech and southern magnolia reach the southwestern extent of 

their ranges in the Big Thicket region (Jha et al. 2004, NRCS 2015). The beech-magnolia assemblage 

is of interest to preserve management due to its rarity, both in Texas and globally (NPS 2006). In 

addition, studies suggest that American beech has been declining in east Texas forests in recent 

decades (Harcombe et al. 2002, Jha et al. 2004). The hurricanes in 2005 and 2008 were particularly 

hard on the large beech and magnolia trees in the BCU, BSCU, and TCU with many being 

windthrown, damaged, or succumbing to disease and rot after the storm (Hyde, personal 

communication, 21 January 2016). 

Since BITH does not have a current vegetation map, the preserve-wide distribution of the beech-

magnolia assemblage is unknown. Harcombe and Marks (1979) do not separate the beech-magnolia 

assemblage from other slope forest types, so the communityôs potential distribution within the 

preserve is also unknown. Harcombe and Marks (1979) and Watson (1982) included species lists by 

unit, which may provide some insight into the presence of beech-magnolia stands. New areas of 

beech-magnolia lower slope forests were added to the preserve when the CU was acquired. Study 

areas or units where American beech and southern magnolia were documented by research studies 

are listed in Table 18. 

Table 18. Study areas or preserve units where American beech and southern magnolia have been 
documented (Harcombe and Marks 1979). Letter/number codes following unit names indicate specific 
study sites; these locations are described in Harcombe and Marks (1979).   

Harcombe and Marks 1979 Beech and Magnolia Beech Only 

Jack Gore Baygall- 2 x  

Upper Neches - FLPL  x 

Upper Neches - FLPU x  

Lance Rosier- 770-1 x  

Big Sandy - BSB x  

Big Sandy - BSU-4  x 

Beech Creek - BCB x  
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Table 18 (continued). Study areas or preserve units where American beech and southern magnolia have 
been documented (Harcombe and Marks 1979, Watson 1982). Letter/number codes following unit names 
indicate specific study sites; these locations are described in Harcombe and Marks (1979).   

Harcombe and Marks 1979 Beech and Magnolia Beech Only 

Beech Creek - BCC x  

Beech Creek  - BCE x  

Beech Creek  - BCU x  

Beech Creek  - BCE-2 x  

Turkey Creek - TCBG x  

Turkey Creek - TCSH-2  x 

Watson 1982   

Big Sandy Creek (NW side) x  

Menard Creek Corridor x  

Beaumont Unit (northern part) x  

Pine Island Bayou - Little Pine 
Island Bayou Corridor 

x  

Lance Rosier x  

Turkey Creek x  

Jack Gore Baygall/Neches 
Bottom 

x  

More recent vegetation surveys of individual units found the beech-magnolia assemblage in the 

BSCU (PBS&J 2003) and TCU (DESCO 2007) of BITH. Only one stand of beech-magnolia was 

identified in the TCU, covering 24.8 ha (69.3 ac) in the far southwestern part of the unit (DESCO 

2007). In the BSCU, the beech-magnolia assemblage typically occurred between white oak-water 

oak communities and Big Sandy Creek itself (PBS&J 2003). However, none of the beech-magnolia 

areas were large enough to map.   

Basal Area 

As described in Chapter 4.2 of this document, basal area is a density measurement that takes into 

account the area occupied by each species, rather than just the number of stems of each species 

within a given area. Basal area data are very limited for BITHôs slope forests. Harcombe and Marks 

(1979) calculated basal areas for seven upper slope, two mid slope, and nine lower slope forest 

stands. The basal areas for these forest types by species and overall from Harcombe and Marks 

(1979) are shown in Table 19. Total basal area was greatest in lower slope stands and lowest in upper 

slope stands. Species with the greatest individual basal areas were shortleaf pine on upper slopes, and 

loblolly pine on both mid and lower slopes (Harcombe and Marks 1979). Basal area of pine species 

was higher than oak species in the upper slope forests while oak basal area was higher than pine on 

lower slopes, and pine and oak basal area was nearly equal in mid slope stands (Table 19). 



 

81 

 

Table 19. Mean total basal area (m2/ha) by species within slope forest stands sampled by Harcombe and 
Marks (1979). Only species with basal areas >0.05 m2/ha are included in the table. USPO = Upper slope 
pine oak forest, MSOP = Mid slope oak pine forest, LSHP = Lower slope hardwood pine forest. 

Scientific Name Common Name USPO MSOP LSHP 

Quercus marilandica blackjack oak 2.4 -- -- 

Quercus stellata post oak 1.3 0.2 -- 

Pinus palustris longleaf pine 2.6 -- -- 

Pinus echinata shortleaf pine 7.3 4.1 -- 

Carya tomentosa mockernut hickory 0.2 0.1 -- 

Quercus falcata southern red oak 3.0 4.6 1.0 

Cornus florida flowering dogwood 0.2 0.9 0.2 

Callicarpa americana American beautyberry 0.1 -- -- 

Ilex vomitoria yaupon 0.7 0.5 0.2 

Pinus taeda loblolly pine 3.4 6.5 5.1 

Quercus alba white oak 0.5 3.9 3.8 

Persea borbonia red bay -- 0.1 0.1 

Symplocos tinctoria common sweetleaf -- 1.4 0.2 

Sassafras albidum sassafras 0.1 0.1 0.1 

Magnolia grandiflora southern magnolia -- 0.1 3.8 

Ostrya virginiana hophornbeam -- -- 0.1 

Fagus grandifolia American beech -- -- 4.7 

Ilex opaca American holly 0.2 1.1 1.6 

Magnolia virginiana sweet bay -- -- 0.4 

Nyssa sylvatica black gum 0.4 1.1 0.9 

Quercus laurifolia laurel oak 0.1 0.7 1.3 

Acer rubrum red maple 0.1 1.2 0.4 

Liquidambar styraciflua   sweetgum 0.8 1.1 1.0 

Quercus phellos willow oak -- 0.6 1.2 

Quercus nigra water oak -- 0.5 2.7 

Quercus michauxii swamp chestnut oak -- -- 0.1 

Fraxinus pennsylvanica  green ash -- 0.1 0.1 

Carpinus caroliniana American hornbeam; ironwood -- -- 0.1 

Carya glabra pignut hickory -- -- 0.4 
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Table 19 (continued). Mean total basal area (m2/ha) by species within slope forest stands sampled by 
Harcombe and Marks (1979). Only species with basal areas >0.05 m2/ha are included in the table. USPO 
= Upper slope pine oak forest, MSOP = Mid slope oak pine forest, LSHP = Lower slope hardwood pine 
forest. 

Scientific Name Common Name USPO MSOP LSHP 

 Total Pine 13.3 10.6 5.1 

 Total Oak 7.2 10.5 10.1 

 Total Overall 23.4 28.9 29.5 

Fountain (1984) also recorded basal areas in slope forest plots. Total basal areas were higher than 

Harcombe and Marks (1979) for two of the slope forest types (USPO and MSOP) and slightly lower 

in one type. Averages were 27.7 m2/ha for the USPO, 32.4 for the MSOP, and 28.9 for the LSHP 

(Fountain 1984). 

Liu et al. (1990, 1992) gathered basal area data from several slope forest types in the BSCU and 

TCU. In the first round of surveys, TCU upper slope forests showed the highest mean basal area, 

contrary to earlier results (Table 20; Liu et al. 1990). Among BSCU slope forest stands, mid-slope 

stands had the highest mean basal area. In the second survey period, results were similar to previous 

studies, with the highest mean basal area found in lower slope forests in the TCU and lowest basal 

area in BSCU upper slope forests (Table 21; Liu et al. 1992). Pines yielded the highest individual 

species basal area in every forest type (Table 20, Table 21; Liu et al. 1990. 1992). 

Table 20. Basal areas (m2/ha) by species in BSCU and TCU slope forest plots (Liu et al. 1990). Values 
are means by slope forest type based on stand data presented in Liu et al. (1990). LS = Lower slope 
pine-hardwood, LU = Lower upper slope, MS = Mid-slope pine oak, US = Upper slope oak-pine, UU = 
Upper upper slope.  

 BSCU TCU 

Species US UU LU MS LS US 

Acer rubrum -- -- -- 0.35 0.60 0.05 

Carpinus caroliniana 0.05 -- -- -- 1.85 -- 

Carya texana 2.15 -- -- 0.02 0.85 -- 

Cornus florida 0.15 0.50 1.1 0.65 0.70 -- 

Crataegus spp. 0.45 -- -- 0.02 -- -- 

Cyrilla racemiflora -- -- -- -- -- 0.40 

Fagus grandifolia -- -- -- -- 3.15 -- 

Fraxinus americana 0.05 -- -- 0.55 1.50 -- 

Ilex coriacea -- -- 0.05 -- -- -- 

Ilex opaca -- -- 0.05 0.05 -- 0.25 

Ilex vomitoria 0.70 0.30 0.70 0.45 -- 0.70 
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Table 20 (continued). Basal areas (m2/ha) by species in BSCU and TCU slope forest plots (Liu et al. 
1990). Values are means by slope forest type based on stand data presented in Liu et al. (1990). LS = 
Lower slope pine-hardwood, LU = Lower upper slope, MS = Mid-slope pine oak, US = Upper slope oak-
pine, UU = Upper upper slope.  

 BSCU TCU 

Species US UU LU MS LS US 

Liquidambar styraciflua   1.40 0.10 0.20 2.70 2.65 0.80 

Magnolia grandiflora -- -- -- -- -- 0.50 

Nyssa sylvatica 1.10 0.10 0.20 0.45 0.35 1.25 

Persea borbonia -- -- -- 0.10 0.20 0.35 

Pinus echinata 7.95 8.25 6.20 7.35 -- 0.45 

Pinus palustris -- 0.60 1.20 -- -- 0.45 

Pinus taeda 2.25 5.50 3.70 12.40 5.45 25.9 

Quercus alba 1.05 -- -- 1.90 1.50 0.30 

Quercus falcata 1.35 0.15 1.05 0.45 -- 2.80 

Quercus incana -- -- -- -- -- 0.05 

Quercus laurifolia -- -- -- 2.80 0.90 0.35 

Quercus marilandica -- 1.05 4.65 -- -- -- 

Quercus michauxii -- -- -- -- 0.80 -- 

Quercus nigra -- -- -- 0.02 0.40 1.60 

Quercus stellata 0.90 2.25 1.90 -- -- 0.05 

Sassafras albidum 0.05 -- 0.25 0.10 0.05 0.05 

Symplocos tinctoria -- -- -- 0.02 -- 0.20 

Ulmus alata -- -- -- -- 0.15 -- 

Vaccinium arboreum 0.10 0.10 -- 0.05 -- 0.10 

Viburnum nudum 0.10 -- -- 0.10 -- -- 

Viburnum rufidulum 0.25 -- 0.05 0.25 -- -- 

Total* 20.00 19.30 21.70 30.45 21.00 36.65 

* Due to rounding, in calculating basal area means by species, the sum of individual species may not exactly 
match the ñTotalò value at the bottom of each column. 
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Table 21. Basal areas (m2/ha) by species in BSCU and TCU slope forest plots (Liu et al. 1992). Values 
are means by slope forest type based on stand data presented in Liu et al. (1992). Note that different 
plots within the slope forest types were visited during this survey than in Liu et al. (1990). MS = Mid-slope 
pine oak, US = Upper slope oak-pine, LS = Lower slope pine-hardwood. 

