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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 explick, multi

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

Big ThicketNationalPreservéBITH) managers to develop nei@rm management priorities, engage

in watershed or landscape scale partnershipedndation efforts, conduct preseplanning, ad

report program performance (e. g., Depart ment of
Government Performance and Results Act).

The objectives of this assessment are to evaluate and report on current conditiorns esdmere

resources, towvaluate 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

Nati onal Park Service (NPS) anhG@eoSgbal ServiceMar yods Un
( SMUMN GSS) identified key resources, referred
components include natural resources and processes that are currently of the greatest concern to
preserveananagement at BITH. The final projecafnework 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 frarogwto 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
appliedto 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 cawvezall 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
unpublishedgreservanformation and persgtives ofpreservaesource managers, and present a

current condition designation when appropriate. Each component assessment was reviewed by BITH
resource managers, NPS Gulf Network stafi additional subject mattexpertswhen appropriate

Existingliterature, shortand longterm 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 measutbs ¢éatured components. In other
instances, data establishing reference condition were limited or unavailable for components, making
comparisons with current informatiamappropriate or invalid. In these cases, it was not possible to
assign condition fothe components. Current condition was not able to be determingid @drthe

15 components40%) due to these data gaps.

For those components with sufficient available data, the overall condition Vdaedmponents
were determined to be in good cdmah. Fivecomponentsfire regime, birds, harvested mammals,
freshwater mussels, water qualityere of moderate concern. Water quadingd harvested mammals
did not have an indication of a current trend, while birds and fire regime exhibited statite tren
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Freshwater mussels were the only component in the moderate concern categxtyilitatia

declining current trend. Four components were determined to be of significant concern (pine uplands,
arid sand hills, air quality, and hydrology). While pirgands 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 managemeattivities, 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, thétgeighat NPS

managers can do to mitigate these treBesailed discussion of these designations is presented in
Chapters 4 and 5 of this report.

Severalpreservewide threats and stressors influence the condition of priority resources in BITH.
Those of primary concern include invasive exotic plant spemealtered fire regime, fragmentation
and habitat loss, and adjacent land use practitederstanding thed@reats, and how they relate to
the condition opreservaesources, can help the NPS prioritize management objectives and better
focus their efforts to maintain the health and integrity ofpiteserveecosystem
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Chapter 1 NRCA Background Information

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

natur al resources and resource indicators in na
on trends in resource condition (when possible), identificatitlata gaps, and characterize a general

level of confidence for study findings. The resources and indicators emphasized in a given project
depend on the parkdés resource setting, status o
identifying highpriority indicators, and availability of data and expertise to assess current conditions

for a variety of potential study
resources and indicators.

NRCAs Strive to Pr\(
NRCAs represent a relatively newy 9 Credible condition reporting for a subset of

approach to assessing and important park natural resources and indicators
reporting on park resource 1 Useful condition summaries by broader resource
conditions. They are ma&to categories or topics, and by park areas
complemenrd not replacé \_ Y.

traditional issueand threabased
resource assessments. As distinguishing characteristics, all NRCAs:

Are multi-disciplinary in scopé;
Employ hierarchical indicator frameworks;

Identify or develop reference conditions/vedufor comparison against current conditidns;

1
1
1
f Emphasize spatial evaluation of conditions and GIS (map) products;
f Summarize key findings by park areas; and

)l

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

Althoughthe 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 waflasnices on resource conditions.
These influences may include past activities or conditions that provide a helpful context for

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

2 Frameworks help guideamuttii sci pl i nary selection of indicators and subseq
] conditions for indicatory condition summaries by broader topics and park areas

3 NRCAs must consider ecologicalbased reference conditions, must alsnsider applicable legal and regulatory standards,
and can consider other managersgpecified condition objectives or targets; each study indicator can be evaluated against one
or more types of logical reference conditioReference values can be expesss qualitative to quantitative terms, as a single
value or range of values; they represent desirable resource conditions or, alternatively, condition states that weidish to av
that require a followup response (e.g., ecological thresholdsormaemag nt At ri gger so) .

4 As possible and appropriatdRCAs describe condition gradients or differences across a park for important natural resources
and study indicators through a set of GIS coverages and map products.

51n addition to reporting on indicatdevel conditions, investigators are asked to take a bigger picture (more holistic) view and
summarize overall findings and provide suggestions to managers on dy-area basis: 1) by park ecosystem/habitat types o
watersheds, and 2) for other park areas as requested.



understanding current conditions, and/or presytthreats and stressors that are best interpreted at
park, watershed, or landscape scales (though NRCAs do not report on condition status featand ar
and natural resources beyond park boundaries). Intensive aadiséfect 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 ptation, 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 statisticalepeatability 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
projectwork, 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 officiamce in at least qualitative terms.
Involvement of park staff and National Park Service (NPS) subjatier experts at critical points

during the project timeline is also important. These staff will be asked to assist with the selection of
study indic#ors; recommend data sets, methods, and reference conditions and values; and help
provide a multidisciplinary review of draft study findings and products.

NRCAs can yield new insights about current park resource conditions, but, in many cases, their
greaest 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
nearterm workload priorities, frame data and study needs for importaktg@sources, and
communicate messages about current park resource conditions to various audiences. A successful
NRCA delivers sciencbased information that is both credible and has practical uses for a variety of
park decision making, planning, and parship activities.

/ Important NRCA Success Factors \

1 Obtaining good input from park staff and other NPS subject-matter experts at
critical points in the project timeline

1 Using study frameworks that accommodate meaningful condition reporting at
multiple levels (measures / indicators / broader resource topics and park
areas)

1 Building credibility by clearly documenting the data and methods used, critical
\data gaps, and level of confidence for indicator-level condition findings /

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 deler sciencebased information that will assist park managers in their ongoing,

longt er m efforts to describe and quantify a park?o



targets. In the near term, NRCA findings asdisttegic park resource plannfrand help parks to

report on government accountability measuresaddition, although ktlepth 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 Wl useful for paritevel climatechange studies and planning
efforts.

NRCAs also provide a useful complement to rigorous NPS science support programs, such as the
NPS Natural Resources Inventory & Monitoring (1&M) Prografor example, NRCAs can provide

current condition estimates and help establish reference conditions, or baseline values, for some of a
parkoés vital signs monitor i neNP$datdiobeiptewaluate. They
current conditions for those same vital signs. In sorsex;d&M data sets are incorporated into

NRCA analyses and reporting products.

/ NRCA Reporting Productsé\

Provide a credible, snapshot-in-time evaluation for a subset of important park
natural resources and indicators, to help park managers:

9 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)

fI mprove understanding and quantificatifon for
Afundamental 6 and fAother i mportanto nagtur al r
(longer-term strategic planning)

1 Communicate succinct messages regarding current resource conditions to
government program managers, to Congress, and to the general public

&ﬁresource condition statuso reporty

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 viski#@A Program website

5An NRCA can be useful during the development of a parkoés Res
as a posRSS project.

7 While accountability reporting measures are subject to chamgepatial and referenbased condition data provided by
NRCAs wi || be useful for most forms of fAresource condition s
of the Interior, or the Office of Management and Budget.

8Thel&Mprog am consi sts of 32 networks nationwide that are i mplen
condition of park ecosystems and develop a stronger scientific basis for stewardship and management of natural resources
across the National ParkS t e m. i \aie &1 subset sfiplyysical,cchemical, and biological elements and processes of park
ecosystems that are selected to represent the overall health or condition of park resources, known or hyfétbtsed e
stressors, or elements thetve important human values.


http://www.nature.nps.gov/water/nrca/index.cfm




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 dh Octobein 1974 (PL93-439).

Be it enacted by the Seraand House of Representativéshe 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 signifipantion 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 creatamasidted 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 and1X) additional land acquisitions expanded the total land area
in BITH to just over 45,32%a (112000 ac). BITH has been designated as an International Biosphere
Reserve since 198UNESCO 2000), anchi2001the American Bird Conservancy (ABC)

designated BITH as a Globally Important Bird Area (IBAhere are 15 management units included

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

2.1.2 Geographic Setting

BITH is compised of several disjointed are@®me connected by narrow corridors, within Tyler,
Polk, Hardin, Jasper, NewtoandLiberty countes in the state of Tex#@Bigurel). The total areaf
thepreservas 45,325ha(112,000ac) with arourd 973km (605mi) of boundary that is adjacent to
commercial timber management aressne rural homsite developmestand residential
subdivisions Cooper et al2004). The northwestern Big Sandy Cré#iit (BSCU)is at the
maximum elevation of all the preserve units and corridors, startittjlain(365 t) and gently
sloping downward, heading south, to just above sea leveLitdarPine IslandPine Island Bayou
(LPI-PIBCU), the southermost corridor unitCooper et al2004).The Beaumont UniiBU) is the
southeramost unit and igast andhorth 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 (Tablel). BITH receives 116:8132.1 cm (4652 in) of precipitationa year on average.
Precipitationdepend on latitudinal (nortksouth) locationand is fairly evenly distributed throughout
the year Precipitation often comes as shamtenserains and thunderstorms are common throughout

the year Cooper et al2004). The so

uthern latitude and closenessdadahlf of Mexico tend to

regulate the regional climateith most of the yeabeingwarm and humidOccassional arctic fronts
from the north bring freezing temperatures, icy rain, and rarely, snow to the area foesiools.

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 21.8 256 293 322 333 338 312 270 220 17.2 25.6
Min 5.4 7.1 10.7 145 196 229 238 234 206 156 105 5.8 15.0
Average Precipitation (cm)
Total 12.6 9.8 8.9 7.4 13.2 183 157 126 161 141 120 127 153.5




2.1.3 Visitation Statistics

The yearly visitation records for 1981 to 2012 show thiataverage, BITH receives about 87,000
recreatiol visitors per yearNNPS 2015h The lowest attendance ydagtween 1981 and 2012as
in 1981 when there wer@2,763 visitorsthe highestisitor yearwas in 2010 when 140,489 people
visited (NPS 2015h)In 2012 the preserve receivelde most visibrs from April to December and
thefewestin January, February, and March with a monthly average of about 11n0D6tober of
2012 just over 1,000 of the visitors went bacuntry camping, though the montldyerage number
of campers is around 230 (NPS 20L®iITH provides visitors with opportunities to hikeike, and
canp along the trailor boat along the creeksyars and bayous, with chances to view several
species of carnivorous plants and orchidsnarous 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 1l Ecoregidiigure2). According toGriffith et al.
(2007, p.87), this ecoregion is:

Locally t er me dothishegionffpmostheirnegulamopaidssepresents 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 loblafig shortleaf pine plantations. Soils
are mostly acidic sands and sandy loams.
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Figure 2. The Level lll Ecoregions associated with BITH.



Among the South Central Plains are three distinct Level IV ecoregions that overlap the preserve
units. These includthe floodplains and low terraces, southern tertiary uplands, and flatwoods
(Figure3; Griffith et al. 2007).The BSCU lies within the Southern Tertiary Uplands of the South
Central Plains where historic vegetation was dominated by longleabpiastem wodlands Pinus
palustrisSchizachyriunspp.andAndropogonspp). There were also shortleaf pthardwood Pinus
echinataQuercusspp.) forests, and mixed hardweladlolly pine (Pinus taedaforests with
hardwooddominated forests along creeks (Griffitha&t2007). Within more mesic areas of these
uplands there were also American bedegUs grandifolid/magnoliabeechloblolly pine forests.

Rare species of plants and animals (e.g., species of insectivorous plants and orchids), and the red
cockaded wodpecke(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).
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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, aedd 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
modi fication, primarily due to the |l unber, rai
occupancy. Historically, this area consisted of longleaf pine flatwoods and savannas that were
intertwined with diverse mixed piAgardwood forest types and a saac of weltdrained and poorly

drained communities.



The remaining units lie within the Fldplains 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,
subsurfae 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 watetdlegg), and soil

composition, all of which have been altered by human impacts to some degree (Griffith et al. 2007).
Two statelisted threatened species occur within Floodplains and Low Terraces, confirmed during
herpetological surveys between 2008 a@@®

BITH is situated within four major watersheds: Village Creek, Lower Neches, Pine Island Bayou,
and Lower TrinityKickapoo River drainage basins. Within these watersheds are several smaller
catchments associated with creeks and rivers, many of wimattinectly through the units &ITH.

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 BayousKigure4).
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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 pneserve BITH was added to the list of
International Biosphere Reserves in 1981H®yUnited Nations Man and the Biosphere Program

(UNMBP)and is referred to as the fdbiological Cross



diversity in BITH can be attributed to a wide rarfeéntermixed soil types, likely formed from

sedimentary bedréadepositediuring and posPliocene Epoch when the Gulf of Mexico and the

Western Interior Seaway were regressing and transgressing across southeg§idoparst al.

2004) An influence of habitats converging in this area from the north, south,rehstest has also

greatly contributed to thieigh biodiversity of BITH(Cooper et al. 2004 he preserve continues to
encourage species inventories with the help of
Diversityo program that provides ovaxabwlogchlt and
inventory. Of note, this parership effort, along with earlier research studies, has resulted in species
counts for such taxa aepidoptergover 1,600 species); macro fungi (400 species); mosses,
spongeworts & liverworts (179), fungasdalgae (137); slime molds (93); water strigl@ndwater

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 e{8iia 2016).

Many species of flora and fauna have been documented in 88Kl 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
(Liguidambar styraciflu@ possumhawllex decidug, yaupon [. vomitoria), calico aster
(Symphyotrichum lateriflorumar. latiflorum), and crossvineBignonia capreolata(NPS 2015a).

Water oaksQuercus nigraand loblolly pines are consideradundant as welLess common

species in BITH inlude the orchidswith 21 species (ne genera) in the preservesarly half (10) of
which are considered rare and the rest uncommon (NPS 2015ajgAhre more unique flora of

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

BITH consist offour generaUtricularia, Droserg Pinguiculg andSarracenia Theseare species of
bladderworts, sundevlutterwortsandpitcher plantrespectively (NPS 2015&)s a crossroads of

many ecosystems found in the3) visitorscan 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 we 293 species (173 genera) of birds in the preservevénatpresent or

probably present according to the NPSpecies database. Abundant and commortiesdrsfiee

preserve includd yellow-billed cuckoo Coccyzus americanysorthern cardinalGardinalis

cardinalis), indigo bunting Passerina cyangatufted titmouseRarus bicoloj, Carolina chickadee
(Parus carolinensis and pine warbleendroica pinuy (NPS 2015a). Many of trepecies listed as
probably present conséstof migratory birds that are only seasonally present in the area. The diverse
vegetation and habitats attract a high number of bird species; the ripeagsare particularly

attractive to a widearietyof bird species.

