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Executive Summary 

The two major goals of this report were (i) to inventory the natural resources of Horseshoe Bend 

National Military Park (HOBE, or the park) in eastern Alabama, including synthesis of available 

information and collection of geospatial data layers and maps; and (ii) to develop a set of indicators, 

quantitative insofar as possible, for natural resource conditions that can be tracked over time. The 

natural resources that were evaluated include climate, air quality, geology and soils, groundwater, 

surface water, terrestrial and wetland biota, and species of special concern. 

Horseshoe Bend is a small park (8.3 square kilometers [km2], or 2,040 acres) in Tallapoosa County 

within the middle Tallapoosa River basin. Its natural resources include mixed hardwood/pine forests 

mixed with grassy fields, two perennial streams, several intermittent streams, and wetlands that 

mostly occur as narrow fringes of swamp forest along the Tallapoosa River. An approximately 6-km 

(3.7-mile) segment of that river flows through the park and is its most prominent natural feature; 

indeed, the park is named for a ñhorseshoe-likeò bend in the river. Horseshoe Bend has excellent 

soundscape and lightscape features and is described by park staff as minimally affected by noise or 

light pollution. The airshed has moderate ozone levels that may adversely affect both human health 

and the park vascular plant communities. Visibility is poor because of compromised air quality, and 

the park also lies in an area that is especially prone to acid deposition by nitrogen and sulfur species. 

The Middle Tallapoosa River basin is predominantly rural with mostly forested land cover. 

Unfortunately, Tallapoosa County has a relatively high poverty level, and the park is also threatened 

by rapid population growth of the Auburn-Opelika metropolitan area in adjacent Lee County. 

Horseshoe Bend is a popular park that was visited by approximately100,000 people in 2012, 

comparable to or lower than the number of visitors estimated for previous years. Park trails are well-

used; in 2012 there were an average of 17 visitors per km of trail per day (27 visitors per mile of trail 

per day). Although more than half of the soil categories in Horseshoe Bend are moderately eroded, 

there is little evidence of soil erosion along the trails, or of streambank erosion. 

The Tallapoosa River segment that traverses Horseshoe Bend lies between dams and hydropower 

facilities at two run-of-river impoundments, ~32 km (20 miles) upstream, and ~40 km (25 miles) 

downstream. Since the upstream dam was installed in 1982, the river segments downstream have 

been subjected to changes in river flow from as low as zero to 45.3 cubic meters per second (m3/sec; 

or 16,000 cubic feet per second, cfs). River flow is routinely extreme and is regulated by the 

Alabama Power Company on a daily basis. The upper Tallapoosa River system also has been 

targeted as a potential source of potable water for Atlanta, Ga. Water quality of the river in HOBE is 

characterized by ample dissolved oxygen and desirable pH to support beneficial aquatic life, but high 

turbidity and moderate nutrient levels are suggestive of land disturbance and nutrient pollution from 

upstream watershed development. 

The terrestrial and aquatic biota of Horseshoe Bend are not well known other than species lists. 

Based on the available lists, the park contains rich vascular plant floras, with 230 and 227 taxa in 

terrestrial and wetland/aquatic habitats, respectively. However, the natural floras are being 

compromised by exotic/ invasive species including six highly invasive terrestrial species 
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(Bermudagrass - Cynodon dactylon, Chinese lespedeza - Lespedeza cuneata, Chinaberry - Melia 

azedarach, Chinese yam - Dioscorea oppositifolia, kudzu - Pueraria montana var. lobata, and 

mimosa - Albizia julibrissin) and three highly invasive wetland species (Chinese privet - Ligustrum 

sinense, Japanese honeysuckle - Lonicera japonica, and Aleppo milletgrass - Sorghum halepense). A 

total of 251 taxa of vertebrate fauna have been reported to occur in the park. With 66 native 

herpetofauna species, Horseshoe Bend leads other SECN parks in amphibian and reptile species 

richness. Its bird fauna are also species-rich, slightly higher than the number of species reported for 

another SECN park that is a globally Important Bird Area. In fact, 16 taxa identified as priority 

species in the South Atlantic Migratory Bird Initiative Implementation Plan were recently found in 

Horseshoe Bend. The mammalian fauna species list, in contrast, includes only 22 documented native 

species, although 10-11 more are suspected to occur in the park; and at least 16% of the total 

mammalian fauna taxa (5 species) are exotic/invasive. 

Aside from invasive exotic taxa, park staff has identified several species of special management 

concern. Prescribed fires at five-year intervals are being used to encourage re-establishment of 

longleaf pines along the ridgeline for a more balanced ecosystem. Recently invasive coyotes may be 

adversely affecting other predators in the park such as gray foxes. Wild turkeys and white-tailed deer 

appear to be over-populated in the park north of the river, but over-hunted in the area south of the 

river. Unfortunately, none of these species has been quantified or assessed for health and stressors. 

The larger Mobile River watershed, which contains the Tallapoosa River and Horseshoe Bend, 

historically was home to many endemic species including fishes, mussels, aquatic snails, turtles, 

aquatic insects and crustaceans. During the past two centuries, watershed development has led to 

species extinctions at a rate unparalleled elsewhere in the mainland U.S. and various aquatic and 

wetland species are now threatened or endangered. The habitat fragmentation imposed by the Harris 

and Lake Martin dams, along with two other dams on the lower Tallapoosa River, have affected 

faunal diversity, species distributions, and fisheries. The river serves as a transportation corridor for 

exotic/ invasive species. In contrast, various endemic species appear to have been locally extirpated, 

including most fish species of concern that are sensitive to extreme artificial hydrologic fluctuations 

and/or degrading water quality. Thus, only 25 native species are listed as presently still occurring in 

Horseshoe Bend, and these species are broadly tolerant of disturbance and other human impacts. 

Present natural resource concerns are higher sedimentation to surface waters from increased 

upstream clear-cutting, pollution from agriculture and silviculture, and atmospheric deposition of 

pollutants from larger cities in the state and from the Atlanta metropolitan area of Georgia. While the 

middle Tallapoosa sub-basin, at present, is only about 5% urbanized, the combined pressures of 

anticipated increased development in both the upper and middle basins are expected to increase land 

disturbance and water pollution including excessive suspended sediments, nutrients, fecal bacteria, 

and toxic substances. Although the overall potential for nonpoint source impairment in the middle 

sub-basin has been evaluated as low, more than half of the sub-watersheds in this sub-basin were 

estimated by the state environmental agency to have moderate potential of nonpoint source 

impairment because of runoff from forestry practices, clear-cutting, and sedimentation. 
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In selecting the suite of indicators that were developed for natural resource status at Horseshoe Bend, 

a foremost consideration was to ensure insofar as possible that the indicators are scientifically sound, 

clear to the general citizenry, and logistically assessable for park personnel with minimal time and 

additional resources required. We also strived to ensure that the indicators meet the specific needs of 

this park as described by park staff. A total of 58 indicators were used to evaluate the 16 categories 

of natural resources for which sufficient information was available to allow some level of 

assessment. The overall condition of five categories were rated as good; six were evaluated to be in 

fair condition; and five were in poor condition, as shown by the Report Card for Natural Resource 

Conditions in Horseshoe Bend: 

Natural Resource Category Indicator(s) HOBE Grades 

Climate 5 poor 

Human Population Surrounding the Park 5 poor 

Visitation - Human Population in the Park 3 fair 

Land Use / Land Cover 2 good 

Air Quality 8 fair 

Soundscape 3 good 

Lightscape 1 good 

Soil and Streambank Erosion 4 fair 

Surface Water Hydrology 2 poor 

Surface Water Quality 7 fair 

Vascular Flora 4 fair 

Fish 2 poor 

Herpetofauna 2 good 

Birds 5 good 

Mammals 1 poor 

Species of Special Management Concern 4 fair 

 

The Report Card is evenly distributed with good (5), fair (6), and poor (5), rating an overall ñC.ò 

Importantly, of these 16 categories of natural resources, most are not possible for the National Park 

Service to control. Only a few categories, within the park biota, can be even partly controlled by park 

staff. 

Major knowledge gaps prevented or seriously restricted evaluation of the present condition of several 

natural resource categories. These gaps, and efforts needed to fill them, include: 

¶ Streambank Erosion - A study should be conducted to develop a channel stability index for the 

Tallapoosa River in the park. 

¶ Surface Water Hydrology - The RSS planned for Horseshoe Bend is expected to identify 

additional hydrologic targets, such as an indicator for tracking undesirable high water conditions 

over time, and an indicator to assess changes in flows of the springs in the park. 
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¶ Groundwater Supply - A monitoring well is needed near Horseshoe Bend within the Piedmont 

aquifer that underlies the park, to provide the data needed to assess aquifer drawdown over time. 

¶ Surface Water Quality - Data for the parameters selected as indicators should be collected at least 

monthly to enable reliable assessment of water quality conditions over time, from one station on 

each stream in the park. In addition, data are needed for fecal coliform bacteria and chlorophyll a 

(suspended algal biomass in the Tallapoosa River within Horseshoe Bend). 

¶ Stream Sediment Quality - Information is needed to enable assessment of the quality of stream 

sediments in Horseshoe Bend, focusing on toxic substances such as mercury and PCBs, to 

address an identified concern of park staff. 

¶ Groundwater Quality - Information is lacking on groundwater quality in or near the park. 

Monthly sampling at least every other year is needed to characterize the pH and track 

concentrations of contaminants such as nitrate+nitrite, sulfide, and metals (e.g., iron, aluminum, 

manganese). 

¶ Stream Macroinvertebrate Communities - Stream macroinvertebrates should be assessed at five-

year intervals as an important biological component of Horseshoe Bend. 

¶ Ecological Studies - Concerted studies of key vascular plant communities and key species of 

interest are needed, including quantitative abundance data and maps. The species-level studies 

should emphasize the dominant terrestrial and wetland vascular plants in each of the general 

habitat types found in the park; the common Category #1 and Category #1 Alert invasive 

vascular plants of most concern to park staff; and any other exotic/invasive fauna of major 

concern to park staff. 

¶ Population Studies - Species of special management concern, including wild turkeys, coyotes, 

and white-tailed deer, should be assessed for food availability, hunting/ poaching pressure, 

disease, and effects on the park ecosystem. 

¶ Updated Biota Surveys - Vouchered species lists should be updated on a decadal basis to assist in 

tracking the biological resource conditions in the park. 

¶ Analysis Over Time of the Cumulative and Synergistic Effects of Pressures from Climatic, Land 

Use, and Exotic/Invasive Species Changes - The rate of climate warming in this century is 

projected to be from 2.5- to 5.8-times higher than the rate measured during the 1900s. 

Temperatures are expected to increase by 2.58°C to 4.58°C.  Watershed development is 

expected to accelerate; for example, an average 255% increase in housing density is projected 

by 2100 in lands surrounding national parks throughout the nation. The Au-OpMA, near the 

park, is rapidly growing. Exotic/invasive species generally are favored by disturbances such as 

these.  The cumulative, synergistic effects of such changes are predicted to dramatically impact 

ecosystem function and biodiversity in national parks. In fact, it has been estimated that 30% of 

the parklands may lose their present biomes by as early as 2030.  

 
 We have recommended various additional efforts by the Southeast Coast Network which, 

together with the present and planned I&M Program protocols, will greatly strengthen 

understanding about how each of these pressures affects Horseshoe Bend natural resources. The 

resulting databases will make it possible for the Network to consider climatic, land use, and 

exotic/invasive species changes more realistically ï through integrative rather than separate 
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analyses of cumulative/ synergistic impacts over time. Ultimately, that approach offers the best 

hope of restoring and protecting the natural resources of Horseshoe Bend. 
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1. NRCA Background Information 

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

natural resources and resource indicators in National Park units, hereafter ñparks.ò NRCAs also 

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

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

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

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

for a variety of potential study resources and 

indicators. 

NRCAs represent a relatively new approach to 

assessing and reporting on park resource 

conditions. They are meant to complement ï not 

replace ï traditional issue- and threat-based 

resource assessments. As distinguishing 

characteristics, all NRCAs: 

¶ are multi-disciplinary in scope;1 

¶ employ hierarchical indicator frameworks;2 

¶ identify or develop reference 

conditions/values for comparison against 

current conditions;3 

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

¶ summarize key findings by park areas;5 and 

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

                                                   

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

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

conditions for indicators, and condition summaries by broader topics and park areas. 

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

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

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

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

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

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

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

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

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

watersheds, and 2) for other park areas as requested. 
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Although the primary objective of NRCAs is to report on current conditions relative to logical forms 

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

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

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

understanding current conditions, and/or present-day threats and stressors that are best interpreted at 

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

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

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

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

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

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

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

data and knowledge bases across the varied study components. 

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

project work, which are designed to be 

appropriate for the stated purpose of 

the project, as well as adequately 

documented. For each study indicator 

for which current condition or trend is 

reported, we will identify critical data 

gaps and describe the level of 

confidence in at least qualitative 

terms. Involvement of park staff and 

National Park Service (NPS) subject-

matter experts at critical points during 

the project timeline is also important. 

These staff will be asked to assist with the selection of study indicators; recommend data sets, 

methods, and reference conditions and values; and help provide a multi-disciplinary review of draft 

study findings and products. 

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

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

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

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

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

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

park decision making, planning, and partnership activities. 

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

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

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

long-term efforts to describe and quantify a parkôs desired resource conditions and management 
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targets. In the near term, NRCA findings assist strategic park resource planning6 and help parks to 

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

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

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

efforts. 

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

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

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

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

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

NRCA analyses and reporting products. 

Over the next several years, the National Park Service plans to fund a NRCA project for each of the 

approximately 270 parks served by the NPS I&M Program. For more information on the NRCA 

program, visit http://nature.nps.gov/water/nrca/index.cfm. 

 

                                                   

6
 A NRCA can be useful during the development of a parkôs Resource Stewardship Strategy (RSS) and can also be tailored to act 

as a post-RSS project. 

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

NRCAs will be useful for most forms of ñresource condition statusò reporting as may be required by the National Park Service, 

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

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

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

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

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

stressors, or elements that have important human values. 

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

2.1. Introduction 

Horseshoe Bend National Military Park (HOBE), located in east-central Alabama in Tallapoosa 

County, is a small park (826 hectares, or 2,040 acres; Figures 1 and 2) traversed by the Tallapoosa 

River, a tributary of the Mobile River. It is about 32.2 kilometers (km; or 20 miles) downstream from 

the Harris Dam at the outflow of the Harris Lake impoundment, and about 9.7 km (6 miles) upstream 

from the Lake Martin impoundment. The park is easily accessible from State Highway 49, 8 km (5 

miles) south of New Site (population ~765 as of 2012) and 19.3 km (~12 miles) north of Dadeville 

(population ~4,300). The largest nearby human population center is Alexander City (population 

~16,000) about 13 miles west, adjacent to Lake Martin. Birmingham (metropolitan area population 

1,136,650 as of 2012; Godwin 2013) lies about 145 km (90 miles) northwest, Montgomery 

(metropolitan area population 377,149 as of 2012) is about 113 km (70 miles) southwest, and 

Atlanta, Georgia is about 177 km (110 miles) northeast. 

Horseshoe Bend lies at the southern end of the Piedmont Plateau, in a transitional area between the 

Piedmont and Coastal Plain physiographic provinces, but is characterized mostly by Piedmont 

geology and hydrology (Rasmussen et al. 2009). Its low, rolling hills reach an elevation from ~183-

217 m (600-711 ft.) above mean sea level. Its soils are clay-rich, and its major surface water body is 

the Tallapoosa River. The park area (~826 hectares or 2040 acres) consists mostly of mixed 

hardwood forest uplands (83%, or 688 hectares [1,700 acres]); the remainder is ecologically 

disturbed (mowed battlefield area and recovering farmlands, ~55 hectares or 136 acres), and 

wetlands (10% of the park area, or 88 hectares [204 acres]; Rasmussen et al. 2009; Plate 1). Much of 

the park area was farmed for more than 100 years, and various open fields are sites of historic battles. 

Horseshoe Bend is under the jurisdiction of the National Park Service and is one of the four 

dedicated War of 1812 parks in the NPS system along with Fort McHenry National Monument in 

Baltimore, Perryôs Victory & International Peace Memorial in Ohio, and Chalmette National 

Battlefield in New Orleans. The park is the site of the Battle of Horseshoe Bend, where Major 

General Andrew Jacksonôs forces annihilated about 900 of 1,000 Creek Native Americans on 27 

March 1814. The Creek War began as a civil war within the Creek (Muscogee) Native American 

nation, between the Upper Creeks who wished to strike against U.S. expansionists and return to a 

traditional way of life and the Lower Creeks who sought not to aggravate the U.S. government and 

attempted to assimilate themselves into white culture. In February 1813, friction among the Creeks 

intensified when a group of Upper Creeks, known as the Red Sticks, killed seven frontier families 

after being told erroneously that the United States and the Creek Nation were at war. After a Creek 

tribal council tried and executed the Creeks responsible for the killings, angered Red Sticks set out to 

destroy white settlements and opposing Creeks. Several months later at Burnt Corn Creek in 

Alabama, Red Sticks retaliated against a group of American soldiers and plundered their munitions. 

This exchange broadened the Creek Civil War to include American forces. Incited to fight, William 

Weatherford, a Red Stick leader, ordered his warriors to assault an American stockade, Fort Mims, 

on the Alabama River on 30 August 1813. Although Weatherford attempted to restrain his warriors, 

the Red Sticks killed about 500 people. 
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Figure 1. Maps showing the location of HOBE. (Left ï black dot ſ park location in Alabama; middle ï
middle Tallapoosa River watershed or sub-basin [park boundary in black]; and right ï close-up of park) in 
east-central Alabama between Harris Lake and Lake Martin (direction of water flow is from north to south. 
From the NPS SECN (2014). 

Jackson, an expansionist who saw the opportunity to secure Creek land, demanded ñretaliatory 

vengeanceò (Schafer 2003). In November of 1813, Jackson led an advance on the Creeks, and ~500 

Creeks were killed during the battles of Tallushatchee and Talladega in Alabama (Figure 2). 

Although the Creeks defeated Tennessee militiamen in three minor engagements in January 1814, 

they finally were overcome in the Battle of Horseshoe Bend. In DeVivo (2004), it was stated that, 

ñNever before or since in the history of the United States have so many Native Americans lost their 

lives in a single battle. This battle ended, for all time, the power of the lands Creek Nation.ò The 

Creek Confederacy was broken. Its defeat opened the way for settlement in Alabama and other parts 

of what historically was referred to as ñthe old Southwest.ò Creek lands were subsequently were 

added to the United States and opened for settlement. 

The National Park Service currently maintains a Visitors Center and museum, a 4.5-km (2.8-mile) 

nature trail, a 4.8-km (3-mile) tour road, picnic areas, and the battlefield. Grasslands and cleared 

grass fields associated with battlefields and park facilities can be found in the central regions of the 

park; the ñBattlefield Areaò has large open areas of well-mowed grasses interspersed with patches of 

mixed forest. In the visitorôs area, a paved road can be used to reach various observation posts; there 

is also a Battlefield Hiking Trail and a Nature Hiking Trail. A network of several miles of service 

roads traverses the non-visitors area. 
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Figure 2. Map showing features of the battle at Horseshoe Bend (1814) within the park. The green border 
shows the boundaries of the present-day park. Other park features are also shown (NPS 2015e). 

 

Plate 1. The tranquil present-day setting of the bloody Battle at Horseshoe Bend. Approximately 900 of 
1,000 Creek Native Americans were annihilated here by Jacksonôs forces on 27 March 1814 (NPS 
2015e). 
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Enabling Legislation and Potential for Expansion 

As early as August 1907, Alabama state legislature voted to petition the U.S. Congress to establish 

Horseshoe Bend Battle Park to memorialize a battle site of ñgreat patriotic and educatory valueò 

(Cummings and Gebhard 1996). Congress voted in April 1914 to appropriate $5,000 to erect a small 

stone monument on the battleground, but petitions to establish a military park at the site were 

rejected in 1909, 1911, 1913, and 1914 because the ñnational significanceò of the event was in doubt 

(Cummings and Gebhard 1996). Also during this period, a controversy erupted over who owned the 

battle site and who would control the region's emerging hydroelectric technology. Benjamin Russell, 

a local industrialist, began to build his own dam near Alexander City. In 1911, the Alabama Power 

Company, which planned to build its own dam on the river at Cherokee Bluff, brought suit against 

Russell and was successful at having construction stopped. In 1923, the Alabama Power Company 

purchased Horseshoe Bend from Russell. The companyôs president, Thomas Martin, whose great-

grandfather had fought with Jacksonôs army in 1814, recommended to the Power Companyôs board 

of directors that no action on a dam should be taken until every effort to win congressional approval 

for a national park had been expended (Martin 1959). 

After much research, Martin succeeded in convincing Congress of the significance of the battle. A 

Congressional Act approved on 25 July 1956 (70 Stat. 651 - first section, 16 U.S.C. § 430ff) 

provided that when at least 2.02 square kilometers (km2; or 500 acres) of non-Federal lands known as 

the Horseshoe Bend Battle Ground had been acquired and transferred to the Federal Government, the 

area would be dedicated as the Horseshoe Bend National Military Park. On 11 June 1957, in accord 

with the second section of that act (16 U.S.C. § 430gg), the Secretary of the Interior approved a map 

of 8.26 km2 (2,040 acres) on the Horseshoe Bend Battleground for the park. The Alabama state 

legislature provided $150,000 to purchase part of the area, and the remaining ~2.27 km2 (560 acres) 

were donated by the Alabama Power Company. The deeds for the land were presented to the 

Secretary of the Interior on 24 April 1959 (Cummings and Gebhard 1996). With the requirements of 

both sections of the Act having been met, on 11 August 1959 President Eisenhower issued 

Proclamation No. 3308 (73 Stat. c72, 16 U.S.C. 430 ii 24 F.R. 6607) to establish the park. HOBE 

was dedicated March 27, 1964 on the 150th anniversary of the Battle of Horseshoe Bend, thus 

culminating more than 50 years of effort. 