 BSCU TCU 

Species US MS US LS 

Acer rubrum -- 0.45 0.25 1.20 

Carpinus caroliniana 0.03 -- -- 1.25 

Catalpa speciosa -- 0.03 -- -- 

Carya spp. -- -- 0.03 -- 

Carya texana 1.70 1.05 0.03 0.15 

Cornus florida 0.10 0.60 0.10 -- 

Crataegus spp. 0.05 0.03 -- -- 

Cyrilla racemiflora -- -- 0.25 -- 

Fraxinus americana 0.03 0.25 -- -- 

Ilex opaca -- -- 0.70 0.45 

Ilex vomitoria -- 0.10 0.25 0.15 

Liquidambar styraciflua   -- 4.15 3.10 2.95 

Magnolia virginiana -- 0.10 -- 0.45 

Myrica cerifera -- -- 0.02 -- 

Nyssa sylvatica 0.08 3.45 1.00 1.90 

Persea borbonia -- 0.20 0.20 -- 

Pinus echinata 10.95 1.35 0.10 0.60 

Pinus palustris 0.50 -- 0.75 -- 

Pinus taeda 3.10 10.35 15.40 17.15 

Pyrus arbutifolia 0.05 -- -- -- 

Quercus alba 0.95 2.30 0.10 0.90 

Quercus falcata 0.60 0.40 1.10 -- 

Quercus incana -- -- 0.30 -- 

Quercus laurifolia -- 2.50 0.25 0.75 

Quercus marilandica 0.60 -- -- -- 

Quercus nigra -- 0.15 2.20 6.30 

Quercus stellata 2.55 -- 2.40 -- 

Symplocos tinctoria -- 0.03 -- -- 
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Table 21 (continued). Basal areas (m2/ha) by species in BSCU and TCU slope forest plots (Liu et al. 
1992). Values are means by slope forest type based on stand data presented in Liu et al. (1992). Note 
that different plots within the slope forest types were visited during this survey than in Liu et al. (1990). 
MS = Mid-slope pine oak, US = Upper slope oak-pine, LS = Lower slope pine-hardwood. 

 BSCU TCU 

Species US MS US LS 

Ulmus alata -- -- -- 0.05 

Vaccinium arboreum 0.50 0.03 0.15 -- 

Viburnum nudum 0.03 0.05 -- -- 

Viburnum rufidulum -- 0.05 -- -- 

Total* 22.00 27.65 28.90 34.35 

* Due to rounding, in calculating basal area means by species, the sum of individual species may not exactly 
match the ñTotalò value at the bottom of each column. 

Harcombe et al. (1999) presented basal area data by species from a long-term study site within a 

TCU Upper Slope Pine Oak stand. Basal area increased from 21.7 m2/ha in 1982 to nearly 27 m2/ha 

in 1993 (Table 22), at a mean rate of 1.7% a year. The majority of individual tree species increased in 

basal area over this time, with the exception of flowering dogwood and bluejack oak. 

Table 22. Total basal area (m2/ha) by species and annualized percent change from 1982-1993 in a TCU 
upper slope forest (Harcombe et al. 1999). Annual percent change: difference between 1993 and initial 
basal area divided by the initial basal area and the number of years since the initial basal area reading. 

Species 1993 Basal Area 
Annual % Change in Basal 

Area (since 1982) 

Pinus palustris 6.07 0.02 

Quercus stellata 5.14 0.00 

Quercus falcata 4.91 0.01 

Pinus echinata 1.94 0.01 

Ilex vomitoria 0.71 1.07 

Cornus florida 0.19 -0.02 

Quercus incana 0.05 -0.06 

Carya sp. 1.54 0.03 

Pinus taeda 4.31 0.04 

Quercus alba 0.15 0.04 

Ilex opaca 0.22 1.52 

Quercus laurifolia 0.13 0.00 

Magnolia grandiflora 0.05 -- 
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Table 22 (continued). Total basal area (m2/ha) by species and annualized percent change from 1982-
1993 in a TCU upper slope forest (Harcombe et al. 1999). Annual percent change: difference between 
1993 and initial basal area divided by the initial basal area and the number of years since the initial basal 
area reading. 

Species 1993 Basal Area 
Annual % Change in Basal 
Area (since 1982) 

Nyssa sylvatica 0.04 1.47 

Liquidambar styraciflua   0.87 0.05 

Acer rubrum 0.03 0.51 

Other 0.53 -- 

Total 26.88 -- 

More recently, PBS&J (2003) gathered basal area data for two slope forest types in the BSCU. In the 

Quercus alba-(Quercus nigra) Forest Alliance sample plots, total basal area (overstory, midstory, and 

shrub layer) was 27.04 m2/ha. The overstory was dominated by white oak with an average basal area 

of 6.82 m2/ha (PBS&J 2003). Total basal area in Pinus taeda-Quercus (alba, falcata, stellata) Forest 

Alliance plots averaged 30.04 m2/ha; loblolly pine was dominant in the overstory with a basal area of 

12.35 m2/ha (PBS&J 2003). DESCO (20007) also reported basal area data for five slope forest 

vegetation communities in the TCU. Total basal areas in these sample plots ranged from 18.99 m2/ha 

in the Quercus nigra Forest Alliance to 31.84 m2/ha in the Pinus echinata - Quercus (alba, falcata, 

stellata) Forest Alliance (Table 23; DESCO 2007). 

Table 23. Basal area data (m2/ha) for five slope forest alliances in TCU (DESCO 2007). Total basal area 
is for all woody vegetation (overstory, midstory, and shrub layer). 

Species 
Total Basal 
Area 

Overstory 
Basal Area Dominant Species Basal Area 

Fagus grandifolia - Magnolia grandifolia 

Forest Alliance 
26.98 23.25 

American beech - 11.05 

Pinus echinata - Quercus (alba, falcata, 
stellata) Forest Alliance 

31.84 25.77 
shortleaf pine - 17.15 

Pinus taeda - Quercus (alba, falcata, stellata) 
Forest Alliance 

31.14 26.24 
loblolly pine - 10.26 

Fagus grandifolia ï Quercus alba Forest 
Alliance 

26.15 20.10 
American beech - 12.87 

Quercus nigra Forest Alliance 18.99 12.59 water oak - 5.50 

Age Class 

Forest age structure is often studied using size class distributions and can be helpful in inferring the 

history and current successional status of a forest stand (Harcombe and Marks 1975). Tree species 

that are successfully regenerating will be present in many size classes and abundant in smaller size 

classes, whereas newly invading species will be common in the smallest size classes and absent from 
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the larger ones (Harcombe and Marks 1975). Unfortunately, no actual data have been gathered for 

age or size class distribution in BITHôs slope forests. Harcombe and Marks (1977, p. 24) did note 

that dominant tree species in the upper slope pine oak forests appeared to be well represented in all 

size classes, while dominant species in the mid and lower slope forests were ñpoorly represented or 

completely absent in one or more of the sapling size classes.ò The authors hypothesized that this was 

due to the greater canopy coverage (i.e., lower light availability in the understory) in the mid and 

lower slopes (Harcombe and Marks 1977). 

Threats and Stressors Factors 

Threats to BITHôs slope forests include invasive plants, feral hogs, unplanned fire occurrence, insect 

outbreaks, hurricanes, and drought. The slope forests have not been specifically inventoried for 

invasive plants, but over 100 non-native plants have been documented in the preserve (NPS 2015). 

Of particular concern preserve-wide is Chinese tallow. This aggressive species can out-compete 

native plants in slope forest openings created by disturbances (e.g., hurricanes or severe fires), 

eventually becoming the dominant species (NPS 2012b). According to Liu (1995), the historical role 

of fire in slope forests is understudied and unclear.  

As mentioned in Chapter 4.2, feral hog numbers have increased across Texas in recent decades, 

including in the BITH region (Chavarria 2006). Hog damage to all three slope forest types has been 

documented in the BSCU, TCU, and LRU (Chavarria 2006). The hardwoods of the slope forests can 

provide significant food resources (e.g., acorns, tubers, herbs, seeds) for feral hogs. Hog impacts are 

often most severe in wetter habitats, such as floodplain forests, but these areas are sometimes flooded 

in BITH, which may push feral hogs into slope forests (Chavarria 2006). 

Due to its location near the Gulf of Mexico, BITH is impacted by tropical storms and hurricanes 

relatively frequently (Harcombe and Marks 1979). While the effects of these storms on slope forests 

are rarely catastrophic, they can influence forest structure and composition by creating ñlight gapsò in 

the tree canopy (Harcombe et al. 2009). While the creation of some canopy gaps is a natural forest 

process, large gaps may create opportunities for invasive plant species to become established. 

Harcombe et al. (2009) studied the impacts of Hurricane Rita, a Category 3 hurricane which made 

landfall on 29 September 2005, on a mesic slope forest near BITH. Wind gusts at this site during the 

storm were around 145-177 km/hr (90-110 mi/hr) (Harcombe et al. 2009). Within the slope forest, 

31% of trees were dead or severely damaged following the storm. Among canopy tree species at this 

site, Harcombe et al. (2009) observed above average mortality in white and water oak, and below 

average mortality in loblolly pine, blackgum, and American beech. In the subcanopy, mortality was 

higher for red maple, yaupon, and common sweetleaf (Symplocos tinctoria), and lower for American 

holly and sweetgum (Harcombe et al. 2009). No simple explanation has been found for these 

differences in mortality during hurricanes; it is likely a combination of factors including wood 

density, rooting characteristics, and tree form and height (Brokaw and Everham 1996, Harcombe et 

al. 2009). Hurricane Ike in 2008 resulted in additional damage to slope forests, particularly along the 

edges of openings created previously by Hurricane Rita (Hyde, written communication, 6 October 

2015). 
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Glitzenstein et al. (1999) showed that severe droughts decreased tree growth rates in east Texas 

forests. Hardwood species, such as those common in slope forests, experienced a severe growth 

decline during an early-1980s drought in the Big Thicket region (Glitzenstein et al. 1999). Much of 

Texas, including BITH, experienced a drought of unprecedented intensity in 2011 due to an extended 

period of below-average rainfall (Nielson-Gammon 2012). According to Harcombe et al. (1999), 

drought frequency is likely to increase in east Texas due to global climate change. 

Climate change may also pose a threat to American beech in the slope forests. As mentioned 

previously, the BITH region represents the southwestern range limit for American beech and declines 

in this species have been observed in the area (Harcombe et al. 1999, Jha et al. 2004). The typical 

climate within the beechôs range is moist with maximum daily temperatures between 17°C and 29°C 

(62.6°-84.2°F) (Jha et al. 2004). Since 2009, mean August temperatures at Beaumont have been 

above 29°C (NCDC 2015). Several climate models predict that mean summer (June-August) 

temperatures in the BITH area will exceed 29.5°C (85°F) by 2050 (Maurer et al. 2007). If summer 

temperatures continue to increase, American beech trees will experience climate stress, which may 

increase their vulnerability to pathogens and other stresses (Jha et al. 2004). Although no research 

has been conducted, BITH management is concerned that there appears to be little recruitment of 

young beech trees since the hurricanes in 2005 and 2008. This may be a combination of climate 

stressors, the 2011 drought, feral hog consumption of beech mast production, and competition from 

dense stands of native, early successional shrubs (e.g., yaupon and holly) (Hyde, written 

communication, 6 October 2015).  

Data Needs/Gaps 

Very little information is available for most of the selected measures in BITHôs slope forests. For 

example, no actual scientific data have been collected for slope forest age class structure within 

BITH. Although basal area data are available, some of it is outdated and some of it is geographically 

limited to individual units within the preserve. Additional studies in the beech-magnolia assemblage 

are important, given the communityôs rarity and an apparent recent decline in beech in the area (Jha 

et al. 2004). 