Fifty-eight mammal speciese associated with the preserve, 43 of which are documented as present
(NPS 2015 Some common mammal species in the preserve inclugehitestailed deer

(Odocoileus virginianus striped skunkNlephitis mephitis mink (Neovisorvisor), and raccoon

(Procyon loto). The feral hog$us scrofais 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
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areas. There are sevegalme and nogame mammal species that are harvested legally within the
preserve Game speciesiclude whitetailed deerfox squirrels $ciurus nigey, and red squirrels
(Tamiasciurus hudsonicysand norgame species are mostly fioearer species such lasaver
(Castor canadensjsfox (Vulpes vulpes mink, river otter (Lontra canadens)s muskrat Ondatra
zibethicu$, and several others.

Over 100 freshwater fish speciasedocumented in the preserve, and s@alévater species have
recentlypbeendocumeted (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 speciesepfigastéus

spp.), catfishl€ralurus spp.), and the recently-retroduced paddlefistPolyodon spathulga which

has been listed as a st#teeated species in Texas (TPWD 2015, NPS 2015).

There are 89 species of herpetofauna (32 amphibians aeptiés) confirmed to inhabit the

preserve (NPS 2015a). Many of the reptile species are snakes and turtles, with a few lizard and skink
species. The yeaound moisture availability and sttopical temperatures provide a desirable
environment for reptile and amphibians. The abundant vegetation godtec habitats also
contributegreatly to tke diversity of herptiles iBITH.

Many species of freshwater musseds be foundh the creeks and rivers of theegerve. Mussels

are filterfeeding invertebratethat 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 ovkarvest in the last 5000 years have caused widesprdadines in the
abundance and diversity of freshwater mussel species (Ford 2013). There are currently 48 mussel
spedes known to inhabiBITHO waterwgs, including seven Texas stdteeatened species.
Threatened species include the Texas pigtosdonaa askew), triangle pigtoe k. lananensiy
sandbank pocketbookdmpsislis saturg southern hickgmut (Obovaria jacksoniang Louisiana

pigtoe Pleurobema riddel), Texas heelsplitteiPotamilus amphichaenysand the Texas fawnsfoot
(Truncila macrodoh There idimited information in terms gbublished studies or surveysather

aquatic invertebrates (Arthropodaterrestrial invertebrate communitjeghe most studied genera

are the aquatic species identified during water quality monitoring.

A remakable feature of thenany species of plants and animai8ITH 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 isigmnifinfluencerom fire, which

likely contributed to vegetative diversity in the Big Thicket region (McHugh 2004). Forest types
include upland pinedrests and wetland pine savasnsandhill pine foresgndhardwoodpine slope
foress. These forest tygs, as well as the faunal communities, will be discussed in detail in Chapter
4.

2.2.3 Resource Issues Overview

UrbanDevelopmenandLand Use
The units of the preserve ageattered near some significamban interfaces, which represent a
challenge to maagers. Beaumont, Texas, which is directly adjacerthe soutwestside of theBU,
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is populated by over 100,000 people (USCB 2015). The areas north of Beaumont are not densely
populated, but thproximity to multiple urbarand industriatenters, including Beaumagnt
Galvestonand Houston, has exposed the preserve to impaired water and air quality, terrestrial and
aquatic disruption, and invasion by exqgtlant and animal specié€ooper et al. @04).

WaterThreats

Water is a major component of the preserve and important to the ecology of thkharea.
developmenbf dams and saltwater barriers have altered the hydralodyonfined channels in
some partsDams have impounded rivers and cregigch impair the ability of certain fish and
larval-stagefreshwater musselpecies to migrate up and down streararitical spawning habitats
The altered flow regimes have also been implicated in the decline of freshwater mussels in large
rivers such athe Neches River. There are several sourcedosinal effluenthat are of concern to
aqguatic resources in the preserve. These sources include oil and gas production waste, sewage
treatment facility effluentpaper/pulp mill effluentas well as landse within the watersheds
contributing to storm water runoff, that have causayingdegres of degradation to water quality.
Pollution in waterways often originates frahe land surface by way of rafi. Parking lots, streets,
and bare land contributarge amounts of contaminants directly into creeks andsréwaing storm
events when runoff occurs (Hughs et al. 198ajtwater intrusion due to changes in 8abine
Neches Waterwagnear the salt water barrieaipd climate change related dewel riseis a concern.
The permanent salt water barrj@lthough created to prevent intrusion of saltwater into freshwater
systems, has been shown to disrupt the spawning migration of paddlefish and may héueexbntr
to the drastic decline alfiis ancient spcies (Hughs et al. 1987, Jennings and Zigler 2008lso
affects freshwater flow during drought periods, resulting in significant salt water intrusion and
retention in the southern portion of the BU.

Altered FireRegimes

Of the total acreage of preserland and corridors, theagebetween 6,070 and 8,094 ha (15,000
20,000 acpf highly fire-dependent ecosystensen Hyde, BITH Chief of Resources Management,
personal communication, 201®ver relatively recent history (10 years)much of the Big

Thicket area has undergone hunriiaguced changes to the floral community. Primanépeated
logging,the absence of fire from the past 100 years, fire suppression, and other human acsvities ha
shifted the open pine savamsrand sandhills with dense baceous understories, to mixed
pine/hardwood with dense brush understories (McHugh 2004). In more recent ye20syE0s)

thep r e s eprescrébédsurn program has wetkto control brush that accumulated during the
absence of fire. The goal of theogram is to eventually restore the longleaf pine ecosystem. So far,
the removal of brush using prescribed burningdtaged taeplaceloblolly pine with longleaf pine
seedlings and saplings (McHugh 2004). The fire managed units in the preserve BR®Glde

Hickory CreekSavannalfHCSU), TCU, Beech CreekBCU), Lance Rosie(LRU), Loblolly (LU),

Big Sandy Creek Corridor Unit (BSCCU) a@@anyonland¢CU) (McHugh 2004).

Invasive/exat Animalsand Pants
There are several nemative plants and animalsaiare a management concern in the preserve.
Chinese tallowTriadica sebiferun), a deciduous invasive tree, has been implicated in the reduction
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of desirable forest used by migratory bird spe{@soper et al. 2004)Water hyacinthEichhorinia
crassipe}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 ferhygodium japonicumand tribliate orangeRonicurus trifoliatg are

two recent plant invaders causing habitat impacts along forest edges and near watengays.

banded armadillod)asypus novemcinctysed imported fire antdRIFA) (Solenopsis invicla grass

carp Ctenopharyngodwoidelld), zebra mussel®feissena polymorphanutria Myocastor coypys

feral hogs, dogsGanids lupug, and catsKelis catu3 are all present and pose a threat to the local
ecology of the BITH units ancorridors (Cooper et al. 2004).

ClimateChange

Global climate chang@CC)is expected to impact the entire U.S. during this century, although the
expected changes vary across the couhtryegards to drought and sea level,ribe preserve has

highly vulnerable areas of concern. The coastal weslaf 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 involg increases in the severity and frequency of tropical storms (Guntenspergen and Vairin
1998 Mann and Emanuel 20p@ITH is especially concerned with losing a significant portion of

the cypresgupelo swamps due to saltwater intrusion in the lower podidhe 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. 1999Fhe hurricanes in 2005 and 2008 were particularly hartt@targe

beech and magnolia trees in the BCU, BSCU, and TCU with many kendthrown, damaged, or
succumbing to disease and rot after the storms (Hyde, personal communication, 21 January 2016).
BITH management is concerned that there appears to beditttuitment 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 shibs (e.g., yaupon and holly) (Hyde, written communicatfo®ctober 2016

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 incte@sioglimatic

change.

2.3 Resource Stewardship

2.3.1 Management Directives and Planning Guidance
Thepreservé s r esour c e rBaahan gtalnidad,p) Sjatedhay, (

All decisions regarding the management, use, and development of the/p@semade
toward the goal of achieving centaobjectives relating to the fowing broad categories:
Natural resource management, cultural resource management, land acquisition,
infrastructure development, interpretation and resources educatiamtenance, and
special uses.

The plan further outlines natural resources objectives to meet this goal, including:
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1 To perpetuate, protect, interpret, and where appropriate restore, the preserves unique mixture
of temperate and subtropical botanical araldgiical communities.

1 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 integritya@ndh e al t ho of the greater

1 Toinitiate joint planning, educational and natural resource management programs with
neighboring landowners and the general public to progumed land stewardship and to
minimize conflicting uses that might be detrimihto the resources of the preserve and
region (Strahan et al. 1996. 3.

The2004BITH Fire Management Plan discuddastorical conditions of théorests, prairies, and
savannsg, as well ashow, when, and where the continued restoration of thel§pendent

ecosystems will be conducted¢Hugh2004). The role and function of the BlTddrridor unitsare
described in an assessment from 1997 along with the purpose of the Water Corridor Management
Assessment{arcombe and Callaway997). The new ordinaes on personal watercraft (PWC) use

in national parks are in effeat BITH after a careful review during thiee BITH Personal Watercraft
Use Environmental AssessmegmbcesgNPS 2002).

2.3.2 Status of Supporting Science

The Gulf Coast NetworKGULN) identifies key resources netweorkide 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); Table2 shows the GULN Vital Signs selected for monitorindsiiH.

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

Category Category Category Mon’i\:gring

Category GULN Vital Sign 12 2° 3¢ Planned
Air and Climate Ozone X

Air Contaminants X

Weather/Climate X
Geology and Stream/River Channel Dynamics and X
Soils Geomorphology

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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No
Category Category Category Monitoring

Category GULN Vital Sign 12 28 3¢ Planned
Water Groundwater Hydrology X
Water Chemistry X
Water Nutrients X
Water Toxics X
Biological Non-native Vegetation X
Integrity
Non-native Animals X
Riparian Communities X
Forest Health X
Biological Freshwater Invertebrates X
Integrity
Terrestrial Invertebrates X
Amphibians X
Non T&E Reptiles X
Migratory Birds X
Resident Birds X
Non T&E Small Mammals X
Biological Terrestrial Vegetation X
Integrity
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 Fire and Fuel Dynamics X
(Ecosystem
Pattern and Land Cover/Land Use X
Processes)
Soundscape X

aCategory 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.

¢ 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 projecwMniesstaween t h
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 SMI@®#S. 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 @f4-13 January 204. At this meetingSMUMN GSS and

NPS staff confirmedhiat the purpose of the BITH NRGAas to evaluate and report on current
conditions, critical data and knowledge gaps, and selected existing and emerging resource condition
influences of concern to BITH managdfsllowing NRCA program guidancehis NRCAincludes

the following:

1 Condition assessments are conducted using existing data and information;
1 Identification of data needs and gaps is driven by the project framework categories;
1 The analysis of natural resource coraiis includes a strong geospatial component;
1 Resource focus and priorities are primarily driven by BITH resource management.
This condition assesirstmemeto pervoavliudaetsi oan fosfn atphseh octo r

preservenatural resources @ were identified and agreed upon by the project team. Project findings
will aid BITH resource managers in the following objectives:

1 Develop neaterm management priorities (how to allocate limited staff and funding
resources);

Engage in watershed or laswhpe scale partnership and education efforts;
Consider newpreserveplanning goals and take steps to further these;

Report program performance (e.g., Degoplsartment
Government Performance and Results Act [GPRA]

Specific project expectations and outcomes included the following:

1 For key natural resource components, consolidate available data, reports, and spatial
information from appropriate sources includiBdTH resource staftthe NPS Integrated
Resource Margement Application (IRMA) websiténventory and Monitoring Vital Signs
program,andavailablethird-party sources. ThHERCA report will provide aesource
assessment and summary of pertinent data evaluated through this project.

1 When appropriate, defineraference condition so that statements of current condition may
be developed. Thetatementsvill describe the current state of a particular resource with
respect to an agreed up@ierence point.
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T Clearly identify (e thesgdamsenant toche key resowaces). dat a
This will drive the data mining and gap definitiprocess.

1 Where applicable, develop GIS products that provide spatial representation of relsdayce
ecological processes, resource stressors, trends, or other valt@iotation thatcan be
better interpreted visually.

T Utili zerfagruayy ol iatn d -pareymseardch $o theé exenmhprdctica r d

3.2 Study Design
3.2.1 Indicator Framework, Focal Study Resources and Indicators

Selection of Resources aMkasures

As defined by SMUMN GSS inthdRCApr ocess, a fAframeworko i s deve
preserve. This framework is a way of organizing, in a hierarchical fashiegebjghysical resource

topics considered important preservananagement effort3he primary features in the framework

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

AComponentso in this process are defined as nat
ecological processes or patterns (e.g., a&fire regime), or specific natural features or values (e.g.,
geological formations) that are considered important to cupreservananagement. Each key
resource component has one or more fimeasureso t
componenbeing assessed in thlRCA. 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 byicart Aist r essors, 0 wh
considered during assessment. A Astressoro is d
upon a component. These typically refer to anthropogenic factors that adversely affect natural
ecosystems, but may also inclutiural processes or disturbances such as floods, fires, or predation
(adapted from GLEI 2010).

During theBITH NRCA scoping process, key resource components were identified by NPS staff and
are represent ed MHRCAfiameworg. dVhile thitlis @af componenthignot a
comprehensive list of all the resources inpheserveit includes resources and processes that are
unique to thepreserven some way, or are of greatest concern or highest management priority in
BITH. Several measures feach component, as well as known or potential stressors, were also
identified in collaboration with NPS resource staff.

Selection oReferenceConditions

A fAireference conditiono is a benchmark to which
can becompared 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 targeaeagement goal/objective

(e.g., a bisomerdof 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 stafin some cases, referencenditions represent a historical refereheéorehuman
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activity and disturbance was a major driver of ecological populations and processes,fpuetfires
suppressi on. 0 -reviewed litdrature ard acolegial thrpsbotds helped toalefin
appropriate reference conditions.

Finalizing the Framework

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

I'I1'l Center for Scienceobds St atCenta2008)Key Nati onos
resoures for thepreservevereadaptedrom the GULN Vital Signs monitoring plaiSegura et al.

2007) This initial framework was presentedparmeserveesource staff to stimulate meaningful

dialogue about key resources that should be ass&igedicantcollaboration between SMUN

GSS analysts and NPS staff was needdéddos the scope of tidRCA project and finalize the

framework of key resours¢o be assessed.

TheNRCA framework was finalized iduly 2014 following acceptance frotNPSresource staff. It
contains a total af5 componentsKigure5) and was used to drive analysis in this NRCTAis
framework outlines the componerftesources), most appropriate measures, known or perceived
stressors and threatsttee resources, and the reference conditions for eaoiponentor
comparisorto current conditions.
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Figure 5. 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 componeniscluded 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 teievh@ 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.