2.2. Geographic Setting 

The park elevation ranges from 165 meters (m; or ~540 feet, ft.) to more than 183 m (600 ft.) on river 

hills (Dusi and Dusi 1997). Land use within park boundaries is primarily forested by upland and 

floodplain mixed hardwoods and pines. The Tallapoosa River basin is characterized by high 

physiographic diversity. It flows 415 km from the Piedmont uplands in western Georgia and eastern 

Alabama, crosses the Fall line in another set of large falls prior to impoundment, and continues 

across the Coastal Plain, joining with the Coosa River to form the mainstem Alabama River. The 

Middle Tallapoosa sub-basin, which includes Horseshoe Bend, has an area of 1,527.3 km2 (589.7 

square miles, mi2) and includes all lands and surface waters that drain to the Tallapoosa River 

between the confluence of the Tallapoosa and Little Tallapoosa Rivers and Martin Dam (Figure 1; 

CH2MHill 2005). 
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The North Carolina State University Center for Applied Aquatic Ecology (NCSU CAAE) analyzed 

land use/land cover in the Middle Tallapoosa River sub-basin (Hydrologic Unit Code [HUC] 

#03150109), which includes Horseshoe Bend, using the most recent National Land Cover (NLCD) 

data, from 2011 (the most recent data available), for comparison with land use/land cover in 2001 

and 2006 (Tables 1 and 2). The CAAE also generated a new land use-land cover map for this sub-

basin using the following procedure: The sub-basin boundary (HUC) Geographic Information 

System (GIS) data layer was provided by the US Geological Survey (USGS), and NLCD for 2006 

were downloaded from the USGS Seamless Data Distribution System (USGS 2015b). Using the 

Spatial Analyst extension of ArcGIS 9.1, the land use classification system was modified to include 

eight general categories: (1) urban areas, (2) row crop agriculture, (3) animal agriculture, (4) forests, 

(5) grasslands, (6) water, (7) wetland, and (8) barren/disturbed. Once the grid was reclassified, the 

Spatial Analyst ñtabulate areaò function was used to calculate the area of each land class within the 

sub-basin surrounding Horseshoe Bend. This analysis indicated that the park is in a mostly rural 

setting, mainly consisting of forested land cover (~70%) which helps to provide favorable conditions 

for good water quality (CH2MHill 2005; Tables 1 and 2, Figure 3). The remainder is mostly 

grassland (~9%), pasture/hay agriculture (~9%), urban development (5%), and water (~5%), with 

wetlands comprising only about 1.4% of the land cover. While the data for percentages of land 

use/land cover categories were similar in 2001 and 2006, in 2011 there was slightly more 

urban/developed land, less pasture/hay and forest versus more grassland, and less barren/rock area.  

This information provided a baseline from which to assess future watershed changes that may affect 

the parkôs natural resources.  

Table 1. Previous land use/land cover, 10-15 yr ago:  As of 2001 and 2006, area and percent cover of 
each land use class in the middle Tallapoosa sub-basin (#03150109), from analysis by the NCSU CAAE.  
The National Land Cover data (NLCD) for 2001 were downloaded from the United States Geological 
Survey (USGS) Seamless Data Distribution System (USGS 2015b). Note that ñforestò here includes 
silviculture. 

Land 
Cover 
Type 

Urban/ 
Developed 

Pasture/ 
Hay 

Row 
Crops Forest Grassland Water Wetland 

Barren/ 
Rock Total 

2001 

km
2
 206.3 382.6 0.8 2,835.1 379.8 201.9 58.8 52.10 4,117.4 

miles
2
 79.7 147.7 0.3 1,094.5 146.7 77.9 22.7 20.2 1,589.7 

% of Total 5.0% 9.30% 0.02% 68.88% 9.20% 4.90% 1.40% 1.30% 100% 

2006 

km
2
 209 337.4 0.3 2,835.1 379.8 201.9 58.8 52.10 4,117.4 

miles
2
 80.7 130.2 0.3 1,060.4 211.3 78.2 22 6.6 1,589.7 

% of Total 5.10% 8.20% 0.01% 66.70% 13.30% 4.90% 1.40% 0.40% 100% 
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Table 2. Land use/land cover information. As of 2011, area and percent cover of each land use class in 
the middle Tallapoosa sub-basin (03150109), from analysis by the NCSU CAAE. The NLCD for 2011 
were downloaded from the USGS Seamless Data Distribution System (USGS 2015b). 

Land 
Cover 
Type 
(2011) 

Urban/ 
Developed 

Pasture/ 
Hay 

Row 
Crops Forest Grassland Water Wetland 

Barren/ 
Rock Total 

Area (km2) 214.9 331.2 0.3 2,621.1 674.9 202.8 57.0 15.2 4,117.4 

Area 
(miles2) 

83.0 127.9 0.1 1,012.0 260.6 78.3 22.0 5.8 1,589.7 

% of Total 5.22% 8.04% 0.01% 63.66% 16.40% 4.93% 1.38% 0.37% 100% 

 

The Environmental Research and Mapping Facility (ERMF) at the University of Tennessee ï 

Chattanooga (2007) was retained by the National Park Service to develop and maintain a GIS Base 

Map for Horseshoe Bend (Figure 4). The ERMF conducted data surveys, field data collection, and 

additional file processing and development to derive geospatial files and metadata. Tasks included 

verification of digitized topographical map components and development of distinct data processing 

layers including contours, the river and creeks, structures, paved roads, dirt roads, monuments, and 

the park boundaries. Primary forest distributions were developed. Existing fire management maps 

were digitized to show 26 burn units within the park. Distinct data layers were also developed for the 

visitor center/administration building, maintenance building, three houses, a boat ramp, two picnic 

shelters, three interpretative shelters, a barricade location, water-sewage-electrical lines, hiking trails 

(4.8 km or 3 miles), dirt fire roads (19.3 km or 12 miles), wooden fencing, three drilled water wells, 

USGS boundary markers, and interpretative stops along the main tour road within the park. The 

information, and scanned historic documents are available on an auto-run compact disc application. 
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Figure 3. Map of land use/land cover (2011 NLCD in GIS, first available in 2014) in the Middle Tallapoosa 
sub-basin (#03150109) that includes HOBE (red outline). Map: NCSU CAAE (S. Flood). 
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Figure 4. Interactive map for GIS files and metadata, created by the Environmental Research and 
Mapping Facility (ERMF 2007) at the University of Tennessee - Chattanooga. 

2.3. Demographics 

The Middle Tallapoosa River basin is sparsely populated (Figure 5). The estimated population of 

Tallapoosa County in 2011 was 41,623 people with 71.2% Caucasian, 26.9% African-American, 

0.4% Native American, and 0.5% Asian. About 78% of persons age 25 or older were high school 

graduates; 17.1% had a Bachelorôs degree or higher. The area is economically depressed, with a 

median household income of $39,400 (only about 2/3 of the national average). Unemployment is 

high (11.5%; Economic Profile System-Human Dimensions Toolkit [EPS-HDT] 2012), and 17.1% of 

the population (more than 7,000 people) are below poverty level (U.S. Census Bureau 2015) This 

percentage is higher than the national average reported for those years, at 13.8%. 

The population density in the county averages 22 people per km2 (58 people per mi2), and 75% of 

the population lives in a rural setting (Advameg, Inc. 2014). The population increased 23% from 

1970 to 2010, but decreased by 0.34% over the past decade (2000-2010; Moonshadow Mobile 2012; 

EPS-HDT 2012). Employment has also been stagnant, increasing by only 1% from 1970 to 2010. A 

landscape dynamics analysis by the NPS (SECN Program Manager Joe DeVivo, pers. comm., 

August 2013) showed that the human population in the 25 km area surrounding the park had a net 

increase in the past 20 years of only 1.1%. 

Although the immediate area surrounding the park is still rural and low in human population density, 

an identified concern of park staff is the burgeoning population of adjacent Lee County 

(Superintendent Mr. Doyle Sapp, pers. comm., April 2013; and see Chapter 4). Only about 64 km (40 

miles) southeast of the park, the Auburn-Opelika metropolitan area (Au-OpMA) in Lee County 

(population 147,257 as of 2012) is the 11th fastest growing metropolitan area in the nation. The Au-

OpMA grew 2.6% in human population from July 2011-July 2012 (Alabama Media Group 2015). 

This represented the highest growth anywhere in the state. By comparison, the Montgomery 

http://headwaterseconomics.org/wphw/wp-content/eps-profiles/01123%20-%20Tallapoosa%20County%20AL%20Measures.pdf
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metropolitan area lost 1,413 residents and the Birmingham-Hoover metropolitan area grew only 

slightly. Lee County has a high population density of 91.1 people per km2 (236 people per mile2 as of 

2011 (Advameg 2015). 

It has now become economically advantageous for farmers in eastern Tallapoosa County to sell their 

lands for development. Development was first proposed along the park boundary in 2007. Park staff 

are concerned that the rapid increase in nearby urbanization will result in increased highway traffic; 

increased air, water, land, light, and noise pollution; and other urban sprawl issues (Superintendent 

Mr. Doyle Sapp, pers. comm., April 2013; and see NPS 2008). The Strategic Plan for Horseshoe 

Bend (2008-2012; NPS 2012) also identifies the increasing population of neighboring Lee County as 

a threat to the rural setting of the park. 
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Figure 5. The Middle Tallapoosa River basin human population. Map shows the sparse population as of 
2010 (black dots), Horseshoe Bend National Military Park (red), and the only population center near the 
park (Alexander City). Map: NCSU CAAE (S. Flood). 
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2.4. Visitation Statistics 

The National Park Service (2008) reported that each year one million travelers on Highway 49 pass 

through the park, on average. The park itself has been estimated to average approximately 100,000 

visitors per year as recreational visitors (Rasmussen et al. 2009). Of that population, about 70,000 

visitors use the Tour Road, Nature Trail and park grounds; 15,000 visitors use the Tallapoosa River 

access; 25,000 people make use of the parkôs amenities (visitors center, bookstore, auditorium); and 

an estimated 26,000 people benefit from special events and programs. 

The National Park Service has gathered statistics for the number of recreationists in the park, and the 

data show a decrease in recreating visitors during the period from 2001 to 2012 (Figure 6). The 

median number of visitors annually over that period was 71,149. An additional figure provided by 

former Horseshoe Bend Chief Ranger J. Cahill shows the number of visitors who used the boat ramp 

over roughly the same period (2003-2011; Figure 7). 

 
Figure 6. Visitation statistics for total recreationists per year in the park (NPS 2015i). 
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Figure 7. Visitors to the Park for recreation or use of the boat ramp (2003ï2011). Source: former HOBE 
Chief Ranger Jim Cahill, 2011. 

2.5. Watersheds 

Horseshoe Bend is located within the middle Tallapoosa basin (HUC 013150109).The Tallapoosa 

River is a major tributary within the Mobile River basin (113,959 km2, or 44,000 miles2), which is 

the 6th largest river basin in the U.S. (Burkholder and Rothenberger 2010; Figure 8). From its 

headwaters in northwest Georgia (four counties west of the City of Atlanta, Georgia), the Tallapoosa 

River flows 314 km (195 miles) south-southwest through Alabama (16 counties) until it joins the 

Coosa River near Montgomery to form the Alabama River. 

In Alabama, the Tallapoosa River basin (12,121 km2 or 4,680 miles2) lies within the Piedmont (with 

Horseshoe Bend) and Coastal Plain physiographic provinces. Its physiography reflects a geologic 

history of mountain building in the Appalachian Mountains together with long periods of repeated 

land submergence in the Coastal Plain province 

(https://epd.georgia.gov/sites/epd.georgia.gov/files/related_files/site_page/chapt-21.pdf, last accessed 

in May 2015).. The Piedmont has well-dissected uplands with rounded inter-stream areas to the 

north, and substantial erosional and weathering resistance of underlying geologic units. The stream 

patterns are predominantly dendritic (Journey and Atkins 1996). 
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Figure 8. Map of the Tallapoosa River watershed showing the various locks and dams (National Atlas of 
the United States 2006). 
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2.6. GIS Data Layers 

2.6.1. Data Selection and Acquisition 

Data files available from NPS GIS personnel were pared down to those relevant to natural resource 

management concerns. An FTP site was set up for file transfer from NPS personnel to the CAAE 

server. Data considered necessary for specific analytical or display purposes, but unavailable from 

NPS files, were obtained from external databases. The databases that provided national or statewide 

data for use in assessing Horseshoe Bend included: 

¶ National Land Cover Database 2006 (NLCD2006) provided through Multi-Resolution Land 

Characterization (MRLC) consortium (USGS 2015a); 

¶ Statewide hydrology, elevation, geographic names and government unit file were obtained from 

the Geospatial Data Gateway (USDA NRCS 2014); 

¶ National Wetlands Inventory (NWI), Critical Habitat, National Wildlife Refuge Boundaries, and 

Wilderness Preserve Boundaries were obtained from U.S. Fish and Wildlife (USFWS 2015); 

¶ Landfill, Land Application Sites and 305(b) and 303(d) waterbody listings for 2010 were 

obtained from Alabama Dept. of Environmental Management (ADEM 2015); 

¶ 2010 U.S. Census Population Density data obtained from U.S. Census Bureau (U. S. Census 

Bureau 2015b) 

All  of the above websites were last accessed in May 2015. 

NPScape should also be mentioned here: It is a landscape dynamics monitoring project of the 

National Park Service that produces and delivers to parks a suite of landscape-scale datasets, maps, 

reports, and other products to inform resource management and planning at local, regional, and 

national scales. Initial analyses include six major categories (population, housing, roads, land cover, 

pattern, and conservation status) that broadly address the environmental drivers, natural attributes, 

and conservation context of the parks. In aggregate, these measures contribute to assessments of 

current natural resource status, potential threats, and conservation vulnerability and opportunity (NPS 

2014b). 

2.6.2. Data Oversight and Database Management 

Each file was accessed and reviewed for spatial reference and availability/correctness of metadata. 

Where necessary, files were copied and post-processed to merge into a cohesive database for across-

the-board integration in map-making and analyses. Aerial imagery was examined in ArcMap and 

orthorectified where necessary. 

Organizational efforts were made to maintain copies of NPS data in an ñunadulteratedò form digitally 

segregated from data that had been geoprocessed or created by the CAAE, while maintaining a 

logical directory structure. We separately maintained oversight of CAAE GIS systems (software and 

hardware), GIS computer hardware upkeep and maintenance, troubleshooting/updating of ArcGIS 

software, and, as needed, addressed any other database management requirements for spatial data 

amassed by CAAE staff. All of the GIS data we have gathered are listed in Appendix 1. 

http://www.mrlc.gov/about.php
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2.6.3. Map Generation 

Maps depicting various geographic themes were developed for Horseshoe Bend, including soils, 

geology, hydrology, wetlands, population density, impervious surfaces, urban encroachment and 

social trails, and land use coverage/change in the park, sub-watershed, and/or overall river basin. The 

maps were designed to address points of interest specific to the park, and to illustrate geographic 

positioning of known site localities and/or regional relationships. 
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3. Natural Resources Inventory 

3.1. Climate 

Climate is defined as the long-term pattern and processes of weather events for a given location 

(UGA 2015). Climate is one of the most significant influences dictating biotic components anywhere 

on Earth. 

Weather and climate are key drivers for ecosystem patterns and processes, affecting both biotic and 

abiotic components alike. Understanding the role of climate as a forcing agent for other vital signs 

(e.g., plant and animal communities) is a critical component of network monitoring. Continuous 

weather monitoring is [also] a key factor in separating the effects of climate from the effects of 

human-induced disturbance on plant and animal community and population dynamics (White 2011). 

The Tallapoosa watershed has a moist, temperate climate, with mean annual precipitation ranging 

from 124 to 135 cm (49 to 53 inches) per year (USGS 1997, Georgia Environmental Protection 

Division 1998). The state in general has relatively mild winters, hot summers, and year-round 

precipitation (Alabama Humanities Foundation 2012). Precipitation occurs mostly as rainfall that is 

fairly evenly distributed throughout the year except for a distinct dry season from mid-summer to late 

fall (Georgia Environmental Protection Division [GA EPD] 1998). Precipitation typically is highest 

in March and lowest in October. The mean annual temperature is about16.1°C (61°F; GA EPD 

1998). 

Summary climate data for Horseshoe Bend are presented in annual reports published by the 

Southeast Coast Network, available online in the NPSôs NRInfo portal (http://nrinfo.nps.gov). 

Limited climate data, used for these NPS reports (e.g., Wright 2012), are available from three 

stations near Horseshoe Bend (Table 3, Figure 9); much more complete data records are available 

from the National Oceanic and Atmospheric Administration for the City of Montgomery, 113 km (70 

miles) southeast of the park. The location of the state at mid-latitudes near the Gulf of Mexico 

produces the often-turbulent weather patterns that commonly bring tornadoes and hurricanes to the 

state. Evaporation and transpiration account for approximately 76 cm (30 in) of rainfall, resulting in 

about 45.7 cm (18 in) annually available for streamflow and percolation to groundwater. A dry 

season typically occurs from mid-summer to late fall, whereas maximal precipitation and flow occur 

in March. Prevailing winds are from the south in most months, except from the northeast or north 

from September to January. Average wind speed is highest, about13.8 km (8.5 miles) per hour, in 

March. 

  

http://nrinfo.nps.gov/
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Table 3. Location of relevant weather stations near HOBE, station network affiliation and additional 
metadata for weather stations used in this report. NL indicates information was not listed in the station 
metadata documentation. dd = decimal degrees; RH = relative humidity (from Wright 2012a). 

Distance 
(km[mi]) 

Station  
Name 

National 
Network 

Station  
ID 

Lat  
(dd) 

Long  
(dd) County 

Elev.  
(ft) 

Start  
Date 

19.0 [11.8] Alexander City COOP 10160 32.95 -85.95 Tallapoosa 640.1 10/1/1969 

28.6 [17.8] Lafayette 2W COOP 14502 32.9 -85.4333 Chambers 740.2 6/1/1948 

66.6 [41.4] Anniston Metro 
Airport (RH only) 

COOP 10272 33.5833 -85.85 Calhoun 594.2 11/1/1928 

 

 

Figure 9. Weather stations near Horseshoe Bend National Military Park, Alabama (from Wright 2011). 
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3.1.1. Temperature 

Data from the National Weather Service of the NOAA provides excellent information on changes in 

temperature, precipitation, and drought conditions over time. Its historic record for the Atlanta area 

covers the period from 1895 to 2012 (NOAA 2015a). The mean annual temperature across that entire 

118-year period was 16.9°C (62.5°F) (Figure 10). The graph shows two periods of temperature 

increase separated by a period of declining temperatures. When the period from the 1960s to the 

present was considered, there was an increase of 0.2°C (+0.3°F) per decade (Figure 11). The mean 

annual temperature was slightly less, 16.3°C (61.4°F). The summer season (June-August) also 

showed an increasing trend in temperature over the period from 1960° through 2012, and over the 

past decade as well (2003-2012; Figures 12 and 13, respectively). 

 

Figure 10. Mean annual temperature in the Division 5 area of Alabama, including Horseshoe Bend 
National Military Park, from 1895 to 2013, hereafter referred to as NOAA NWS (NOAA 2015). 
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Figure 11. Increasing trend in mean annual temperature in Division 5 of Alabama, including Horseshoe 
Bend National Military Park, from 1960 to 2013. From the NOAA NWS. 

 

Figure 12. Increasing trend in mean summer temperature in Division 5 of Alabama, including Horseshoe 
Bend National Military Park, from 1960 to 2012. The overall average was 25.1°C, or 77.2°F (NOAA 
NWS). 
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Figure 13. Increasing trend in the mean summer temperature in Division 5 of Alabama, including 
Horseshoe Bend National Military Park, from 2004 to 2012. From NOAA NWS. 

3.1.2. Precipitation 

The annual average precipitation from 1895 to 2012 in the Division 5 area of Alabama showed an 

increasing trend (+1.9 cm or +0.73 inches per decade, and +0.23 cm or +0.09 inches per decade, 

respectively; Figures 14 and 15). In the past decade (2003 through 2012), however, mean summer 

precipitation showed a decreasing trend of -23.27 cm (-9.16 inches; Figure 15). 

Overall, both annual and summer precipitation are increasing, long-term (1960s on) and within the 

past decade; mean annual precipitation has increased; and summer precipitation is decreasing. 

Collectively, the data suggest that increasing temperatures and decreasing precipitation in the warm 

season will lead to a decrease in available water at Horseshoe Bend and an increase in drying which 

may, in turn, promote more frequent and/or severe drought conditions. 
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Figure 14. Increasing trend in mean annual precipitation within the Division 5 area of Alabama, including 
Horseshoe Bend National Military Park, from 1895 through 2012. The mean annual precipitation was 
135.2 cm (53.21 inches) over that period, suggesting an increase of +1.85 cm (+0.73 inches) per decade 
(NOAA NWS). 
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Figure 15. Mean summer precipitation (June through August) in the Division 5 area of Alabama during 
2003 to 2012 showing a decrease of 23.27 cm, or -9.16 inches). From NOAA NWS. 