A preserve-wide vegetation map does not exist, although mapping efforts are expected to be initiated 

in the next few years. An invasive plant survey could also help determine how much of a threat these 

species pose to the preserveôs slope forests. The GULN is developing a vegetation monitoring 

protocol that will begin gathering data on plant community composition and coverage in several 

BITH units by 2016 (Woodman, written communication, December 2014). Data collection will 

include tree and understory species composition (including invasives), tree size (diameter), and 

canopy closure. The focus of this monitoring will be the TCU, JGBU, BCU, and LRU (Segura, email 

communication, 18 February 2015), all of which include slope forest vegetation. 

Overall Condition 

Canopy Cover 

The project team assigned this measure a Significance Level of 3. Vegetation reports for BITH state 

that canopy cover generally increases from upper slope to lower slope, with lower slope forests 
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having the greatest canopy coverage (Marks and Harcombe 1978, Harcombe and Marks 1979). 

However, very little data have been collected regarding canopy cover within BITHôs slope forests. 

As a result, a Condition Level could not be assigned for this measure.  

Presence of Beech-Magnolia Assemblage 

This measure was also assigned a Significance Level of 3. Data are very limited regarding the 

presence of the beech-magnolia assemblage within BITH. Historically, American beech and southern 

magnolia were documented in seven different preserve units (Watson 1982). More recent unit-

specific vegetation surveys identified small areas of beech magnolia in the TCU (DESCO 2007) and 

BSCU (PBS&J 2003). Due to a lack of preserve-wide data, a Condition Level was not assigned for 

this measure. 

Basal Area 

The basal area measure was assigned a Significance Level of 2. Basal area data for BITHôs slope 

forests are limited. The most recent data (PBS&J 2003, DESCO 2007) are restricted to individual 

preserve units (BSCU and TCU). Because data are limited, a Condition Level was not assigned for 

this measure. 

Age Class 

A Significance Level of 2 was assigned for this measure. Due to a lack of data for age or size class 

distributions, a Condition Level could not be assigned. 

Weighted Condition Score  

A WCS was not calculated for this component, due to a lack of data for the selected measures. The 

current condition of BITHôs slope forests is unknown. 

Slope Forests 

Measures Significance Level Condition Level WCS = N/A 

Canopy cover 3 n/a 

 

Presence of beech-
magnolia assemblage 

3 n/a 

Basal area 2 n/a 

Age class 2 n/a 

4.3.6 Sources of Expertise 

¶ Ken Hyde, BITH Chief of Resource Management 

¶ Herbert Young, BITH Biologist 
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4.4 Arid Sand Hills 

4.4.1 Description 

The arid sand hills within BITH support open 

woodlands comprised primarily of short oaks (Quercus 

spp.) with a scattered overstory of pines (Pinus spp.) 

(Harcombe and Marks 1979; Photo 5). These 

communities occur on sandy soils associated with old 

stream terraces and river bluffs. The soils are extremely 

well-drained (i.e., moisture is not held in the soil for 

long), contributing to the short-statured and sparse 

nature of the vegetation (Harcombe and Marks 1979, 

NPS 2012). Tree, shrub, and herb density are all low, 

and exposed sand areas are common. The sand hill 

woodlands are the driest wooded communities in 

southeast Texas; prickly pear (Opuntia spp.) and yucca 

(Yucca spp.) are often present in the understory (Marks 

and Harcombe 1978, NPS 2012). The arid sand hill 

woodland is the rarest plant community within the 

preserve and in the surrounding region (NPS 2006), 

which is to be expected in an area receiving an average 

of 137 cm (54 in) of rain a year. 

The three pine species commonly found on arid sand hills are longleaf pine, loblolly pine, and 

shortleaf pine (Harcombe and Marks 1979, NPS 2012). The dominant oak species include bluejack 

oak and post oak. The shrub layer is somewhat indistinct with no dominant species, but the most 

abundant shrubs are yaupon and flowering dogwood (Harcombe and Marks 1979). Although the 

herbaceous understory is sparse, the arid sand hills support some endemic species, such as Texas 

trailing phlox (Phlox nivalis ssp. texensis), a federally endangered species (Harcombe 2007).  

4.4.2 Measures 

¶ Endemic species richness 

¶ Extent 

4.4.3 Reference Conditions/Values 

The reference condition for this component is the condition of the arid sand hills prior to European 

settlement of the area. Unfortunately, little information is available for this period. The earliest 

known studies of vegetation within the current BITH boundaries occurred in the 1970s (Marks and 

Harcombe 1978, Harcombe and Marks 1979). The information presented in this NRCA could serve 

as a baseline for future assessments. 

4.4.4 Data and Methods 

Harcombe and Marks (1979) sampled 56 vegetation stands throughout the various BITH units, 

covering the topographic range from floodplains to upland forests. Their focus was on woody 

Photo 5. Arid sand hill pine stand in BITH 
(NPS photo). 
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vegetation, with little attention given to the herbaceous understory. Only two of the stands sampled 

were classified as arid sand hills (called ñsand hill pine forestò by Harcombe and Marks [1979]). 

Additional descriptions of arid sand hills were found in Marks and Harcombe (1978), Watson (1978, 

1982), and NPS (2012). More recently, Harcombe (2007) completed a vascular plant survey for 

BITH, which included both review of existing specimens and collection of new specimens.   

Caldwell (2005) studied restoration efforts on a former slash pine (P. elliotii) plantation in the TCU. 

Despite its conversion to a pine plantation in the 1960s, the site was classified as a sand hill pine 

forest (Caldwell 2005). Restoration began in June 2003 with canopy reduction, burning, and selective 

herbicide treatments. After additional herbicide treatments in 2004, Caldwell (2005) documented the 

species composition of the siteôs herb, shrub, and canopy layers. 

MacRoberts et al. (2002) generated a list of plant species endemic to the West Gulf Coastal Plain, 

and then used literature, personal experience, and herbarium specimens to identify those species 

associated with ñxeric sandylandò habitat. This list could be used as a potential list of endemic 

species for BITHôs arid sand hills. Matos and Rudolph (1985) conducted a vascular plant survey of 

the Roy E. Larsen Sandylands Sanctuary, which lies just south of BITHôs Village Creek Corridor 

Unit and is managed by The Nature Conservancy. One stand sampled was described as a ñsandy 

upland community in an arid, open areaò (Matos and Rudolph 1985, p. 230). This survey identified 

many endemic understory species that occurred within the Sanctuary, providing additional potential 

endemic species for BITH. 

A preserve-wide vegetation map is not available for BITH, but several individual units have been 

mapped, including Turkey Creek (DESCO 2007), where a majority of remaining arid sand hills 

occur. These individual unit maps have been combined to form one GIS layer, which was acquired 

from the GULN. A potential natural vegetation map was created for the entire preserve by Harcombe 

and Marks (1979); a GIS version of this map (NPS 2003) was also obtained from the GULN. 

4.4.5 Current Condition and Trend 

Endemic Species Richness 

Arid sandy habitats are known to support a high number of West Gulf Coastal Plain endemic plants. 

MacRoberts et al. (2002) found that 53% of species identified as endemic to the region were 

associated with ñxeric sandylandsò. The arid sand hills in BITH have not been inventoried 

specifically for endemic species. While a current plant species list could be used to identify endemic 

species that occur within BITH, the list does not identify which community type each species occurs 

in. MacRoberts et al. (2002) generated a list of plant species endemic to the West Gulf Coastal Plain 

and classified each by habitat. SMUMN GSS analysts identified species that occurred in xeric 

sandylands and searched BITH records to determine whether or not these endemic species had been 

documented in the preserve. Twenty-three of the species identified by MacRoberts et al. (2002) have 

been observed within BITH, although two are no longer included on the current preserve species list 

(Harcombe 2007, NPS 2015) (Table 24). 
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Table 24. West Gulf Coastal Plain endemic species identified by MacRoberts et al. (2002) as occurring 
on ñxeric sandylandsò and their status in BITH. BSCU = Big Sandy Creek Unit, TCU = Turkey Creek Unit. 

Scientific Name Common Name BITH Status 

Yucca louisianensis Gulf Coast yucca documented in arid sand hillsd; present 
in preservea 

Berlandiera pumila var. scabrella soft greeneyes present in preservea 

Coreopsis intermedia goldenwave tickseed documented in TCU (Brown et al. 
2005) 

Echinacea sanguinea sanguine purple coneflower present in preservea 

Evax candida silver pygmycudweed present in preservea 

Gaillardia aestivalis var. winkleri Winklerôs blanketflower documented in arid sand hillsd; present 
in preservea 

Helianthus debilis cucumberleaf sunflower historically documented in arid sand 
hills of BSCUb; present in preservea 

Hymenopappus artemisiifolius var. 
artemisiifolius 

oldplainsman historically documented on sand hills in 
TCUb; present in preservea 

Palafoxia reverchonii Reverchonôs palafox present in preservea 

Solidago ludoviciana Lousiana goldenrod present in preservea 

Tetragonotheca ludoviciana Lousiana nerveray present in preservea 

Thelesperma flavodiscum east Texas greenthread present in preservea 

Vernonia texana Texas ironweed present in preservea 

Polanisia erosa large clammyweed historically documented on sand hill in 
TCUc; not on current preserve species 
lista 

Paronychia drummondii Drummondôs nailwort historically documented on sand hills in 
the TCUc; not on current preserve 
species lista 

Tradescantia reverchonii Reverchonôs spiderwort present in preserve a; documented in 
TCU in sand hill pine by Caldwell 
(2005)  

Baptisia nuttalliana Nuttalôs wild indigo documented in arid sand hillsd; present 
in preserve a 

Dalea phleoides var. phleoides slimspike prairie clover documented in arid sand hillsd; present 
in preserve a 

Dalea villosa var. grisea silky prairie clover documented in arid sand hillsd; present 
in preserve a 

a Harcombe 2007 

b Watson 1978 

c Watson, n.d. 

d Watson 1982 
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Table 24 (continued). West Gulf Coastal Plain endemic species identified by MacRoberts et al. (2002) as 
occurring on ñxeric sandylandsò and their status in BITH. BSCU = Big Sandy Creek Unit, TCU = Turkey 
Creek Unit. 

Scientific Name Common Name BITH Status 

Mimosa hystricina porcupine mimosa present in preserve a 

Scutellaria cardiophylla  documented in arid sand hillsd; present 
in preserve a 

Phlox nivalis ssp. texensis Texas trailing phlox confirmed in BSCUa; historically 
documented in TCU on sand hillsc and 
reintroduced there in 2003 (Hungate 
2003) 

Delphinium carolinianum ssp. 
vimineum 

Carolina larkspur documented in arid sand hillsd; present 
in preserve a 

a Harcombe 2007 

b Watson 1978 

c Watson, n.d. 

d Watson 1982 

Additional endemic species identified by Matos and Rudolph (1985) on the Roy E. Larsen 

Sandylands Sanctuary near BITH have also been documented in the preserve (Table 25). Two of the 

six species have been observed on arid sand hills, although one is no longer included on the 

preserveôs species list (Harcombe 2007, NPS 2015). The remaining four species are known to be 

present in the preserve, but the vegetation community they occur in has not been documented. 

Table 25. Endemic herbaceous species documented in Roy E. Larsen Sandylands Sanctuary (Matos and 
Rudolph 1985) and their status in BITH. BSCU = Big Sandy Creek Unit, TCU = Turkey Creek Unit. 