DataMining
The data mining process (acquiring as much relevant bat# &ey resources as possible) began at

the initial scoping meeting, at which tinB¢TH staff provided data and literature in multiple forms,
including: NPS reports and monitoring plans, reports from various state and federal agencies,
published and unplibhed 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 governrositésvédata and literature
acquired throughout the data mining process were inventoried and analyzed for thoroughness,
relevancy, and quality regarding the resource componestsifidd at the scoping meeting.

Data Development and Analysis

Data developn 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 st&8fTbmand

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_evel

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

may not be equally i mportant. A ASignificance L
scalefrom13) of the i mportance of eachndt@eaachr e i n as
Significance Level is defined ihiable 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. Sigrménce Levels were determined for each component measure

in this assessment through discussions phiiservestaff and/or outside resource experts.

Table 3. Scal e for a me aevelindefesniniBg agconpdnénts averalleondition.

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.
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ConditionLevel

After each componemtssessmems completedincluding any possible data analysiSMUMN GSS
analysts assign a Conditior\el for each measuom a0-3 integer scaléTable 4. This is based on
all the available literature and data reviewed for the component, as welhasunications with
preserveand outsidexperts

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.

WeightedCondition Score
After the Significance Levels (SL) and Condition Levels (CL) are assigned, a Weighted Condition
Score (WCS) is calculated via the followinguagjon:

I_I ™ ”n wr ”n
B YuZ0 U

oz B" YO

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

1 0.33); condition of moderate concern (WCS = 3.8466); and ondition of significant concern
(WCS=0.67t0 1.0Figure6di spl ays al l of the potenti al graph
condition in this assessment. The colored circles represent the categorized WCS; red circles signify a
significant concernyellow 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

preservestaff felt there were currently insufficient data to make a statement dlgocondition of a

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

as the purpose of an NRCAme o afo cpurorve ndte rae sficsunracpe
arrows inside the circles indicate thertd of the condition of a resource component, based on data

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

the condition of the component has been improving in recent times. A horizontal arronesdicat

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 wherethee nd of t he componentds co
unknown, no arrow is given
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Moderate Concern Condition is Unchanging Medium

. .\_Narrants Condition is Deteriorating | ) Low
Significant Concern
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Figure 6. Description of symbology used for individual component assessments.

Examples of how the symbols should be interpreted:

Resource is in good conditioits condition is improving, high confidence in the
assessment.

medium confidence in the assessment.

Condition of resource warrants significant concern; trend in condgionknown
or not applicable; low confidence in the assessment.

@ Condition of resource warrants moderate concern; condition is unchanging;

Current condition is unknown or indeterminate due to inadequate data, lack ¢
’ \ reference value(s) for comparative purposes, and/or insufficient expert know
\ / to reach a more specifaondition determination; trend in condition is unknown
not applicable; low confidence in the assessment.

PreparatiorandReview of Component Draft Assessments

The preparation of draft assessments for each component was a highly cooperative progess amon
SMUMN GSS analysts ar8ITH andGULN staff. Though SMUMN GSS analysts rely heavily on
peerreviewed literature and existing data in conducting the assessment, the expertise of NPS
resource staff also plays a significant and invaluable role in providsighits into the appropriate

direction for analysis and assessment of each component. This step is especially important when data
or literatureis limited for a resource component.

The process of developing draft documents for each component began at#ileddohone 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 8hatuld 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 &inal Component Assssments

Followingreview 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 provideBIdH resource staff and other experts, the final
component assessments represent the most relevant and current data available for each component
and the sentiments pfeservaesource staff and outside resource experts.

Format of Component Assessm&udcuments
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 componenptesdbeseand the context within
whichit occurs in thereservesetting. For example, a component may represent a unique feature of
thepreserveit may be a key process or resourcpreservescology, or it may be a resource that is

of high management priority. Also emphasized are intdiogiships that occur among the featured
component and other resource components included MRIGA.

Measures

Resource component measures were defined in the scoping process and refined through dialogue
with resource experts. Those measures deemedappsipriate for assessing the current condition

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

Referenc&onditiongValues

This section explains the reference condition determined for each resource component as it is defined
in theframework. 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 aomglitf 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 amdtheseh

data sets were adjusted or processed as aufesmlanalysis. 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 disedsis how the data were evaluated and analyzed to
determine current condition (and trend when appropriate).

Current Condition and Trend
This section presents and discusseddpth key findings regarding the current condition of the
resource component @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 interestirmpséias. All relevant data
and information for a componeatepresented and interpreted in this section.

Threats and StresseFactors

This section provides a summary of the threats and stressors that may impact the resource and
influence to varying deges the current condition of a resource component. Relevant stressors were
described in the scoping process and are outlined INR@A framework. However, these are

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

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

Data Need#Gaps

This section outlines critical data needs or gaps for the resource component. Specifically, what is
discussed is how thesetdaneeds/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 netevndition 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 statemetiteofurrent 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 Condion 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. Alsm@ttin this section are the
graphics used to represent the component condition.

Sources oExpertise

This is a listing of the individuals (including their title and affiliation with offices or programs) who
had a primary role in providing expertise, irfgigand interpretation to determine current condition
(and trend when approprégtfor 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 theresource component. Not€itations used in appendices referenced in each section
(component) of Chapter 4 are |listed in that com

Great Lakes Environmental Indicators Project (GLEI). 2010. Glossary, Stressor.
http://gleinrri.umn.edu/default/glossary.htm (accessed 31 January 2013).

The H. John Heinz Ill Center for Science, Economics, and the Environment. 2008. The state of the
nationds ecosystems 2008: Measuring the | and,
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/NRR7/015. National Park
Service, Fort Collins, Colorado.

Stoddard. JL., 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):126¥276.
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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 freework. The following sections discuss the key resources and their
measures, stressors, and reference condifldressummary for eaatomponents arranged around

the following sections:

Description

Measures

Reference Condition

Data and Methods

Current Cadition and Trend (including threats and stresfaxtors, data needs/gaps, and overall
condition)

Sources of Expertise

7. Literature Cited

aprwbdPE

o

The order of components follows the project framew&igyre5):

4.1 Fire Regime

4.2 Pine Uplands

4.3 Slope Forest

4.4 Arid SandHills

4.5 Longleaf Pine Wetlands
4.6 Floodplain Hardwood Forest
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 o
vegetation in areasuch as BITH (McHugh
2004, NPS 2012a). Several vegetation
communities within BITH, particularly those
that supported longleaf pine (Pinus palustris),
are consideprademftior e
periodic burning for maintenance and renewal
(McHugh 2004, NP2012a;Photo ). Without
fire, vegetation communities such as longleaf
pine uplands and arid sand hills, longleaf
wetland savannas, and pitcher plant bogs are

et al. 1990, NPS 2012a). When these-fire ; ; _
dependent communities arintained with  pnoto 1. Prescribed burn in Big Sandy Creek Unit,

regular burning, they are more resilient to August 2004 (NPS photo).

environmental stressors such as drought, high

winds, insects, and disease (NPS 2012a). For example, fire is known to controlspaivmeedle

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

White 1989, Henderson 200&)jre 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 thether southern pine species because they put daeemtapoot, have a

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

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

exceedind@1m (300ft.). Historically, there wer86 million ha (90 million ac) of longleaf pine in the
southeastern U.S., growing ess eMdxicoaBuiniggalson t he f
favors new growth of herbaceous plants aveody species, providing more browasth higher

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

(NPS 1996, p.,Hyde, personatommunication, 2006 approximately 1520% (6,070i 10,117ha
[15,00025,000 ac) of thecurrentpreservdands é5,325ha [112,000 ac]) would have supported

mi x of #Ahighly f i rbeforahenareantedferad with ¢he matsiml processes 0

The term fAfire regimeodo refers t oares éeluding | charac
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, loimtensity 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-8tawns from high

winds,when downed woody fuel built up (NPS 2012a). In the BITH area, hardwood bottomlands
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along riparian areas and wetlands often acted as natural barriers to fire spread (NPS 2012a).

Al t hough fires can occur at angasomeo oifnytle , Bt
region: one in winter (JanuaApril) due to increased fuel availability from leaf fall and drying

grasses, and one in summer (J8Bptember) when temperatures are high and precipitation is

typically low (McHugh 2004).

Prior to Europea 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) andravériorage for

livestock (Henderson 2006). Around 191930, 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 settlerse 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 @00, NPS 2012a). Open pine savannas and upland sandhills with a diverse herbaceous
ground layehave shifted towards mixddblolly pine/lhardwood communities with a dense, brushy
midstory (NPS 2012ajnade up primarily of yaupon holly which has thrive@&afepeated logging

events and the suppression of ficengleaf pine is often shaded out by the faster growing but less
fire-tolerant loblolly Pinus taedaand shortleaf pind?. echinata (McHugh 2004, NPS 2012ahd
recruitment of new longleaf seedlms also very low without fire and the resultant full sunlight that

this species need$hese shifts in community composition, particularly the increase in brushyunder
and midstory which shades out the herbaceous understory, reduces the likelihmodauirence

(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. 2a88nderson 2006Yf particular concern is the ability of
yaupon holly to grow to heights of 4.5 to 6.1 m (15 tdt20n the midstory which makes them a
particular concern as a Al adder fuel d which <car
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, radé 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
comunities within BITH were outlined by McHugh (
are summarized ifable 5 The vegetation types and units where these fuel models occur (also

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

Fuel Model Description

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.

Upland and upper slope vegetation types with scattered areas of dense shrub and understory
4 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.).

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.

Vegetation dominated by hardwoods; the fuel bed is normally a thin hardwood leaf mat.
8 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.

Mixed pine-hardwood forests, dominated by hardwoods in the canopy, with a moderately
9 well-developed hardwood understory and scattered shrubs. Fuel bed is a hardwood leaf-pine
needle mat; low fire intensity and rate of spread.

Dense understory of highly flammable brush. The open canopy allows wind penetration;
11 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).

Fire Management Unit 2

Fuel Model

8

11

Big Sandy
Hickory Creek
Turkey Creek
Beech Creek
West Hardin"

Neches River Floodplain

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 vegtation communities by returning nutrients to the soil, removing dense

undergrowth, reducing competition with weedy species, and increasing seed production and
germination of fireadapted species (Liu 1995, NPS 2012a). Surveys of vegetation monitorgg plot
t grassestamd dorbs arearatuenang, lorgylead mne is t

in prescribed burn

t hat

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

frequently burned RrfetlersdscugsivhdanH i G995). hQetnvs 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 spretablsss.

However, it wil likely take 40100 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 naturallygnited wildfires to burn) is an effectivedbin 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 managemetobl for BITH (McHugh 2004).

4.1.2 Measures

1 Frequency

1 Severity
1 Fuel loading and distribution
1 Location
1 Intensity

4.1.3 Reference Conditions/Values

The reference condition for this component is thefusopean settlement fire regime. While exact
information from this time is not available, research suggests thaddjpendent communities in the
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area experienced fires at an average frequencylofyears (Chapman 1932, 1944, Christensen

1981, as cited by McHugh 2004; MacRoberts and MacRoberts 2000al Agtquency 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 Managemem®| an ( McHugh 2004, p. 6) defines t hi
management tpallowgfire@orduncios in itsihaturacological ole, restore ecosystem

balance (stand structure and diversdpyric communities, and manage hazardowdsun the

Urban I nterface through the use Théprigrityarsasfori bed f
the preserveods prescribed fire progr-dgependante t he
vegetationBSCU, Hickory Creek SavanhgHCSU), andTCU (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 uplandcpmenunities. Thé&ire Management

Pl an contains information on the regionbds histo
prescribed fire program through2003 out | i ne s t ffeets npniteriageprogramdand f i r e a
summarizes previous research on fireefen 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 dabie 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-prdine 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 loadsd 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.qg., litter, twigs, live material) (Liu et al. 1990).

Henderson (2006) used fisear 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, minimummexdmum fire intervals. Henderson (2006)

notes that information fromfire c ar anal ysi s is | imited, as not a
and the age of firscarred 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 historicalty low

intensity and may not have scarred the-fesistant longleaf pines, and because nearly all of the
areabs mature |l ongleaf pines were removed by | o
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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 prescrifgedrmlr
wildfires (i.e., any fire not set for management purposes by the- NB@ral or humaitaused) were
provided by BITH staff (NPS 2015a, NPS 2015b).

Burn severity data for sigreservedires were obtained through the Monitoring Trends in Burn
Severty (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 firerelated spatial data layers (at arB(ixel resolution) for the entire country.

4.1.5 Current Condition and Trend

Frequency
Research suggests that low intensity fires were historicatyively frequent in the BITH region,

approximately every-30 years on uplands and slopes (NPS 2012a). For upland pine forests,

Chapman (1932) suggested that lightroagised fires likely occurred8Byears apart. Christensen

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

fuels within 35 years to carry a fire; forests on these hills likely experienced fires eveygdrs

(McHugh 2004). Christensen (1981) also stated that natural fire frequency talGdam savannas

was probably B years. This is supported by Glitzenstei
from three HCSU longleaf pines, which indicated a fire interval pfy2ars, with a mean of 3.9

years, from the period 192B67. The hisric 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 pineoak forests, researchers conclude that fire occurred in these communities, but less
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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 €8 years would maintain the uppeosé pineoak forests (McHugh 2004).

Shortleaf pine is also present in nslbpe oakpine forests, although it is less dominant, suggesting

that natural fire intervals in this community were probabl08years (McHugh 2004). Fires were

likely less frequenin 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 exwegigsi(McHugh

2004). The general frequency at which prescribed fires are conducted in BITH burn units is
summarized iMable7.

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 imitrge 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 096ccurring approximately every 5 years, and then declined
dramatically in the last half of the ®@entury due to fire suppression. Fire frequency appeared to be
influenced by moisture conditions, which control the rate of fuel accumulation (Christe9&kn
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 wer 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 (undermresumed historic regime) (LANDFIRE 2015). Due to its broad scale, this
information is not as accurate asthe-ground research, but can provide some insight into fire
frequency where studies are minimal or y&xistent. The modeled MFRI data for the Bllfegion

are shown irFigure?. This suggests that the majority of the area had a historic MFRb gf@rs,
with an MFRI of 2640 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 34 years in portions dhe 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). Otrey @lorti

the TCU burned every-8 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 expetexhan 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 recordbreaking drought year). Wildfires that started within or crossed into preserve units
geneally 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 Jullfigure8). 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 ovéad@&ending into the
preserve since 2002 (McHugh 2004; NPS 2015a, 2015b).
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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 descitilgephysical 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 measurbyg 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 wegpellent (NPS 2012a). Severity isluenced 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 frequentbreventing heavy buitdps of fuels (Frost 2000, Henderson 2006,

NPS 2012a).