3.1.3. Moisture 

Drought severity in the region of Alabama that includes Horseshoe Bend was assessed (1896 through 

2012) using the PDSI, a scale ranging from -3 to +3, which assesses the duration and intensity of 

long-term drought-inducing circulation patterns (Dai et al. 2004, Dai 2011a,b). Since long-term 

drought is cumulative, the intensity of drought during the present month depends on the present 

weather patterns along with the cumulative conditions for previous months. Palmer Drought Severity 

Index values rank the severity of a given drought (Table 4). The indicated ñclassesò were used to 

assign a monthly PDSI value from 1930 to 2012, and the proportion of months in each class for each 

9-year period was determined (Figure 16). Drought severity was highly variable over time, but the 

data show a strong increase in the proportion of months that were in the abnormally dry and 

excessively dry classes since 1896. 
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Table 4. Palmer Drought Severity Index (PDSI) scale. From Dai et al. (2004). 

Scale Interval Class Description 

-3 or less Severely dry 

-2 to less than -3 Excessively dry 

-1 to less than -2 Abnormally dry 

-1 to less than 1 Slightly dry/favorably moist 

1 to less than 2 Abnormally wet 

2 to less than 3 Wet 

3 or greater Excessively wet 

 

 

Figure 16. PDSI values for the Division 5 area of Alabama over nine-year periods from 1896 through 
2012. Data from the Southeast Regional Climate Center (SERCC).  
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3.1.4. Phenology (Growing Degree Days) 

Phenology is the study of the effects of changes in the seasonal variation of temperature and 

precipitation on biological processes, reflected in the timing of reproduction, flowering, and the 

length of the growing season (NOAA NWS). We assessed changes in phenology as growing degree 

days (GDDs), defined as the total amount of time in an annual cycle when the temperature is above 

4.4oC (40oF), roughly equivalent to the growing season when non-evergreen plants are able to 

photosynthesize. The monthly mean temperature for Division 5 of Alabama over time (1930 to 2012) 

was used to estimate the approximate number of GDDs per month: 

GDD = (Tm ï 40) Dm 

Where GDD = Growing degree days, Tm = monthly mean temperature, and Dm = number of days in 

month. The GDDs for each month were added to estimate the GDDs per year, and these values were 

plotted over time to assess long-term changes in the numbers of GDDs in the Atlanta area (Figures 

17 and 18). Using the approach of Dorr et al. (2009), we also considered phenology within the 

context of a calendar year by selecting an arbitrary GDD threshold of 1200 and then estimating the 

data at which that number of GDDs was reached. This would be similar to estimating the specific 

date when a phenologic event such as cherry trees flowering in March or April. The total monthly 

accumulated GDD through March 31st was calculated by multiplying the mean daily temperature by 

the number of days in a month, and the difference from 1200 was determined. The number of days 

required to reach the 1200 GDD was estimated as the slope of the line for the approximate month. If 

the difference was positive, the exact date where 1200 was achieved was estimated as the slope of the 

line between the total GDD for March and the total for April. If the difference was negative, the same 

procedure was used between February and March. In this way, the calendar date when the 1200 GDD 

was achieved was calculated for each year (Figure 19). The annual GDDs in the Division 5 area of 

Alabama have decreased since the 1930s. However, the approximate date when 1200 GDD was 

reached for each year since 1930 has increased by several days (Figure 20). Thus, the phenology in 

the Division 5 area may be advancing, but the annual variation for GDD is high so that the R2 value 

is weak. The analysis indicates that species found in warmer climates may, in time, be able to expand 

into the region, whereas more northern species may be limited. 
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Figure 17. PDSI values for the Division 5 area of Alabama from 1896 to 2012. Data from NOAA NWS.  
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Figure 18. PDSIs over the past decade (2003-2012) in the Alabama Climate Division 5, showing a 
decrease. Data from NOAA NWS.000 
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Figure 19. The GDDs per year for the Division 5 area of Alabama from 1930 through 2012. The long-term 
mean annual number of GDDs is 5,984 (dashed line). The data suggest that the GDD has decreased 
from 1930-2012, but increased in the past decade (green box). Data from the SERCC. 

 

Figure 20. Approximate date when 1200 GDD was reached for each year in the Division 5 area of 
Alabama in 1930 through 2012. Dashed line = long-term mean approximate date when 1200 GDD was 
reached (5/12). The GDD apparently has increased by several days since the 1930s, but has decreased 
in the past decade (green box). Data from the SERCC. 
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3.1.5. Extreme Weather Events 

Storm tracks within a 161-km (100-mile) radius of Atlanta were acquired from 1851 to 2012 from 

the NOAA National Weather Service. Each storm was rated as a tropical depression (TD), a tropical 

storm (TS), or a Category 1-4 hurricane. Storms categorized as tropical depressions have maximum 

sustained winds of 61 km/hr (38 miles per hour, mph) or less. Tropical storms have maximum 

sustained winds of 63 to 117 km/hr (39 to 73 mph; U.S. Department of Commerce 2001). The 

Saffir/Simpson Hurricane Scale (SSHS; Table 5) rates and categorizes hurricanes on a scale of 1 to 5 

based on wind speeds (Blake et al. 2007), and a major hurricane is rated as a 3, 4, or 5 on the SSHS. 

Storms that occurred on successive days were combined into one storm event, and the event was 

assigned the most severe storm rating that it received). The data were considered by decade, and also 

by the total per month over the period from 1930 through 2012. 

Table 5. The Saffir/Simpson Hurricane Scale (SSHS - Blake et al. 2007). 

Typical Characteristics of Hurricanes by Category 

Scale Number 
(Category) 

Wind Speed 
(mph) Millibars Inches Surge (feet) Damage 

1 74 - 95 > 979 > 28.91 4 to 5 Minimal 

2 96 - 110 965 - 979 28.50 - 28.91 6 to 8 Moderate 

3 111 - 130 945 - 964 27.91 - 28.47 9 to 12 Extensive 

4 131 - 155 920 - 944 27.17 - 27.88 13 to 18 Extreme 

5 > 155 < 920 < 27.17 > 18 Catastrophe 

 

Of the 24 storms in total from 1930 through 2012, all were tropical depressions and tropical storms 

except for two level-1 hurricanes and one level-2 hurricane (Figure 21). Most storms in the Atlanta 

area have occurred during August - September (Figure 22). The total number was similar from the 

1930s through the 1990s, then increased within the past decade (Figure 23). 
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Figure 21. Map showing tracks of 24 tropical storms (1930ï2012) that passed within 161 km (100 miles) 
of Alexander City, Alabama (NOAA 2015b). 
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Figure 22. The total number of major and minor storms per month (1930 to 2012) that occurred within 
161 km (100 miles) of Alexander City, Alabama.  

 

Figure 23. The number of storms per decade (1930 to 2009 - the latest year for which complete data 
were available) that occurred within 161 km (100 miles) of Alexander City, Alabama. 
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3.2. Air Quality 

3.2.1. Federal Criteria for Major Air Pollutants, and a Federal Index Scale 

The EPA maintains NAAQS under the federal Clean Air Act (EPA 2014). The Clean Air Act has set 

standards for six ñcriteriaò pollutants (including two categories for one of these, particulate matter) 

(Table 6). The regulatory air quality standards are health-based, and concentrations above the 

standards are considered unhealthy for sensitive groups. For example, the eight-hour ozone standard 

is attained when the average of the fourth highest concentration measured is equal to or below 0.08 

parts per million (ppm; 0.085 ppm with the EPA rounding convention), averaged over three years. 

The standards for the six criteria pollutants are fairly straightforward except for the particle pollution 

(PM2.5) standard: To be in compliance with the federal air PM2.5 standard, an area must have an 

annual arithmetic mean concentration of less than or equal to 15 µg PM2.5/m
3. An additional 

requirement imposed a stricter standard for fine particulate matter as of 2007, wherein the 98th 

percentile 24-hour concentration must be < 35 µg PM2.5/m
3 to protect sensitive groups (Table 6). 

Ozone is monitored in March through October, since that period is when ozone production mostly 

occurs (EPA 2004). This pollutant is a serious health concern because it attacks the mammalian 

respiratory system, causing coughs, chest pain, throat irritation, increased susceptibility to respiratory 

infections, and impaired lung functioning. In fact, moderate ozone levels can interfere with 

performance of normal daily activities by people who have asthma or other respiratory diseases. Of 

more concern than acute affects are chronic effects of repeated exposure to ozone, which can lead to 

lung inflammation and permanent scarring of lung tissue, loss of lung function, and reduced lung 

elasticity. Fine particulate matter (PM2.5) is produced by various sources including industrial 

combustion, residential combustion, and vehicle exhaust, or when combustion gases are chemically 

transformed into particles. Research has indicated that PM2.5 is a human health concern because it can 

penetrate into sensitive areas of the lungs and cause persistent coughs, phlegm, wheezing, more 

serious respiratory and cardiovascular disease, cancers, and premature death at particle levels well 

below the existing standards (Schwela 2000, EPA 1994a). Mounting evidence indicates that PM2.5 

enhances delivery of other pollutants and allergens deep into lung tissue where the effects are 

exacerbated. Especially sensitive groups include children, the elderly, and people with cardiovascular 

or lung diseases such as asthma. PM2.5 also impairs visibility and contributes to haze in the humid 

conditions that characterize the eastern Alabama climate (EPA 1994a). 
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Table 6. National ambient air quality (AQ) standards (NAAQS, 40 CFR part 50), set by the EPA (October 
2011) for six principal (ñcriteriaò) pollutants considered harmful to public health and the environment. The 
Clean Air Act identifies two types of national ambient AQ standards: Primary standards provide public 
health protection, including protecting the health of ñsensitiveò populations such as asthmatics, children, 
and the elderly. Secondary standards provide public welfare protection, including protection against 
decreased visibility and damage to animals, crops, vegetation, and buildings (EPA 2014). 

Pollutant  
[Final Rule Cited] 

Primary/ 

Secondary 

Averaging 
Time 

Level Form 

Carbon Monoxide  
[76 FR 54294, Aug 31, 2011] 

primary 8-hour 9 ppm Not to be exceeded more than once per 
year 

1-hour 35 ppm 

Lead  
[73 FR 66964, Nov 12, 2008] 

primary and 
secondary 

Rolling 3 
month 

average 

0.15 µg/m
 3 (1)

 Not to be exceeded 

Nitrogen Dioxide  
[75 FR 6474, Feb 9, 2010],  
[61 FR 52852, Oct 8, 1996] 

primary 1-hour 100 ppb 98th percentile, average over 3 years 

primary and 
secondary 

Annual 53 ppb 
(2)

 Annual Mean 

Ozone  
[73 FR 16436, Mar 27, 2008] 

primary and 
secondary 

8-hour 0.075 ppm
 (3)

 Annual fourth highest daily maximum 8-hr 
concentration, averaged over 3 years 

Particle pollution 
Dec 14, 2012 

PM2.5 primary Annual 12 µg/m
3
 annual mean, averaged over 3 years 

secondary Annual 15 µg/m
3
 annual mean, averaged over 3 years 

primary and 
secondary 

24-hour 35 µg/m
3
 98th percentile, average over 3 years 

PM10 primary and 
secondary 

24-hour 150 µg/m
3
 Not to be exceeded more than once per 

year on average over 3 years 

Sulfur Dioxide  
[75 FR 35520, Jun 22, 2010], 
[38 FR 25678, Sept 14, 1973] 

primary 1-hour 75 ppb
 (4)

 99th percentile of 1-hour daily maximum 
concentrations, averaged over 3 years 

secondary 3-hour 0.5 ppm Not to be exceeded more than once per 
year 

1 
Final rule signed October 15, 2008. The 1978 lead standard (1.5 µg/m

3
 as a quarterly average) remains in effect until 1 yr 

after an area is designated for the 2008 standard, except that in areas designated nonattainment, the 1978 standard remains in 
effect until implementation plans to attain or maintain the 2008 standard are approved. 

2 
The official level of the annual NO2 standard is 0.053 ppm, equal to 53 ppb, which is shown here for the purpose of clearer 

comparison to the 1-hr standard. 

3 
Final rule, signed March 12, 2008. The 1997 ozone standard (0.08 ppm, annual fourth highest daily maximum 8-hour 

concentration, averaged over 3 yr) and related implementation rules remain in place. In 1997, the EPA revoked the 1-hour 
ozone standard (0.12 ppm, not to be exceeded more than once per yr) in all areas, although some areas have continued 
obligations under that standard ("anti-backsliding"). The 1-hour ozone standard is attained when the expected number of days 
per calendar year with maximum hourly average concentrations higher than 0.12 ppm is 1 day or less. 

4 
Final rule signed June 2, 2010. The 1971 annual and 24-hour SO2 standards were revoked in that same rulemaking. 

However, these standards remain in effect until 1 yr after an area is designated for the 2010 standard, except in areas 
designated nonattainment for the 1971 standards, wherein the 1971 standards remain in effect until implementation plans to 
attain or maintain the 2010 standard are approved. 
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The EPAôs Air Quality Index (AQI) scale (from 0 to 500 with lower values indicating less pollution) 

was designed to help inform the general citizenry about potential health impacts from air quality 

degradation (Tables 7 and 8). The AQI is designed to provide accurate, timely, easily understandable 

information about daily levels of air pollution with a uniform system for the major air pollutants 

regulated under the Clean Air Act. The index allows the general citizenry to assess whether air 

pollution levels in the location of interest are Good, Moderate, Unhealthy for Sensitive Groups, or 

worse. For example, an AQI value of 50 indicates good air quality with low potential for adverse 

public health effects, whereas an AQI of more than 300 indicates hazardous air quality. An AQI less 

than 100 generally is used as the acceptable level set by the EPA to protect public health (Air Now 

2015). Information is also provided about precautions that should be taken if air pollution levels are 

Unhealthy or worse. It should be noted that the state of Alabama relies on the federal standards for 

air quality (Alabama Department of Environmental Management [AL DEM] 2013a). 

Table 7. EPAôs Air Quality Index (AQI) criteria (modified from GA DNR 2007b, EPA 2009) 

Maximum Pollutant Concentration 

AQI Value 
Descriptor 
(color-coded) EPA Health Advisory 

PM2.5  
(24hr)  
µg/m

3
 

PM10 

(24hr) 

µg/m
3
 

SO2 

(24hr) 

ppm 

O3 

(8hr) 

ppm 

CO 
(8hr) 
ppm 

NO2  
(1 hr) 
ppm 

< 15.4 < 54  < 0.034  < 0.064  < 4.4 None 0-50 
GOOD Air quality satisfactory; little 

or no risk from air pollution 

15.5 - 
40.4 

55-154 
0.035 - 
0.144 

0.065 - 
0.084 

4.5 - 
9.4 

None 51 - 100 
MODERATE 

Air quality acceptable, but 
for some pollutants there 
may be a moderate health 
concern for a small number 
of unusually sensitive 
people 

40.5 - 
65.4 

155 - 
254 

0.145 - 
0.224 

0.085 - 
0.104 

9.5 - 
12.4 

None 101 - 150 

UNHEALTHY 

for Sensitive 

Groups 

Sensitive groups (people 
with lung or heart disease) 
are at greater risk from 
exposure to particulate 
pollution, ozone 

65.5 - 
150.4 

255 - 
354 

0.225 - 
0.304 

0.105 - 
0.124 

12.5 - 
15.4 

None 151 - 200 
UNHEALTHY 

Everyone may begin to 
sustain health effects; 
members of sensitive 
groups may experience 
more serious health 
impacts 

150.5 - 
250.4 

355 - 
424 

0.305 - 
0.604 

0.125 - 
0.374 

15.5 - 
30.4 

0.65 - 
1.24 

201 - 300 

VERY 

UNHEALTHY 

AQI values trigger a health 
alert; everyone sustain 
more serious health effects. 
If related to high ozone, If 
related to high ozone, 
restricted to morning or late 
evening to minimize 
exposure 

250.5 - 
500.4 

425 - 
604 

0.605 - 
1.004 

None 
30.5 - 
50.4 

1.25 - 
2.04 

301 - 500 
HAZARDOUS 

AQI values over 300 trigger 
health warnings of 
emergency conditions; the 
entire populace is more 
likely to be affected 
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Table 8. The Air Quality Index (AQI) of the EPA (1994) translated into actions that citizens can take to protect their health from potentially harmful 
levels of major air pollutants. From EPA (2009). 

AQI Value 
Actions To Protect Your Health 
From Particle Pollution 

Actions to Protect Your Health 
From Ozone 

Actions To Protect Your Health 
From Carbon Monoxide  

Actions to Protect Your Health 
From Sulfur Dioxide 

Good 
 (0-50) 

None None None None 

Moderate  
(51-100*) 

Unusually sensitive people 
should consider reducing 
prolonged or heavy exertion. 

Unusually sensitive people 
should consider reducing 
prolonged or heavy outdoor 
exertion. 

None None 

Unhealthy 
for Sensitive 
Groups         
(101-150) 

The following groups should 
reduce prolonged or heavy 
outdoor exertion: 

-   People with heart or lung 
disease 

 -   Children and older adults 
Everyone else should limit 
prolonged or heavy exertion. 

The following groups should 
reduce prolonged or heavy 
outdoor exertion:                                                  
-   People with lung disease, 
such as asthma  

-   Children and older adults 
-   People who are active 
outdoors 

People with heart disease, such 
as angina, should reduce heavy 
exertion and avoid sources of 
carbon monoxide such as heavy 
traffic. 

People with asthma should 
consider reducing exertion 
outdoors. 

Unhealthy 
(151-200) 

The following groups should 
avoid all physical outdoors:   
-   People with heart or lung 
disease  

 -   Children and older adults                                       
Everyone else should avoid 
prolonged or heavy exertion. 

The following groups should 
avoid prolonged or heavy 
outdoor exertion:                                                 
-   People with lung disease such 
as asthma  

-   Children and older adults 
-   People who are active 
outdoors Everyone else should 
limit prolonged outdoor exertion. 

People with heart disease, such 
as angina, should reduce 
moderate exertion and avoid 
sources of carbon monoxide 
such as heavy traffic 

Children, asthmatics, and people 
with heart disease should reduce 
exertion outdoors 

Very 
Unhealthy 
(201-300) 

The following groups should 
remain indoors and keep activity 
levels low:    
-   People with heart or lung 
disease                    

-  Children and older adults                         
Everyone else should avoid all 
physical activity outdoors. 

The following groups should 
avoid all outdoor exertion:  
-  People with lung disease, such 
as asthma  

-  Children and older adults  
-  People who are active 
outdoors                                  
Everyone else should limit 
outdoor exertion. 

People with heart disease, such 
as angina, should avoid exertion 
and sources of carbon monoxide 
such as heavy traffic 

Children, asthmatics, and people 
with heart or lung disease should 
avoid outdoor exertion. Everyone 
else should reduce exertion 
outdoors. 
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3.2.2. National Park Service Indices for Air Quality 

The National Park Service (2011) has developed guidance for assessing AQ conditions within its 

parks, including information for evaluating O3 as related to plant responses. The Air Resources 

Division of the National Park Service used all available monitoring data over the 2005-2009 five-

year period to generate interpolations for the parks throughout the continental U.S., including parks 

such as Horseshoe Bend that do not have on-site monitoring. The National Park Service then 

determined an index for each type of air quality data considered, including ozone concentrations and 

exposures (mean annual fourth highest eight-hour [hr] ozone concentrations), nitrogen wet 

deposition, sulfur wet deposition, and visibility condition (Group 50 visibility minus estimated 

annual average natural conditions, where Group 50 is the mean of the 40th to 60th percentiles of 

observed measurements in deciview). Park AQ interpolated values are then assigned to one of three 

condition categories for each NPS AQ index: 

¶ Air quality is in good condition 

¶ Air quality is in moderate condition 

¶ Air quality is a significant concern 

The following procedures are taken from National Park Service (2011): 

3.2.2.1. Ozone Condition: 

The O3 human health standard (EPA 2008) requires that the three year average of the fourth highest 

daily maximum eight-hour average ozone concentrations measured at each monitor within the area of 

interest over each year must not exceed 75 parts per billion (ppb). Accordingly, the National Park 

Service assigned five-year average values as in Table 9: 

Table 9. The NPS ranks for ozone concentrations to protect human health in air quality condition 
assessment (NPS 2011). 

Ozone Condition (Human Health) Ozone Concentration 

Significant Concern Ó 76 ppb 

Moderate 61-75 ppb 

Good Ò 60 ppb 

 

Note that the ñmoderateò and ñgoodò conditions are assigned to parks with average five-year, fourth 

highest eight-hour ozone concentrations > 80% of the standard and < 80% of the standard, 

respectively. 

The National Park Service has incorporated vegetation sensitivity, as well as human health, into its 

park air quality rating, in consideration of the fact that some plant species have been shown to be 

more sensitive to O3 than humans so use of an O3 standard for humans would not be sufficiently 

protective of those plant species. The National Park Service completed a risk assessment in 2004 that 

rated parks at low, moderate, or high risk for ozone injury to vegetation based on the presence of 

sensitive plant species, O3 exposures, and environmental conditions (especially soil moisture). For O3 

condition assessment, parks that were evaluated at high risk are moved into the next worse condition 
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category. For example, a park with an average O3 concentration of 72 ppb, but evaluated at high risk 

for vegetation injury, would be moved from ñmoderate conditionò to ñsignificant concern.ò 

The National Park Service also developed a method for rating O3 condition considering only plant 

response, based on the EPAôs proposed approach; use of the metric W126 for a secondary O3 

standard designed to protect vegetation. The W126 measures cumulative O3 exposure over the 

growing season and is considered a better predictor of plant response than the eight-hour human 

health standard metric. A similar metric, SUM06, also measures cumulative exposure. The thresholds 

below for both metrics are based on recommendations from an expert workgroup (Table 10): W126 

in the range of 7-13 ppm-hr would protect growth effects to tree seedlings in natural forest stands, 

whereas W126 ranging from 5-9 ppm-hr would protect plants in natural ecosystems from foliar 

injury (Heck and Cowling 1997, EPA 2007). 

Table 10. The NPS ranks for ozone concentrations to protect sensitive plant species in air quality 
condition assessment. (NPS 2011). 