Scientific Name Common name Endemic to* BITH status 

Loeflingia squarrosa  spreading pygmyleaf Texas present in preserve a 

Lupinus subcarnosus Texas bluebonnet Texas present in preserve a 

Amsonia tabernaemontana 
var. tabernaemontana (A. 
glaberrima) 

eastern bluestar Texas & 
Lousiana 

documented in arid sand hillsd; present 
in preservea 

Symphyotrichum pratense 
(Aster pratensis) 

barrens silky aster Texas & 
Lousiana 

historically documented in TCU, but not 
in arid sand hills habitatb; present in 
preservea 

Berlandiera betonicifolia Texas greeneyes Texas & 
Lousiana 

historically documented on sand hill in 
TCUc; not on current preserve species 
lista 

Silphium gracile  slender rosinweed Texas & 
Lousiana 

present in preserve a 

*According to Matos and Rudolph (1985) 

a Harcombe 2007 

b Watson 1978 
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c Watson .n.d. 

d Watson 1982 

Extent 

Arid sand hill vegetation (also known as sand hill pine forest) has been documented in the BSCU and 

TCU of BITH (Harcombe and Marks 1979, NPS 2012). According to Harcombe and Marks (1979), 

the best example of sand hill pine in the preserve is found just northeast of the confluence of Turkey 

and Village Creeks (Figure 17). Although not shown on the map below, the sand hill pine forest 

within BSCU occurs in the northern portion of the unit near its eastern boundary (Harcombe and 

Marks 1979). In the late 1970s, sand hill pine forest reportedly covered approximately 8.9 ha (22 ac) 

in BSCU and 44.5 ha (110 ac) in TCU for a total area of 53.4 ha (132 ac) (Harcombe and Marks 

1979). NPS (2012) stated that 93.1 ha (230 ac) of sand hill pine forest occurred within the preserve. 

In recent mapping efforts (Blanton and Associates 2002, PBS&J 2003, DESCO 2007), the arid sand 

hills were not mapped separately but were grouped with other pine-dominated upland communities. 

 

Figure 17. Locations within the Turkey Creek Unit of BITH where sand hill pine forest is the potential 
natural vegetation community (NPS 2003, based on Harcombe and Marks 1979). 
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Threats and Stressors Factors 

Threats to the arid sand hills community include altered fire regime, invasive and exotic plants, feral 

hogs, past oil and gas operations, and increased density of the midstory. The upland vegetation 

communities within BITH, including the arid sand hills, are strongly influenced by fire (Liu 1995, 

NPS 2012). The herbaceous understory species of sand hill pine communities have evolved with 

frequent, low intensity fires and often benefit from burning (Reinhart and Menges 2004, Caldwell 

2005). Fire is known to reduce the density of woody species (trees and shrubs) that would shade out 

and compete with the herbaceous understory (Liu 1995; Photo 6). Active fire suppression was 

common in the BITH region and throughout the U.S. during the 20th century (Frost 1993). When fire 

is suppressed, fire-intolerant hardwoods invade these open pine communities (Watson 1982, Varner 

et al. 2005), often increasing the density of the midstory. On the sand hills, the shade and leaf litter 

from these hardwoods cools the soil and adds organic matter, leading to the replacement of the 

original xeric plants with more mesic species (Watson 1982). The expansion of yaupon into these 

sites is a significant concern; although native, it quickly returns after fire, grows in dense patches, 

and can reach heights of 15 to 20 feet in a few years. It can quickly outcompete other native 

herbaceous and shrubs and poses a threat as a ladder fuel to the pine overstory (Hyde, written 

communication, June 2015). BITH managers have begun to return fire to the landscape in an effort to 

restore the pre-settlement vegetation structure, composition, and function to these historically fire-

maintained communities (NPS 2012).  

 

Photo 6. 2003 prescribed burn on a TCU sand hill (NPS photo). 

Feral hog numbers have increased across Texas in recent decades, including the BITH region where 

reported hog damage to preserve resources has increased (Chavarria 2006). Hog impacts are typically 

most severe in wetter habitats, but damage has been observed in uplands (Chavarria 2006). For 

further discussion of feral hogs and their impacts, refer to Chapter 4.2 of this assessment. 

Invasive plant species have the potential to outcompete native plants and can alter ecological 

processes (e.g., nutrient cycling, disturbance regimes) (Gordon 1998). The arid sand hills have not 

been specifically inventoried for invasive plants; however, Caldwell (2005) documented Chinese 
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tallow, a highly invasive non-native tree, in 15% of plots within a sand hill pine forest restoration 

area in TCU. 

Human activity prior to preserve establishment is still impacting the vegetation communities. Marks 

and Harcombe (1978) noted that pine density and basal area had been reduced by repeated logging in 

arid sand hill areas of BITH. The logging exacerbated brush encroachment by opening gaps in the 

understory, allowing brushy species to expand in coverage and density (Hyde, written 

communication, June 2015). Because of its rarity, the arid sand hills communities are designated as a 

ñSpecial Management Areaò and now receive protection from oil and gas operation impacts (NPS 

2006). However, pre-preserve establishment drilling pad sites within the sand hill pine communities 

were shown to have lower plant species richness and diversity than adjacent control sites (Fountain 

1984).  

Data Needs/Gaps 

The arid sand hill communities within BITH have not been surveyed specifically for endemic plant 

species. This type of survey would be needed to accurately assess the measure of endemic species 

richness. A preserve-wide vegetation map also does not exist, although mapping efforts are expected 

to be completed in 2018 (Segura, written communication, May 2015). Vegetation maps recently 

completed for several individual units in the preserve do not map the arid sand hills as a separate 

community. Further research into or documentation of the threats to the arid sand hills at BITH (e.g., 

invasive species, dense midstory due to fire suppression) could also be helpful for preserve 

managers. The GULN is developing a vegetation monitoring protocol that will begin gathering data 

on plant community composition and coverage in several BITH units by 2016 (Woodman, written 

communication, December 2014).   

Overall Condition 

Endemic Species Richness 

The project team assigned this measure a Significance Level of 3. Some endemic plant species have 

been documented in arid sand hill habitat within BITH, but the sand hills have not been specifically 

inventoried for endemic species. Because of the rarity of these species and the threats facing the arid 

sand hill community, preserve managers consider this measure of moderate concern (Condition Level 

= 2). 

Extent 

The extent measure was also assigned a Significance Level of 3. Arid sand hills are the rarest 

vegetation community within BITH and the surrounding region, covering less than 100 ha within the 

preserve. While there is no direct evidence that the extent of arid sand hills is declining, the small 

size and limited number of these communities alone makes them vulnerable to habitat loss. As a 

result, this measure is assigned a Condition Level of 2, indicating moderate concern. 

Weighted Condition Score  

The WCS for arid sand hills is 0.67, which is at the lower end of the high concern category. A trend 

could not be identified due to a lack of recent data. Managers have been working on restoring this 
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habitat, primarily through prescribed fire (Hyde, written communication, June 2015), so condition 

may be improving in some areas of the preserve. 

Arid Sand Hills 

  Measures Significance Level Condition Level WCS = 0.67 

  Endemic Species 

  Richness 
3 2 

   Extent 3 2 
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4.5 Longleaf Pine Wetlands 

4.5.1 Description 

Longleaf pine wetlands (often called wetland pine 

savannas) occur in shallow, poorly drained depressions 

or flats within the sandy uplands of BITH (Harcombe 

and Marks 1979). The vegetation typically consists of a 

dense herb layer with some wetland shrubs and widely 

scattered longleaf pine (Photo 7), although loblolly pine 

has become the dominant tree species in many areas 

following the logging of longleaf (Fountain 1984). The 

shrub layer often includes stunted blackgum, sweetgum, 

southern red oak, sweetbay (Magnolia virginiana), wax-

myrtle, and swamp titi (Cyrilla racemiflora) (Harcombe 

and Marks 1979). The diverse understory includes 

sedges and grasses, orchids, sphagnum moss, ferns, 

insectivorous plants (e.g., pitcher plants and sundews), 

and other forbs (Harcombe and Marks 1979, DESCO 2006). Many of these herbaceous species are 

often associated with poor soils and acidic sites (Marks and Harcombe 1978). At BITH, longleaf pine 

wetlands include pitcher plant bogs and baygalls with a sparse pine overstory. ñBaygallò is a local 

name for a wetland shrub thicket, derived from the shrubs sweetbay and gallberry holly (Harcombe 

and Marks 1979).  

The soils in longleaf pine wetlands are typically saturated throughout the winter and spring, and 

regularly during the year after precipitation events (MacRoberts and MacRoberts 1998). These 

waterlogged soils likely prevent the establishment of many woody species common in other preserve 

vegetative communities, particularly oaks (Quercus spp.) (Streng and Harcombe 1982, MacRoberts 

and MacRoberts 2000). Fire is also important in maintaining the open nature of these wetlands and 

the diverse herbaceous understory (Harcombe and Marks 1979). 

Wetland pine savannas and pitcher plant bogs were historically extensive in the southeastern U.S., 

with southeast Texas representing the western limit of their range (Grace 1997, MacRoberts and 

MacRoberts 1998). Today, less than 3% of the original communities remain, making wetland pine 

savannas one of the rarest plant communities in the region and within BITH (NPS 2012a). Wetlands 

are an important part of the BITH environment, as they provide habitat for wildlife, temporarily store 

precipitation, and facilitate groundwater recharge (Zygo 1999). 

4.5.2 Measures 

¶ Extent 

¶ Herbaceous understory diversity 

¶ Herbaceous understory density 

¶ Midstory density 

Photo 7. Wetland pine savanna in BITH 
(NPS photo). 
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4.5.3 Reference Conditions/Values 

The reference condition for this component is the condition of longleaf pine wetlands prior to 

European settlement of the area. However, little information is available from this time. The earliest 

known studies of vegetation within current BITH boundaries occurred in the 1970s (Marks and 

Harcombe 1978, Harcombe and Marks 1979), when much of the region had already been harvested 

for timber several times. The information presented in this NRCA could serve as a baseline for future 

assessments. 

4.5.4 Data and Methods 

Harcombe and Marks (1979) sampled 56 vegetation stands throughout BITH, focusing on woody 

vegetation. Only two of the stands sampled were classified as wetland pine savanna. Additional 

descriptions of longleaf pine wetlands were found in Marks and Harcombe (1978), DESCO (2006), 

and NPS (2012a). Fountain (1984) collected some data on shrub density and understory coverage in 

two wetland pine savanna plots as part of a study of past oil and gas development impacts within 

preserve boundaries. 

Streng and Harcombe (1982) studied two savannas within the HCSU. Only one of these was a pine 

wetland; the other was a drier, upland savanna type. On the wetland site, a clayey subsoil reportedly 

contributed to the presence of several centimeters of standing water for 6-9 months out of the year 

(Streng and Harcombe 1982). Streng and Harcombe (1982) gathered information on the tree, shrub, 

and herbaceous layers at this site.  

 

Photo 8. Pale pitcher plant (Sarracenia alata) (NPS photo). 

MacRoberts and MacRoberts (1998) completed a floristic inventory of two longleaf pine wetlands 

within BITH, visiting sites monthly (except for mid-winter) between July 1997 and November 1998. 