A recently developed method for measuringrbseverityis to compare Landsat imagery prior to and
after a fire to determine a Differenced Normalized Burn Ratio (ANBR). TherdihBa, 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 evaluatesiiBR 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 groundnecently burned areas. CBI methods involve scoring burn severity based
on 22 variables includingoil cover/color change, duff and litter consumption, percent of colonizers,
percent of altered foliagandpercent of canopy mortaliforbel and Allen 208). A comparison of
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CBl scores and dNBRs f or t dseitadeanessuresdpredicor os h ows t
burn severitg (Sorbel and Allen 2005, p. 9). MTBS (2015b) provided burn severity data in which

acreage of severity categories were derfeedive fires within BITHand one just outside preserve
boundariesTable8). Spatial representations of MTBS data for the Marcus Fire are presented in
AppendixA.

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

Severity Level (acres)

Date of Fire Increased
Inside Preserve Unburned to Low Low Moderate High 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

*Al ncreased gr e e nnoreases post Hire deigatation eesponaen

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

di sturbance dynamics model VDDT-seVkirstiyndliuves
and a fApeseeati byol bwyer (under the presumed hi
is defined as ndgr eat -&lwithinhaaypicalfire pepneetercf@ adiveraver age
vegetationtypewh er eas | ow s e v dessithany25 pesceatiemngedokkill witeimla a s #
typical fire peri met éANDFIRE 20k). These maueled seyeeaty data i o n  t
are presented iRigure9 andFigure10. As expected, less than 10% of fires in the vast majority of

BITH are of replacement sevsritFigure9); similarly, over 76% of fires in most BITH units are

considered low severityr{gure10), based on the modeled data (LANDFIRE 2013b, c).
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Map Legend
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Figure 10. Percent of fires of low-severity in the BITH region, according to LANDFIRE (2013c).
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Fuel Loading andistribution

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

fuels build up due to eeduction 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

di stribution also influences a fi Fueltogdsaebi | ity t
describes as At he +feutelr epsrwldtu cafi otnwoa npdr of cueesl s edse ¢ o
94). The highest fuel loads would be expected in vegetation communities where production is high

and decomposition is low, while light fuileads 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
Harcombel979). Liu (1995) mapped fuel load and depth conditions by vegetation type in BITH

during the early 19904-(gure11). Baygalls, which are a very productive community, had the

highest fuel load; wetland savannas, which support few trees to produce a@edasody 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 vegetatiypes may still apply (e.g., upland pine communities have

higher fuel loads than mid and lower slope communities).

a. fuel load b. fuel depth
o
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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, Is = 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 aioawvide 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
daa 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 accurateeagroond research,

but it can provide some information on fuel loading in areasravit 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.

Map Legend
7] Preserve Boundary
Fire Behavior Fuel Models

ﬂ Grass (fine, herbaceous
fuels)

Timber - more intense
ground fires with frequent
crowning

gl shrub - low intensity

g Shrub - requires wind to
burn at shrub height

Shrub - highly flammable

I"_—l Timber - closed canopy,
slow ground fires

Timber - closed canopy;
g8 quick surface fires,
occasional crowning

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).
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Threats andbtressas Factors

Threats to BITHOGs fire regi me i nclssiod,@astt and deve
logging practices, southern pine be€8&B)(Dendroctonus frontalisdamage, invasive plant

species, hurricanes and drought, and climate change. Residential, agricultural, and industrial
development has fragmented the natural landscape Bitt€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 aldimited 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) yddérde®l THOS b
nearly 1,000 km (621 mi) of preserve (NPS 2012).

Fire suppression was common throughout the U.S. during thee?@ury, including in the BITH

region (Frost 1993, McHugh 2004). When fire is suppressed, open vegetation communities are
invaded byfire-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 witfisththat 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 (8D flame lengths, which can kill mature longleaf pines
(McHugh 2004). Increased intensitydaseverity of wildfires throughout the U.S. have been linked to
hazardous fuel loads due to"2€entury fire suppression (Swetnam et al. 1999, Henderson 2006).

Hi storic |l ogging has altered BI  THOs vegetation
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,(pige 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, Helyopacg, and sweet gurto form

dense thickets, which alterdiregime (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 whicleaery 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 3066% 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 fuehditions 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 sseverely 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 m@sistant t
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, incrgabmlikelihood 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 2004Droughts 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-native species of concern in BITH is Chinese

tallow, a highly invasive tree. Tlaw trees can shade out herbacegumind layevegetation,

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 fielapted communities such as grasslands and savannas may allow
woody nonnative species to invade (Zouhar et al. 2008yther 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 vegetaiiomunities 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 ndtave been hot enough to scar trees (McHugh 2004, Henderson

2006). However, firelependent 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 commiest(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 fit® effec
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 dfects research in BITH has focused primarily on woody ssedturther research is needed

into the response of groutayer plants to burning, particularly in longleaf pine communities known

for their biodiversity (Liu et al. 1995). Additional information on pist vegetation responses such

as resprouting andyermination (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, Zouh206883x The GULN

will be implementing a vegetation monitoring program at BITH in 2016 that will include some of the
preservé s prescribed burn units and may provide son
Woodman, GULN Ecologist, written commigation, 16 July 2015).

OverallCondition

Frequency

The project team assigned this measusggaificance Leveabf 3. Historically, the BITH region

likely experienced frequent lowmtensity fires (every 30 years, depending on vegetation type;

McHugh 20@, NPS 2012a). After European settlement (early to18i@0s), 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 prescrilvagbagram 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 consitai (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 fosquemains of moderate
concern ConditionLevel= 2).

Severity

The severity measure was also assigngayaificance Leveabf 3. Historically, low severity fires

were likely common in the BITH region and high severity fires were extremely rare (Frost 2000,

NPS D12a). Decades of fire suppression have contributed to fuelipsidhat 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 drfelaowdoelsevienrtiot yt hcea tieuc
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 cent (Condition Levek 2).

Fuel Loading andistribution

The Significance Levedf this measure is a 3. No recentsite 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 fireg(re12, LANDFIRE 2010). Howeer,

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 accumulationgddire 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 Levebf 2, indiating moderate concern.

Location

This measure was assigne8ignificance Levedf 1. Measures with 8ignificance Levedf 1 are not
discussed in depth in the current condition section of this assessment, but available information is
summarized here in ¢hoverall condition section. Fire locations are mapped by date-@@¥5and
20032015, varying by unit) ippendixB. Over the past decade, prescribed burns in BITH have
been limited to the BSCU, HCSU, TCU, LRU, and a single boundary area just eeeteat/p
headquarters (NPS 201Z¥ypendixB). Prior to 2000, smaller prescribed burns occurred ildalc&
Gore Baygall UnitJGBU) and BCU (NPS 2004). Wildland fire locations are dispersed throughout
the BITH area; since 2002, wildfires have primarily anfed only very small areas within preserve
boundaries (NPS 2015BppendixB). Since there is no evidence that fire locations are currently a
cause for concern, this measure is assigredralition Levebf 1 (low concern).

Intensity

The intensity measure also receiveSlignificance Levabf 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 vegetatii.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
consideredife 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 tineposition 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.
Thedata collected during this study are presentelhinle9. Recorded fire temperatures ranged

from 0°C to 399C, 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;%hHa)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 221
N/A 414
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 <52 18.6
savanna
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
<52 311
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 bruship&ds are high and high intensity fires

are a significant danger. As a result, this measure is assigbead#ion Levebf 2, indicating

moderate concern.
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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 firesesotdinu
be a management concern.

Fire Regime

Measures Significance Level | Condition Level WCS =0.64
Frequency 3 2

Severity 3 2

Fuel Loading and 3 5

Distribution

Location 1 1

Intensity 1 2

4.1.6 Sources of Expertise
1 DW lvans, BITH Fuels Specialist
1 Ken Hyde, BITH Chief of Resourcé8anagement

1 Ryan Desliu, BITH Environment Specialist and former Fire Effects Monitoring Crew Lead
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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). Longlegbine was the dominant
species historically, occurring in relatively open ' X
stands of varying height and density, depending}
on stand historyRhoto3). Currently, longleaf ¥
remains in small pockets and as individual tree
Shortleaf and loblolly pine are alsommon in
these uplands, while several oaks (bluejack
[Quercus incanh blackjack Q. marilandicq,
post Q. stellatd, southern red@. falcatd) and
sweetgum may be present (Harcombe and Marlg &
1979, NPS 2012a). The understory in these sta
can vary geatly depending on past disturbance = - '

and management, particularly fire history. Wher Eg;oEiél;ggﬂl)‘?af pine stand (NPS photo by

fire has been absent, woody understory species are

often dense, including flowering dogwodddrnus floridg, American beautyberryGallicarpa
americand, wax-myrtle Morella cerifera), yauponandflame-leaf sumacRhus copalling

(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 ad Marks 1979).

Longleaf pineuplandcommunities 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 endatecosystems in the U.S., wjtist over 36 of their

original extent remainin@l.9 million ha [4.7 million ac] of the original 36 million ha [90 million

ac]) (Noss et al. 1995, Brockway et al. 200%,R1 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 regionis the redcockaded woodpeckefhese birdexcavate nesting and roosting

cavities from live pines, unlike most woodpecker species, which target deaBiterger et al.

1988. The woodpeckers excavate small holes around their nest cavities that ooze resin, creating a
barrier that prevents pretay snakes from reaching the cavities (Rudolph et al. 1990}. Red
cockaded woodpeckers prefer older trees in maturedkmgity pine stand8gélanger et al. 1988

which are now rare due to logging and fire suppression.

Recent reviews of historic inforrtian, 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, Octobe). 2015
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
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occur in nearly all of the units of the preserve, with the layests located in the BSCU, TCU,

BCU, HCSU,LRU, and the CUKlyde, written communication, 6 October 2Q1According 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 ltofa459.7 ha (1136 ac) Figure14). More recent

mapping efforts (DESCO 2007) identified 209 ha (517 ac) of Longleaf Pine Woodland Alliance and
250 ha (618 ac) of Lobloliphortleaf Pine Forest Alliance in the TCU aloRey(re14). Since 2000,

BITH managrs 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 2885)f 2015, they have also

added herbicide treatments into the toolbox for both fire management planning and site restoration

Big Sandy
Creek Unit

Turkey
Creek Unit

Map Legend
Fire Effects Plot

© Upland pine
H Vegetation

- Longleaf pine
woodland alliance

i Loblolly-shortleaf
pine forest alliance -

] Preserve Boundary »
N

km Beaumont.

— —1 -
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
1 Herbaceous understory diversity
1 Herbaceous understory density

1 Midstory density
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1 Basal area

1 Age class

4.2.3 Reference Conditions/Values

The referenceondition 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 curresepre 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 gineo 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 Har combe
HCSU. Watson (1982) provided a preserwgde 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 B$@E uplanls as part of a fireflects

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. contral)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 wv#rstory, 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 A mpchfadcbanc e Y hleuspeci esd frequency,

During a 2006 vegetation assessment of the TCU, DESCO (2007) visited several upland pine stands
(Pinus taed&Pinus echinatd-orest Alliance). Sixteen plots totaling 0.4 ha (1.0 ac) were sampled for
woody vegetation; data gathered included basal area and density (total and biAEypageous
vegetation was sampled in 140 1 m x 1 m plots, totaling2@&i f£) (DESCO 2007).

4.2.5 Current Condition and Trend

Herbaceous UnderstoBiversity

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 sehespghat
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

58



uplands. According to this list, 168 herbaceous specidthave been documented in
uplands AppendixC).

Only one recent surveilimited 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 shrubE)ese species are also listed\ppendixC.

Herbaceous Understory Density

In the open setting typical of pine uplands prior todpean settlement, the herbaceous understory

was likely very dense. However, fire suppression has contributed to increased canopy cover in these
woodlandsgspecially of midstory shrubsgducing both the diversity and density of the herbaceous
understoryVarner et al. 2005). Herbaceous understory density has not been specifically studied

within BITHOGs pine uplands. While Lewis et al.
Aunderstoryo was cl assi fi edft)arsheightt ahthesesheights,theee e n 0
Afunderstoryo is |ikely dominated by young woody

(2000) did document fAground ft]anheightd defineccagte at i on
number of tim&kstauidmedempest 10 point sampleso (p
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
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 (arifg oak speciesjue to frequent fires. However,

fire suppressiojrepeated logging opening the overstanyd other factors have caused the midstory

density to increase in many pine uplands (Varner et al. 2088)is especially the case for yaupon

hdly which produces abundant seed, is&rpr out er , and is an early ficol
Very |little information is available regarding
Lewis et al. (2000) reported a midstory density of 27emst100 rain pine upland forest stands in

BSCU, and Streng and Harcombe (1982) documented the density of shrub species in a Hickory

Creek upland foresfable10).

Table 10. Density (stems/ha) of shrub species within an upland forest stand sampled by Streng and
Harcombe (1982).

Density
Scientific Name Common Name (stems/ha)
Morella cerifera wax-myrtle 3,600
Symplocos tinctoria common sweetleaf 2,476
llex 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).

Density
Scientific Name Common Name (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. Andrewds 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 taedaPinus echinatd or est Al |l i ance) . AMi2dmsiht or yodo i nc
di ameter, whereas t he 0 shicmmdianietaryTde avecagensdstayt e d o
density was 1,610 stems/ha and shrub density was 6,380 stems/ha (DESCO 2007). Densities by
speciesare presented ihable11.

Table 11. Midstory and shrub layer densities by species in TCU pine uplands (Pinus taeda-Pinus
echinata Forest Alliance) (DESCO 2007).

Midstory Density Shrub Layer Density

Scientific Name Common Name (stems/ha) (stems/ha)
Quercus nigra water oak 10.0 75.0
Quercus incana bluejack oak 125 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).

Midstory Density Shrub Layer Density

Scientific Name Common Name (stems/ha) (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 25 --
Crataegus marshallii parsley hawthorn 25 -
Toxicodendron radicans eastern poison ivy 25 --
Fraxinus caroliniana Carolina ash 25 50.0
Styrax grandifolius bigleaf snowbell 25 --
Bignonia capreolata crossvine 25 --
Castanea pumila chinquapin 25 25.0
llex 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
Liguidambar styraciflua sweetgum -- 75.0
Ditrysinia fruticosa Gulf Sebastian-bush -- 450.0
Pinus taeda loblolly pine -- 150.0
Symplocos tinctoria common sweetleaf -- 100.0
llex opaca American holly -- 100.0
Callicarpa americana American _ 100.0
beautyberry
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).