Ozone Condition (Ecological) Ozone Exposure - W126 Ozone Exposure - SUM06 

Significant Concern > 13 ppm-hr >15 ppm-hr 

Moderate 7-13 ppm-hr 8-15 ppm-hr 

Good < 7 ppm-hr <8 ppm-hr 

 

3.2.2.2. Nitrogen and Sulfur Conditions: 

Wet deposition is calculated by multiplying the N or S concentration in precipitation by a normalized 

precipitation amount (note: dry deposition data are not available). Factors considered in rating the 

deposition condition include natural background deposition estimates (~.25 kilograms per hectare per 

year [kg/ha/yr] for either N or S), and deposition effects on ecosystems. Certain sensitive ecosystems 

respond to levels of N or S deposition at ~1.5 kg per ha per hr, whereas information is not available 

indicating that wet deposition of < 1 kg/ha/yr causes ecosystem harm. Therefore, the NPS ranks 

parks with wet N or S deposition as in Table 11: Note that the basis for the level of deposition ranked 

as ñsignificant concernò was not given by the National Park Service (2011). Values for parks with 

ecosystems that are potentially more sensitive to N or S are adjusted up one category. 

Table 11. The NPS ratings for wet deposition of nitrogen (N) or sulfur (S) in air quality condition 
assessment, in order to protect park ecosystems (NPS 2011). 

Deposition Condition Wet Deposition of N or S (kg/ha/yr) 

Significant Concern > 3 

Moderate 1-3 

Good <1 

 

3.2.2.3. Visibility Condition: 

This rating is based on the deviation of the current Group 50 visibility conditions from the estimated 

Group 50 natural visibility conditions, where Group 50 is the mean of the visibility observations 

within the range from the 40th through the 60th percentiles. Current visibility is estimated from 
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interpolating the five-year averages of the Group 50 visibility. Visibility is expressed in terms of a 

haze index (derived from calculated light extinction - see report #EPA-454/B-03-005), in deciviews 

(dv): 

  Visibility = present Group 50 ╖ estimated Group 50 visibility 

  Condition visibility under natural conditions 

The dv ranges for these categories were described as somewhat subjective but selected to reflect, 

insofar as possible, the variation in visibility conditions across the monitoring network. The NPS 

criteria for visibility were finalized as shown in Table 12: 

Table 12. The NPS ratings for visibility in air quality condition assessment. (NPS 2011). 

Visibility Condition 
Current Group 50 - Estimated Group 50 

Natural (dv) 

Significant Concern > 8 

Moderate 2-8 

Good < 2 

 

3.2.3. Air Quality in the Park and Vicinity 

Based on the AQI, air quality in the Alexander City, Ala. area near Horseshoe Bend was evaluated as 

having good air quality 98.94% of the time (days) in 2013 thus far, and 97.57% of the time in 2012 

(Table 13; Homefacts 2015a). Air quality was moderate, and therefore still acceptable for sensitive 

groups, only 6.94% of the time in 2014, and considering the past decade, the highest percentage of 

moderate air quality days occurred in that year. Of the two largest population centers nearest 

Horseshoe Bend to the west - therefore, potential influences on the parkôs air quality - Montgomery 

had better air quality than Birmingham (Homefacts 2015b). Air quality was good in Montgomery 

91.82 to 97.05% of the time over the past ~seven years (2008 to 2014), with the remainder of the 

time classified as moderate. In contrast, over the past ~seven years, air quality in Birmingham was 

good 79.10 to92.58% of the time, moderate 7.42 to 20.28% of the time, and unhealthy for sensitive 

groups up to 0.61% of the time. For all three population centers, violations of the priority criteria 

standards occurred for ozone and PM2.5; Birmingham also had a small number of violations of the 

carbon monoxide (CO) and sulfur dioxide (SO2) standards. 
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Table 13a. The overall Air Quality Index (AQI) percentage levels for Alexander City, Alabama (Homefacts 
2015a,b) 

Air Quality Index (AQI) Percentage Levels Pie Chart 

GOOD                         93.06 % 

 

 MODERATE                   6.94 % 

UNHEALTHY FOR.SENSITIVE GROUPS 0.00 % 

 UNHEALTHY                      0.00% 

VERY UNHEALTHY       0.00 % 

 HAZARDOUS                 0.00 % 

 

Table 13b. The 2014 Air Quality Index (AQI) for Alexander City, Alabama, also showing levels of the top 
six criteria pollutants. Numbers in the two tables show the number of days violations occurred for each 
priority pollutant (Homefacts 2015a,b) 

Pollutant Stat. Lat. & Long. Good % 0-50 51-100 101-150 151-200 201-300 
301-
500 

Ozone 32.4986, -86.1366 97.21% 209 6 0 0 0 0 

CO 33.5653, -86.7964 100.00% 274 0 0 0 0 0 

NO2 33.5214, -86.8441 98.90% 270 3 0 0 0 0 

SO2 33.5531, -86.815 98.53% 269 4 0 0 0 0 

PM10 33.5783, -86.7739 98.88% 265 3 0 0 0 0 

PM2.5 33.5531, -86.815 60.00% 135 90 0 0 0 0 

 

Table 13c. The 2013 Air Quality Index (AQI) for Alexander City, Alabama, also showing levels of the top 
six criteria pollutants. Numbers in the two tables show the number of days violations occurred for each 
priority pollutant (Homefacts 2015a,b) 

Pollutant Stat. Lat. & Long. Good % 0-50 51-100 101-150 151-200 201-300 
301-
500 

Ozone 32.4986, -86.1366 97.96% 240 5 0 0 0 0 

CO 33.5653, -86.7964 100.00% 365 0 0 0 0 0 

NO2 33.5531, -86.815 100.00% 31 0 0 0 0 0 

SO2 33.5531, -86.815 99.73% 363 1 0 0 0 0 

PM10 32.4071, -86.2564 100.00% 89 0 0 0 0 0 

PM2.5 33.2813, -85.8022 84.75% 100 18 0 0 0 0 

 

The AQI for Montgomery in 2012 was evaluated as 9% less than the average AQI for Alabama, and 

56.7% greater than the national average (Area Vibes 2015; Table 14). An air ñpollution indexò (API) 

was also available for the two larger cities, calculated as the sum of the most hazardous air pollutants 

(arsenic, benzene, carbon tetrachloride, lead, and mercury) in kilograms (pounds). The pollution 
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indices indicate that Birmingham had ~9.1-fold more air pollution by weight of these hazardous 

substances than Montgomery, ~4.3-fold more air pollution than the average for the state, and 2.9-fold 

more air pollution than the national average. 

Table 14. Air Quality Index (AQI) and Air Pollution Index (APl; pounds in parentheses) for Montgomery 
and Birmingham, Alabama in 2012, also showing the statewide and national averages (Areavibes.com 
2015).  

Location AQI 
Median API in 

kg (lbs) 

Days Measured 

(for AQI) Evaluation 

Montgomery 38 939,911 

(2,072,150) 

246 209 - good 

37 - moderate 

0 - Other 

Birmingham 58 8,617,439 336 118 - good 

202 - moderate 

16 - poor for sensitive groups 

Alabama 

(mean) 

42 2,025,117 

(4,464,618) 

-- -- 

National 

(mean) 

37 3,004,568 

(6,623,939) 

-- -- 

 

The Birmingham area has improved in air quality after years of violations. There are no coal-fi red 

power plants in the vicinity of Horseshoe Bend, but several lie to the west (Southern Alliance for 

Clean Energy 2002; Figure 24). In 1999, Alabama ranked third in the U.S. in per capita premature 

deaths attributable to PM10 and PM2.5 from power plants, and Birmingham was among the top ten 

cities for highest death rates in the U.S. from power plant fine particulate matter air pollution. The 

Birmingham and Montgomery metropolitan areas were both in violation of the national health 

standard for ground level ozone (Southern Alliance for Clean Energy 2002). Montgomery has since 

made progress, and in January 2013 the EPA reported that for the first time in 30 years, Birmingham 

met federal air quality standards. 

Acid deposition is another air quality issue of concern for SECN parks to the east in the Atlanta, Ga. 

area. Acid precipitation can adversely affect or kill aquatic life and harm human health (Abelson 

1987, Herlihy et al. 1991, Baker and Christensen 1992), and can act synergistically with ozone to 

harm human health as well (Abelson 1987). The major pollutants from coal-fired power plants, 

including those involved in acid deposition (SO2, mostly from coal-fired power plants, and NOx from 

coal-fired power plants, car exhausts and other sources) can be transported long distances across 

airsheds (Schwela 2000). 
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Figure 24. Map of power plants in Alabama (data from EISPC 2014). 
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Sullivan et al. (2011) assessed the threat of acid deposition to national parks across the nation, 

including Horseshoe Bend. First, they compiled and mapped data for total sulfur and total nitrogen 

emissions from the EPA (2002 National Emissions Inventory dataset - tons per mile2 per year); from 

the NADP for wet deposition (2001-2003 - kg/hectare/yr); and from the 12-km Community 

Multiscale Air Quality (CMAQ) Model projections for dry deposition for 2002. Then, they ranked 

the 32 NPS networks and also the individual parks within each network considering four metrics (not 

further defined or explained): Pollutant Exposure, Ecosystem Sensitivity, Park Protection, and an 

overall metric, Summary Risk to acid deposition. This analysis indicated that the Network ranked at 

the top of the second highest quintile in Pollutant Exposure among the NPS networks. Emissions and 

deposition of S and N within the Network were evaluated as fairly high. The SECN Ecosystem 

Sensitivity ranking was Very Low, in the bottom quintile among the networks, and at the bottom of 

the second lowest quintile in Park Protection because it has only limited amounts of protected lands. 

The Networkôs overall Summary Risk ranking was relatively low among the networks. 

More specifically, Horseshoe Bend lies along the area of outermost influence from the Birmingham 

metropolitan area and other sources of air pollution to the north/northwest and east. As of 2001, the 

area including the park was estimated to have sustained >5 to < 10 kg/hectare/yr of total sulfur 

emissions and total nitrogen emissions (Figure 25). Sullivan et al. (2011) ranked Horseshoe Bend 

High (second highest ranking of five) for Pollutant Exposure, and Moderate (third highest ranking) 

for Ecosystem Sensitivity, Park Protection, and overall Summary Risk from acid deposition. 
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Figure 25. Map of total sulfur (S) and total nitrogen (N) emissions (both oxidized forms as nitrogen oxides 
and reduced forms as ammonia) by county as of 2002 in the vicinity of HOBE (star; and black line ſ 
portion of the SECN boundary delineation). The data are given in units of tons per square mile per year 
(a,b) versus units of kilograms per hectare per year (c,d). Data source for a and b: National Emissions 
Inventory (EPA 2010). Data source for c and d: Wet deposition values were derived from interpolated 
measured values from NADP (3-yr average centered on 2002); dry deposition values were derived from 
12-km CMAQ model projections for 2002. From Sullivan et al. (2011) - but note that although this 
document was recently published, the data used for the publication were from 2002. In the ensuing 
decade, two major point sources of air pollutants significantly reduced their emissions. 
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Air quality is a concern in the park. Horseshoe Bend is within a Class II airshed under the Clean Air 

Act, wherein modest increases in air pollution are allowed beyond baseline levels for particulate 

matter, sulfur dioxide, nitrogen and nitrogen dioxide, provided that the NAAQS, established by the 

EPA, are not exceeded. Although the cities to the west have improved in air quality within the past 

few years, in 2008 the federal ozone primary standard was lowered to 0.075 ppm for the eight-hour 

averaging time, fourth maximum value, averaged over three years (Federal Register, Vol. 63, No. 

60). Because of that change imposing stricter requirements, there is concern that the Birmingham 

area may not remain in compliance. 

Not surprisingly, several air quality issues were identified for Horseshoe Bend by DeVivo et al. 

(2008), including potential aerial deposition of (toxic) metals, high risk of foliar injury based on air 

quality conditions, and Sum06 and W126 indices that frequently or consistently surpassed the NPS 

air quality thresholds identified in Tables 9-12. Overall, the National Park Service has evaluated the 

air quality of Horseshoe Bend to be of significant concern based on the four NPS indices (Figure 26). 

It should also be noted that the park occasionally can be affected by smoke from wildland fires 

considerable distances away. For example, in 2007 the National Weather Service reported that 

significant wildland fires which developed across southern Georgia and northern Florida in mid-

April through May of 2007 pushed a smoke plume into central Alabama. The resulting hazy and 

smoky conditions lasted several days. 
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Figure 26. Evaluation of air quality conditions (2005ï2009) at HOBE (NPS 2014a). Air quality condition is 
represented by color: Good = Green, Moderate = Yellow and Significant Concern = Red. 
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3.3. Soundscape 

3.3.1. Some Definitions and Interpretations 

Sound is defined as an auditory sensation perceived by humans, and created by pressure variations 

that move in waves through a medium such as air or water (NPS 2015e). Sound is measured in terms 

of frequency and amplitude. Noise is defined as sound(s) that is unwanted or inappropriate in an 

environment. Frequency (sometimes referred to as pitch; units, hertz [Hz]) is the number of times per 

second that a sound pressure wave repeats itself. Humans with normal hearing can hear sounds 

ranging from 20 to 20,000 Hz; bats can hear up to 120,000 Hz. Amplitude is defined as the relative 

strength of sound waves (or transmitted vibrations), perceived as loudness or volume. Amplitude, or 

the sound pressure level (intensity), is measured in decibels (dB). The terms dB(A) or dB(C) 

designate two frequency-response functions (weighting characteristics) that filter sounds detected by 

a microphone in a sound level meter. Each emphasizes or de-emphasizes sounds of certain pitches 

relative to others (Figure 27). 

 

Figure 27. Influence of A- and C-weighting curves on the relationship between dB and frequency (pitch, 
Hz; modified from http://www.sengpielaudio.com/calculator-dba-spl.htm, last accessed in May 2015). 

The ñAò weighting, germane to Horseshoe Bend, filters out the low frequencies and slightly 

emphasizes upper-middle frequencies at ~2 to 3 kilohertz (kHz). A-weighting, used to assess noise 

impacts on wildlife, measures hearing risk and compliance with Occupational Safety and Health 

Administration and Mine Safety and Health Administration regulations that specify permissible noise 

exposures as a time-weighted average sound level or daily noise ñdoseò that can be tolerated without 

appreciable health risks. Thus, the World Health Organization has recommended that outdoor 

environmental noise should not exceed 55 dB(A) and 40 dB(A) for daytime and nighttime activity, 

http://www.sengpielaudio.com/calculator-dba-spl.htm
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respectively, to prevent potential adverse psychosocial and physiological effects. For perspective, the 

lower threshold of human hearing is 0 dB; moderate sound levels (e.g. normal speaking voice) are 

less than 60 db; a typical suburban area is ~50-60 dB(A); thunder is ~100 dB(A); and a military jet 

flying at ~100 m above ground level is ~120 dB(A; NPS: see above website, and Crocker 1997). 

Because dB are on a logarithmic scale, an increase of 10 dB causes a doubling of perceived loudness 

and represents a ten-fold increase in sound level. Sound levels adjusted for human hearing are 

expressed as dB(A). ñSoundscapeò is used here in accord with the NPS definition, that is, the human 

perception of these physical sound resources. The acoustical environment is the combination of all of 

the acoustic resources within a given area, including both natural and non-natural (human-caused) 

sounds. Thus, it is important to consider the entire acoustical environment in efforts to protect natural 

sounds. 

Sound is an important component of natural park ecosystems; the acoustical environment influences 

a wide array of animal behavior, such as finding desirable habitat and mates, avoiding predators, 

protecting young, and establishing territories (Lynch et al. 2011, and references therein; NPS 2015c). 

National parks in all regions of the U.S. are under increasing noise pressure from ground 

transportation, air transportation, and other human activities (Monroe et al. 2007, Lynch et al. 2011). 

For example, noise levels in park transportation corridors are ~1,000-fold higher than natural sound 

levels (Barber et al. 2009). Noise from airplanes can cause as much as a 70% reduction in the size of 

the hunting area where predatory animals are able to hear their prey (Barber et al. 2009, Bell et al. 

2009). There is no question that parks are becoming noisier from human activities, even in remote 

areas, in conflict with the fact that ~70% of Americans have indicated that one of the most important 

reasons for preserving national parks is to provide opportunities to experience natural peace and the 

sounds of nature (Haas and Wakefield 1998). The problem is growing to the extent that national 

parks are presently sustaining what has been described as ñan ongoing acoustic assaultò by human-

related noise (see above website). Thus, the National Park Service has determined that ñIncreasingly, 

careful consideration of the impacts of human-generated noise on wildlife is a critical component of 

management for healthy ecosystems in our parks (NPS 2015c).ò 

Wildlife, like humans, is stressed by the increasing noise and must adapt. As examples, robins in 

suburban and urban environments are now singing at night in order to be heard by other members of 

their population (Fuller et al. 2007); males of at least one frog species have adapted to traffic noise by 

calling at a higher pitch, although females have been shown to prefer lower-pitched calls which 

apparently are indicative of larger, more ñfitò males; bats avoid hunting in areas with road noise 

(Barber et al. 2009, Parris et al. 2009). Noise stress can exacerbate the impacts of other stressors in 

national parks, with important ramifications for wildlife populations. 

3.3.2. The Horseshoe Bend Soundscape 

Human-related environmental noise reaches Horseshoe Bend from sources such as aircraft, 

construction, trains, and road traffic. The NPS Management Policies and Directorôs Order #47, Sound 

Preservation and Noise Management, call for and direct the protection of the natural ambient 

soundscape so as to minimize and optimally manage noise, defined as unwanted sound, especially 

dissonant human-caused sounds. However, most noise sources measured in national parks (e.g., 
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highways, airplane traffic) originate outside park boundaries, beyond NPS management jurisdiction 

(Lynch et al. 2011). The National Park Service recognizes that no single metric is adequate to 

characterize acoustic resources; thus, the Natural Sounds and Night Skies Division of the National 

Park Service works with several metrics and considers SPL data, spectral data, audibility data, source 

identification data, and meteorological data (Lynch et al. 2011). Horseshoe Bend is a predominantly 

rural area, with generally minor noise pollution. Data on the soundscape of Horseshoe Bend are not 

available, but Superintendent Doyle Sapp (pers. comm., April 2013) described human-related 

environmental noise (e.g. from Highway 49) as minimal, and stated that the park is generally very 

quiet. 

3.4. Lightscape 

Light pollution is considered here as the upward ñspillò of light that is scattered and reflected by 

water vapor, dust, and other particles to create ñsky glowò (NPS 2007; NPS 2014c). The National 

Park Service uses the term ñnatural lightscapeò to describe resources and values that exist in the 

absence of human-caused light at night. 

The 2006 NPS Management Policies directs the NPS to conserve natural lightscapes, in part because 

protection of natural darkness is important for ecological integrity and sustainability - that is, the 

natural lightscape is critical for maintaining nocturnal habitat. Light from cities can be visible from 

more than ~322 km (200 miles) away (NPS 2007, and references therein). Thus, to maintain a natural 

nocturnal lightscape, it is essential to minimize the sky glow from artificial light. There is clear 

evidence that human health is adversely impacted by artificial light at night. Although research on 

light pollutionôs effect on wildlife is relatively sparse, the available studies suggest that artificial light 

also adversely affects the natural environment and the biological rhythms of flora and fauna. 

Nocturnal predators are especially affected, with ñcascadingò effects on prey species. Many bird 

species migrate at night and, thus, are prone to disorientation by artificial lights. Some biomes are 

more sensitive than others, such as wetlands, ponds, and shorelines. 

The National Park Service is committed to minimizing light from park facilities at night, and to 

restricting the use of artificial light insofar as possible. As with noise pollution, the problem of 

artificial light pollution at night is caused by sources beyond National Park Service control. The 

burgeoning light pollution of the eastern U.S. has been increasing over time (Figure 28), although 

Horseshoe Bend thus far is at sufficient distance from urban centers to remain somewhat insulated 

from light pollution impacts. This observation has been made by park staff, unfortunately with little 

quantitative data. Although various instruments are available for measuring light in the night sky 

(NPS 2012b), few such data have been collected as of yet for national parks in much of the SECN. 

As an alternative for providing baseline information, here we consider the Bortle Dark-Sky Scale 

(BDSS, range 1-9). It was developed to assess light pollution using a numerical scale that is easily 

understood by the general citizenry, policymakers, etc. (Table 15). Truly dark skies typically have a 

BDSS of 7.1 to 7.5. According to Superintendent Doyle Sapp (30 April 2013), Horseshoe Bend is 

minimally impacted by light pollution, and its habitat generally is equivalent to typical, truly dark 

skies. 
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Figure 28. Artificial night sky brightness due to light pollution in the 1950s, 1970s, 1997, and projected to 
2025. Modified from Cinzano et al. (2001). 
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Table 15. The Bortle Dark-Sky Scale for assessing artificial light pollution. The column labeled ñNaked-eye Limiting Magnitudeò indicates the dimmest stars visible under each class of light 
pollution. The larger the magnitude number, the dimmer the star. Each whole number represents a factor of 5 in brightness - thus, a magnitude-5 star appears to be five-fold brighter than a 
magnitude 6 star, whereas a magnitude-4 star appears to be ten-fold brighter than a magnitude-6 star (see Bortle 2001a,b; Big Sky Astronomy Club 2014). 