The first site, within the LRU was described as a ñclassicò wetland pine savanna (MacRoberts and 

MacRoberts 1998). The second site, in the TCU, was noteworthy for its ñextensive stands of pitcher 
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plantsò (MacRoberts and MacRoberts 1998, p. 41). The TCU site was burned during the winter of 

1997-1998, while the LRU site had not burned since 1990. MacRoberts and MacRoberts (1998) 

produced a species list for each site, which provides information on herbaceous understory diversity 

for this assessment. Watson (1982) produced a preserve-wide plant list with information on the 

community types where each species was found, which provided additional information on 

herbaceous diversity. 

Blanton and Associates, Inc. (2002) sampled pine wetlands (Pinus taeda Seasonally Flooded 

Woodland Alliance) in the LRU during 1999 and 2000. Thirty-two plots totaling 0.8 ha (2.0 ac) were 

sampled for woody vegetation, and herbaceous vegetation was studied in 320 1 m x 1 m plots. 

During a 2006 vegetation assessment of the TCU, DESCO (2007) visited several pine wetland 

stands. Four plots totaling 0.1 ha (0.2 ac) were sampled for woody vegetation, while herbaceous 

vegetation was sampled in 30 1 m x 1 m plots (DESCO 2007).   

As mentioned previously, a preserve-wide vegetation map is not available for BITH, but several 

individual units have been mapped, including LRU (Blanton and Associates, Inc. 2002) and TCU 

(DESCO 2007). These maps have been combined to form one GIS layer, which was acquired from 

the GULN (NPS 2012b). Additional insight into vegetation community distribution can be obtained 

from BITH fire affects monitoring plots, which are classified by vegetation type (NPS 2012b). A 

potential natural vegetation map was created for the entire preserve by Harcombe and Marks (1979); 

a GIS version of this map (NPS 2003) was also obtained from the GULN. 

4.5.5 Current Condition and Trend 

Extent 

Longleaf pine wetlands are known to occur within three BITH units: LRU, TCU, and HCSU (Figure 

18) (Harcombe and Marks 1979, MacRoberts and MacRoberts 2000). According to Harcombe and 

Marks (1979), approximately 374.3 ha (925 ac) occurred within LRU, 148.5 ha (367 ac) in HCSU, 

and 210.8 ha (521 ac) in TCU, for a total of 733.6 ha (1813 ac). This accounts for just 1-2% of the 

preserveôs current total area. 
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Figure 18. Locations within BITH where wetland pine savanna (or a wetland pine savanna/baygall mix) is 
the potential natural vegetation community (NPS 2003, based on Harcombe and Marks 1979). 

In more recent mapping efforts, the vegetation community which correlates to Harcombe and Marks 

(1979) wetland pine savanna type was identified as ñLoblolly Pine Seasonally Flooded Woodland 

Allianceò (Blanton and Associates, Inc. 2002). Only 134.8 ha (333 ac) of this type was mapped in the 

LRU and TCU (Figure 19; Blanton and Associates, Inc. 2002, DESCO 2007). While neither the 

historic or current extent of longleaf pine wetlands in BITH is known, MacRoberts and MacRoberts 

(2000) believe that less than 1% of the original wetland pine savannas remain. 



 

107 

 

 

Figure 19. Loblolly pine seasonally flooded woodlands in LRU (Blanton and Associates 2002) and TCU 
(DESCO 2007) and BITH fire effects monitoring plots located within wetland pine savanna (NPS 2012b). 

Herbaceous Understory Diversity 

Wetland pine savannas are thought to support the highest plant diversity of all vegetation 

communities in BITH, with an estimated 100 species of forbs per acre (NPS 2012a). Approximately 

300 herbaceous species have been documented within the preserveôs wetland pine savannas 

(Appendix E). Watsonôs (1982) preserve-wide plant list includes 205 of these species. More recently, 

MacRoberts and MacRoberts (1998) documented 100 and 88 herbaceous species in LRU and TCU 

wetland pine savannas, respectively. Notable plants include nine orchid species and six insectivorous 

species (Appendix E). 

Blanton and Associates, Inc. (2002) identified 107 herbaceous plant species in pine wetland plots 

(Pinus taeda Seasonally Flooded Woodland Alliance) in the LRU. In the TCU, DESCO (2007) 

documented 57 herbaceous species in pine wetland sample plots. The species documented in these 

two studies are also noted in Appendix E. 

Herbaceous Understory Density  

Due to the typically open nature of longleaf pine wetlands, the herbaceous understory is normally 

dense in these communities (Harcombe and Marks 1979). However, no understory density data are 
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available for this community in the preserve. The only information similar to density is ñcanopy 

coverageò measurements for two wetland pine savanna plots from Fountain (1984). While plant 

cover cannot be directly correlated to density, this information may provide some insight into total 

herbaceous ground cover and the species that are contributing the greatest coverage (Table 26). 

DESCO (2007) also recorded ground cover in the herbaceous layer of TCU pine wetlands, estimating 

coverage at 68.3%. 

Table 26. Average crown canopy coverage in the herbaceous layer by species within two wetland pine 
savanna control plots (i.e., not influenced by oil and gas development) (Fountain 1984). 

Scientific Name Common Name 
Average Crown 

Canopy Coverage 

Carex sp. sedge 26.2 

Andropogon sp. bluestem 11.5 

Hyptis alata clustered bushmint 6.3 

Pteridium aquilinum* western brackenfern 6.3 

Rhexia lutea yellow meadowbeauty 6.3 

Xyris ambigua coastal plain yelloweyed grass 6.3 

Dichanthelium commutatum* variable panicgrass 5.6 

Centella sp. centella 3.4 

Drosera brevifolia dwarf sundew 3.4 

Eupatorium hyssopifolium hyssopleaf thoroughwort 3.0 

Eriocaulon decangulare tenangle pipewort 0.8 

Lycopodiella sp. clubmoss 0.4 

Osmunda regalis royal fern 0.4 

Panicum sp. panic grass 0.4 

Polygala mariana Maryland milkwort 0.4 

Rhexia virginica handsome Harry 0.4 

Solidago sp. goldenrod 0.4 

Tephrosia onobrychoides multibloom hoarypea 0.4 

Viola sp. violet 0.4 

Total  82.3 

* These species were not listed as occurring in wetland pine savannas by either Watson (1982) 
or MacRoberts and MacRoberts (1998), possibly suggesting that Fountainôs (1984) sites had 
been invaded by some upland species. 
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Threats and Stressors Factors 

Threats to longleaf pine wetlands identified by preserve staff include altered fire regimes, increased 

midstory density, drought, invasive species (plants and feral hogs), past logging, and land 

development around the preserve which has impacted surface hydrologic flow. As with the other 

longleaf communities at BITH, the pine wetlands are strongly influenced by fire (Liu 1995, NPS 

2012a; see Chapter 4.2 threats and stressors). Mize et al. (2005, p. 200) stated that lack of frequent 

fire is ñthe most pervasive detrimental impact to existing pitcher plant bogs.ò In the absence of fire, 

savanna wetlands are invaded by shrubs such as sweetbay, gallberry holly, and swamp titi, which 

often shade out the characteristic insectivorous plants, orchids, and ferns (Watson 1982). MacRoberts 

and MacRoberts (2000, p. 4) observed that nearly all the remaining wetland pine savannas in BITH 

ñhave clearly been degrading and losing ground to shrub encroachment and are being transformed to 

shrub thickets.ò Fire-scar evidence from trees in the HCSU suggested that fires occurred there every 

3.9 years on average between 1928 and 1967, but was effectively suppressed between 1967 and 1983 

(Liu 1995). 

Drought has been shown to impact wetland pine savannas in BITH. Streng and Harcombe (1982) 

found a depression in tree age distribution within a HCSU wetland savanna that correlated with the 

1956 Texas drought. The authors hypothesized that the drought caused a decline in tree seedling 

recruitment and/or survival and may have influenced seed production as well (Streng and Harcombe 

1982). Watson (1982) also noted that drought had negatively impacted the number of wetland and 

ephemeral plants in the TCU. Much of Texas, including BITH, experienced a drought of 

unprecedented intensity in 2011 due to an extended period of below-average rainfall (Nielson-

Gammon 2012). According to Harcombe (1999), climate change is likely to increase the frequency 

and intensity of both droughts and floods in the future. 

Although invasive plants have not yet been documented in longleaf pine wetlands, these species have 

the potential to outcompete native plants and can alter ecological processes (e.g., nutrient cycling, 

disturbance regimes such as fire) (Gordon 1998). Chinese tallow and kudzu are of particular concern, 

as they are already invading other areas of the preserve (Hyde, written communication, 6 October 

2015). Feral hogs are also a threat to these wetlands and, as discussed previously, hog numbers have 

been increasing in BITH and the surrounding region (Chavarria 2006). Hog wallows tend to be 

concentrated near wet areas, such as the wetland pine savannas in the LRU, and trampling damage 

from regularly used travel corridors primarily occurs on poorly drained soils (Chavarria 2006). 

Past logging operations appear to have impacted the tree composition of longleaf pine wetlands. 

Fountain (1984) noted that logging activity removed many longleaf pines prior to the establishment 

of BITH, leaving loblolly pine as the dominant species in some areas. Loblolly tends to regenerate 

more quickly than longleaf pine, even in areas where some mature longleaf remains in the overstory 

(Hyde, written communication, 6 October 2015). This may have contributed to the fact that areas 

where the potential vegetation was classified as ñwetland pine savannaò (typically described with 

sparse longleaf pines) by Harcombe and Marks (1979) were mapped as ñLoblolly Pine Seasonally 

Flooded Woodland Allianceò by Blanton and Associates (2002). 
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Data Needs/Gaps 

Most of the data available for the measures presented here are over 10 years old, and some sources 

are over 30 years old. In addition, no actual data are available at this time for density of the 

herbaceous understory in these communities. DESCO Environmental Consultants have conducted a 

survey of BITHôs largest pitcher plant bog (Hyde, written communication, 6 October 2015), but data 

and analysis were not available in time for inclusion in this NRCA. Updated surveys focusing on the 

herbaceous understory and midstory density are needed to fully assess the condition of this 

community within BITH. A preserve-wide vegetation map does not exist, although mapping efforts 

are expected to be initiated in the next few years. An invasive plant survey could also help determine 

how much of a threat these species pose to the preserveôs longleaf pine wetlands. The GULN is 

developing a vegetation monitoring protocol that will begin gathering data on plant community 

composition and coverage in several BITH units by 2016 (Woodman, written communication, 

December 2014). Areas of focus for long-term monitoring will include the TCU and LRU (Segura, 

email communication, 18 February 2015), two of the units where much of the remaining longleaf 

pine wetland is found.  

Overall Condition 

Extent 

The project team assigned this measure a Significance Level of 3. Although the current extent of 

longleaf pine wetlands in BITH is not known, it is likely that less than 1% of the original wetland 

pine savannas remain (MacRoberts and MacRoberts 2000). Much of the remaining community is 

threatened by woody species invasion, particularly due to lack of fire (MacRoberts and MacRoberts 

2000). Therefore, this measure is assigned a Condition Level of 2, indicating moderate concern. 

Herbaceous Understory Diversity  

The herbaceous understory diversity measure was assigned a Significance Level of 3. Over time, 

approximately 300 herbaceous species have been documented within the preserveôs wetland pine 

savannas (Appendix E). While high herbaceous diversity has been documented in the preserveôs 

longleaf pine wetlands historically (Watson 1982, MacRoberts and MacRoberts 1998), more recent 

surveys have been limited to individual units and have not confirmed that this large number of 

understory species is still present. As a result, a Condition Level could not be assigned for this 

measure. 