Midstory Density Shrub Layer Density

Scientific Name Common Name (stems/ha) (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

BasalArea

Basal area is calculated by multiplying the cresstional 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 accountaifea occupied by edtspecies, rather than just tember

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 avidable 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 &ftb9.2 m
(30-401ft¥ac)and dropping rapidly outside this range.

Basal area data areny 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 showhahle12. Longleaf pine had the gatest

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 m?/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 (m?/ha) by species within upland pine forest stands sampled
by Harcombe and Marks (1979). Only species with basal areas >0.05 m?/ha are included in the table.

Scientific Name Common Name Basal Area
Quercus stellata post oak 0.1
Liguidambar 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 arealtragieaf Table13). 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
m?ha, while the Streng and Hambe (1982) total includes all species with basal areas >G/B4.m

Table 13. Mean total basal area (m?/ha) by species within an upland forest stand sampled by Streng and
Harcombe (1982). Only species with basal areas >0.01 m?/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 241
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 BSTOWnAI 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
(Table14, Table15). Longleaf pine had the highest iniiual species basal area in both units during

the first survey (Liu et al. 1990), followed by loblolly pirieaple14). In the second survey (Liu et

al. 1992), longleaf pine showed the greatest basal area in TCU stands, but shortleaf pine dominated in
BSCUstands Table15).
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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 --
llex opaca -- 0.10
llex vomitoria 0.90 0.20
Liguidambar 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 274 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
llex vomitoria -- 0.2
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Table 15 (continued). Mean total basal area (m?/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
Liguidambar 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 ZBanBasal area of theverstory alone was

24.56 nfha, dominated by loblolly pine with a basal area of Mhanand shortleaf pine with 7.7

m?ha (DESCO 2007). This overstory basal area was lower than the values reported by Liu et al.
(1990, 1992) for TCU pine uplands.

Threatsand Stressaos 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 witBITH 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 ecosysteBr®¢kway and Lewis 1997nd to stimulate

regeneration of longleaf pine itself (Liu 1996listorically, fires arghought to have occurred

naturally every 2 to 8 years in longleaf pine forests (Brockway et al. 2005). Unfortunately,
clearcutting by logging operations aagricultural development by European settlers resulted in
habitat fragmentation, which preventece§ 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 th® @éntury, especially after pine plantation expansion in the
mid-1900s (Frost 1993). When fire is suppressed, hardwood species suchrdaslérant oaks,
sweetgum, and blackguriNyssa sylvaticeinvade these open pine communities (Watson 1982,
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Varner et al. 2005). This invasion often increases the density of tstamyi (e.g., shrubs such as
dogwood and yaupon) (Watson 1982gnse midand undesstorieso f t en act a6 Al addet
carrying fire into the tree canopy. Combined wilieincreagd fuel loadthis canescalate fire
intensityand severitythereby inceasingthe risk that wildfires will cause catastrophic losses within
the ecosysterand nearby residential areaben they do occur (Brockway et al. 2005). A dense
midstory also shades out any longleaf seedlings and saplings, resulting in very low retmevtene
around mature longleaf trees with abundant cone production (Hyde, written communication, 6
October 2015). BITH managers have been using prescribed fire on an@easing portion of the
landscape in an effort to restore the-pe¢tlement vegetian structure, composition, and function to
these historically firemaintained communities (NPS 2012). Managers also use mechanical
vegetation removal to piteeat areas with tall and dense understories, in order to reduce longleaf
mortality from intensdires and to open the canopy. Herbicide treatments are another toolrtbat is
being used to better control regprouting vegetation, such as yaupon and sweetgum, which quickly
regenerates after prescribed buidgde, written communication, 6 Octol2015.

Feral hog numbers have increased across Tanéhe U.Sin recent decades, including in the

BITH region where reported hog damageteservaesources has increased (Chavarria 2006).

Using harvest survey data and traunt surveys, Chavarrid@06) estimated a nearly thrésd
increase in the preservebts feral hog popul ati on
tracks documented annually in the preserve increased from 0.5 tracks/km in 1987 to 2.1 tracks/km in
2004 (Chavarria 2006Yegetation 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 ftanucs, as

well as facilitate the spread of nomtive 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 consumedaihgine 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 upland$ave not been specifically inventoried for invasive plants, but 13zhatve plants

(approximately 10% of all documented plant species) are included pretbesvé s cer t i fi ed s
list (NPS 2015AppendixD).

Drought has been shown to have a negadtnpact 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
seasoality 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 changé&n extended period of beloaverage raifall in 2011 led to an unprecedented
drought through much of Texas, including BITH (NielsBammon 2012). This droughhpacted

the survival rates of some longleaf pine seedlings planted at BITH as part of ongoing restoration
efforts Hyde, written commuriation, 6 October 20}5
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Southern pine beetle (SPB) damag&PBisshemdstso a t hr

destructive insect pest in West Gulf Coastal Plain pine forests (Clarke et al. 2000). It is an aggressive
native bark beetle capablelofling 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 (BelahgE9&8)a 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 moReetle 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 duringrice1970s and from 1992993, both

impacting over 810 ha (2,000 ac) (Clarke et al. 20813, 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 daage 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 canopywbéeen opened due to beetle mortality.

Human activityprior to preserve establishment is still impacting its vegetation communities.
According to Allen (1996), logging and conversion to commercial loblolly or slash Pineq

elliottii) plantations contributed to declines in longleaf pine throughout thbesmi. 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 andid/l1989). It also opened large areas to encroachment by
aggressive native species such as yaupon and swedtyde, (vritten communication, 6 October

2015.

Data Needstaps

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, midigosjty, 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 adhe past 15 years of BITH firdfacts monitoring data (206R015)

would be valuablealong with detailed maps of past efforts to use prescribed fire, physical vegetation
treatments, herbicides, and seedling plantings to restore longleaf to historic habitats\{iiteie,
communication, 6 October 201L%ince 2000, BITH has planted thamsls 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 se@dfidgsnritten
communication, 6 Oober 201%.

During 20142015, 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 19,708f aoxential 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 anatysf 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 uglartent for future
assessments and restoration efforts.

The GULN is currently developing a vegetatimap andmonitoring protocol that will begin

gathering data at several BITH units by 2016 (Woodman, written communication, December 2014).
The areas of fwusfor the vegetation monitoringill be portions of the TCUJGBU, BCU, andLRU
(Martha Segura, GULN Program Manager, email communication, 18 Februaryw@@i agiditional
information coming from the firefiects monitoring occuing in the BSCU and HCUT his 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).

OverallCondition

Herbaceous Understory Diversity

The project team assigned this measuségaificance Leveadf 3. Longleaf pine forests are known

for their species diversity. Watson (1982) listed 168 herbaceous species known to occur within

Bl THO6s pi nlet hugpd gahn dtshe Api ne upl andsd herbaceous
studied throughout the preserve in over 30 years, managers feel it is a serious concemur(titirmle,
communication, 6 October 20L%s a result, &ondition Levebf 3 is assigned

Herbaceous Understory Density

This measure was also assignegignificance Levedf 3. While it is likely that herbaceous
understory density has decreased in BITHOGs pine
exist to confirm this. Howevepreserve management considers understory density of moderate

concern Condition Levek 2).

Midstory Density

A Significance Levedf 3 was assigned for this measure. Historically, pine uplands were very open

with a sparse or nonexistent midstory. Prityadtiie 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 mgtory deniy at BITH, but preserve firefiects monitoring efforts have recognized

the aggressive regrowth rates of native midstory shrubs and trees (igtlsy communication, 6

October 201h While it is known and documented that the midstory deihsityincreased
significantly in BITH6s pine uplands since Euro
the ability to use prescribed burns on | arge ar
ability to restore the historic fire elogy to much of the preserve and deal with aggressive shrubs and
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trees (Hydewritten communication, 6 October 2Q15his is a serious concern for BITH
management and, as a resul§andition Levebf 3 is assigned to this measure.

Basal Area
The basal a measure was assigneslignificance Levedf 2. Few studies have calculated basal
area for BITHOG6s pine uplands, and three of thes

Marks 1979, Streng and Harcombe 1982, Liu et al. 1990, 1992, DESCO 206} he outdated
nature of the data,@ondition Levetannot be assigned.

Age Class

This measure was assigne8ignificance Levedf 1. Measures with Significance Levedf 1 are not
discussed in depth in the current condition section of this assassmeavailable 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 Ma&HR 975). 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 (HarcomMbekari®75).

Nat ur al l ongl eaf pine f or e-agecsmosaia of eveabgeeedn pdaet scchrei she
(Brockway et al. 2005, p. 3); the evaged patches commonly form after fires sweep through the
area (Allen 1996).

Harcombe and Marks (1975) diad the size class distributions of several upland forest stands in the
BSCU of BITH (Table16). 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 speciesitomiypical of

upland pine forest (Site BE); 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 availle for pine uplands and it is 30 years ol@cedition 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

Liguidambar 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 BI TH6s pine uplands is 0.89, sugges
funding,and the ability to use prescribed burns on large areas of a scattered preserve have limited
management 6s ability to restore fire ecology to
restoration of pine upland habitats. Given the lack of recent datavinatef the selected measures,

a trend could not be assigned for this component.
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Pine Uplands
Measures Significance Level | Condition Level WCS =0.89
Herbaceous 3 3
Understory Diversity
Herbaceous 3 5
Understory Density
Midstory Density 3 3 '
Basal Area 2 n/a
Age Structure 1 n/a

4.2.6 Sources of Expertise
1 Ken HydeBITH Chief of Resources Management
1 Jeff Bracewell, GULN GIS Specialist
1 Robert Woodman, GULN Ecologist
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4.3 Slope Forests

4.3.1 Description :
Slope forests, as the name implies, occugs
on the gentle slopes within BITH where & '
surface soils are fine sand or sandy loa
(Harcombe and Marks 1979). These are
are generally dominated loblolly and
shortleaf pinga variety of oaksQuercus
spp.), and other hardwoods, with a moref S g =
closed canopy than theeservé s u p 8
forests. Slope forests can be further tig
divided into three types: upper slope ping
oak, mid slope oak pine, and lower slopetes = sk & et
hardwood pine (Harcombe and Marks  photo 4. A lower slope forest in BITH (NPS photo).
1979). Canopy dergiand 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
domnant, along with blackjack oakouthern red oak drsome longleaf pine (Harcombe and Marks
1979). Common mid and derstory species include yaupdiowering dogwoodandAmerican
beautyberryCallicarpa american@ The mid slopes are typically dominated by loblolly pine,

southern red oak, shortleaf pirmed white oak@. albg (Harcombe and Marks 19Y.QAdditional

tree pecies present include sweetgustackgum and red mapleAcer rubrum. The understory is

similar to upper slopes, with the addition of American holly and red maple saplings. On the lower
slopes, southern magnolisiggnolia grandiflorg, loblolly pine, white oak,andwater oakare

generally codominanPhoto4; Harcombe and Marks 19¥9n some lower slope areakthe

preserve American beech is algwesent andominant. Additional trespecies include laurel oa®(
laurifolia) and willow oak(Q. phello$, while American holly and yaupon are most common in the
understory idarcombe and Marks 19Y.9

The slope forests are sometimes referred to as BdagnoliaLoblolly forests, due to the

prevalence of these three species (NPS 2006). Because of its rarity in the state, thealgeeth
assemblage within this forest type is considered imperiled (NPS 2006). East Texas represents the
southwestern range limit for both American beech (Jlah 2004) and southern magnolia (NRCS
2015).

Slope forests occur in many BITH unidSCU, TCU, HCSU, BCU, LRU, Menard Creek Corridor,
Upper Neches, Beaumohf?I-PIBCU, andNeches Bottom UnitNBU)/ JGBU (Harcombe and
Marks 1979 Watson 198p The total aea of slope forests in BITH during the late 1970s was
estimated at 18,126 ha (44,791 ddxcombe and Marks 19Y.QAvailable dstributioninformation
for slope forest communities is presenteétigure15 andFigure16.
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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

1 Canopy cover

1 Presence of beeaghagnolia assemblage

1 Basal area

1 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 " 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 8 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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vegetationwith 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 (193 8Yyatson (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 locatédpper Slope Pine OgkJSPO), one in Mid Slope

Oak Pine (MSOP) and sevenliawer Slog Hardwood PinéLSHP). Harcombe et al. (1999)

included basal area data from a leéegn study site within a (TCUYSPOstand.

Liu et al. (1990, 1992) sampled vegetation in several slope forest types in the TCU and Big Sandy
CreekUnit (BSCU) as part of &re 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 G$Ssarelculated
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 includd8POand 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 andrees below the dominant canopy layer were midstory. The understory consisted of all
plants between 0.5 m and 3 m (B.® ft) in height.

PBS&J (2003) sampled several slope forest types in the BSCU during a 2003 vegetation survey.
Basal area data were calted from 22 plots in th@uercus albaQuercus nigra ForestAlliance

and 81 plots in th@inus taedaQuercug(alba, falcata, stellataForest AllianceDESCO (2007)
collected similar data from five different slope forest vegetation types in the T2QD&

4.3.5 Current Condition and Trend

CanopyCover

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 devel@ment of
herbaceous ground layer (Marks and Harcombe 1978, Harcombe and Marks 1979). Very little
scientific data on canopy cover have been coll e
(2000) reported on canopy closure in LSHP and USPO forests. btubis the LSHP showed

greater canopy cover than the USPO in the overstory and understory layers, while midstory canopy
cover was higher in the USP®ablel17). 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

Presencef BeechMagnolia Assemblage

As mentioned previously, American beech and southern magnolia reach the southwestern extent of
their ranges in the Big Thicket regiodh@ et al. 200RCS 201%. The beectmagnolia assemblage

is of interest tgreservananagement 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 (Harcomlet al. 2002,Jha et al. 2004 he hurricanes in 2005 and 2008 were particularly
hard on the large beech and magnolia trees in the BCU, BSCU, and TCU with nrany bei

windthrown, damaged, or sugabing to disease and rot after the storm (Hyde, personal

comnunication, 21 January 2016).

Since BITH does not have a current vegetation magriservewide distribution of the beeeh
magnolia assemblage is unknown. Harcombe and Marks (1979) do not separate tmedgmedia

assemblage from other slope forest t/pe
preserve is also unknown. Harcombe and Marks (1979) and Watson (1982) included species lists by

SO

t he

communityoés

potent.

unit, which may provide some insight into the presence of beegnolia stand$New areas of
beechmagrolia lower slope forests were added to the preserve when the CU was acSjuidyd.
areas or units where American beech and southern magnolia were docuoyenetsshrch studies

are listed inTable18.