Class 
Color 
Key 

Naked-eye 
Limiting 

Magnitude 

Sky  
Descrip-

tion 

Milky  
Way 
(MW) Astronomical   Objects 

Zodiacal  
Light/ 

Constellations 

Airglow  
and 

Clouds 

Night  
Time  

Scene 

1  7.6 - 8.0 Excellent,  
truly  
dark  
skies 

MW shows great detail and light 
from the Scorpio/Sagittarius region 
- casts obvious shadow on the 
ground 

M33 (Pinwheel Galaxy) is an 
obvious object 

Zodiacal light has an obvious 
color and can stretch across the 
entire sky 

Bluish airglow is visible 
near the horizon and 
clouds appear as dark 
blobs against the backdrop 
of the stars 

The brightness of Jupiter and 
Venus is annoying to night 
vision; ground  objects are 
barely lit and trees and hills 
are dark 

2  7.1 - 7.5 Typical,  
truly  

dark skies 

Summer MW shows great detail 
and has veined appearance 

M33 is visible with direct 
vision, as are many globular 
clusters 

Zodiacal light bright enough to 
cast weak shadows after dark 
and has an apparent color 

Airglow may be weakly 
apparent and clouds still 
appear  as dark blobs 

Ground is mostly dark, but 
objects projecting into the 
sky are discernible 

3  6.6 - 7.0 Rural  
sky 

MW still appears complex, dark 
voids and bright patches and 
meandering outline are all visible 

Brightest Globular Clusters 
are distinct, but M33 only 
visible with averted vision;  
M31 (Andromeda Galaxy) 
obviously visible 

Zodiacal light is striking in spring 
and autumn, extending  60 
degrees above the horizon 

Airglow is not visible and 
clouds are faintly 
illuminated, except at the 
zenith 

Some light pollution evident 
along the horizon; ground 
objects are vaguely apparent 

4  6.1 - 6.5 Rural/ 
suburban 
transition 

Only well above the horizon does 
the MW reveal any structure; fine 
details lost 

M33 is difficult to see, even 
with averted vision; M31 still 
readily visible 

Zodiacal light is clearly evident, 
but extends less than 45 
degrees after dusk 

Clouds faintly illuminated 
except at the zenith 

Light pollution  domes are 
obvious in several directions; 
sky is noticeably brighter 
than the terrain 

5  5.6 - 6.0 Suburban  
sky 

MW appears washed out overhead 
and is  lost completely near the 
horizon 

The oval of M31 is 
detectable, as is the glow in 
the Orion Nebula 

Only hints of zodiacal light in 
spring and autumn 

Clouds are noticeably 
brighter than the sky, even 
at the zenith 

Light pollution  domes are 
obvious  to casual observers; 
ground objects are partly lit 

6  5.1 - 5.5 Bright 
suburban 

sky 

MW only apparent overhead and 
appears broken as fainter parts are 
lost to sky glow 

M31 is detectable only as a 
faint smudge; Orion Nebula 
is seldom glimpsed 

Zodiacal light is not visible; 
constellations are seen and not 
lost against a starry sky 

Clouds anywhere in the sky 
appear faintly bright as 
they reflect back light 

Sky from horizon to 35 
degrees glows  with grayish 
color; ground is well lit 

7  4.6 - 5.0 Suburban/ 
urban 

transition 

MW is totally invisible or nearly so M31 and the Beehive 
Cluster are rarely glimpsed 

The brighter constellations are 
clearly recognizable 

Clouds brilliantly lit Entire sky  background 
appears washed out, with a 
grayish or yellowish color 
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Table 15 (continued). The Bortle Dark-Sky Scale for assessing artificial light pollution. The column labeled ñNaked-eye Limiting Magnitudeò indicates the dimmest stars visible under each class of 
light pollution. The larger the magnitude number, the dimmer the star. Each whole number represents a factor of 5 in brightness - thus, a magnitude-5 star appears to be five-fold brighter than a 
magnitude 6 star, whereas a magnitude-4 star appears to be ten-fold brighter than a magnitude-6 star (see Bortle 2001a,b; Big Sky Astronomy Club 2014). 

Class 
Color 
Key 

Naked-eye 
Limiting 

Magnitude 

Sky  
Descrip-

tion 

Milky  
Way 
(MW) Astronomical   Objects 

Zodiacal  
Light/ 

Constellations 

Airglow  
and 

Clouds 

Night  
Time  

Scene 

8  4.1 - 4.5 City  
sky 

MW is not visible   at all The Pleiades  Cluster is 
visible,  but very few other 
objects can be detected 

Dimmer constellations lack key 
stars 

Clouds brilliantly lit Entire sky  background has 
an orangish glow and it  is 
bright enough to read at 
night 

9  4.0 at best Inner 
 city  
sky 

MW is not visible   at all Only the Pleiades  Cluster is 
visible to all but the most 
experienced observers 

Only the brightest constellations 
are discernible and they are 
missing stars 

Clouds brilliantly lit Entire sky  background has a  
bright glow, even at the 
zenith 
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3.5. Geology and Soils 

3.5.1. Geologic Resources 

The information for Section 3.5.1 of this Natural Resources Inventory is largely taken from the 

scoping summary document (KellerLynn 2013), along with Miller (1990) and Rasmussen et al. 

(2009). Horseshoe Bend is located in a transitional area where the eastern Blue Ridge physiographic 

province meets the Northern Piedmont Upland physiographic province, in the immediate vicinity of 

the Brevard Zone which is a large strike-slip fault zone that was last active ~325 million years ago 

(mya; KellerLynn 2013). Horseshoe Bend is on the northwest side of the Brevard Zone (Figure 29). 

The Piedmont province is characterized by complex sequences of igneous and metamorphic rocks, 

collectively called crystalline rocks, of Paleozoic to Precambrian age (Journey and Atkins 1996, 

USGS 1997; Appendix 1). The bedrock materials are granite, gneiss, and schists. The metamorphic 

rocks, which originally were sedimentary, volcanic and volcaniclastic, have been altered by several 

stages of regional metamorphism to slate, phyllite, schist, gneiss, quartzite, and marble. They are 

extensively folded and faulted. The igneous rocks are intrusive, comprised mostly of granites with 

lesser amounts of diorite and gabbro. These rocks are characterized by a complex outcrop and 

subsurface distribution pattern. 

 

Figure 29. Map of the geology of the general Park area (star - HOBE, including quartzite, mica schist, 
and gneiss; green lines - faults). Modified from Miller (1990). 
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The Piedmont contains major fault zones that generally trend northeast-southwest and form the 

boundaries between the major rock groups (Journey and Atkins 1996, GA EPD 1998). The 

crystalline igneous and metamorphic rocks mostly are covered by a layer of weathered rock and soil 

called regolith, which ranges from about a meter to more than 45.7 m (a few feet to more than 150 ft) 

in thickness, depending on the type of parent rock, the topography, and the hydrogeologic history. 

From the land surface, the regolith consists of a porous, permeable soil zone that grades downward 

into a clay-rich, relatively impermeable zone that overlies and grades into porous, permeable 

saprolite. This formation is often referred to as a transition zone (Heath 1989), and it, in turn, grades 

downward into unweathered bedrock. The massive granite and gabbro rocks generally are poorly 

fractured and have a thin soil cover, whereas the schists and gneisses are moderately to highly 

fractured. Weathering of the rocks is erratic and usually deep (Journey and Atkins 1996). 

The Geologic Resources Inventory (GeRI), administered by the NPS GRD, recently completed a 

geologic scoping meeting and summary document for Horseshoe Bend, along with a digital geologic 

map and a Geologic Resources Inventory report. Jacksons Gap Group (phyllite, schist, and quartzite) 

is part of the Brevard Zone (Szabo et al. 1988). Emuckfaw Group (schist and gneiss) and Kowaliga 

Gneiss are part of the Blue Ridge province. Zana Granite intruded the Kowaliga Gneiss in the 

vicinity of the park. The Emuckfaw Zana Group was named for exposures along Emuckfaw Creek, 

northwest of Horseshoe Bend. The Brevard Zone contains many different rock types juxtaposed by 

numerous faults. The underlying bedrock consists of a complex mix of metamorphic and igneous 

rocks, mainly gneiss and schists (the latter mostly characterizing Horseshoe Bend; Figure 30) but 

extremely fine-grained rocks such as phyllite and metamorphosed volcanic tuff, ash, and flows are 

common in some areas, and locally quartzite and marble are also present (Rasmussen et al. 2009). As 

examples, the Katy Creek and Abanda faults bound the Jacksons Gap Group of rocks (Steltenpohl et 

al. 1990). The Jacksons Gap Group contains phyllite, schist, and quartzite. Quartzite, which is very 

resistant to weathering, forms distinctive ridges such as Cherokee Ridge in the area. Phyllite, which 

is more easily eroded than quartzite, forms ravines. Movement along faults in the Brevard Zone 

caused the rocks of the Blue Ridge, such as the Emuckfaw Group and Kowaliga Gneiss, to rise up in 

the Horseshoe Bend area. These units slope to the east, with the Emuckfaw Group overlying the 

Kowaliga Gneiss (Neathery and Reynolds 1975). 
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Figure 30. Map of simplified geology of the Park showing granodiorite, schist, and mica schist. From the 
NCSU CAAE (S. Flood). 

All rocks within the park are Paleozoic in age (542 to 251 mya). Most metamorphic rocks were once 

sediments; some were originally igneous or volcanic, and some contain ore-bearing mineralized 

zones (Rasmussen et al. 2009). All of the metamorphic rocks have been intruded by igneous rock that 

varies from felsic (light in color, with large quantities of silica) to mafic (dark in color, with large 

amounts of ferromagnesian minerals). Large igneous intrusions consist of granite, quartz monzonite, 

and gabbro. Smaller intrusions such as dikes and sills consist of both felsic and mafic rocks, 

including syenite, andesite, diabase, and pegmatite. The rocks are displaced by several major fault 

zones as mentioned, some of which extend for hundreds of kilometers. Shearing along large fracture 

zones has also produced siliceous, intensely fractured rocks such as mylonite or phyllonite. 

Horseshoe Bend contains one rock shelter, Wilsonôs Rock, which occurs in overhanging bedrock on 

the western side of the park. Rock shelters usually form from weathering of crystalline bedrock. 

There is occasional seismic activity in the general area, such as an earthquake of magnitude 2.3 on 

the Richter scale that occurred on 15 October 2012 ~100 km (60 miles) north of the park (USGS 

2013b). Mining activities have not been conducted in the park, except for gravel that previously was 

mined from a pit to supply road materials. The pit, not used for many years, has mature trees growing 

on it. Any fossils that may occur in the park are Quaternary in age (past 2.6 million years) and 

associated with Tallapoosa River deposits. If present, these fossils (algal cysts, pollen, leaves, wood 

etc.) could be used for paleoclimatological and paleoecological studies (Tweet et al. 2009). 

3.5.2. Soils and Erosion 

The Piedmont province includes soils that have been derived in place through weathering of the 

varied igneous and metamorphic rocks; and floodplains or recently deposited soils of stream bottoms. 

Soils form 93.7% and water forms 6.3% of the park area, and consist mainly of well-drained reddish 

loams and clays. 

The clay-rich soils of the Tallapoosa watershed are almost entirely within the southern Piedmont 

major land-resource area (previously called a soil province; Appendix 1). The soils developed mostly 
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from gneiss schist, mica schist, and phyllite. The soils have a gravelly sandy loam surface layer and a 

yellowish red to red, loamy to clayey subsoil, with higher mica content than typical for the southern 

Piedmont (Journey and Atkins 1996, GA EPD 1998). Most of the area has slopes of less than 10%, 

but the slopes cover a wide range. The dominant soils have deep red clay subsoil and occur mostly on 

the broader ridges. Steeper hillsides are mostly shallow soils overlying soft bedrock of mica schist 

and phyllite, and these soils have a gravelly fine sandy loam surface layer and yellowish red loamy 

subsoil. 

Three soils comprise more than 40% of the total area with soil coverage. These include ToA, the 

Toccoa fine sandy loam (0-2%, occasionally flooded = 18.4%); PrDZ, the Pacolet-Rion complex (15-

25% slopes, moderately eroded, stony = 13.5%), and PrEZ, the Pacolet gravelly sandy loam (6-15% 

slopes, moderately eroded = 11.7%; Figure 31). Of the 21 soil types included in Horseshoe Bend, 12 

(57%) are characterized as moderately eroded, and six (29%) are described as rarely to frequently 

flooded. The soils of the floodplains province represent stream bottomland recently deposited from 

overflow water. This soil material has been washed from contiguous upland areas, and there is 

considerable textural variation in these soils (Smith and Avery 1910). 
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Figure 31. Simplified map of 21 soils in the Park (blue - most abundant). From the NCSU CAAE. 
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3.5.2.1. General Soil Erodibility: 

At present the banks along the Tallapoosa River within the park are minimally disturbed by natural 

streambank erosion or sloughing (KellerLynn 2013). The stream bank along the river at the 

Tohopeka Village site appears less stable than other areas and may be related to removal of trees 

(Brown et al. 2004). As mentioned above, however, more than half of the soils in the park are 

characterized as moderately eroded, and nearly a third are occasionally to frequently flooded, 

indicating that water levels commonly change (and see Section 3.6 of this Report). Both 

characteristics typify the three most abundant soils in Horseshoe Bend (ToA, PrDZ, and PrEZ). 

Streambank erosion occurs when stream channels widen to accommodate and transport 

increased, sudden (ñflash-floodò or ñflashyò) runoff and higher stream flows from developed areas 

with elevated impervious area (GA DNR 2001). The runoff events scour and undercut the lower 

areas of the streambank, causing steeper banks to ñslumpò and collapse during moderate and major 

storms. The soil loss from eroded banks contributes to already-high sediment loads, much of which is 

deposited during larger storms. Trees along the streambanks become weakened as the erosion 

progresses, so that some of their major roots are exposed and they can be more easily uprooted and 

washed away, further destabilizing the streambank. The floodplain elevation for the stream 

commonly increases as the watershed is developed, due to higher peak flows. This problem is 

exacerbated by building and filling in floodplain areas. Thus, over time as the upper and middle 

Tallapoosa River watershed continue to sustain activities such as silviculture, clear-cutting, and other 

land disturbance for development, streambank erosion along the Tallapoosa River is expected to 

increase. 

3.6. Water Resources 

The middle Tallapoosa River drains mostly rural and forested lands between dams and hydropower 

facilities at two run-of-river impoundments: Harris Lake is 32 km (20 miles) upstream near Linville, 

AL, built and operated by the Alabama Power Company), and Lake Martinôs dam near Alexander 

City, ~40 km (25 miles) downstream. The Alabama Power Company regulates water release and 

river flow entirely for electrical purposes at Harris Dam, 56 km (35 miles) above the park boundary. 

The present water release regime causes extreme river fluctuations, typically more than 1 m (several 

ft.) per day (NPS 2008). More specifically, peak power generation activities at the R.L. Harris Dam 

has been described to result in two high water events per day, causing river levels to fluctuate as 

much as 1.5- 1.8 m (5-6 ft.; DeVivo 2004). Thus, since the upstream dam was constructed in 1980, 

the river segments downstream, including the park area, have been subjected to changes in river flow 

from as low as zero to 453 cubic meters per second (cms; or 16,000 cubic feet per second, cfs). The 

park has no control over this highly regulated, often-extreme artificial flow regime. The dam likely is 

also partially responsible for increased flooding during heavy rains, when the captured water of 

Harris Lake is released too rapidly to the downstream Tallapoosa River (NPS 2008). Such severe 

floods threaten the natural lowland ecosystems of the park, as well as the stability of its roads, trails, 

and cultural resources (NPS 2008). Because of this highly stressed situation, the Tallapoosa River 

was in the Top Ten Most Endangered Rivers in America for 2003 (American Rivers 2012). 
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The upper Tallapoosa River system additionally has been targeted as a potential source of potable 

water for Atlanta, Ga. through interbasin transfer (GA DNR EPD 1998). The ongoing ñwater warsò 

between Georgia, Alabama, and Florida create what the Horseshoe Bend Strategic Plan (NPS 2008) 

described as ña tremendous unknown to the flow quantity of the Tallapoosa River as it traverses the 

park.ò 

A 5.9-km (3.7-mile) segment of the Tallapoosa River flows through Horseshoe Bend. In this area the 

river is a relatively deep channel marked by several shoals, habitat features that characteristically 

support high faunal diversity (Irwin and Freeman 2002). The horseshoe-like bend in the Tallapoosa 

River is an entrenched (incised) meander that cut into phyllite bedrock as the channel shifted over 

time. The meander likely formed under conditions of rapid vertical uplift or lowering of base level 

(Neuendorf et al. 2005). The park also contains a small spring-fed perennial and several intermittent 

streams that only flow during flood events. Nevertheless, park staff has expressed concerns about 

runoff problems from springs that affect a parking lot near the battlefield (Rasmussen et al. 2009). 

The parkôs wetlands have not been well characterized, but they were recently delineated using GIS 

and occur as narrow fringes of swamp forest mostly along the river. 

The town of New Site now supplies water for the park. The water is chlorinated and, thus, is not a 

risk from fecal bacteria. Groundwater resources in the park appear to be plentiful, but data are not 

available to assess groundwater quantity or quality. 

3.6.1. Surface Water 

3.6.1.1. Hydrology: 

Hydrologic features such as stream flow characteristics provide what have been described as: 

ñsome of the most appropriate and useful indicators for assessing aquatic ecosystem integrity, and for 

monitoring environmental changes over time.[They] also provide key support data for other vital 

signs indicators including water quality, threatened and endangered aquatic species, wetlands, and 

riparian habitat. The hydrologic output of a watershed is a function of land characteristics, human 

use, weather and climate conditions, urbanization, and soil characteristics. Hydrologic variation plays 

a key part in structuring the biotic diversity within river ecosystems by controlling critical habitat 

conditions within the river channel, the floodplain, and hyporheic zoneséò (Gregory et al. 2012). 

The Tallapoosa River, the major perennial water body within Horseshoe Bend, is a fif th-order stream 

with a rock, silt, sand and gravel bottom interspersed with patches of organic matter (Burkholder and 

Rothenberger 2010). Some riffle areas occur, as well as areas of woody debris. Its flow is controlled 

mainly by water released by the R.L. Harris Dam below Lake Wedowee to the north. Other surface 

water resources in the park include two small springs: One emerges from a hill about 0.8 km (0.5 

mile) from the top of Battlefield Hill, to the east (Figure 32, #1). A second small spring originates 

from a series of seeps near the second hill of the battlefield, and then becomes a small perennial 

stream (sometimes called Whale Creek; Jones et al. 2010) near visitorôs Stop 1 (Figure 32, #2). 

ERMF (2007) mapped the locations of various intermittent streams in the park (Figure 32). 
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Figure 32. Map of streams in the Park (boundary in white), which are intermittent except for those 
indicated by numbers. Modified from NPS SECN (2014); and see Appendix 1. 

A comprehensive analysis of surface water quantity is lacking for HOBE (Jones et al. 2010). USGS 

gaging station 02414715 on the Tallapoosa River in HOBE (drainage area 5,330 km2 or 2,058 miles2) 

is listed by the USGS as located at the small community of New Site, Alabama (Figure 33). This 

station has been in operation since 1985, unfortunately post-construction of the Harris Dam. The next 

closest USGS gaging station upstream from the park is at Wadley, Alabama (#02414500; drainage 

area 4,338 km2 or 1,675 miles2), more than 30 km (19 miles) distant. This station has valuable 

historic information pre-dam construction, as it has been in operation since 1923. Therefore, Jones et 

al. (2010) considered both stations in their hydrologic analysis, summarized as follows. 

1 

2 



 

64 

 

 

Figure 33. USGS stream gaging stations in and near the Park. From the NPS SECN (2014). 
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Prior to construction of the Harris Dam, maximum discharge at the Wadley USGS station was 

~1,897 cms (~67,000 cfs). Since the dam has been in place, maximum discharge greater than 2,832 

cms (100,000 cfs) has been recorded (in May 2003). Maximum discharge at Horseshoe Bend also 

exceeded 2,832 cms in May 2003. Flow duration curves indicate that prior to dam construction, there 

was a less than-1% probability that average daily flow would exceed 1,133 cms (40,000 cfs), and 

there was a greater than-50% probability that the average daily flow would be less than ~142 cms 

(5,000 cfs). Post-dam construction, there was a less than-1% probability that the average daily flow 

would exceed 567 cms (20,000 cfs), and there was a greater than-50% probability that the average 

daily flow would be less than 142 cms (5,000 cfs). However, high flow events may occur at higher 

probabilities than indicated, since the data fell  above the predicted distribution of high flow return 

frequency (log Pearson III analysis). Although the two USGS stations were somewhat similar in their 

recordings of flow events, the land area drained at New Site near Horseshoe Bend is ~1,000 km2 

(~385 miles2) more than at the Wadley station. Thus, high flow events during 1987-1991 reached a 

maximum of ~1,700 cms (60,000 cfs) at Wadley, versus 2,265 cms (80,000 cfs) at New Site/ 

Horseshoe Bend (Jones et al. 2010). 

The NPS Vital Signs Monitoring Program evaluated stream flow variation and the magnitude and 

timing of specific flow at both USGS gaging stations on the Tallapoosa River during 2010. Flow 

patterns were characterized within the context of USGS stream flow, the Nature Conservancyôs 

(2009) Indicators of Hydrologic Alteration (IHA) software, and program Flow (Dowd 2011; Table 

16). The IHA software used single-period daily values in cfs to calculate nonparametric and 

parametric statistical metrics including mean monthly flow values and extreme event characterization 

and timing. IHA was also used to calculate EFCs, used to characterize natural flow and departures 

from natural conditions. EFCs characterize flow events that have become typical (over a long period 

such as many years) since perturbations such as diversions or development occurred (Table 16). The 

EFC procedure used by Gregory et al. (2012) set initial high flows as 75% of daily flows for the 

period of record used, and included the following three definitions: 

¶ small floods ſ events with a two-year return interval; 

¶ large floods ſ events with a 10-year return interval; and 

¶ extreme low flows ſ less than 10% of all flows for the period. 
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Table 16a. Indicators of Hydrologic Alteration Metrics and Environmental Flow Components, including 
potential ecosystem influences modified from the IHA Userôs manual (The Nature Conservancy 2009). 