Herbaceous Understory Density 

The density measure was also assigned a Significance Level of 3. Understory density is normally 

high in these open communities, but no actual data on understory density in BITHôs longleaf pine 

wetlands are available at this time. Due to this lack of data, a Condition Level could not be assigned. 

Midstory Density 

This measure was assigned a Significance Level of 1. Measures with a Significance Level of 1 are not 

discussed in depth in the current condition section of this assessment, but available information is 

summarized here in the overall condition section. Historically, the midstory layer in longleaf pine 

wetlands would have been open (i.e., low density), due to saturated soils and frequent fires. However, 
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fire suppression and other factors have caused the midstory density to increase in many longleaf pine 

communities (Varner et al. 2005). Little information is available on midstory density in BITHôs 

wetland pine savannas. Streng and Harcombe (1982) recorded the density of shrub species in one 

longleaf pine wetland in HCSU (Table 27). Fountain (1984) also calculated total density for the 

shrub layer within 0.01 ha plots. Within two wetland pine savanna control plots, Fountain (1984) 

found 5.0 stems/plot, which equates to approximately 500 stems/ha. The large difference between 

these two density measurements may be due to each studyôs definition of ñshrubò; Streng and 

Harcombe (1982) considered woody species greater than 0.5 m (19.7 in) tall but less than 4.5 cm (1.8 

in) in diameter as shrubs, while Fountain (1984) defined shrubs as stems between 1.0 and 9.9 cm (.4 

and 3.9 in) in diameter.  

Table 27. Density (stems/ha) of shrub species within a longleaf pine wetland sampled by Streng and 
Harcombe (1982). 

Scientific Name Common Name Density 

Morella cerifera wax-myrtle 1,987 

Ilex vomitoria yaupon 27 

Rubus sp. blackberry 587 

Cyrilla racemiflora swamp titi 1060 

Magnolia virginiana sweetbay 8,970 

Persea borbonia redbay 43 

Diospyros 
virginiana 

common 
persimmon 

80 

Hypericum 
hypericoides ssp. 
hypericoides 

St. Andrewôs 
cross 

320 

Asimina parviflora 
smallflower 
pawpaw 

40 

Vaccinium 
arboreum 

farkleberry 93 

Total  13,207 

Blanton and Associates, Inc. (2002) calculated midstory and shrub layer density in pine wetland plots 

in the LRU. Any stems 7-20 cm in diameter were considered ñmidstory,ò whereas the ñshrubò layer 

consisted of stems 0-7 cm in diameter. The average midstory density in LRU plots was 469 stems/ha 

and shrub layer density was 5,850 stems/ha (Blanton and Associates, Inc. 2002). DESCO (2007) also 

calculated midstory and shrub layer density for pine wetlands in the TCU. In this study, ñmidstoryò 

included stems 2.5-12 cm in diameter, whereas the ñshrubò layer consisted of stems 0.5-2.5 cm in 

diameter. Midstory density in TCU plots averaged 1,130 stems/ha, with the shrub layer averaging 

14,100 stems/ha (DESCO 2007). Midstory and shrub layer densities by species for these two studies 

are presented in Table 28. Because all of the data are geographically limited and some are over 30 

years old, a Condition Level was not assigned for this measure. 
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Table 28. Midstory and shrub layer densities by species in LRU and TCU pine wetlands (Pinus taeda 

Seasonally Flooded Woodland Alliance) (Blanton and Associates, Inc. 2002, DESCO 2007). 

Scientific Name 

Blanton & Assoc. (2002) (LRU) DESCO (2007) (TCU) 

Midstory Shrub Layer Midstory Shrub Layer 

Pinus taeda 266.25 1,212.5 160.0 100.0 

Nyssa sylvatica 108.75 625.0 10.0 100.0 

Nyssa biflora -- -- 70.0 100.0 

Morella cerifera 12.5 962.5 50.0 800.0 

Morella caroliniensis -- -- 100.0 100.0 

Liquidambar styraciflua   20.0 412.5 10.0 100.0 

Persea palustris -- 400.0 30.0 500.0 

Acer rubrum 5.0 437.5 -- 100.0 

Magnolia virginiana 15.0 450.0 250.0 4,900.0 

Ilex vomitoria 1.25 312.5 20.0 200.0 

Ilex opaca 2.5 187.5 60.0 -- 

Pinus palustris 8.75 112.5 -- -- 

Ilex coriacea -- 137.5 210.0 100.0 

Diospyros virginiana -- 187.5 -- -- 

Quercus nigra 6.25 62.5 -- 200.0 

Quercus laurifolia 3.75 75.0 110.0 -- 

Quercus falcata -- -- 10.0 -- 

Quercus alba -- -- 10.0 -- 

Cyrilla racemiflora -- 37.5 20.0 6,500.0 

Triadica sebiferum* -- 75.0 -- -- 

Viburnum nudum -- 87.5 -- -- 

Pinus elliottii -- 25.0 -- -- 

Aronia arbutifolia -- 25.0 -- -- 

Callicarpa americana -- 12.5 -- -- 

Crataegus opaca 3.75 12.5 -- -- 

Crataegus spathulata -- -- 10.0 -- 

Pinus echinata 15.0 -- -- -- 

Smilax laurifolia -- -- -- 300.0 

* Invasive species 
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Weighted Condition Score  

A WCS was not calculated for BITHôs longleaf pine wetlands due to a lack of recent data. The 

current condition and trend of this community in the preserve are unknown. 

4.5.6 Sources of Expertise 

¶ Ken Hyde, BITH Chief of Resource Management 

¶ Herbert Young, BITH Biologist 
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4.6 Floodplain Hardwood Forest 

4.6.1 Description 

Floodplain forests make up a large portion of BITH and perform valuable ecological functions for the 

region. These forests provide habitat not only for terrestrial wildlife, but also for aquatic life by 

providing snags in streams and shade that keeps water temperatures lower (Harcombe 1996). 

Floodplains store and slow floodwaters and facilitate groundwater recharge (Zygo 1999, Allen et al. 

2001). Floodplain forests also improve water quality by buffering streams from run-off containing 

pesticides, fertilizers, and other pollutants, and from siltation due to erosion on adjacent lands 

(Harcombe 1996, Allen et al. 2001). During the 20th century, a significant amount of bottomland 

hardwood forest (a type of floodplain forest) was lost across the United States, including 

approximately 63% of the original bottomland hardwood area in East Texas (Frye 1987, Allen et al. 

2001). Factors causing this loss included logging, diking and draining the lands for agricultural 

production, conversion to large industrial sites, and urbanization.  

Floodplain forests occur within the broad flats between the bluffs and along the riparian corridors of 

the Neches River and other streams where soil moisture is abundant for much of the year (Harcombe 

and Marks 1979). The forests receive new sediments and nutrients during flood pulses on the 

waterways, and especially those not controlled by dams. Leaf litter is often lacking, as it is regularly 

washed away by flooding (Marks and Harcombe 1978). These forests can be further divided into 

three types: Floodplain hardwood pine forest, floodplain hardwood forest, and cypress tupelo forest. 

Floodplain hardwood pine is typically found in smaller stream floodplains. The dominant trees are 

loblolly pine and American beech, with sweetgum, black gum, southern magnolia, and water oak 

also common in the overstory (Harcombe and Marks 1979). Shrubs are rare, as the understory 

typically consists of small trees such as American hornbeam (Carpinus caroliniana), and the 

herbaceous groundlayer tends to be sparse (Marks and Harcombe 1978, Harcombe and Marks 1979). 

Floodplain hardwood forests occur in larger stream floodplains and are dominated by sweetgum and 

water oak (Harcombe and Marks 1979). Additional common species include American hornbeam, 

oaks, black gum, water hickory (Carya 

aquatica), and red maple. Overstory 

trees often grow to large diameters and 

contribute to a dense canopy, which 

limits shrub and understory growth 

(Marks and Harcombe 1978, Harcombe 

and Marks 1979). Native vines, such as 

muscadine (Vitis rotundifolia) and 

Alabama supplejack (Berchemia 

scandens), are common and can also 

reach a large size (>10 cm [3.9 in] 

diameter) (Harcombe and Marks 1979). 

Cypress tupelo forest (or swamp) is 

found in deep sloughs, oxbows, river Photo 9. Bald cypress (USFWS photo). 
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inlets, and other floodplain depressions (Harcombe and Marks 1979). These stands are dominated by 

bald cypress (Taxodium distichum; Photo 9) and water tupelo (Nyssa aquatica); both of these species 

can reach enormous size (>100 cm [39.4 in] in diameter) and form large buttressed roots. Other trees 

that occur, mostly towards the edges of these stands, include black gum, Carolina ash (Fraxinus 

caroliniana), and common buttonbush (Cephalanthus occidentalis) (Harcombe and Marks 1979, 

DESCO 2006).  

4.6.2 Measures 

¶ Extent 

¶ Canopy cover 

¶ Basal area 

¶ Age class 

4.6.3 Reference Conditions/Values 

The reference condition for this component is the condition of the floodplain forests prior to major 

logging operations in the area (around the mid- to late 19th century). Unfortunately, little information 

is available for the selected measures from this time. The earliest known studies of forests within 

current preserve boundaries occurred in the 1970s (Marks and Harcombe 1978). The information 

presented in this NRCA could serve as a baseline for future assessments. 

4.6.4 Data and Methods 

Harcombe and Marks (1979) sampled 56 vegetation stands throughout the various BITH units, 

covering the topographic range from floodplains to upland forests. The focus of the study was on 

woody vegetation, with little attention given to the herbaceous understory. Eighteen of the stands 

sampled were within floodplain forests (two floodplain hardwood pine forest, 15 floodplain 

hardwood forest, and one swamp cypress tupelo forest). Harcombe and Marks (1975) provided size 

class data for a bottomland hardwood forest in the BCU. Fountain (1984) documented basal area and 

several other variables in floodplain forests within the preserve. Harcombe et al. (1999) included 

basal area data from a long-term study site within a floodplain forest in the NBU. 

Lewis et al. (2000) sampled forest vegetation in the BSCU as part of a study of the herpetofaunal 

community. Communities sampled included a floodplain hardwood forest along Big Sandy Creek. 

The study documented density and canopy closure in the overstory, midstory, and understory.  

More recently, vegetation surveys have been completed in individual preserve units: the LRU 

(Blanton & Associates 2002), BSCU (PBS&J 2003), and TCU (DESCO 2007). All three surveys 

collected extent and basal area data for several floodplain forest community types in the respective 

units. 

4.6.5 Current Condition and Trend 

Extent 

According to Harcombe and Marks (1979), floodplain forest covered approximately 11,000 ha 

(27,182 ac) in the preserve during the late 1970s. The approximate area of each floodplain forest type 
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by unit is presented in Table 29. The locations in BITH where floodplain forest or a 

floodplain/flatland forest mix are the potential natural vegetation communities (according to 

Harcombe and Marks 1979) are shown in Figure 20 below. 
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Table 29. Approximate area (in ha) of floodplain forest community types by unit, according to Harcombe and Marks (1979). FHPF = Floodplain 
hardwood pine forest, FHF = Floodplain hardwood forest, CTF = Cypress tupelo forest. 