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
Upper Neches - FLPL
Upper Neches - FLPU
Lance Rosier- 770-1
Big Sandy - BSB

Big Sandy - BSU-4

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

Lance Rosier X
Turkey Creek X

Jack Gore Baygall/Neches
Bottom

More recent vegetation surveys of individual units found the beenolia assemblage in the
BSCU (PBS& 2003) and TCU (DESCO 2007) of BITH. Only one stand of besafnolia 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 beedmagnolia assemblage typically occurred between vaakevater

oak communities and Big Sandy Creek itself (PBS&J 2003). However, none of thenhagablia
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 tk areaoccupied by each species, rather than jushtimeberof stems of each species
within a given area. Basal area data are very |
(1979) calculated basal areas for seven upper slope, two mid slopgnatalver slope forest

stands. The basal areas for these forest types by species and overall from Harcombe and Marks
(1979) are shown ifable19. Total basal area was greatest in lower slope stands and lowest in upper
slope stands. Species with the gesaindividual 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 nigiee tha

lower slopes, and pine and oak basal area was nearly equal in mid slopeTsaaiely.
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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 m%/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 -- --
llex 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 -- 14 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
llex opaca American holly 0.2 11 1.6
Magnolia virginiana sweet bay -- -- 0.4
Nyssa sylvatica black gum 0.4 11 0.9
Quercus laurifolia laurel oak 0.1 0.7 1.3
Acer rubrum red maple 0.1 1.2 0.4
Liguidambar styraciflua sweetgum 0.8 11 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 (m?/ha) by species within slope forest stands sampled by
Harcombe and Marks (1979). Only species with basal areas >0.05 m?/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 (USP®I&@IP) and slightly lower

in one type. Averages were 27.7/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 rounaf surveys, TCU upper slope forests showed the highest mean basal area,
contrary to earlier resultg &ble20; Liu et al. 1990). Among BSCU slope forest stands,-siage

stands had the highest mean basal area. In the second survey period, resultsilete gravious
studies, with the highest mean basal area found in lower slope forests in the TCU and lowest basal
area in BSCU upper slope forestable21; Liu et al. 1992). Pines yielded the highest individual
species basal area in every forest typab(e20, Table21; Liu et al. 1990. 1992).

Table 20. Basal areas (m?/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
llex coriacea -- -- 0.05 --
llex opaca -- -- 0.05 0.05 - 0.25
llex vomitoria 0.70 0.30 0.70 0.45 -- 0.70




Table 20 (continued). Basal areas (m?/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
Liguidambar 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 ATotal o value at the bottom of each col umn.
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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 -- -
llex opaca -- -- 0.70 0.45
llex vomitoria -- 0.10 0.25 0.15
Liguidambar 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 ATotald value at the bottom of each col umn.

Harcombe et al. (1999) presented basal area data by specieslmogterm study site within a

TCU Upper Slope Pine Oak stand. Basal area increased from 2hZim1982 to nearly 27 #ha

in 1993 (Table22), at a mean rate of 1.7% a year. Tingjority 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 (m?/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.

Annual % Change in Basal

Species 1993 Basal Area 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
llex 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 431 0.04
Quercus alba 0.15 0.04
llex 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.

Annual % Change in Basal

Species 1993 Basal Area Area (since 1982)
Nyssa sylvatica 0.04 1.47
Liguidambar 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 fasltwe forest types in the BSCU. In the
Quercus albgQuercus 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 (PB&J 2003). Total basal area in Pinus ta€ueercus (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 ardardata 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 echf@a&cus (alba, falcata,

stellata) Forest Alliance (Table 2ZBESCO 2007)

Table 23. Basal area data (m?/ha) for five slope forest alliances in TCU (DESCO 2007). Total basal area
is for all woody vegetation (overstory, midstory, and shrub layer).

Total Basal Overstory
Species Area Basal Area Dominant Species Basal Area

Fagus gra_mdlfolla - Magnolia grandifolia 26.98 23.95 American beech - 11.05
Forest Alliance

Pinus echinata - Quercus (alba, falcata, shortleaf pine - 17.15

stellata) Forest Alliance 3184 2517
Pinus taeda - Quercus (alba, falcata, stellata) loblolly pine - 10.26
Forest Alliance 3114 26.24
Fagus grandifolia i Quercus alba Forest 26.15 20.10 American beech - 12.87
Alliance ' '
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 presentany 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
ageorsizel ass distribution in BlITHGO6s sl ope forests.
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 slogetfose wer e fApoorly rep
completely absent in one or more ofthe saplinsi ze c¢cl asses. 0 The authors
due to the greater canopy coverage (i.e., lower light availability in the understory) in the mid and

lower slopes (Harcongand Marks 1977).

Threats and Stressdfactors

Threats to BI THOG swvasiveptapte feral bage unplaned finecotcureree, insect
outbreaks, hurricanes, antbdght The slope forests have not been specifically inventoried for
invasive plants, but over 100 noative plants have been doceimted in the preserve (NPS 2015

Of particular concerpreservewide is Chinese tallowT his aggressive species can-oaimpete

native plants in slope forest openings created by disturbaggeshurricanes 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.f&ral hog numbers have increased asrbsxas 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.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 bcation near the Gulf of Mexico, BITH is impacted by tropical storms and hurricanes
relatively frequently Harcombe and Marks 19Y.9Vhile the effects of these storms on slope forests

are rarely catastrophic, they can influence forest structure and comipasin by cr eati ng l
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) studi¢he 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 14577 km/hr (96110 mi/hr) (Harcombe et al. 2009). Within the sldpest,

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 Aioan beech. In the subcanopy, mortality was
higher for red maple, yaupon, and common sweetahplocos tinctorijp and lower for American

holly and sweetgum (Harcombe et al. 2009). No simple explanation has been found for these
differences in mortalitgluring 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 forestsilpdytalong the

edges of openings created pasly by Hurricane Rita (Hyd&yritten 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 tlwasemon in slope forests, experienced a severe growth

decline during an ead¥980s drought in the Big Thicket regidBlitzenstein et al1999). Much of

Texas, including BITH, experienced a drought of unprecedented intensity in 2011 due to an extended
period of belowaverage rainfall (NielseGammon 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 foresstidaad

previously, the BITH regionepresents the southwestern range limit for American beech and declines
in this species have been observed in the @taecombe et al. 1999, Jha et al. 2004)e typical
climate within the ragirmunhddistemperaiuges betweEriGrand 29°C wi t h
(62.6-84.2F) (Jha et al. 2004). Since 2009, mean August temperatures at Beaumont have been
above 29C (NCDC 2015). Several climate models predict that mean summerAlgust)

temperatures in the BITH aavill exceed 29.8C (85°F) by 2050 Kaurer et al. 2007)f 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). Althceggarch

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 consumptioe@tt mast production, and competition from
dense stands of native, early successional shrubs (e.g., yaupon and holly) (Hyde, written
communication6 October 2016

Data Needs/Gaps

Very little information is available for most of the selected measuBdinT H6s sl ope f or est
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 vithin the preserve. Additional studies in the beewgnolia assemblage

are important, given the communityds rd&haty and
et al. 2004).

A preservewide 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 posetothweservé s sl ope f or e st gingaVepetatioGrodnitéring s devel o
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 conts(including invasives), tree size (diameter), and

canopy closure. The focus of this monitoring will be Ti@&dJ, JGBU, BCU, andLRU (Segura, email
communication, 18 February 2015), all of which include slope forest vegetation.

OverallCondition

CanopyCover
The project team assigned this measusegaificance Levedf 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 Hared@78, Harcombe and Marks 1979).
However, very |little data have been coll ected
As a result, £ondition Levetould not be assigned for this measure.

Presence of BeedWlagnolia Assemblage

This measuravas also assignedSignificance Leveadf 3. Data are very limited regarding the

presence of the beechagnolia assemblage within BITH. Historically, American beech and southern
magnolia were documented in seven different preserve units (Watson 1982)yebreuni

specific vegetation surveys identified small areas of beech magnolia in the TCU (DESCO 2007) and
BSCU (PBS&J 2003). Due to a lackmfeservewide data, &ondition Leveilvas not assigned for

this measure.

Basal Area

The basal area measure veasigned &ignificance Leved f 2 . Basal area dat a
forests are limited. The most recent data (PBS&J 2003, DESCO 2007) are restricted to individual
preserve units (BSCU and TCU). Because data are limit€dnédition Leveivas not assigrefor

this measure.

Age Class
A Significance Levedf 2 was assigned for this measure. Due to a lack of data for age or size class
distributions, aCondition Levetould not be assigned.

Weighted Condition Score
A WCSwas not calculated for this componemitie to a lack of data for the selected measures. The

current condition of BITHG6s sl ope forests is
Slope Forests
Measures Significance Level Condition Level WCS = N/A
Canopy cover 3 n/a
Presence of beech- -
: 3 n/a PN
magnolia assemblage / \
Basal area 2 n/a N
Age class 2 n/a

4.3.6 Sources of Expertise

1 Ken Hyde, BITH Chief of Resource Management
1 Herbert Young, BITH Biologist
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1 Robert Woodman, GULN Ecologist
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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 shaks Quercus
spp.) with a scattered overstory of pinBsg(sspp.)
(Harcombe and Marks 197Photo5). These
communities occur on sandy soils associated with ol
stream terraces and river bluffs. The soils are extrem
well-drained (i.e., moisture is hbeld in the soil for
long), contributing to the shestatured 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 driesbeded communities in
southeast Texas; prickly pe@guntiaspp.)andyucca
(Yuccaspp.) are often present in the understory (Mar e
and Harcombe 1978, NPS 2012). The arid sand hill
woodland is the rarest plant community within the - . ¢
preserve and in the sutnading region (NPS 2006) Photo 5. Arid sand hill pine stand in BITH
which is to be expected in an area receiving an averagé’S photo).

of 137 cm (54 in) of rain a year

The three pine species commonly found od aand hills are longleaf pine, loblolly pirend

shortleaf pine (Harcombe and Marks 1979, NB®$2). The dominantak species include bluejack
oak and post oak he shrub layer is somewhat indistinct with no dominant species, bubidte
abundant shrubs are yaupamdflowering dogwoodHarcombe and Marks 197®lthough the
herbaceous understaig/sparse, the arid sand hills support some endemic species, such as Texas
trailing phlox Phlox nivalisssp.texensi¥ a federally endangered species (Harcombe 2007).

4.4.2 Measures
1 Endemic species richness
i Extent

4.4.3 Reference Conditions/Values

Thereference 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 bouredaoccurred 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 throdlghaatrious BITH units,
covering the topographic range from floodplains to upland forests. Their focus was on woody
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vegetation, with little attention given to the herbaceous understory. Only two of the stands sampled

were classified as arid sand hillsichk e d fisand hi | | pine foresto by F
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 pinell{otii) plantation in th& CU.

Despite its conversion to a pine plantation in the 1960s, the agelassified 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 compositiofo t he siteds herb, shrub, and canopy | .

MacRoberts et al. (2002) generated a list of plant species endemidtesh&ulf Coastal Plajn
and then used literature, personal experience, and herbarium specimens to identify those species
associated witli x e r i ¢ s a n dThhik lstrcalldl behuset asta potential list of endemic

species for BIlI TH6s arid sand hill s. Mat os and R
theRoy E. Larsen Sandylands Sanctyarywh i ch | i es | ulage Creek Cotritor o f Bl T H
Unit and is managed by The Nature Comsadr vancy.

upl and community i n antRudoiph 1985, po2B0. Mhisasurveyadentiffedlat o s
many endemic understory species that occurrédnimihe Sanctuary, providing additional potential
endemic species for BITH.

A preservewide vegetation map is not available for BITH, but several individual units have been
mapped, including Turkey Creek (DESCO 2007), where a majority of remaining adidhiia

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 praserveby Harcombe

and Marks (1979); a GIS version of this map (NPS 20&8) also obtained from the GULN.

4.45 Current Condition and Trend

Endemic SpecieRichness

Arid sandy habitats are known to suppohigh number of West Gulf Coastal Plain endemic plants.
MacRoberts et al. (2002) found that 53% of species identified@smic to the region were
associated wiatnhd sfiox e rTihce saand sand hills in BITH
specifically for endemic species. While a current plant species list could be used to identify endemic
species that occur within BITH, thist 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 occurréd in xer
sandylands and searched BITH records to determine whether or not these endemic species had been
documented in thpreserve Twentythree of the species identified by MacRoberts et al. (2002) have
been observed within BITH, although two are no longdugted on the curremqireservespecies list
(Harcombe 2007, NPS 2015)gble24).
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Table 24. West Gulf Coastal Plain endemic species identified by MacRoberts et al. (2002) as occurring

on Axeric

sandyl andso

and thei

r sUnia TQUss Turkey CBeeKTUHIt.

Scientific Name

Common Name

BITH Status

Yucca louisianensis

Berlandiera pumila var. scabrella

Coreopsis intermedia

Echinacea sanguinea
Evax candida

Gaillardia aestivalis var. winkleri

Helianthus debilis

Hymenopappus artemisiifolius var.

artemisiifolius

Palafoxia reverchonii
Solidago ludoviciana
Tetragonotheca ludoviciana
Thelesperma flavodiscum
Vernonia texana

Polanisia erosa

Paronychia drummondii

Tradescantia reverchonii

Baptisia nuttalliana

Dalea phleoides var. phleoides

Dalea villosa var. grisea

Gulf Coast yucca

soft greeneyes

goldenwave tickseed

sanguine purple coneflower

silver pygmycudweed

Wi nkl erdéds bl ank:¢
cucumberleaf sunflower
oldplainsman
Reverchonds pal:

Lousiana goldenrod
Lousiana nerveray

east Texas greenthread
Texas ironweed

large clammyweed

Drummonddés nail

Reverchonds spit

Nutt alifdgo wi | d

slimspike prairie clover

silky prairie clover

documented in arid sand hills?; present
in preserve?

present in preserve?

documented in TCU (Brown et al.
2005)

present in preserve?
present in preserve?

documented in arid sand hills?; present
in preserve?

historically documented in arid sand
hills of BSCUP; present in preserve?

historically documented on sand hills in
TCUP; present in preserve?

present in preserve?

present in preserve?

present in preserve?

present in preserve?

present in preserve?

historically documented on sand hill in
TCUS; not on current preserve species
list?

historically documented on sand hills in
the TCUS; not on current preserve
species list?

present in preserve #; documented in
TCU in sand hill pine by Caldwell
(2005)

documented in arid sand hills®; present
in preserve 2

documented in arid sand hills?; present
in preserve 2

documented in arid sand hills?; present
in preserve 2

a Harcombe 2007
b Watson 1978
¢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 fAxeric sandylandso and their status in BI
Creek Unit.