Parameter Type Definition  Potential Ecosystem Influences 

Median Monthly  
Flow Conditions  

Median daily value 
for each calendar 
month 

Å Habitat availability for aquatic organisms 
Å Soil moisture availability for plants 
Å Availability of water for terrestrial animals 
Å Availability of food/cover for furbearing mammals 
Å Reliability of water supplies for terrestrial animals 
Å Access by predators to nesting sites 
Å Water temperature, oxygen levels, photosynthesis in water column 

Extreme Flow 
Conditions  

1 to 90 day 
minimum and 
maximum flows 

Å Balance of competitive, ruderal, and stress- tolerant organisms 
Å Creation of sites for plant colonization 
Å Structuring of aquatic ecosystems by abiotic vs. biotic factors 
Å Structuring of river channel morphology and physical habitat 
conditions 
Å Soil moisture stress in plants 
Å Dehydration in animals 
Å Anaerobic stress in plants 
Å Volume of nutrient exchanges between rivers and floodplains 
Å Duration of stressful conditions such as low oxygen and concentrated    
chemicals in aquatic environments 
Å Distribution of plant communities in lakes, ponds, floodplains 
Å Duration of high flows for waste disposal, aeration of spawning beds 
in channel sediments 

Magnitude of 
Extreme Flow  
Conditions 

 

Magnitude of 1 to 90 
day high and low  

Å Compatibility with life cycles of organisms 
Å Predictability/avoidability of stress for organisms 
Å Access to special habitats during reproduction or to avoid predation 
Å Spawning cues for migratory fish 
Å Evolution of life history strategies, behavioral mechanisms 

 

Table 16b. Indicators of Environmental Flow Components, including potential ecosystem influences 
modified from the IHA Userôs manual (The Nature Conservancy 2009). 

Parameter Type Definition  Potential Ecosystem Influences 

 

Monthly Low Flows  
Median low flow 
daily value for each 
calendar month 

Å Provide adequate habitat for aquatic organisms 
Å Maintain suitable water temperatures, dissolved oxygen, and water 
chemistry 
Å Maintain water table levels in floodplain, soil moisture for plants 
Å Provide drinking water for terrestrial animals 
Å Keep fish and amphibian eggs suspended 
Å Enable fish to move to feeding and spawning areas 
Å Support hyporheic organisms (living in saturated sediments) 
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Table 16c. Indicators of Hydrologic Alteration Metrics, including potential ecosystem influences modified 
from the IHA Userôs manual (The Nature Conservancy 2009). 

Extreme Low Flow 
and Low Flow  
Pulses  

Frequency, duration 
and timing of low 
flows and low flow 
pulses 

Å Enable recruitment of certain floodplain plant species 
Å Purge invasive, introduced species from aquatic and riparian 
communities 
Å Concentrate prey into limited areas to benefit predators 

High Flow Pulses  
Frequency, duration 
and timing of high 
flow pulses 

Å Shape and physical character of river channel, including pools and 
riffles 
Å Determine size of streambed substrates (sand, gravel, cobble) 
Å Prevent riparian vegetation from encroaching into channel 
Å Restore normal water quality conditions after prolonged low flows, 
flushing away waste products and pollutants 
Å Aerate eggs in spawning gravels, prevent siltation 
Å Maintain suitable salinity conditions in estuaries 
Å Influences bedload transport, channel sediment textures, and duration 
of substrate disturbance high pulses 

Small Floods  
 

Frequency, duration 
and timing of small 
floods  

Å Provide migration and spawning cues for fish 
Å Trigger new phase in life cycle (i.e., insects) 
Å Enable fish to spawn in floodplain, provide nursery area for juvenile 
fish 
Å Provide new feeding opportunities for fish, waterfowl 
Å Recharge floodplain water table 
Å Maintain diversity in floodplain forest types through prolonged 
inundation (i.e., different plant species have different tolerances) 
Å Control distribution and abundance of plants on floodplain 
Å Deposit nutrients on floodplains 

 

The algorithm makes three passes through the data: The 1st pass each day is assigned to either low 

flow or high flow initial event types; on the 2nd pass all days initially assigned as high flows are re-

assigned to 1, 2, or 3 high flow classes (small floods, high flow pulses etc.); and for the 3rd pass, 

some of the initial low flow days are re-assigned to the extreme low flow class (the Nature 

Conservancy 2009 - IHA Userôs Manual). Annual stream flow features were described within 

historical flow context using the Flow program (Dowd 2011) which produces daily flow graphs 

(median monthly flow, interquartile range, and daily flow. Data were also interpreted within the 

context of existing resource data as defined by Horseshoe Bend staff.  

3.6.1.2. Flow Conditions at the Wadley Gaging Station, Baseline Year 2010: 

From a special ñbaselineò study during 2010, Gregory et al. (2012) reported that as would be 

expected, flow was highest in winter and early spring (especially February-March, due to late winter/ 

early spring rains), and lowest during late summer through early autumn (Figure 34). Based on IHA 

analysis, monthly median flow and low flow ranged from 6.9 cms (245 cfs - September) to 143.7 

cms (5,080 cfs ï February; Table 17). Low flow ranged from 11.3 cms (398 cfs - September) to 83.8 

cms (2,960 cfs ï February; Table 17). The minimum 1- to 90-day extreme flow ranged from 4.9 cms 

(173 cfs - 1 day) to 16.3 cms (575.3 cfs - 90 day; Table 18). The maximum 1- to 90-day extreme 

flow ranged from 192.3 cms (6,792 cfs - 90 day) to 512.5 cms (18,100 cfs - 1 day; Table 18). The 

peak extreme low flow condition (5.5 cms or 193 cfs - 13 events) lasted 1 day, whereas the peak in 

high flow pulse (148.1 cms or 5,230 cfs - 10 events) lasted 4 days (Table 19). Two small floods 

lasting 11.5 days occurred in March-April, with peak flow at 494.1 cms (17,450 cfs; Table 19). The 
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park plans to build upon these data in subsequent years in order to better characterize hydrologic 

conditions in Horseshoe Bend. 

 

 

Figure 34. Daily flow in 2010 (blue line), median monthly flow (dots 2010 data), and interquartile range 
(error bars) for the Tallapoosa River at Wadley (upper panel) and New Site (nearest HOBE - lower panel). 
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Table 17. Monthly median and low flow magnitudes (in cfs) for the two USGS gaging stations nearest HOBE during 2010. Metrics were calculated 
using the IHA (The Nature Conservancy 2009) from daily data. Darker blue indicates higher flow magnitude; ** ſ missing data. 

Flow 
Magnitude 

USGS ID Jan Feb Mar April May June July Aug Sept Oct Nov Dec 

Median 
2414500 4,420 5,080 4,980 1,910 2,310 1,725 1,000 399 245 680 1,160 1,050 

2414715 5,580 6,730 6,570 3,000 3,430 2,460 1,480 561 357 544 1,140 1,190 

Low 
2414500 2,635 2,960 2,690 1,780 2,045 1,600 1,150 502 398 663 1,160 1,035 

2414715 3,570 ** 3,790 2,895 2,740 2,160 1,480 561 399 615 1,140 1,160 

 

Table 18. Extreme flow magnitudes (cfs, 1-day to 90-day) at the two upstream USGS gaging stations nearest HOBE during 2010. These metrics 
were calculated using IHA software (The Nature Conservancy 2009). 

Flow  
Magnitude USGS ID 1-day 3-day 7-day 30-day 90-day 

Minimum 
02414500 173 177 203 386.9 575.3 

02414715 249 257 269 461.4 675.8 

Maximum 
02414500 18,100 17,600 15,300 8,709 6,792 

02414715 32,400 27,330 21,540 11,160 8,821 

 

Table 19. EFCs (The Nature Conservancy 2009) for flows (in cfs) at the USGS gaging stations nearest HOBE during 2010. Timing refers to the 
date of the first peak event. 

USGS ID 

Extreme Low Flow High Flow Pulses Small Flood 
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02414500 13 193 1 5-Sep 10 5,230 4 10-May 2 17,450 11.5 8-Apr 

02414715 6 283.5 1.5 26-Sep 11 5,950 3.5 4-May 1 32,400 17 12-Mar 
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3.6.1.3. Flow Conditions at the New Site Station Nearest Horseshoe Bend, Baseline Year 2010: 

The flow pattern is similar at New Site as at Wadley, although usually much greater in magnitude 

(Figure 33). In 2010 the flow at New Site was highest in winter (especially February-March), and 

lowest during late summer through early autumn (Table 17, Figure 34). Based on IHA analysis, 

monthly median flow and low flow ranged from 10.1 cms (357 cfs - September) to 190.6 cms (6,730 

cfs ï February; Table 17). Low flow ranged from 11.3 cms (399 cfs - September; identical to that at 

the Wadley gaging station) to 107.3 cms (3,790 cfs - March; Table 17; note that February data were 

not available). The minimum 1- to 90-day extreme flow ranged from 7.1 cms (249 cfs - 1 day) to 

19.1 cms (675.8 cfs - 90 day; Table 18). The maximum 1- to 90-day extreme flow ranged from 249.8 

cms (8,821 cfs - 90 day) to 917.5 cms (32,400 cfs - 1 day; Table 18). The peak extreme low flow 

condition (8.0 cms or 283.5 cfs) lasted 1.5 days, whereas the peak in high flow pulse (168.5 cms or 

5,950 cfs) lasted 3.5 days (Table 19). One small flood lasting 17 days occurred in March, with peak 

flow at 917.5 cms (32,400 cfs, almost double that at the Wadley station; Table 19). 

 
3.6.1.4. Flow Conditions at the Two Upstream USGS Stations Nearest Horseshoe Bend, 2012: 

Data for these EFCs were collected again at the two USGS stations in 2012 (Jones and Gregory 

2013, NPS 2013a). Major findings were generally consistent with the 2010 baseline year, except that 

March, rather than February, had the highest median monthly flow, and August, rather than 

September, had the lowest median monthly flow (Figure 35, Table 20; note that low flow monthly 

conditions were not available in the two cited documents). In the drier year of 2012, the minimum 1- 

to 90-day extreme flows at the two stations were much lower (40% and 50% less at the Wadley and 

New Site stations, respectively) than in the 2010 baseline year (Tables 18 and 21). Maximum 1- to 

90-day extreme flows during 2010 and 2012 were fairly comparable at the Wadley station (1 day - 

2012: 512.6 cms or 18,100 cfs vs. 2012: 436.1 cms or 15,400 cfs). 
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Figure 35. Daily flow in 2012 (blue line), historical median monthly flow (dots - 2012 data), and 
interquartile range (error bars) for the Tallapoosa River near Wadley (upper panel) and near New Site 
(Horseshoe Bend; lower panel). From Jones and Gregory (2013). 

However, the maximum 1- to 90-day extreme flow in 2012 (1 day - 424.8 cms or 15,000 cfs) was 

less than half that during baseline year 2010 (917.5 cms or 32,400 cfs; Tables 18 and 21). The peak 

extreme low flow condition at the New Site station (424.8 cms or 15,000 cfs) was less than half that 

during baseline year 2010 (917.5 cms or 32,400 cfs; Tables 18 and 21). The peak extreme low flow 

condition at the New Site station nearest Horseshoe Bend (6.9 cms or 243 cfs) lasted 3 days; thus, 
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this EFC was both lower than in baseline year 2010 and lasted twice as long (Tables 19 and 22). In 

contrast, the peak high flow pulse (328.5 cms or 11,600 cfs) during 2012 was about double that in 

2010 (168.5 cms or 5,950 cfs) and lasted about a third longer (3.5 days in 2010 vs. 5 days in 2012). 

The frequency of extreme low flows and of high flow pulses differed from those in the baseline year 

especially at the New Site station (Table 22). In 2012, extreme low flows occurred 11 times at 

Wadley (USGS gaging station #02414500) and 18 times at New Site nearest Horseshoe Bend (USGS 

gaging station #02414715). The duration of high flow pulses was longest at the New Site station, as 

expected. Overall, daily flows were generally below the median for most of 2012, and were below 

the 25th percentile in April and much of August-October. 

Table 20. Monthly median flow magnitudes (in cfs) for the Tallapoosa River in 2012, upstream from 
HOBE at the two USGS gaging stations. Median flow was calculated with IHA (The Nature Conservancy 
2009) using daily USGS data. Darker blue color indicates higher flow magnitude. From NPS (2013) and 
Jones and Gregory (2013). 

USGS ID Jan Feb Mar April May June July Aug Sept Oct Nov Dec 

2414500 2,300 2,270 4,490 313.5 442 641.5 397 152 261 301 545.5 1,440 

2414715 1,950 2,230 3,280 729 572 622.5 335 201 227 269 630 1,090 

 

Table 21. The 1- to 90-day extreme flow magnitudes (USGS data, cfs) for the Tallapoosa River in 2012, 
upstream from HOBE at the two nearest USGS gaging stations. Metrics were calculated using Indicators 
of Hydrologic Alteration software (The Nature Conservancy 2009). 

Flow 
Magnitude USGS ID 1-day 3-day 7-day 30-day 90-day 

Minimum 
2414500 104 128 135.4 234 314.8 

2414715 123 133.3 141.9 216.5 275.4 

Maximum 
2414500 15,400 13,970 10,740 5,266 3,914 

2414715 15,000 13,670 9,847 4726 3,644 

 

Table 22. Environmental Flow Components for flows (in cfs) for the Tallapoosa River in 2012, upstream 
from HOBE at the two nearest USGS gaging stations. Timing refers to the average date (i.e., average of 
Julian dates) of a peak event if more than one occurred (NC ſ timing was not calculated due to the 
distribution of Julian dates). From NPS (2013a) and Jones and Gregory (2013). 
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02414500 11 159 2 9/1 12 4480 1 NC 0 NC NC NC 

02414715 18 243 3 10/19 5 11600 5 NC 0 NC NC NC 
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3.6.1.5. Wetlands: 

Wetlands are defined as transitional lands between terrestrial and permanent (deeper) standing-water 

habitats (Cowardin et al. 1979). The water table in wetlands is at or near land surface, or the land is 

covered at times by shallow water. In the Tallapoosa River basin, most wetlands are forested 

floodplain systems, maintained by the natural flooding regime of rivers and streams (CH2MHILL 

2005). This description is characteristic of the woody wetlands in Horseshoe Bend, which occur as 

narrow fringes along the Tallapoosa River (Figure 36). More than 20% of the vegetative cover in 

these wetlands consists of forest or shrub vegetation (Burkholder and Rothenberger 2010). The 

wetlands have not been well characterized, but a recent survey of plant species indicates that there is 

a rich diversity of wetland and aquatic plant species in the park (below). 
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Figure 36. Map of wetland locations in the park. Map also shows the Tallapoosa River (óriverine,ô in blue; 
USFWS 2011). 

3.6.1.6. Surface Water Quality Criteria: 

Following the Clean Water Act (33 U.S.C. 1251 et seq., the Federal Water Pollution Control Act as 

amended through P.L. 107-303, November 27, 2002), the state of Alabama has developed various 

standards (criteria) applicable to the surface waters of Horseshoe Bend with designated use for Fish 

and Wildlife (ADEM 2008b, 2013b). The description for the Fish and Wildlife use classification 

states that the ñbest usage of waters [is for] fishing, propagation of fish, [other] aquatic life, and 

wildlife, and any other usage except for swimming and water contact sports or as a source of water 

supply for drinking or food-processing purposesò (ADEM 2013b). For this designated use, the state 
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has ambient water quality standards for common water quality parameters such as dissolved oxygen 

(DO), pH, turbidity, fecal bacteria, and enterococci bacteria (Table 23). 

Other recommended guidelines for acceptable water quality have been published by the U.S. EPA 

(2000, 2002), Mallin (2000), and Mallin et al. (2006; e.g. Table 24). The Clean Water Act requires 

the U.S. EPA to develop criteria (or recommendations) for water, designed to protect aquatic life. 

The criteria are supposed to reflect accurately the up-to-date scientific knowledge. Whereas the State 

of Alabama has imposed regulations, a U.S. EPA water quality criterion is not a regulation; it does 

not impose legally binding requirements on the U.S. EPA or the states. States have discretion to 

adopt approaches that differ from the U.S. EPA water quality criteria, but these criteria are meant to 

provide useful guidance. 

Table 23. In-stream water quality standards for non-coastal surface waters with designated use as Fish 
and Wildlife (ADEM 2013b). 

Parameter Acceptable Conditions 

Temperature Maximum shall not exceed 90°F [32°C]; maximum in-stream temperature rise above 
ambient due to the addition of artificial heat by a discharger shall not exceed 5°F. 

DO For a diversified warm water biota, including game fish, daily concentrations shall not 
be less than 5 mg/L at all times, except that under extreme conditions due to natural 
causes, it may range between 5 mg/L and 4 mg/L, provided that water quality is 
favorable in all other parameters. 

pH Sewage, industrial wastes, or other wastes shall not cause the pH to deviate more than 
one unit from the normal or natural pH. The pH should be greater than 6.0 and less 
than 8.5. 

Turbidity There shall be no turbidity of other than natural origin that causes substantial visible 
contrast with the natural appearance of waters or interfere with any beneficial uses. In 
no case shall turbidity exceed 50 Nephelometric units [NTU] above background. 
Background is interpreted as the natural condition of the receiving waters, without 
influence of human or human-induced causes. 

Fecal Coliform 
Bacteria 

Shall not exceed a geometric mean (g.m.) of 1,000 colonies [cfu] per 100 mL, nor 
exceed a maximum of 2,000 colonies per 100 mL in any sample. The geometric mean 
shall be calculated from no less than five samples collected over a 30-day period at 
intervals not less than 24 hours. For incidental water contact during June through 
September, water quality is acceptable when a survey by controlling health authorities 
reveals no source of dangerous pollution and when the geometric mean fecal coliform 
densities do not exceed 200 colonies per 100 mL.  

Toxic, color-producing, 
odor-producing, and 
other deleterious 
substances from wastes 

Only such amounts, whether alone or in combination with other substances or wastes, 
as will not cause acute or chronic toxicity to fish, wildlife, and [other] aquatic life, as 
demonstrated by effluent toxicity testing or by application of numeric criteria given in 
Rule 335-6-10-.07, or adversely affect the aesthetic value of the water. 
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Table 24a. Summary of Alabama state standards for acceptable water quality in waters classified as Fish 
and Wildlife designated use, and of conditions for acceptable water quality recommended by other 
sources (ADEM 2013b). 

Parameter ADEM 
Other Recommendation(s)  

or Guideline(s) HOBE 

DO   > 5 mg/L; or > 
4 m/L in 
extreme 
conditions 

 > 4 mg/L (U.S. EPA 2000) .Limited data - some 
violations (down to 3.4 
mg/L) 

pH  > 6.0, < 8.5  > 6.5, and < 9.0 (U.S. EPA 2000)  Limited data - pH as low as 
6.0 

Turbidity  < 50 NTU 
above 
background 

 5.7 NTU (25th percentile, all streams; all 
seasons for Level III .Nutrient Ecoregion 
IX, sub-ecoregion #45 (U.S. EPA 2000) 

 44% of samples were in 
.compliance (2010-2011 
data) 

Escherichia coli  < 548 cfu/100 
mL (g.m.);< 
2,507 cfu/100 
mL  
in any sample 

 235 cfu/100 mL for data collected with 
insufficient frequency .to calculate g.m.s 
by the State's criteria (general 
recreational .use; U.S. EPA 2003) 

Data not available 

Nutrients  -----  25th percentiles, all streams, all 
seasons for Level III Nutrient .Ecoregion 
IX, sub-ecoregion #45; 30 µg TP/L, 234 
µg TKN/L, .177 µg NOx/L, 411 µg TN/L 
(calculated as TKN + NOx; U.S. EPA 
.2000)

a
 

 84% of NOx, 100% of TP, 
and .53% of TKN samples 
would .conform (2010-2011 
data) 

Chlorophyll a .(chla, 

corrected) 
 -----  25th percentile, all streams, all seasons 

for Level III Nutrient .Ecoregion IX, sub-
ecoregion #45: 3.3 µg chla/L (F)

a,b
 or 

.3.5 µg chla/L (S)
a,b

 

 84% of samples would 
conform .(2010-2011 data) 

Biochemical Oxygen 
Demand .(BOD) 

 -----  < 3.0 mg/L as the 5-day BOD 
(BOD5).(Mallin et al. 2006) 

 Data not available 

Total suspended 
solids (TSS) 

 -----  < 25 mg/L; and < 10 mg/L increase from 
a sudden spike (U.S. EPA 2000) 

 Limited data - TSS < 25 
mg/L 

a
  U.S. EPAôs (2000b) recommendation for acceptable conditions for nutrients, turbidity, and suspended algal 

biomass as chlorophyll a concentration (corrected for pheopigments), for streams within level III nutrient 
ecoregion IX, sub-ecoregion #45, which includes HOBE. These recommendations were based on the 25

th
 

percentile of all available streams data for the previous decade; alternatively, if reference  (minimally impacted) 
streams were available, U.S. EPA (2000) recommends use of the 75

th
 percentile of  the data from those streams.  