Communtiy 
Type Beaumont 

Lower 
Neches 

Neches 
Bottom 

Upper 
Neches 

Pine 
Island 
Bayou 

Lance 
Rosier 

Menard 
Creek Big Sandy 

Turkey 
Creek 

Beech 
Creek Total 

FHPF -- -- -- -- -- -- -- 39.7 887.9 158.2 1,085.8 

FHF 2,119.7 1,000.0 3,335.8 1,775.8 372.7 181.3 93.1 374.7 85.8 70.4 9,409.3 

CTF 352.1 4.0 142.5 -- -- -- -- 20.6 4.9 -- 524.1 

Total 2,471.8 1,004.0 3,478.3 1,775.8 372.7 181.3 93.1 435.0 978.6 228.6 11,019.2 
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Figure 20. Locations within BITH where floodplain forest or a floodplain/flatland mix are the potential 
natural vegetation communities (NPS 2003, based on Harcombe and Marks 1979). 

More recent vegetation surveys have mapped floodplain forests in individual units of the preserve. 

PBS&J (2003) recorded 2,708.6 ha (6,693.1 ac) of floodplain forest in the BSCU (Figure 21), while 

DESCO (2007) and Blanton and Associates Inc. (2002) documented 1,204.6 ha (2,976.6 ac) and 

1,308 ha (3,232.1 ac) of floodplain forest in the TCU (Figure 22) and LRU (Figure 23), respectively. 

Lastly, DESCO (2011) mapped 1,714.2 ha (4,235.9 ac) of floodplain forest in the lower portion of 

the Beaumont Unit (Figure 24). Forest area by community type and unit is presented in Table 30. 
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Figure 21. Floodplain forest vegetation within the Big Sandy Creek Unit (PBS&J 2003) 
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Figure 22. Floodplain forest vegetation within the Turkey Creek Unit (DESCO 2007). 
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Figure 23. Floodplain forest vegetation within the Lance Rosier Unit (Blanton and Associates 2002). 
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Figure 24. Floodplain forest vegetation within the lower Beaumont Unit (DESCO 2011). 

Table 30. Floodplain forest extent (in ha) by community type (alliance) in the BSCU (PBS&J 2003), LRU 
(Blanton and Associates Inc. 2002), TCU (DESCO 2007) and the lower portion of the Beaumont Unit 
(LBU) (DESCO 2011).     

Alliance BSCU LRU TCU LBU 

Nyssa aquatica- (Taxodium distichum) Semi-permanently     

     Flooded Forest 
43.6 -- 6.2 1,292.7 

Taxodium distichum - Nyssa (aquatica, biflora, ogeche)  

     Seasonally Flooded Forest 
-- -- 20.7 -- 

Fraxinus pennsylvanica - (Ulmus americana - Celtis  

      (occidentalis, laevigata) Temporarily Flooded Forest 
5.9 -- -- -- 

Quercus (laurifolia, phellos) Seasonally Flooded Forest 2,590.7 1,261 -- 42.3 

Magnolia virginiana-Nyssa biflora-(Quercus laurifolia)  

     Saturated Forest 
24.3 -- 155.6 -- 

Nyssa (aquatica, biflora, ogeche) Floodplain Seasonally  

     Flooded Forest 
44.1 -- 11.4 -- 
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Table 30 (continued). Floodplain forest extent (in ha) by community type (alliance) in the BSCU (PBS&J 
2003), LRU (Blanton and Associates Inc. 2002), TCU (DESCO 2007) and the lower portion of the 
Beaumont Unit (LBU) (DESCO 2011).     

Alliance BSCU LRU TCU LBU 

Nyssa (aquatica, biflora, ogeche) Pond Seasonally Flooded  

     Forest 
-- 18 4.7 -- 

Quercus nigra Seasonally Flooded Forest -- 29 -- -- 

Quercus (phellos, nigra, laurifolia) Temporarily Flooded   

     Forest 
-- -- 129.6 57.4 

Pinus taeda ï Quercus (phellos, nigra, laurifolia) Temporarily 

Flooded Forest 
-- -- 876.4 -- 

Taxodium distichum Semipermanently Flooded Forest  

     Alliance 
-- -- -- 56.0 

Taxodium distichum Tidal Woodland -- -- -- 227.4 

Triadica sebifera Seasonally Flooded Forest Alliance -- -- -- 35.4 

Acer rubrum-Fraxinus pennsylvanica Seasonally Flooded  

    Forest Alliance 
-- -- -- 2.4 

Salix nigra Seasonally Flooded Forest Alliance -- -- -- 0.6 

Total 2,708.6 1,308 1,204.6 1,714.2 

Canopy Cover 

Very little scientific data on canopy cover has been collected in BITHôs slope forests. Only Lewis et 

al. (2000) reported on canopy closure in a BSCU floodplain hardwood forest. These results show a 

high percentage of canopy cover in the overstory and midstory with a very sparse understory layer 

(Table 31). 

Table 31. Percent canopy closure in floodplain hardwood forest plots (Lewis et al. 2000). 

Forest Plots Canopy Closure 

 Overstory 88.8 

 Midstory 84.8 

 Understory 14.4 

Basal Area 

As described in Chapter 4.2 of this document, basal area is a density measurement that takes into 

account the area occupied by each species, rather than just the number of stems of each species 

within a given area. Basal area data are limited for BITHôs floodplain forests. Harcombe and Marks 

(1979) calculated basal areas for one swamp cypress tupelo forest, two floodplain hardwood pine 

forest, and 15 floodplain hardwood forest stands. The basal areas for these forest types by species 

and overall from Harcombe and Marks (1979) are shown in Table 32. Total basal area was much 
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greater in the cypress tupelo stand than in the other floodplain forest types (Harcombe and Marks 

1979).  

Table 32. Mean total basal area (m2/ha) by species within floodplain forest stands sampled by Harcombe 
and Marks (1979). Only species with basal areas >0.05 m2/ha are included in the table. FHPF = 
Floodplain hardwood pine forest, FHF = Floodplain hardwood forest, CTF = Cypress tupelo forest. 

Scientific Name Common Name FHPF FHF CTF 

Cornus florida flowering dogwood 0.2 - - 

Pinus taeda loblolly pine 10.2 1.4 - 

Quercus alba white oak 1.6 - - 

Magnolia grandiflora southern magnolia 2.3 0.2 - 

Ostrya virginiana hophornbeam 0.4 - - 

Fagus grandifolia American beech 7.3 1.2 - 

Ilex opaca American holly 0.9 1.1 - 

Magnolia virginiana sweet bay 1.1 - - 

Nyssa sylvatica black gum 3.1 1.3 10.8 

Quercus laurifolia laurel oak 1.0 0.3 - 

Acer rubrum red maple 0.2 1.1 2.5 

Liquidambar styraciflua   sweetgum 2.3 5.8 0.6 

Quercus phellos willow oak - 0.9 - 

Quercus nigra water oak 1.9 6.0 - 

Quercus pagoda cherrybark oak - 0.9 - 

Quercus michauxii swamp chestnut oak 0.6 2.2 - 

Cornus foemina stiff dogwood - 0.1 - 

Fraxinus pennsylvanica green ash 0.4 0.4 - 

Ulmus alata winged elm 0.2 0.2 - 

Halesia diptera two-wing silverbell - 0.1 - 

Carpinus caroliniana American hornbeam; ironwood 1.4 4.2 - 

Diospyros virginiana common persimmon - - 0.1 

Carya aquatica water hickory 0.1 1.1 0.3 

Ilex decidua possumhaw - 0.1 - 

Taxodium distichum bald cypress - 0.3 22.5 
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Table 32 (continued). Mean total basal area (m2/ha) by species within floodplain forest stands sampled 
by Harcombe and Marks (1979). Only species with basal areas >0.05 m2/ha are included in the table. 
FHPF = Floodplain hardwood pine forest, FHF = Floodplain hardwood forest, CTF = Cypress tupelo 
forest. 

Scientific Name Common Name FHPF FHF CTF 

Quercus lyrata overcup oak - 0.5 0.4 

Crataegus sp. hawthorn 0.1 - - 

Carya glabra pignut hickory - 0.2 - 

Nyssa aquatica water tupelo - - 95.1 

Planera aquatica planertree; water elm - - 0.3 

Cephalanthus occidentalis common buttonbush - - 0.6 

Fraxinus caroliniana Carolina ash - - 4.9 

Total  35.3 29.6 138.1 

Fountain (1984) also documented basal areas in floodplain hardwood pine forest and floodplain 

hardwood forest plots. Basal areas were slightly lower than those documented by Harcombe and 

Marks (1979), with a mean total of 27.23 m2/ha for floodplain hardwood pine and 27.85 m2/ha for 

floodplain hardwood stands (Fountain 1984). 

Harcombe et al. (1999) presented basal area data by species from a long-term study site within a 

NBU floodplain forest. Basal areas fluctuated over time, increasing from 28.1 m2/ha in 1980 to 29.1 

m2/ha in 1989, before declining again by 1994 (Table 33). Most species increased in basal area over 

time, but American holly, American hornbeam, water hickory, and American elm (Ulmus 

americana) decreased.   

Table 33. Total basal area (m2/ha) by species and annualized percent change from 1980-1994 in a 
Neches Bottom floodplain forest (Harcombe et al. 1999). Annual percent change is the difference 
between 1994 and initial basal area divided by the initial basal area and the number of years since the 
initial basal area reading. 

Species 1994 Basal Area 

Annual % Change 
in Basal Area 
(since 1980) 

Ilex opaca 0.62 -0.02 

Quercus laurifolia 0.35 0.06 

Nyssa sylvatica 0.99 0.01 

Liquidambar styraciflua   6.74 0.01 

Acer rubrum 2.56 0.00 

Quercus nigra 2.90 0.03 
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Table 33 (continued). Total basal area (m2/ha) by species and annualized percent change from 1980-
1994 in a Neches Bottom floodplain forest (Harcombe et al. 1999). Annual percent change is the 
difference between 1994 and initial basal area divided by the initial basal area and the number of years 
since the initial basal area reading. 

Species 1994 Basal Area 

Annual % Change 
in Basal Area 
(since 1980) 

Quercus michauxii 3.09 0.01 

Carpinus caroliniana 2.76 -0.04 

Taxodium distichum 1.72 0.03 

Nyssa biflora 1.61 0.00 

Quercus lyrata 1.36 0.02 

Carya aquatica 0.85 -0.01 

Ulmus americana 0.66 -0.02 

Other 1.84 -- 

Total 28.05 -- 

More recent unit-specific surveys documented basal areas for a variety of floodplain forest vegetation 

alliances (Table 34; Blanton and Associates, Inc. 2002, PBS&J 2003, DESCO 2007). Basal areas in 

these surveys ranged from 20.73 m2/ha (Fraxinus pennsylvanica - [Ulmus americana - Celtis 

[occidentalis, laevigata] Temporarily Flooded Forest in the BSCU) to 65.23 m2/ha (Taxodium 

distichum - Nyssa [aquatica, biflora, ogeche] Seasonally Flooded Forest in the TCU). 