Scientific Name Common Name BITH Status

Mimosa hystricina porcupine mimosa present in preserve 2

Scutellaria cardiophylla documented in arid sand hills?; present

in preserve 2

Phlox nivalis ssp. texensis Texas trailing phlox confirmed in BSCU?; historically
documented in TCU on sand hills® and
reintroduced there in 2003 (Hungate

2003)
Delphinium carolinianum ssp. Carolina larkspur documented in arid sand hills?; present
vimineum in preserve 2

@ Harcombe 2007
b Watson 1978
¢ Watson, n.d.
dWatson 1982

Additional endemic species identified by Matos and Rudolph (1985) dRayé&. Larsen

Sandylands Sanctuangar BITH have also been documented inpileservgTable 25. Two of the

six species have been observed on arid sand hills, although one is no longer iocltiged

preservé s species |list (Harcombe 2007, NPS 2015). T
present in th@reservebut the vegetation communityehoccur 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 @
Lupinus subcarnosus Texas bluebonnet Texas present in preserve @
Amsonia tabernaemontana eastern bluestar Texas & documented in arid sand hills?; present
var. tabernaemontana (A. Lousiana in preserve?
glaberrima)
Symphyotrichum pratense barrens silky aster Texas & historically documented in TCU, but not
(Aster pratensis) Lousiana in arid sand hills habitat®; present in
preserve?
Berlandiera betonicifolia Texas greeneyes Texas & historically documented on sand hill in
Lousiana TCUS; not on current preserve species
list*
Silphium gracile slender rosinweed Texas & present in preserve @
Lousiana

*According to Matos and Rudolph (1985)
@ Harcombe 2007
b Watson 1978
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¢ 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 @ireservas found just naheast of the confluence of Turkey
and Village CreekéFigurel7). 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 1970sand 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 wigivestree.

In recent mapping effori@lanton and Associates 2002, PBS&J 2003, DESCO 2007), the arid sand
hills were not mapped separately but were grouped with othedpiméated upland communities.

Turkey
Creek Unit

Hickory

Creek Savannah

Map Legend 4
ﬂ Preserve Boundary
Potential vegetation
gl sandhill Pine Forest

.
Beaumont

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 andbtressas Factors

Threats to the arid sand hills community include alteiredrégime, 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). Théerbaceous 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 shiatbspthid shade out

and compete with the herbaceous understory (Liu 1P86t06). Active fire suppression was

common in the BITH region and throughout the U.S. during tHec@ftury (Frost 1993). When fire

is suppressed, firmtolerant hardwoods invadkese 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 1988 .expansiomf 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. fuiakly outcompete other native

herbaceous and shrubs and poses a threat as a ladder fuel to the pine overstory (Hyde, written
communication, June 2018ITH managers have begun to return fire to the landscape in an effort to
restore the prsettlement vgetation 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 poeservaesources has increased (Chavarria 2006). Hog impacts are typically
most severe in wetter habitats, but damage has been abgseny@ands (Chavarria 2006). For

further discussion of feral hogs and their impacts, refer to Chapter 4.2 of this assessmen

Invasive plant species have the potential to outcompete native plants and can alter ecological
processes (e.g., nutrient cycljrdisturbance regimes) (Gordon 1998). The arid sand hills have not
been specifically inventoried for invasive plants; however, Cald@eD%) documented Chinese
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tallow, a highly invasive nomative tree, in 15% of plots within a sand hill pine forestorasion
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. Thedging 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
ifSpeMamdgement Areao and now receive protection
2006). However, prpreserve establishment drilling pad sites within the sand hill pine communities

were shown to have lower plant species richness and diversity thaardadjantrol 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
richnessA preservewide 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 theeservedo not map the arigdand hills as a separate
community. Further research into or documentation of the threats to the arid sand hills at BITH (e.qg.,
invasive species, dense midstory due to fire suppression) could also be helpfeséve

managers. The GULN is developingegetation monitoring protocol that will begin gathering data

on plant community composition and coverage in several BITH units by 2016 (Woodman, written
communication, December 2014).

OverallCondition

EndemicSpecieRichness

The project team assignéds measure 8§ignificance Levadf 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 amdatseféiting the arid
sand hill communitypreservananagers consider this measure of moderate conCendition Level

=2).

Extent

The extent measure was also assign8ayaificance Levedf 3. Arid sand hills are the rarest
vegetation community withiBITH 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 tolbsditas a

result, this measure is assigne@aendition Levebf 2, indicating moderate concern.

Weighted Condition Score
TheWCSfor arid sand hills is 0.67, which is at the lower end of the high concern category. A trend
could not be identified due #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
. 3 2

Richness '

Extent 3 2

4.4.6 Sources of Expertise

1 Ken Hyde, BITH Chief of Resource Management
1 Herbert Young, BITH Biologist
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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 depressio
or flats within the sandy upland$ BITH (Harcombe
andMarks 1979. The vegetation typically consists of a
dense herb layer with some wetland shrubsvadely
scattered longleaf pinghoto7), although loblolly pine |
has become the dominant tree species in many areas
following the loggirg of longleaf (Fountain 1984). The
shrub layewoften includes stunted blackgusweetgum
southern red oalsweetbay Magnolia virginiang, wax-
myrtle, andswamp titi Cyrilla racemiflorg) (Harcombe
andMarks 1979. The diverse understory includes ) )

sedgesnd grasses, orchids, sphagnum moss, ferns, P,\Ts;opﬁb\t’x)eﬂa”d pine savanna in BITH

insectivorous plants (e.g., pitcher plants and sundews),

and other forbsHarcombeandMarks 1979 DESCO 2006). Many of these herbaceous species are

often associated with poor soils and acidic sites (MarkdHancbmbel978). At BITH, longleaf pine

wetl ands include pitcher plant bogs and baygall
name for a wetland shrub thicket, derived from the shrubs sweetbay and gallberridhoitynibe

andMarks 1979.

Thesoils 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 woodyespeammon in other preserve
vegetative communities, particularly oak¥uercusspp.) (Streng and Harcombe 1982, MacRoberts
and MacRoberts 2000). Fire is also important in maintaining the open nature of these wetlands and
the diverse herbaceous understtgrcombeandMarks 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 tt&# 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, temporamly sto
precipitation, and facilitate groundwater recharge (Zygo 1999).
4.5.2 Measures

i Extent

1 Herbaceous understory diversity
1 Herbaceous understory density
1

Midstory density
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4.5.3 Reference Conditions/Values

The reference condition for this component is the tmdof 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, Haroabe 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 vegetaiands 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). Fourma(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 HI$Jone 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 wated fap6ths out of the year

(Streng and Harcombe 188 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 miginter) between July 1997 and November 1998.

The first site, within t handpiRl$avanaass(MatRokedsandb e d a's
MacRoberts 1998). The second site, in the TCU,
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pl antso (MacRoberts and MacRoberts 1998, p. 41)

19971998, while the LRU sitbad 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) produceiservewide 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 wetldidsg taede&Seasonally Flooded
Woodland Alliancégin the LRU during 1999 and 2000. Thitiwo 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 Ohh (0.2 ac) were sampled for woody vegetation, while herbaceous
vegetation was sampléd 301 m x 1 m plot§DESCO 2007).

As mentioned previously, @reservewide vegetation map is not available for BITH, but several
individual units have been mappeudgluding 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 distribui#nbe obtained

from BITH fire dfects monitoring plots, which are classified by vegetation type (NPS 2012b). A
potential natural vegetation map was created for the geserveby 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 HE§Uré¢
18) (Harcombe and Marks 197®lacRoberts and MacRoberts 2008ccording to Harcombe and
Marks (1979), approximately 3@tha (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 feR§asifithe
preservé s current tot al 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 corrétetésrcombe and Marks

(1979)
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LRU and TCU Figurel9; Blanton and Assciates, 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.
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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 titeekt 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 witlpredesvé s wet | and pi ne

saval

(AppendixE) .  Wat s opredesvew(idé @laditist 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 imggctivor

speciesAppendixE).

Blanton and Associates, Inc. (2002) identified h@rbaceous plant species in pine wetland plots

(Pinus taed&seasonally Flooded Woodland Alliance) in the LRUthe TCU, DESCO (2007)

documented 57 herbaceous species in pinmmgsample plots. The species documented in these

two studies are also notedAppendixE.

Herbaceous$/nderstoryDensity

Due to the typically open nature of longleaf pine wetlands, the herbaceous understory is normally

dense in these communitiddgrconbeandMarks 1979. However, no understory density data are
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available for this community in th@eserve The only i nformation simil ar
coverageo measurements for two wetland pine sav
cover @nnot be directly correlated to density, this information may provide some insight into total
herbaceous ground cover and the species that are contributing the greatest cbabitagé)(

DESCO (2007) also recorded ground cawethe herbaceous layer 8CU 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

MacRobert s

been invaded by some upland species.
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Threats and Stressdfactors

Threas to longleaf pine wetlands identified pyeservestaff 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 hydftdag 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 Athermmehtakrivmpagte dHetexisting pitcher
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 (Wa&oib@®Roberts

and MacRoberts (2000, p. 4) observed that nearly all the remaining wetland pine savannas in BITH
fihave clearly been degrading and losing ground to shrub encroachment and are being transformed to
s hr ub tHrascakevitleace fiom tre@sthe 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 drougbtiGadscline 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 TCWluch of Texas, including BITH, experienced a drought of

unprecedented intensity in 2011 due to an extended period of-agkrage rainfall (Nielsen

Gammon 2012)According to Harcombe (1999), climate change is likely to increase the frequency
and intensity oboth droughts and floods in the future.

Although invasive plants have not yet been documented in longleaf pine wetlands, thesénapecies
the potential to outcompete native plants and can alter ecological processes (e.g., nutrient cycling,
disturbance gimes such as fire) (Gordon 1998). Chinese tallow and kudzu are of particular concern,
as they are already invading other areas of the predéyde (written communicatior October

2015). Feral hogs are also a threat to these wetlands and, as digcassraly, 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 LiRinpglivy damage

from regularlyused travel corridors pnarily 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 pm@sto 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 communicatior, October 2015). This may haventributed to the fact that areas

where the potential vegetation was classified a
sparse longl eaf pines) by Har dabloily Rine&easonalyar ks (1
FIl ooded WoodlI| aladon @& Assoaiates £002)by B
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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 umdstory in these communities. DESCO Environmental Consultants have conducted a
survey of Bl THOs | Hydegweitteeh compmunicatio® Octoper 201ptout datm g  (
and analysis were not available in time for inclusion in this NRCA. Updatedysifocusing on the
herbaceous understory and midstory density are needed to fully assess the condition of this
community within BITH. Apreservewide vegetation map does not exist, although mapping efforts

are expected to be initiated in the next fevarge An invasive plant survey could also help determine
how much of a threat these species pose tprdservé s | ongl eaf pine wetl ands
developing a vegetation monitoring protocol that will begin gathering data on plant community
compositionand coverage in several BITH units by 2016 (Woodman, written communication,
DecembeR014). Areas of focus for loagrm monitoring will include the TCU and LRU (Segura,

email communication, 18 February 2015), two of the units where much of the remaimgiegf

pine wetland is found.

OverallCondition

Extent

The project team assigned this measuségaificance Levedf 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 assign€admrdition Levebf 2, indcating moderate concern.

Herbaceous Understory Diversity

The herbaceous understory diversity measure was assi@igdificance Levedf 3. Over time,

approximately 300 herbaceous species have been documented withiesttiwé s wet | and pi n¢
savannag$AppendixE). While high herbaceous diversity has been documented prekservé s

longleaf pine wetlands historically (Watson 1982, MacRoberts and MacRoberts 1998), more recent
surveys have been limited to individual units and have not confirmed théarte number of

understory species is still present. As a resultpadition Levetould notbe assigned for this

measure.

Herbaceous Understory Density

The density measure was also assign8ayaificance Levedf 3. Understory density is normally

high in these open communities, but no actual d
wetlands are available at this time. Due to this lack of dafanalition Levetould not be assigned.

Midstory Density

This measure was assigne8ignificance Leveadf 1. Measures with Significance Levedf 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.dtlisally, 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
commmi ties (Varner et al 2005) . Little informat
wetland pine savannas. Streng and Harcombe (1982) recorded the density of shrub species in one
longleaf pine wetland in HCSU &ble27). Fountain (1984) also calctdal 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 maghee t o each studyds definition
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 1.0ran49.9 ¢

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
llex vomitoria yaupon 27
Rubus sp. blackberry 587
Cyrilla racemiflora swamp fiti 1060
Magnolia virginiana  sweetbay 8,970
Persea borbonia redbay 43
D_io§p_yros common 80
virginiana persimmon

E;lggrrif;g]es Ssp. St. Andr 320
hypericoides cross

Asimina parviflora ;?ﬁggalwer 40
Zﬁ)‘ﬁg&”&" farkleberry 93
Total 13,207

Blanton and Associates, Inc. (2002) calculated midstory and shrub layer density in pine wetland plots
inthe LRU.Anystems722 0 c¢cm i n diameter weahereamssitdher éd hii mik
consisted of stemsDcm in diameter. The average midstory density in LRU plots was 469 stems/ha

and shrub layer density was 5,850 stemdtanton and Associates, Inc. 200RESCO (2007) also
calculatedmidstory and shrub l&y densitf or pi ne wetl ands in the TCU.
includedstems2:52 c¢cm i n diameter, whereas t2bemiAishrubo |
diameter. Midstory density in TCU plots averaged 1,130 stems/ha, with the shrub layeingverag

14,100 stems/ha (DESCO 2007). Midstory and shrub layer densities by species for these two studies

are presented ihable28. Because all of the data are geographically limited and some are over 30

years old, &ondition Levelvas not assigned for thiseasure.

111



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).