Note that TP ſ total phosphorus, TN ſ total nitrogen, and TKN ſ total Kjeldahl nitrogen. 

 
b
  F ſ fluorometric technique; S ſ spectrophotometric technique. 

 
c
  Dissolved concentrations; equations express the total recoverable concentration depending on the water 

ardness or pH.  Please note that this historic procedure for calculating heavy metals concentrations in     
developing freshwater criteria have been replaced by use of the Biotic Ligand Model (BLM), wherein  he 
available toxicity data, when evaluated using the procedures described in the Guidelines for  eriving Numerical 
National Water Quality Criteria for the Protection of Aquatic Organisms and Their Uses, indicate that freshwater 
aquatic life should be protected if the 24-hr average and 4-day average        concentrations do not respectively 
exceed the acute and chronic criteria concentrations calculated by the BLM (see  
http://water.epa.gov/scitech/swguidance/standards/criteria/current/index.cfm#mm , last  accessed in August 
2013). 

d
  Water quality guidelines (reference condition, 25

th
 percentile ï also see Byrne 2004). CMC ſ the criterion 

maximum concentration; CCC ſ the criterion continuous concentration, within a pH range of 6.5-9.   

 

http://water.epa.gov/scitech/swguidance/standards/criteria/current/index.cfm#mm
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Table 24b. Summary of Alabama state standards for acceptable water quality for toxic metals  in waters 
classified as Fish and Wildlife designated use, and of conditions for acceptable water quality 
recommended by other sources (ADEM 2013b)( U.S. EPA 2000, 2002

d
). 

Toxic metals (µg/L) ADEM 
Other Recommendation(s)  

or Guideline(s) HOBE 

Aluminum Equations
c
 CMC 750 CCC 87 Data not available 

Cadmium Equations
c
 CMC 2 CCC 0.25 Data not available 

Chromium III Equations
c
 CMC 570 CCC 74 Data not available 

Chromium IV Equations
c
 CMC 16 CCC 11 Data not available 

Copper Equations
c
 CMC 13 CCC 9 Data not available 

Lead Equations
c
 CMC 65 CCC 2.5 Data not available 

Mercury Equations
c
 CMC 1.4 CCC 0.77 Data not available 

Nickel Equations
c
 CMC 470 CCC 52 Data not available 

Zinc Equations
c
 CMC 120 CCC 120 Data not available 

a
  U.S. EPAôs (2000b) recommendation for acceptable conditions for nutrients, turbidity, and suspended algal 

biomass as chlorophyll a concentration (corrected for pheopigments), for streams within level III nutrient 
ecoregion IX, sub-ecoregion #45, which includes HOBE. These recommendations were based on the 25

th
 

percentile of all available streams data for the previous decade; alternatively, if reference  (minimally impacted) 
streams were available, U.S. EPA (2000) recommends use of the 75

th
 percentile of  the data from those streams.  

Note that TP ſ total phosphorus, TN ſ total nitrogen, and TKN ſ total Kjeldahl nitrogen. 

 
b
  F ſ fluorometric technique; S ſ spectrophotometric technique. 

 
c
  Dissolved concentrations; equations express the total recoverable concentration depending on the water 

ardness or pH.  Please note that this historic procedure for calculating heavy metals concentrations in     
developing freshwater criteria have been replaced by use of the Biotic Ligand Model (BLM), wherein  he 
available toxicity data, when evaluated using the procedures described in the Guidelines for  eriving Numerical 
National Water Quality Criteria for the Protection of Aquatic Organisms and Their Uses, indicate that freshwater 
aquatic life should be protected if the 24-hr average and 4-day average        concentrations do not respectively 
exceed the acute and chronic criteria concentrations calculated by the BLM (see  
http://water.epa.gov/scitech/swguidance/standards/criteria/current/index.cfm#mm , last  accessed in August 
2013). 

d
  Water quality guidelines (reference condition, 25

th
 percentile ï also see Byrne 2004). CMC ſ the criterion 

maximum concentration; CCC ſ the criterion continuous concentration, within a pH range of 6.5-9.   

3.6.1.7. Potential Pollution Sources: 

The Middle Tallapoosa River basin includes a total of 153 point source (National Pollutant Discharge 

Elimination System, NPDES) dischargers (133 industrial, 20 municipal; ADEM 2013c). Data are not 

available for the current permitted flows. There are also 15 active minor NPDES discharges into the 

Tallapoosa River above Lake Martin. The only NPDES point source above Horseshoe Bend is ~40 

river km (25 river miles) upstream and poses no immediate threat to the park. Nevertheless, sewage 

spills have affected tributaries close by in the sub-basin (see Burkholder and Rothenberger 2010). 

ADEM monitors some sites along the Tallapoosa River, although not near the park, for mercury 

content in fish and occasionally has reported fish consumption advisories. 

Nonpoint source pollution from airsheds and land occurs from human activities such as urban 

development, agriculture, silviculture, various other industries, and other land use practices. It is the 

major source of pollution in many U.S. watersheds, and can carry toxic substances, suspended 

sediments, excessive nutrients, and microbial pathogens into receiving waters (e.g. U.S. EPA 2001, 

http://water.epa.gov/scitech/swguidance/standards/criteria/current/index.cfm#mm
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Burkholder et al. 2006). Local nonpoint pollution sources in the watershed include suburban/urban 

runoff and air pollution from the small population centers and agricultural and silvicultural 

operations upstream from the park. The upper watershed has been used for agriculture, industrialized 

animal production (mainly poultry), gold mining and, more recently, for timber production and 

harvest (CH2MHill 2005). Concern has been raised that water quality in the Middle Tallapoosa sub-

basin may be adversely affected by agricultural runoff from upstream livestock and chicken 

production (DeVivo 2004, CH2MHill 2005, ADEM 2006). 

In addition to nonpoint water and air pollution from local sources, toxic contaminants, 

dust/particulates, and other pollutants may be carried into the park area and upstream Tallapoosa 

waters from larger cities in the state, and from Atlanta, Ga., by prevailing winds. The risk of foliar 

ozone injury to plants at Horseshoe Bend has been evaluated as moderate, and is considered to affect 

both wetland and terrestrial species (see Figure 26). Other air pollution, notably N and S deposition, 

have been assessed as being of significant concern for park natural resources, and these pollutants 

would also affect Horseshoe Bend surface waters (NPS 2014d. They can cause acidification (both N 

and S), over-fertilization of soils (N), and over-enrichment of surface waters (N; process known as 

eutrophication). These air pollutants can help to drive natural land and water ecosystems out of 

balance, causing shifts from beneficial to undesirable flora and fauna such as microbial pathogens 

and exotic/invasive species (Burkholder and Glibert 2013). Air pollutants such as S and N can also 

adversely affect essential ecosystem services such as air and water purification, decomposition and 

detoxification of waste materials, climate regulation, regeneration of soil fertility, production, and 

biodiversity (NPS 2012). 

About 15 years ago, the overall potential for nonpoint source impairment in the Middle Tallapoosa 

River sub-basin was evaluated as low, based on estimates of sedimentation rates, animal unit 

densities, and pasture land (ADEM 2000). However, pollution from increased industrial development 

of the Tallapoosa watershed is a park concern, as is clear-cutting for timber and for development 

(Burkholder and Rothenberger 2010). Other concerns about pollution sources have been expressed 

by Horseshoe Bend staff as follows (Rasmussen et al. 2009): 

¶ Possible contamination of the Tallapoosa River by the upstream and downstream hydroelectric 

power plants; 

¶ Significant agriculture upstream from the park that contributes substantial suspended sediments 

and other pollutants to the river; 

¶ Septic drain fields, including four housing units that feed into a septic tank and drainage field, 

and a septic tank for the maintenance building; and 

¶ Two aboveground storage tanks at the maintenance building, still in Horseshoe Bend although 

others have been removed. 

The Tallapoosa River Basin Management Plan (CH2MHILL 2005) described water quality and 

general habitat concerns identified by stakeholders for various segments of the Tallapoosa River and 

certain tributaries within the Middle Tallapoosa watershed, including microbial pathogen 

contamination, erosion and siltation, clay turbidity, nutrient over-enrichment, excessive 
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phytoplankton biomass (as chlorophyll a) in impoundments. Water quality and habitat integrity 

measures within the Middle Tallapoosa sub-basin were evaluated as generally achieving use 

classification standards (CH2MHILL 2005), likely reflecting the fact that the land is mostly forested. 

However, supporting data for this evaluation are, and were, extremely sparse. The results from a 

Tallapoosa River basin surface water quality assessment (ADEM 2000), now dated by nearly a 

decade, rated the overall potential for nonpoint pollution source impairment as low, based on 

estimates of sedimentation rates, animal unit densities, and pastureland. One smaller watershed 

within the middle Tallapoosa sub-basin (03150109040, located above Horseshoe Bend) was listed as 

a priority NPS-watershed because of only a ñfairò assessment rating due to erosion and sedimentation 

from silvicultural practices (CH2MHILL 2005). 

Overall, based on a recent watershed condition assessment, present water quality concerns in 

Horseshoe Bend include sedimentation from increased clear-cutting, pollution from agriculture and 

silviculture, and atmospheric deposition of dust/particulates, toxic contaminants, and other pollutants 

from larger cities to the west (Montgomery, Birmingham) and from Atlanta, Ga. (Burkholder and 

Rothenberger 2010). Although the Middle Tallapoosa River watershed is only ~5% urbanized at 

present, the combined pressures of anticipated increased development in the upper and middle basins 

are expected to increase land disturbance and water pollution including excessive suspended 

sediments, nutrients, fecal bacteria, and toxic substances. The present overall potential for nonpoint 

source impairment of surface waters in the area has been evaluated as low, but more than half of the 

sub-watersheds in this sub-basin were considered by ADEM to have moderate potential for nonpoint 

source impairment due to runoff from forestry practices, clear-cutting, and sedimentation. 

3.6.1.8. Surface Water Quality at Horseshoe Bend: 

The parkôs sewage is treated on-site with septic tanks. Park sewer lines for septic tanks, which 

previously caused problems from leakage, recently were replaced and aboveground storage tanks 

were replaced with double-wall containers. 

The Tallapoosa River Basin Management Plan (CH2MHill 2005) described water quality and general 

habitat concerns identified by stakeholders for various segments of the Tallapoosa River and certain 

tributaries within the Middle Tallapoosa watershed, including microbial pathogen contamination, 

erosion and siltation, clay turbidity, nutrient over-enrichment, excessive phytoplankton biomass (as 

chlorophyll a) in impoundments. Water quality and habitat integrity measures within the Middle 

Tallapoosa sub-basin were evaluated as generally achieving use classification standards (CH2MHill 

2005), likely reflecting the fact that land use is mostly forested. However, supporting data for this 

evaluation are, and were, extremely sparse. The results from a Tallapoosa River basin surface water 

quality assessment (ADEM 2000), now dated by nearly a decade, rated the overall potential for 

nonpoint pollution source impairment as low, based on estimates of sedimentation rates, animal unit 

densities, and pastureland. One smaller watershed within the middle Tallapoosa sub-basin 

(03150109040, located above Horseshoe Bend) was listed as a priority NPS-watershed because of a 

ñfairò assessment rating caused by erosion and sedimentation from silvicultural practices (CH2MHill 

2005). 
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Recent water quality data for Horseshoe Bend, taken within the past ~15 years (since 2000), are 

sparse for parameters other than temperature but, nevertheless, the available data include most of the 

past ~15 years (2000-2007 and 2010-2011; Table 25). The older data taken during that period 

indicate that, except for several violations of the pH criterion, parameters were at acceptable 

conditions (Figures 37-39). Recent data from ADEM (April through October 2011) indicate that 

some conditions were unacceptable on several dates, including turbidity, chlorophyll a, NOx, TKN, 

total dissolved solids (TDS), and TSS (Table 26). Data are not available for algal 

abundance/composition, fecal bacteria, or toxic substances. 

Table 25. Dates of water quality sampling, and parameters sampled in surface waters of the park, 
considering information from 2000 - present. For older data, see Burkholder and Rothenburger (2010). 

Station Duration n Parameters 

Alabama Water Watch (AWW)  
Boat Ramp, site #07001001 

Jan 2000 -  
Feb 07* 

127 Water temperature, salinity, alkalinity, hardness, 
turbidity, pH, DO 

Tallapoosa Watershed Project 
(TWP)  
Just downstream from Boat Ramp 
station - Auburn Univ. 

Feb 04 -  
Dec 05 

29 TP, soluble reactive phosphorus (SRP), TN, TSS 

ADEM - boat ramp Apr 10 -  
Oct 11 

19- 
337 

Temperature, turbidity, Specific Conductance, pH, 
DO, chla, NOx, NH4

+
N, TKN, TP, SRP, BOD5, 

chloride, total dissolved solids (TDS), TSS, 
alkalinity 

* The dataset was initiated in June of 1993, but this Report emphasizes data from 2000 on. 
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Figure 37. Water temperature and turbidity (upper and lower panels, respectively) in the Tallapoosa River 
at HOBE (Boat Ramp station, January 2000 - February 2007) from a monthly sampling program by 
volunteer citizens in the Alabama Water Watch (AWW). 
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Figure 38. Water pH, alkalinity, and hardness (upper, middle, and lower panels, respectively) for the 
Tallapoosa River at HOBE (Boat Ramp station, January 2000 - February 2007) from a sampling program 
by volunteer citizens in the AWW. 
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Figure 39. DO as concentration and percent saturation (upper and lower panels, respectively) for the 
Tallapoosa River at HOBE (Boat Ramp station, January 2000 - February 2007) from a sampling program 
by volunteer citizens in the AWW. 
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Table 26. Water quality conditions during the past decade based on data collected by ADEM: Parameters 
measured at the boat ramp station in HOBE (ADEM #3952 -Tallapoosa River; lat. 32.97734, long. -

85.73968) (sampling dates per year ranged from 8 to 13)
a
. Note that UC ſnd ſ not detectable. Value 

underlined in bold ſ in violation of state standard (ADEM 2013b); values shaded in bold ſ data exceeded 
recommended values for acceptable water quality (EPA 2000). 

Parameter Date n Mean (range) Median UC (#) 

Temperature (
o
C) Apr 10 - Oct 11 337 28.9 (14.9 - 32.5) 29.3 3 

Turbidity (NTU) Apr 10 - Oct 11 25 6.0 (0.3 - 12.5) 5.8 14 

Spec. cond. (µmhos/cm, field) Apr 10 - Oct 11 337 44.1 (33.9 - 48.7) 44 --- 

DO (mg/L0 Apr 10 - Oct 11 237 7.3 (6.4 - 10.2) 7.3 --- 

pH Apr 10 - Oct 11 337 6.9 (6.5 - 7.2) 6.9 --- 

chlorophyll a (mg/m
3
) Apr 10 - Oct 11 19 1.7 (nd-7.5)

b
 0.7 3 

NO3
-
N + NO2

-
N (NOx, µg/L) Apr 10 - Oct 11 19 114 (nd - 223)

b
 134 3 

TKN (µg/L) Apr 10 - Oct 11 19 234 (nd - 625)
b
 202 9 

TP (µg/L) Apr 10 - Oct 11 19 14 (9 - 21) 13 --- 

SRP (µg/L) Apr 10 - Oct 11 19 7 (3 - 19) 6 --- 

BOD5 (mg/L) Apr 10 - Oct 11 19 all nd
c
 --- --- 

Chloride (mg/L) Apr 10 - Oct 11 19 2.5 (1.9 - 3.5) 2.5 --- 

TDS (mg/L) Apr 10 - Oct 11 19 36.5 - (4 - 98) 34 --- 

TSS (mg/L) Apr 10 - Oct 11 19 2.3 (nd - 9)
b
 1 --- 

Alkalinity, carbonate  
as CaCO3 (mg/L) Apr 10 - Oct 11 19 14 (9 - 20.8) 13.4 --- 

a 
More than 50% of samples were below detection or below the reporting limit with the analytical 

technique used; thus, statistical interpretation was not attempted. 

b 
Abbreviations: °C degrees ï Celsius; NTU ï nephelometric turbidity units; spec. cond. ï specific 

conductivity, NOx ï nitrate-N + nitrite-N; NH4+N ï ammonium-N; TKN ï total Kjeldahl nitrogen; TP ï 
total phosphorus; SRP ï soluble reactive phosphorus; BOD5 ï 5-day biochemical oxygen demand; 
TDS ï total dissolved solids; TSS ï total suspended solids; and CaCO3 ïcalcium carbonate.  

c 
All values reported less than the level of detection or less than the detection limit were replace with 

1/2 the value, following Ellis and Gilbert (1980) and Zirschky et al. (1985), except that TSS mdl ï 1. 

3.6.2. Groundwater 

3.6.2.1. Groundwater Quantity: 

Knowledge of groundwater supplies and quality is critically important to enable sound assessment of 

the status of water resources in most ecosystems: 

Groundwater level and groundwater quality data are essential for water resource assessment 

and management. Water level measurements from observation wells are the principal source 

of information about the hydrologic stresses on aquifers and how these stresses affect 

groundwater recharge, storage, and discharge. Long-term, systematic measurements of water 

levels provide essential data needed to evaluate changes in the resource over time; develop 

groundwater models and forecast trends; and design, implement, and monitor the 

effectiveness of groundwater management and protection programs (Taylor and Alley, 2001). 

Groundwater quality data are necessary to ensure that public water supplies meet health 

standards; deterioration of groundwater quality may be virtually irreversible, and treatment of 

contaminated groundwater can be expensive (Alley 1993) [in USGS 2008]. 
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Unfortunately, however, little is known about groundwater supplies in the park. The regional geology 

controls the aquifer types present, and influences the natural quantity and quality of the groundwater. 

The aquifers underlying the park and vicinity are fairly well known: A surficial aquifer system, not a 

principal aquifer, covers the state (USGS 2008). The important aquifer underlying east-central 

Alabama is the substantial Piedmont-Blue Ridge Aquifer System, which consists of a fractured, 

crystalline-rock aquifer (within metamorphic and igneous rocks) with little or no primary porosity or 

permeability, and overlying unconsolidated material called regolith which generally acts as a porous-

media aquifer (Miller 1990, Chapman and Peck 1997, Rasmussen et al. 2009; Figure 40). In some 

locations a transition zone also occurs, which lies between the regolith and unweathered crystalline 

bedrock (Chapman and Peck 1997). The regolith includes (i) mostly saprolite, a layer of variable 

thickness (up to ~46 m or 150 ft. in places) of earthy, decomposed rock developed by weathering of 

the bedrock, along with (ii) soil that develops on the upper part of the saprolite; and, mainly in-

stream valleys, (iii) overlying alluvium. The mineralogy and texture of the rocks forming the 

Piedmont and Blue Ridge Aquifer System differ, resulting in substantial local differences in the 

occurrence and availability of groundwater. Nevertheless, the overall hydraulic characteristics of the 

aquifers in this system are similar (Miller 1990). Various textural and structural properties in the 

rocks control permeability features, whereas hydraulic head gradients and recharge are influenced by 

topography and climatic factors. 

Water levels in the aquifers fluctuate seasonally, and generally rise in winter/spring because of 

increased recharge from precipitation and less evapotranspiration and pumping (Leeth et al. 2005). 

The magnitude of fluctuations varies substantially across seasons and year to year depending on 

climatic conditions and human use, which influences the amount of ground-water in storage and the 

rate of discharge (Taylor and Alley 2001). As storage is depleted within the radius of pumping 

influence from a well, the water level declines and forms a ñcone of depressionò around the well. In 

areas with high concentrations of wells, multiple cones of depression form and effect water level 

declines across large areas. These declines can change the groundwater flow direction, reduce flow to 

streams, capture water from a stream or adjacent aquifer, and/or alter groundwater quality (USGS 

2008). 

As described by Miller (1990), water in the rocks of the Piedmont and Blue Ridge Aquifer System 

generally is unconfined. Locally, artesian conditions exist when wells penetrate deeply buried 

fractures that are hydraulically connected to recharge areas at higher altitudes or in places where the 

regolith is clayey and forms a confining unit. Water enters the ground in recharge areas, which 

generally include all land surfaces except the lower parts of valleys. The water percolates vertically 

downward through the unsaturated zone. Once it reaches the saturated zone (water table), it moves 

laterally to points of discharge as springs, seeps, baseflow to streams, and seepage to lakes. The 

water table is essentially a subdued replica of surface topography; thus, the depth to the water table 

varies, depending largely on topography and less so on precipitation. On hills and steep ridges, the 

water table lays tens to hundreds of meters below land surface. In contrast, in valleys and adjacent to 

lakes, ponds and wetlands, the water table is at or near the land surface. Water movement in the 

bedrock is restricted entirely to flow through fractures. 
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Figure 40. The Piedmont and Blue Ridge Aquifer System: Crystalline-rock aquifers underlie the rolling 
hills of the Piedmont physiographic province and the rugged mountains of the Blue Ridge physiographic 
province in a band that extends from east-central Alabama northeastward through western South 
Carolina. From Miller (1990), with permission. 

More specifically to Horseshoe Bend, the two basic types of aquifers in the Tallapoosa River basin 

are porous-media aquifers wherein groundwater can be obtained from the regolith, and fracture-

conduit aquifers wherein groundwater can be obtained from fractures in the rock (Miller 1990). The 

porous-media aquifers are shallow and typically consist of unconsolidated or poorly consolidated 

sediments (Journey and Atkins 1996, USGS 1997). Most groundwater occurs within soil, alluvium, 

and saprolite derived from rocks of various age, and the water moves through interconnected pore 

spaces between sediment grains. The porous-media aquifers generally are only suitable for domestic 

use. The fracture-conduit aquifers are deeper, and formed in areas of igneous and metamorphic rocks. 

The crystalline rocks formed under intense heat and pressure; thus, they have few primary pore 

spaces, and the porosity and permeability of the unweathered and unfractured bedrock are extremely 

low (Miller 1990). Groundwater mostly moves through fractured or broken rock, and through 

openings between cleavage plains. Contact zones between crystalline-rock types are favorable places 

for the location of wells yielding large volumes of water. Well yields typically vary from 3.8-95 L (1-
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25 gallons) per minute, but may exceed 1,893 L (500 gallons) per minute. Overall, most groundwater 

storage occurs in the overlying weathered rock (regolith or saprolite), whereas the fracture-conduit 

aquifer usually has low storage capacity (Journey and Atkins 1996). Water levels in fracture-conduit 

aquifers respond rapidly to pumping and seasonal precipitation changes, with lowest annual water 

levels usually in fall after the dry summer, and highest water levels early in spring after recharge 

from winter rains. 