Table 34. Basal area data (m2/ha) for floodplain forest alliances in the BSCU (PBS&J 2003), LRU 
(Blanton and Associates, Inc. 2002), and TCU (DESCO 2007). Total basal area is for all woody 
vegetation (overstory, midstory, and shrub layer). NR = not reported 

BSCU Floodplain Forest Alliances 
Total Basal 

Area 
Overstory 
Basal Area Dominant Species - Basal Area 

Nyssa aquatica- (Taxodium distichum) Semi- 

    permanently Flooded Forest 
55.17 NR 

water tupelo - 33.41 

Fraxinus pennsylvanica - (Ulmus americana -  

    Celtis  (occidentalis, laevigata) Temporarily 

    Flooded Forest 

20.73 NR 

green ash - 7.23 

Quercus (laurifolia, phellos) Seasonally  

    Flooded Forest 
32.73 NR 

sweetgum - 5.02 

Magnolia virginiana-Nyssa biflora-(Quercus  

    laurifolia) Saturated Forest 
41.09 NR 

black gum - 16.42 

Nyssa (aquatica, biflora, ogeche) Floodplain 

    Seasonally Flooded Forest 
38.35 NR 

black gum - 5.62 
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Table 34 (continued). Basal area data (m2/ha) for floodplain forest alliances in the BSCU (PBS&J 2003), 
LRU (Blanton and Associates, Inc. 2002), and TCU (DESCO 2007). Total basal area is for all woody 
vegetation (overstory, midstory, and shrub layer). NR = not reported 

LRU Floodplain Forest Alliances 
Total Basal 

Area 
Overstory 
Basal Area Dominant Species - Basal Area 

Quercus nigra Seasonally Flooded Forest 28.07 22.39 water oak - NR 

Quercus laurifolia Seasonally Flooded Forest 28.06 17.55 laurel oak - NR 

Nyssa biflora Pond Seasonally Flooded Forest 51.75 29.31 black gum - NR 

TCU Floodplain Forest Alliances    

Nyssa aquatica- (Taxodium distichum) Semi- 

     permanently Flooded Forest 
36.57 33.93 

water tupelo - 12.84 

Nyssa (aquatica, biflora, ogeche) Floodplain 

     Seasonally Flooded Forest 
42.66 37.16 

black gum - 21.4 

Quercus (phellos, nigra, laurifolia) Temporarily  

     Flooded Forest 
25.94 23.04 

sweetgum - 8.92 

Nyssa (aquatica, biflora, ogeche) Pond 

     Seasonally Flooded Forest 
43.14 39.55 

black gum - 35.27 

Taxodium distichum - Nyssa (aquatica, biflora, 

     ogeche) Seasonally Flooded Forest 
65.23 63.27 

bald cypress - 37.26 

Magnolia virginiana-Nyssa biflora-(Quercus  

     laurifolia) Saturated Forest 
31.21 25.05 

sweet bay - 6.81 

Pinus taeda ï Quercus (phellos, nigra, 

      laurifolia) Temporarily Flooded Forest 
33.56 29.91 

loblolly pine - 10.05 

Age Class 

Forest age structure is often studied using size class distributions and can be helpful in inferring the 

history and current successional status of a forest stand (Harcombe and Marks 1975). Tree species 

that are successfully regenerating will be present in many size classes and abundant in smaller size 

classes, whereas newly invading species will be common in the smallest size classes and absent from 

the larger ones (Harcombe and Marks 1975). To date, only one available study has reported on size 

classes in a BITH floodplain forest. Harcombe and Marks (1975) documented size class distribution 

by species in a BCU bottomland forest (Table 35). The results for all overstory species combined are 

presented graphically in Figure 25. 
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Table 35. Size class distributions (diameter in cm) of overstory and understory trees for a bottomland 
forest in the BCU (Harcombe and Marks 1975). 

Overstory Trees 5-9 10-14 15-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 Ó55 

Acer rubrum 12 12 2 -- 2 -- -- -- -- -- -- 

Fagus grandifolia -- 4 2 6 18 6 14 10 -- 4 2 

Liquidambar 
styraciflua   

12 6 2 8 10 2 6 -- -- -- -- 

Nyssa sylvatica 90 28 28 4 8 8 2 -- -- -- -- 

Pinus taeda 2 -- 8 10 18 10 22 16 12 20 10 

Quercus nigra 8 6 6 -- 8 8 -- 4 -- -- -- 

Q. michauxii 8 4 -- -- -- -- -- 2 -- -- 2 

Total 132 60 48 28 64 34 44 32 12 24 14 

Understory Trees            

Carpinus caroliniana 164 68 24 8 -- -- -- -- -- -- -- 

 

 

Figure 25. Size class distribution of overstory trees in a BCU bottomland forest (Harcombe and Marks 
1975). 
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Threats and Stressor Factors 

Threats to BITHôs slope forests include invasive plants, feral hogs, lack of flood pulse events, 

unplanned fire occurrence, hurricanes, drought, and past human disturbance (e.g., oil and gas 

impacts, logging). Although the floodplain forests have not been specifically inventoried for invasive 

plants, Chinese tallow has been documented in several floodplain forest communities. This woody 

non-native species can displace native species and alter ecosystem structure and function (Gordon 

1998, Keay et al. 2000, McCormick 2005). According to Keay et al. (2000, p. 57), Chinese tallow 

ñmay be the most serious threat to the biotic integrity of native coastal prairies and floodplain 

forests.ò Floodplain forests may be more vulnerable to invasive plant invasion than other 

communities due to the open nature of the understory (Harcombe et al. 1999) and the easy transport 

that water-borne seeds have to be distributed into the floodplain areas. Harcombe and Marks (1979) 

documented Chinese tallow invading established floodplain hardwood forest as early as the mid-

1970s in the southwestern part of the BU. Fountain (1984) also recorded Chinese tallow at 

abandoned oil and gas well sites within the preserveôs floodplain forests. In a Neches Bottom 

floodplain forest, Harcombe et al. (1999) noted that Chinese tallow increased by a factor of 30 

between 1981 and 1995. Blanton and Associates, Inc. (2002) documented the invasive species in 

several of the LRUôs floodplain forest alliances; in the Quercus nigra Seasonally Flooded Forest 

Alliance, Chinese tallow comprised nearly 4% of the canopy (based on relative importance values) 

(Blanton and Associates, Inc. 2002). Hardy orange (Poncirus trifoliata), an invasive small tree used 

as rootstock in the citrus industry, has become a serious concern in the bottomlands of the BSCU. 

Numerous invasive vines (e.g., Japanese climbing fern, kudzu [Pueraria montana var. lobata]) are 

also a threat and are invading along the forest edges of roads, pipelines, and utility corridors (Hyde, 

written communication, 26 August 2015). 

Feral hog numbers have increased across the southern United States in recent decades, including in 

Texas and the BITH region (Chavarria 2006). Floodplains often experience more hog damage than 

other vegetation communities, as hogs generally prefer mesic and wet areas near water sources for 

wallowing and rooting for food (Chavarria 2006). In the BSCU, for example, Chavarria (2006) 

documented extensive hog damage in the cypress tupelo forest. The hogs eat a majority of the mast 

crops produced by the native hardwoods, thereby greatly limiting those treeôs ability to repopulate 

any disturbed areas. 

According to Allen et al. (2001, p. 14), ñhydrology is the most important factor affecting the local 

distribution of bottomland tree species within their natural ranges.ò Hydrology includes an areaôs 

flooding regime (e.g., frequency, duration, timing, source). In the BITH region, human activities 

have altered the areaôs flood regime. In a study of the NBU-JGBU, Hall (1993) identified eight 

impoundments on the Neches River upstream of BITH. The two impoundments closest to the 

preserve are Lake Rayburn and Steinhagen (or Town Bluff) Lake, completed 50-60 years ago (Hall 

1993). Hall (1993) found that upstream impoundments reduced flow variability on the Neches River 

by significantly reducing annual peak flows while increasing median daily flow. The frequency of 

large floods has decreased dramatically, from an average of more often than once every 2 years to 

just once in every 2-5 years. Harcombe et al. (1999) noted that 1975-1989 was the longest period of 

low flooding since record-keeping began in 1921. This reduction in the frequency and severity of 
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flooding has contributed to increased sapling survivorship and recruitment, particularly among 

typically flood-intolerant species (Hall 1993). These changes could alter the structure and 

composition of floodplain forest vegetation (Harcombe et al. 1999). Impoundments and the related 

flood regime changes could further impact forests through effects on soil moisture and aeration, 

sediment deposition, and seed dispersal (Hall 1993). 

The preserveôs floodplain forests have also been impacted by oil and gas development infrastructure 

(e.g., drilling pads, pipelines). Preserve records indicate that over 215 wells have been drilled within 

BITH boundaries, although most were plugged and abandoned before preserve establishment in 1974 

(NPS 2006; Hyde, written communication, 26 August 2015). Several wells are still operational in the 

preserve and, with associated production facilities, resulted in a total disturbed area of 4.5 ha (11 ac) 

as of 2005. In conjunction with short-term disturbances from seismic data collection on deep oil and 

gas reserves, which have occurred across most of the larger units of the preserve, at least 30 

directional wells have been drilled from locations outside preserve boundaries to reach targets deep 

(1,524-4,572 m[5,000-15,000 ft]) under the preserve (NPS 2006). At two of the abandoned well sites, 

the NPS has documented contamination from saltwater, hydrocarbons, and heavy metals. 

Approximately 20 of the abandoned wells fall within the Neches River floodplain and associated 

bottomland hardwood forest habitats and could become exposed due to river migration (NPS 2006). 

To date, this has occurred at two capped wells (Hyde, written communication, 26 August 2015). 

Fountain (1984) found that plant species richness and diversity was lower in abandoned well pad 

areas than in adjacent control (undisturbed) plots. The impacts of this disturbance appeared to be 

greater as soil moisture increased among preserve vegetation communities. 

There are also 71 oil and gas pipeline segments crisscrossing the preserve for a total of 162.5 km 

(101 mi) (NPS 2006; Figure 26); the rights-of-way associated with these pipelines cover 238 ha (589 

ac). These pipelines carry crude oil, natural gas, liquid petroleum gas, natural gas liquids, and 

saltwater, and can pose a serious threat to preserve resources if not managed and maintained properly 

(NPS 2006). The open right-of-way areas along the pipelines can fragment forests and potentially 

alter vegetation composition on forest edges (Watson 1982). These areas are maintained as 

grasslands with all tree saplings and shrubs removed during periodic maintenance. Current best 

management practices would allow that many of these pipelines will be replaced over time using 

directional drilling methods from outside the preserve. However, ground disturbance may still occur 

if pipeline anomalies are found and need to be repaired. The right-of-ways are still maintained as 

mowed grasslands. Similarly, 20 or more utility rights-of-way, including above-ground and buried 

electric, phone, and fiber optic lines, also criss-cross the preserve with similar impacts due to annual 

maintenance (Hyde, written communication, 26 August 2015). 
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Figure 26. Oil and gas pipelines in the BITH area (Hebert 2003), shown crossing mapped floodplain 
forest vegetation. 

Due to its location near the Gulf of Mexico, BITH is impacted by tropical storms and hurricanes 

relatively frequently (Harcombe and Marks 1979). Although the effects of these storms on 

floodplains are rarely catastrophic, they can influence forest structure and composition by creating 

ñlight gapsò in the tree canopy (Harcombe et al. 2009). Harcombe et al. (2009) studied the impacts of 

Hurricane Rita, which made landfall in September 2005, on a river floodplain forest in the NBU. 

Wind gusts at this site during the storm were around 145-177 km/hr (90-110 mi/hr) (Harcombe et al. 

2009). Within the floodplain forest, 22% of trees were dead or severely damaged following the 

storm. Among canopy tree species at this site, Harcombe et al. (2009) observed above average 

mortality in red maple, American hornbeam, and water hickory; bald cypress exhibited below 

average mortality. No simple explanation has been found for these differences in mortality during 

hurricanes; it is likely a combination of factors including wood density, rooting characteristics, and 

tree form and height (Brokaw and Everham 1996, Harcombe et al. 2009). Hurricane Ike in 2008 

resulted in additional extensive damage, particularly in bottomland hardwood areas of the TCU and 

BCU, as its wind rotation made landfall rotating in the opposite direction of that of Hurricane Rita 

(Hyde, written communication, 26 August 2015). 






































































































































































































































































































































































































































































































































































































































