Blanton & Assoc. (2002) (LRU) DESCO (2007) (TCU)
Scientific Name 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 125 962.5 50.0 800.0
Morella caroliniensis -- -- 100.0 100.0
Liguidambar 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
llex vomitoria 1.25 3125 20.0 200.0
llex opaca 25 187.5 60.0 --
Pinus palustris 8.75 1125 -- --
llex 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 -- 125 -- --
Crataegus opaca 3.75 125 -- --
Crataegus spathulata -- - 10.0 --
Pinus echinata 15.0 -- -- --
Smilax laurifolia -- -- -- 300.0

* Invasive species
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WeightedConditionScore

AWCSwas not calculated for BITHOGs | ongl eaf pine

current condition and trend of this community in gneserveareunknown

Longleaf Pine Wetlands

Measures Significance Level Condition Level WCS = N/A
Extent 3 2
Herbaceous 3 n/a U
Understory Diversity it N

[ i
Herbaceous 3 n/a \\\_ A
Understory Density
Midstory Density 1 n/a

4.5.6 Sources of Expertise
1 Ken Hyde BITH Chief of Resource Management
91 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 Blaiktl 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 sire and slow floodwaters and facilitate groundwater recharge (Zygo 1999, Allen et al.
2001). Floodplain forests also improve water quality by buffering streams freoffraantaining
pesticides, fertilizers, and other pollutants, and from siltation deso&on on adjacent lands
(Harcombe 1996, Allen et al. 2001). During thé'2@ntury, a significant amount of bottomland
hardwood forest (a type of floodplain forest) was lost across the United States, including
approximately 63% of the original bottomthhardwood 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 withité broad flats between the bluéfisd along the riparian corridors of
the Neches Riveaind other streams where soil moisture is abundant for much of the year (Harcombe
and Marks 1979). The forests receive new sediments and nuthigirtg flood pulses othe

waterways and especially thoseot controlled by damd.eaf 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 foréisipdplainhardwood forest, and cypresgpeloforest
Floodplain hardwood pine is typically found in smaller stream floodplains. diménént trees are
loblolly pineand American beech, with sweetgustack gum southern magnoliaandwater oak

also commornn the overstoryHarcombe and Marks 1979). Shrubs are rare, as the understory
typically consists of small trees such as American hornb€arpinus caroliniany, and the
herbaceous groundlayer tends to be sparse (Marks and Harcombe 1978, Harcomb&sath8 A @ar

Floodplain hardwood forests occur in larger stream floodplains and are dominated by sweetgum and
water oak (Harcombe and Marks 1979). Additional common species intfadgcan hornbeam,

oaks black gum, weer hickory Carya
aquaticg, and red mapleOverstory
trees often grow to large diameters arg §
contribute to a dense canopy, which
limits shrub and understory growth ‘
(Marks and Harcombe 1978, HarcomtE sl
and Marks 1979). Native vines, such a4 &
muscadineVitis rotundifolia) and
Alabama supplejaciBerchemia
scandeny are common and can also g
reach a large size (>10 &9 in]
diameter) Harcombe and Marks 19Y.9 s

Cypress tupelo forest (or swamp) is
found in deep sloughs, oxbows, river Photo 9. Bald cypress (USFWS photo).
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inlets, and othefloodplain depressiongdarcombe and Marks 19Y.9rhese stands are dominated by
bald cypres¢Taxodium distichunPhoto9) andwater tupelo lyssa aquatich both of these species
can reach enormous size (>100 cm [39.4 in] in diameter) and form largesbattrroots. Other trees
that occur, mostly towards the edges of these stands, include black gum, Carolfraxdsbg
caroliniang), andcommon buttonbusf{Cephalanthus occidentajigHarcombe and Marks 1979,
DESCO 2006).

4.6.2 Measures
1 Extent
1 Canopy coer
1 Basal area

1 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-rtodate 19' century). Unfortunately, little imfrmation

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 baselinaifard 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 like 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) pravided siz
class data for a bottomland hardwood forest in the BCU. Fountain (1984) documented basal area and
several other variables in floodplain forests within the presétaeombe et al. (1999) included

basal area data from a letgym study site within a flatplain forest in théN\BU.

Lewis et al. (2000) sampled forest vegetation in the BSCU as part of a study of the herpetofaunal
community. Communities sampled includefloodplain hardwood foresiong 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 280Three 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

117



by unit is presented ihable29. The locations in BITH where floodplain forest or a
floodplain/flatland forest mix are the potential natural vegetatmnmunities (according to
Harcombe and Marks 1979) are showirigure20 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 Lower Neches Upper |sm§ Lance Menard Turkey Beech

Type Beaumont Neches Bottom Neches Bayou Rosier Creek Big Sandy Creek Creek Total
EHPFE - - - - - -- -- 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 recenwegetation 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 BS@iWe21), while
DESCO (2007) and Blanton and Associates Inc. (2002) documented 1ha(02,876.6 ac) and
1,308 ha (3,232.1 ac) of floodplain forest in the TG@re22) and LRU Figure23), respectively.

Lastly, DESCO (2011) mapped 1,714.2 ha (4,235.9 ac) of floodplain forest in the lower portion of

the Beaumont UnitRigure24). Forestarea by community type and unit is presente@iahle 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 13.6 B 6.2 12027
Flooded Forest

Taxodium distichum - Nyssa (aquatica, biflora, ogeche)

- - 20.7 -

Seasonally Flooded Forest

Fraxinus pennsylvanica - (Ulmus americana - Celtis 59 B B B
(occidentalis, laevigata) Temporarily Flooded Forest '

Quercus (laurifolia, phellos) Seasonally Flooded Forest 2,590.7 1,261 -- 42.3

Magnolia virginiana-Nyssa biflora-(Quercus laurifolia) 243 B 155.6 B
Saturated Forest

Nyssa (aquatica, biflora, ogeche) Floodplain Seasonally 241 B 11.4 B

Flooded Forest
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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
-- 18 4.7 -
Forest
Quercus nigra Seasonally Flooded Forest -- 29 - -
Quercus (phellos, nigra, laurifolia) Temporarily Flooded B B 1296 574
Forest
Pinus taeda i Quercus (phellos, nigra, laurifolia) Temporarily
-- -- 876.4 -
Flooded Forest
Taxodium distichum Semipermanently Flooded Forest B B ; 56.0
Alliance ’
Taxodium distichum Tidal Woodland -- -- - 227.4
Triadica sebifera Seasonally Flooded Forest Alliance -- -- - 35.4
Acer rubrum-Fraxinus pennsylvanica Seasonally Flooded B B 3 24
Forest Alliance ’
Salix nigra Seasonally Flooded Forest Alliance -- -- - 0.6
Total 2,708.6 1,308 1,204.6 1,714.2

CanopyCover

Very |little scientific data on canopy cover has
al. (2000) reported on canoplpsure 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
(Table31).

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 thereaoccupied by each species, rather than jushtimberof stems of each species

within a given area. B a s addplanrforeats. Haaicbnabe and Marks i mi t e
(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 Harcobe and Marks (1979) are shownTiable32. 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 (m?/ha) by species within floodplain forest stands sampled by Harcombe
and Marks (1979). Only species with basal areas >0.05 m#4/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 -
llex opaca American holly 0.9 11 -
Magnolia virginiana sweet bay 11 - -
Nyssa sylvatica black gum 3.1 13 10.8
Quercus laurifolia laurel oak 1.0 0.3 -
Acer rubrum red maple 0.2 11 25
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 11 0.3
llex decidua possumhaw - 0.1 -
Taxodium distichum bald cypress - 0.3 225
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Table 32 (continued). Mean total basal area (m?/ha) by species within floodplain forest stands sampled
by Harcombe and Marks (1979). Only species with basal areas >0.05 m?/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 27.88/hafor floodplain hardwod pine and 27.8m%hafor
floodplain hardwood stands (Fountain 1984).

Harcombe et al. (1999) presented basal area data by species fromextostudy site within a

NBU floodplain forest. Basal areas fluctuated over time, increasing frorn#8ain 1980 to 29.1
m?ha in 1989 before declining again by 199%gble33). Most species increased in basal area over
time, but American holly, American hornbeam, water hickory, and Americanl#hmué

americand decreased.

Table 33. Total basal area (m?/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.

Annual % Change
in Basal Area

Species 1994 Basal Area (since 1980)
llex opaca 0.62 -0.02
Quercus laurifolia 0.35 0.06
Nyssa sylvatica 0.99 0.01
Liguidambar 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.

Annual % Change
in Basal Area

Species 1994 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 unispecific surveys documented basal areas for a variety of floodplain forest vegetation
alliances Table34; Blanton and Associates, Inc. 2002, PBISZ03, DESCO 2007). Basal areas in
these surveys ranged from 20M3ha (Fraxinus pennsylvanica[Ulmus americana Celtis

[occidentalis, laevigafaTemporarily Flooded Forest in the BSCU) to 65m@%ha (Taxodium

distichum- Nyssgaquatica, biflora, gechg Seasonally Flooded Forest in the TCU).

Table 34. Basal area data (m?/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

Total Basal Overstory
BSCU Floodplain Forest Alliances Area Basal Area Dominant Species - Basal Area

Nyssa aquatica- (Taxodium distichum) Semi- water tupelo - 33.41

permanently Flooded Forest 55.17 NR

Fraxinus pennsylvanica - (Ulmus americana - green ash - 7.23
Celtis (occidentalis, laevigata) Temporarily 20.73 NR
Flooded Forest

Quercus (laurifolia, phellos) Seasonally 3273 NR sweetgum - 5.02
Flooded Forest

Magnolia virginiana-Nyssa biflora-(Quercus black gum - 16.42

o 41.09 NR

laurifolia) Saturated Forest

Nyssa (aquatica, biflora, ogeche) Floodplain 38.35 NR black gum - 5.62

Seasonally Flooded Forest
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Table 34 (continued). Basal area data (m?/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

Total Basal Overstory

LRU Floodplain Forest Alliances Area 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- water tupelo - 12.84

permanently Flooded Forest 36.57 33.93

Nyssa (aquatica, biflora, ogeche) Floodplain 42.66 37.16 black gum - 21.4
Seasonally Flooded Forest

Quercus (phellos, nigra, laurifolia) Temporarily 2594 23.04 sweetgum - 8.92
Flooded Forest

Nyssa (aquatica, biflora, ogeche) Pond 43.14 3955 black gum - 35.27
Seasonally Flooded Forest

Taxodium distichum - Nyssa (aquatica, biflora, bald cypress - 37.26

65.23 63.27

ogeche) Seasonally Flooded Forest

Magnol_la ylrglnlana-Nyssa biflora-(Quercus 31.21 25.05 sweet bay - 6.81
laurifolia) Saturated Forest

Pinus taeda i Quercus (phellos, nigra, 33.56 29 91 loblolly pine - 10.05

laurifolia) Temporarily Flooded Forest

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 19&pediese

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). te,dbnly 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 foresable35). The results for all overstory species combined are
preseted graphically irfFigure25.
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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 59 10-14 15-19 20-24 25-29 30-34 35-39 40-44 4549 50-54 055
Acer rubrum 12 12 2 - 2 - - - - - -
Fagus grandifolia -- 4 2 6 18 6 14 10 -- 4 2
'S-S:‘;‘gﬁm:ar 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 - - - - - - -
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Figure 25. Size class distribution of overstory trees in a BCU bottomland forest (Harcombe and Marks

1975).
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Threats andtressofFactors

Threats to BI THO swasiveptapte feral bags lack af floodrpalde evergs, |
unplanned fire occurrencburricanes, tbught and past human disturbance (e.g., oil and gas

impacts, logging). Althougthe floodplain forests have not been specifically inventoried for invasive
plants, Chinese tallow has been documented in several floodplain forest commuhisegoddy
nortnative species can displace native species and alter ecosystem structure and ot (

1998, Keay et al. 2000/cCormick 2009. According to Keay et al. (2000, p. 57), Chinese tallow

i may Imestseriows threat to the biotic intigiof native coastal prairies and floodplain

f o r eHobdplairforests may be more vulnerable to invasive plant invasion than other
communities due to the open nature of the undersktaycombe et al. 199@nd the easy transport

that watetborne seeslhave to be distributed into the floodplain arétscombe 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 Chinssatall
abandoned oil and gas well sites within the pre
floodplain forest, Harcombe et al. (1999) noted that Chinese tallow increased by a factor of 30
between 1981 and 1995. Blanton and Associates, Inc. (200@peknted the invasive species in
sever al of the LRUG6s f RQuerwuspijréddeasonaflyd-looeledtForestl | i anc e
Alliance, Chinese tallow comprised nearly 4% of the canopy (based on relative importance values)
(Blanton and Associates, In2002. Hardy orangeRoncirus trifoliatg, 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, kirlmrdria montanaar.lobatd) 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 gf@ample, 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
any disturbed areas.

Accordingt o Al | en et Iydralogy(iszh@ thdst impprtant factoy affecting the local

di stribution of bottomland Hydeotspgygi escwiudleisn a
flooding regime (e.g., frequency, duration, timing, source).éBfTH region, human activities

have altered the ar eaoNBU-IGBU, dlal (1098)gdentified eightn a st ud
impoundments on the Neches River upstream of BITH. The two impoundments closest to the

preserve are Lake Rayburn and Steinhggefiown Bluff) Lake, completed 560 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-5 years. Harcombe et al. (1999) noted that 1BF80 was the longest period of

low flooding since recortteeping began in 1921. This reductiorthe 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 veggion (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 preserveodos f | oondimpaced by oif amd gassdevelopmenvirdrasiauctsedo b e e
(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 2005In conjunction with shorterm disturbaoes from seismic data collection on deep oil and

gas reserves, which have occurred across most of the larger units of the pressase 38

directional wells have been drilled from locations outside preserve boundaries to reacliémgets
(1,5244,572 m[5,00015,000 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 floodatdiassociated

bottomland hardwood forest habitatsd 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 richnesdamsity 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 7dil and gas pipelineegmentrisrossingthe preserve for a total of 162.5 km

(201 mi) (NPS 2006Figure26); the rightsof-way associated with these pipelines cover 238 ha (589
ac). These pipelines carcyude 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 operright-of-way areas along the pipelines can fragment forests and potentially
alter vegetation composition on forest edges (Watso8)198ese areas are maintained as
grasslands with all tree saplings and shrubs removed during periodic maintéhamneet best
management practices would allow that many of these pipelines will be replaced over time using
directional drilling methods frm outside the preserve. However, ground disturbanay still occur

if pipeline amomalies are found and need to be repaired. Theofgivays are still maintained as
mowed grasslandSimilarly, 20 or more utility right®f-way, including abovwground anduried
electric, phone, and fiber optic lines, also crssss 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 frequentlylarcombe and Marks 19Y.Although the effects of these storms on
floodplains are rarely catastrophibey can influence forest structure and composition by creating
Ailight gapso in the tree canopy (Harcombe et
Hurricane Rita, which made landfall in September 2005, on a river floodplain forestNBth.

Wind gusts at this site during the storm were around1IZZGkm/hr (90110 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, Harcanake (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 cobmnation of factors including wood density, rooting characteristics, and
tree form and height (Brokaw and Everham 1996, Harcombe et al. 2009). Hurricane lke in 2008
resulted in additional extensive damage, particularly in bottomland hardwood areas Gthtlamd
BCU, as its wind rotation made landfall rotating in the opposite direction of that of Hurricane Rita
(Hyde, written communication, 26 August 2015).
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