Groundwater/surface water interactions within the Tallapoosa River basin are substantial, based on 

information for the Tallapoosa River at the Georgia-Alabama state line (Journey and Atkins 1996): 

The unit area mean annual baseflow due to groundwater discharge is ~0.01 cms per km2 (0.902 cfs 

per mile2). The mean annual contribution of baseflow (groundwater) to the total flow in the 

Tallapoosa River was estimated to be ~15.1 cms (534 cfs), or ~51% of the total annual flow. More 

specifically, however, very little is known about groundwater quantity or quality in Horseshoe Bend. 

The park presently has no wells for monitoring. On the grounds there is an inactive well house 

(latitude 32.97932, longitude -85.74007) and an inactive PVC well (latitude 32.98077, longitude -

85.73133) that is welded shut but is not capped (Rasmussen et al. 2009). In addition, there is an old, 

capped, sealed well that was previously used for aquaculture, located between the picnic area and 

river/nature trail in what was probably a gravel quarry (latitude 32.97195, longitude -85.73465). 

The Monitoring Well Network within the Network includes two wells within 100 km (62 miles) from 

the park in south-central/southeastern Alabama (Figure 41), but both are in the Southeastern Coastal 

Plain aquifer, not the Piedmont and Blue Ridge and, so, are inappropriate for extrapolation to 

conditions in Horseshoe Bend. The closest well to Horseshoe Bend among this network that also lies 

within the Piedmont and Blue Ridge Aquifer System is USGS #334207084254801 (well name, 

10DD02; latitude 33.70194, longitude  ╖ 84.43000). The well depth is ~104 m (341 ft.). The well has 

been sampled from 17 November 1973 to the present, and 13,658 observations had been taken 

between the start data and 31 December 2011, the last observation used for analysis by Wright 

(2012). Trend analysis indicated a significant negative trend in groundwater level of the period of 

record (p = 0.0003; Wright 2012; Figure 42). It is important to mention, however, that this well is 

within the influence of the Atlanta, Georgia metropolitan area, and therefore differs substantially 

from the park area in its higher water demand from the much larger surrounding local population. 
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Figure 41. Map showing the locations of the USGS monitoring wells (black dots; USGS well numbers) 
near HOBE (orange dot). Of the three wells, only the well shown in northern Georgia lies in the Piedmont 
and Blue Ridge crystalline-rock aquifers (Miller 1990), as does the park. Yellow arrow ſ statistically 
significant negative trend in groundwater level over the period of record at that well. Modified from the 
NPS SECN (2014). 

 

Figure 42. Mean depth to water level (feet - NGVD 1929) over time (1973-2011) for the well nearest 
Horseshoe Bend National Military Park (#334207084254801; blue line) within the Piedmont and Blue 
Ridge Aquifer System, showing the substantial decrease. From Wright (2012). 
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3.6.2.2. Groundwater Quality: 

Miller (1990, p.4) provided a general description for the Piedmont and Blue Ridge Aquifer System, 

unfortunately dated now by more than 20 years: 

ñThe quality of water from the Piedmont and Blue Ridge aquifers generally is suitable for drinking 

and other uses practically everywhere.ò 

Concentrations of dissolved constituents except for fluoride, iron, manganese, and, locally, sulfate 

seldom exceed state and federal drinking water standards. Wells yielding water containing large 

concentrations of these constituents possibly penetrate mineralized zones, although large iron 

concentrations may be due to the action of iron-fixing bacteria. Oxidation and filtration usually will 

alleviate problems of large iron and manganese concentrations, and render the water potable. Rarely, 

radioactive minerals occur in concentrations sufficient to create water quality problems. 

In 2000, however, the USGS collected limited data on pH in the middle Tallapoosa River basin near 

Horseshoe Bend and reported that, of 38 samples collected, 31 (65%) were in compliance (pH 6.5-

9.0; ADEM 2013b). Thus, up-to-date groundwater quality data are needed for this park. Two 

programs were developed by Dr. J. Dowd at the University of Georgia to support groundwater 

analyses of national parks in the Network, and are described in detail in Rasmussen et al. (2009). 

Both save data to Excel spreadsheets. Program GWInput automates input of groundwater data. Users 

first select the park from the drop-down menu NPS ID. Information entered must be keyed to a 

unique well name, beginning with the four-character code for the park. Program UpdateSW was 

designed to assist in management and interpretation of groundwater data, and updates daily or 

realtime USGS streamflow or groundwater data by using the Internet to update selected gage sites. 

This program also can graph the data, and can be used to evaluate temporal trends for each well. 

UpdateSW can be used to download data from the USGS National Water Information Service 

(NWIS) database, the national archive for hydrologic data (USGS 2015c). Groundwater data can be 

accessed from the NWIS database using http://water.usgs.gov/waterwatch/ (USGS 2015c). 

3.7. Biological Resources and Management 

3.7.1. Attributes Used in Assessment 

The NPS Omnibus Management Act of 1998, and other reinforcing policies and regulations, require 

park managers ñto establish baseline information and to provide information on the long-term trends 

in the condition of National Park System resourcesò (Title II, Sec. 204). A first step toward meeting 

that mandate is to inventory the species diversity of park biota. This information is valuable because 

measures of community composition are often good indicators of abiotic variability, disturbance, 

and/or other stressors (Byrne et al. 2011b). Understanding changes in species distributions is integral 

to informed management of species and their habitats - changes in species distributions over time 

provide valuable insights at local and landscape scales about how species respond to influences such 

as changing land use, climate, hydrology, or habitat quality/availability. Climate change, for 

example, influences the distribution, phenology, population demographics, and abundance of 

individual species. In turn, the cascading effects through altered species interactions and altered food 

web structure can impact ecosystem processes (Montoya and Raffaelli 2010). It is also valuable to 

http://water.usgs.gov/waterwatch/
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capture the number of species (species richness) and their relative abundance (species evenness or 

dominance) within a given community (here, Horseshoe Bend). These two components describe the 

species diversity, often communicated as various diversity indices. 

Diversity, defined as ñthe variety and abundance of species in a defined unit of studyò (Magurran 

2004, p.8 in Byrne et al. 2011b), is a community property that is broadly related to trophic structure, 

productivity, stability (McIntosh 1967, McNaughton 1977), immigration/emigration (Colwell and 

Lees 2000), and ecological condition (i.e., ecological integrity as defined by Karr and Chu 1995). 

Diversity indices respond differently to various mechanisms that influence community structure, so 

the National Park Service uses a suite of alpha-diversity indices (the diversity of species within a 

defined area, community or ecosystem - Whittaker 1972) in order to fully characterize diversity in 

SECN parks (Haedrick 1975; Boyle et al. 1984 in Byrne et al. 2011b; Table 27). 

Table 27. Alpha-diversity indices for species richness (data: observations identified to the species-level) 
used by the Network; notes also add interpretations from other sources as indicated. Modified from Byrne 
et al. (2011b). 

Index Notes 

Native Species 
Richness, Sobs 

Value is a positive integer that indicates the number of native species in the sample. Intuitive. Good 
discriminant ability if the sampling effort is comparable; sensitive to sample size, occurrence of rare or 
cryptic species (with low detectability); does not account for relative abundances (Chao 1984, 1987). 

Chao1 Values indicate an estimate of species richness; abundance-based estimate; works well with dataset 
containing several infrequent observations (Chao 1984, 1987). 

Chao2 Values indicate an estimate of total species richness (including species not present in the sample); 
incidence-based estimate; works well with dataset containing several infrequent observations (Chao 
1984, 1987). 

Abundance-based 
coverage, ACE 

Values indicate an estimate of species richness; abundance-based estimate (Chao and Lee 1992, 
Chazdon et al. 1998). 

Incidence-based 
coverage, ICE 

Values indicate an estimate of total species richness (including species not present in the sample); 
incidence-based estimate (Lee and Chao 1994, Chazdon et al. 1998). 

Jackknife 1,  
Jack1 

Values indicate an estimate of total species richness (including species not present in the sample); 
incidence-based estimate; the higher the value, the higher the species richness. This procedure requires 
no assumptions regarding the data distribution (Burnham and Overton 1978, 1979; Heltshe and Forrester 
1983). 

Jackknife 2, Jack2  Values indicate an estimate of species richness, incidence-based (Smith and van Belle 1984). 

Y, Boot  Values indicate an estimate of species richness, incidence-based (Smith and van Belle 1984). 

Fisher's Ŭ, Ŭ  Value is a positive integer and indicates a relative estimate of species richness (Fisher et al. 1943); good 
discriminant ability, low sensitivity to sample size, and robust to deviations in the assumed distribution 
(Kempton and Taylor 1974, Wolda 1983, Hayek and Buzas 1997, Kempton 2002); abundance-based 
estimate. 

Q static, Q Value is a positive integer and indicates a relative estimate of species richness (Kempton and Taylor 
1974, 1976); good discriminant ability and low bias with small samples (Kempton and Wedderburn 
1978), model fit is irrelevant to index performance (Magurran 1988); value is not weighted toward 
abundant or rare species; abundance-based estimate. 

* Community attribute: Richness (Sobs, Chao1, Chao2, ACE, ICE, Jack1, Jack2, Boot, Ŭ, Q), 
Evenness (Evar, E1/D, E', EG); and Dominance (DBP). 
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Table 27 (continued). Alpha-diversity indices for species richness (data: observations identified to the 
species-level) used by the Network; notes also add interpretations from other sources as indicated. 
Modified from Byrne et al. (2011b). 

Index Notes 

Smith and Wilson, 
Evar  

Values range from 0 (no evenness) to 1 (perfectly even and all species exist in relatively equal 
abundance); weighs common species more heavily than rare species (desirable in certain cases; 
Simpson 1949, Smith and Wilson 1996). 

Smith and Wilson 
1/D, E1/D  

Values range from 0 (no evenness) to 1 (perfectly even and all species exist in relatively equal 
abundance); weighs rare and abundant species equally (desirable in certain cases; Simpson 1949, Smith 
and Wilson 1996). 

Camargo, E'  Values range from 0 (no evenness) to 1 (perfectly even and all species exist in relatively equal 
abundance); performs well at estimating intermediate values of evenness in comparison to the other 
indices; weighs rare and abundant taxa equally (desirable in certain cases; Camargo 1992). 

Gini, Eg  Values range from 0 (no evenness to 1 (perfectly even and all species exist in relatively equal 
abundance; Gini 1912); good discriminant ability and low sensitivity to sample size (Lexerød and Eid 
2006). 

Berger-Parker,  
DBP  

Values range from 0 (no single species dominance) to 1 (sample is strongly dominated by a single 
species; Berger and Parker 1970); describes the proportional dominance of the single most abundant 
species; low sensitivity to sample size but poor discriminant ability (Magurran 2004) - not used for 
across-years or across-sites comparisons. 

* Community attribute: Richness (Sobs, Chao1, Chao2, ACE, ICE, Jack1, Jack2, Boot, Ŭ, Q), 
Evenness (Evar, E1/D, E', EG); and Dominance (DBP). 

3.7.2. Horseshoe Bend Biota Assessment ï Overview 

The biota at Horseshoe Bend are generally known only through species lists. In recognition of this 

substantial knowledge gap, the Network has begun to characterize the amphibians, birds, and 

mammals of the park, and also have surveyed for a chytrid fungus (Batrachochytrium dendrobatidis) 

that causes amphibian disease worldwide (Byrne and Moore 2011; Byrne et al. 2011b). 

According to the NPS Certified Species List (2013b - modified for vascular plant flora to include 

recent taxonomic changes), a total of 706 taxa have been reported to occur in Horseshoe Bend. 

These include 251 fauna (32 amphibians, 39 reptiles, 26 fish, 122 birds, and 32 mammals) and 455 

taxa of vascular flora (228 terrestrial plants, 224 wetland plants, and three aquatic plants; Appendix 

2). Note that these total numbers of vascular plant and animal taxa differ markedly from the figures 

given in the Strategic Plan for the park (NPS 2008), which lists the number of known plant species at 

901 and the number of known animal species at 354, for a total of 1,255 species. The reason for these 

considerable discrepancies - almost two-fold higher species numbers in the 2008-2012 Strategic Plan 

than in the NPS Certified Species List for Horseshoe Bend (NPS 2008 and NPS 2013b, respectively) 

- is uncertain but likely is due to the fact that the species lists for the park are mostly unvouchered, 

and/or were compiled from historic as well as present information. Similar discrepancies for the 

vascular flora of two other parks, Kennesaw Mountain National Battlefield Park and Ocmulgee 

National Monument, were reflected in the NPS Certified Species List (2013b) versus vouchered, 

recent lists compiled by Zomlefer et al. (2010, 2013). This information collectively suggests that 

Horseshoe Bend, like other SECN parks, is in need of an updated, vouchered Certified Species List 

for its flora and fauna. A recent, vouchered species list unfortunately is not yet available for 
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Horseshoe Bend, so at present the best-available information is the NPS Certified Species List 

(2013b). As vouchered, updated species lists for this park become available, the new information 

should replace the summaries given here. 

According to the NPS Certified Species List (2013b), six Species of Concern (SoC s): one 

amphibian, two reptiles, and three birds) can be found in the park (Table 28). At least 33 other SoCs 

have been reported in Tallapoosa County (Alabama Natural Heritage Program 2012) but not in 

Horseshoe Bend, suggesting that these species may have occurred there historically but were 

extirpated (Table 29). These include 13 plants (12 higher vascular plants + 1 moss), 12 fish, two 

amphibians, three reptiles, and three birds. In addition, three mammalian species, the American black 

bear (Ursus americanus), red wolf (Canis rufus), and mountain lion (Puma concolor), likely have 

been extirpated from the park. Black bear sightings have been reported from Tallapoosa County, but 

there apparently is no established, self-sustaining population (Alabama Natural Heritage Program 

2012). Various sensitive macroinvertebrates likely also have been extirpated, such as bivalve 

mollusks and certain crayfish (Table 29). 

Table 28. Species of concern (SoCs) reported to occur in HOBE (Alabama Natural Heritage Program 
2011, NPS 2013b). 

Biota Group Species Common Name Status
a
 

Amphibians Rana sylvatica Wood frog S2, G5 

Reptiles Lampropeltis getula Common kingsnake SP, S4, G5T5
b
 

 Masticophis flagellum Coachwhip (snake) SP, S3, G5 

Birds Dendroica petechia Yellow warbler SP, S2B, G5 

 Falco sparverius American kestrel SP, S3B, S5N, G5 

 Vireo solitarius  Solitary vireo SP, S3B, S4N, G5 

a 
State of Alabama: E, endangered; T, threatened; R, rare (Alabama Department of Conservation and 

Natural Resources) 

b 
As Lampropeltis getula getula 
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Table 29. Other plant SoCs reported to occur in Tallapoosa County (Alabama Natural Heritage Program 2012, Appendix 3), but not found in 
HOBE according to the NPS Certified Species List (2013b) and other information.* 

Biota Group Scientific Name Common Name 

SoC Listing(s) 

State Federal Status 

Plants (13) Amphianthus pusillus granite pool sprite S1 G2 LT 

Baptisia metacarpa Apalachicola wild indigo S2 G2 

 Cyperus granitophilus granite-loving flatsedge S2 G3G4Q 

 Cypripedium kentuckiense southern lady's-slipper S1 G3 

 Hypericum nudiflorum pretty St. John's-wort S2 G5 

 Isoetes virginica Piedmont quillwort S2 G3 

 Juncus georgianus Georgia rush S1 G4 

 Matelea baldwyniana Baldwin's milkvine S1 G3 

 Phacelia dubia var. georgiana outcrop smallflower phacelia S2 G5T3 

 Pyrularia pubera buffalo-nut S2 G5 

 Rudbeckia triloba var. pinnatiloba pinnate-lobed blackeyed Susan S2S3 G5T3 

 Rhynchospora globularis var. saxicola Stone Mountain beakrush S1 G3Q 

 Selaginella rupestris ledge spike-moss S2 G5 

 Fish (12) Crystallaria asprella crystal darter S3 G3 SP 

Cyprinella gibbsi Tallapoosa shiner S3 G4 

 Etheostoma chuckwachatte lipstick darter S2 G2G3 SP 

Etheostoma tallapoosae Tallapoosa darter S3 G4 

 Fundulus bifax stippled studfish S2 G2G3 

 Hiodon tergisus Mooneye S3S4 G5 

 Hybopsis lineapunctata lined chub S3 G3G4 

 Notropsis uranoscopus skygazer shiner S2 G3 

 Percina palmaris bronze darter S3 G4 

 
* Four invertebrate SoCs were also reported by the Alabama Natural Heritage Program (2012) to occur in Tallapoosa County, including 
Cambarus englishi (Tallapoosa crayfish), Cambarus halli (slackwater crayfish), Pyganodon cataract (easter floater - mussel), and Toxolasma 
parvum (lilliput - mussel). It is not known whether these species occur in HOBE, as the NPS Certified Species List for that park does not 
include invertebrate taxa. 
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Table 29 (continued). Other plant SoCs reported to occur in Tallapoosa County (Alabama Natural Heritage Program 2012, Appendix 3), but not 
found in HOBE according to the NPS Certified Species List (2013b) and other information.* 

Biota Group Scientific Name Common Name 

SoC Listing(s) 

State Federal Status 

Fish (12) 
(continued) 

Percina shumardi river darter S3 G5 

 Percina smithvanizi muscadine darter S2 G2G3 

 Polyodon spathula paddlefish S3 G4 CNGF, SP 

Amphibians (2) Desmognathus monticola seal salamander S5 G5 SP 

Plethodon websteri Webster's salamander S3 G3 

 Reptiles (3) Graptemys nigrinoda nigrinoda black-knobbed sawback (turtle) S3 G3T3Q SP 

Graptemys pulchra Alabama map turtle S3 G4 SP 

Plestiodon inexpectatus southeastern five-lined skink S3 G5 SP 

Birds (3) Columbina passerine common groung-dove S3 G3 SP 

Picoides borealis red-cockaded woodpecker S2 G3 SP 

Scolopax minor American woodcock S3B, S5N G5 GB 

* Four invertebrate SoCs were also reported by the Alabama Natural Heritage Program (2012) to occur in Tallapoosa County, including 
Cambarus englishi (Tallapoosa crayfish), Cambarus halli (slackwater crayfish), Pyganodon cataract (easter floater - mussel), and Toxolasma 
parvum (lilliput - mussel). It is not known whether these species occur in HOBE, as the NPS Certified Species List for that park does not 
include invertebrate taxa. 
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The larger Mobile River watershed, which contains the Tallapoosa River and Horseshoe Bend, was 

once home to many endemic species including aquatic insects and crustaceans, aquatic snails, 

mussels, fishes, and turtles (Burkholder and Rothenberger 2010, and references therein). During the 

past two centuries, watershed development has led to species extinctions at a rate unparalleled 

elsewhere in the U.S. mainland and various aquatic and wetland species are now threatened or 

endangered. The habitat fragmentation imposed by the Harris and Lake Martin dams, along with two 

other dams on the lower Tallapoosa River, have affected faunal diversity, species distributions, and 

fisheries. For example, shoals of the Tallapoosa River support populations of Cahaba lily 

(Hymenocallis coronaria), which has a limited distribution and requires swift current to flourish. This 

wetland plant has been eliminated from portions of its native range by impoundments, and is not 

li sted among the park flora. Two protected mussel species, the finelined pocketbook (Lamsilis atilis) 

and the ovate clubshell (Pleurobema perovatum), are thought to be rare although present within park 

boundaries, but their ability to re-colonize the Tallapoosa, including park waters, is impeded by the 

impoundments along the river. Sensitive macroinvertebrates such as bivalve mollusks are 

ñbarometersò of aquatic ecosystem health. There is no information on their present status in the park. 

CH2M HILL (2005) reported that native mussels were becoming rare in the middle reach of the 

Tallapoosa mainstem which includes Horseshoe Bend. Three of the four endemic fish species known 

from the Tallapoosa basin are on the park species list, including the lipstick darter (Etheostoma 

chuckwachatte), the Tallapoosa shiner (Cyprinella gibbsi), and the mottled sculpin (Cottus bairdi). 

In contrast to the paucity of SoCs in Horseshoe Bend, the park contains 46 exotic/invasive taxa 

comprising 39 vascular plants (23 terrestrial, 16 wetland), and seven vertebrate animal species (one 

fish, three birds, three mammals), as well as an unknown number of invertebrate taxa including at 

least two highly damaging species (see Section 3.7.9 below). Major concerns have been expressed by 

park staff about exotic/ invasive species problems. 

3.7.3. Vascular Flora 

The National Park Service (2012) describes plant communities as: 

ñThe primary drivers for a range of ecological processeséintegral to the 

proper function of park ecosystems. They serve as the foundation for food 

webs and wildlife habitat for many species, and function as a carbon sink, 

produce oxygen, cycle nutrients and energy through an ecosystem, influence 

the local climate, improve water quality, and moderate flooding and 

erosion.ò 

Prior to European settlement, most of the Tallapoosa River basin was forested, but the entire 

watershed has sustained varying degrees of logging and extensive clearing for agriculture 

(Tallapoosa Basin Plan, Section 2 - River Basin Characteristics; see 

https://epd.georgia.gov/sites/epd.georgia.gov/files/related_files/site_page/tallapoosa.pdf, chapter 2, 

and https://epd.georgia.gov/tallapoosa-river-basin-watershed-protection-plan, last accessed in May 

2015). The native forests in the Piedmont were dominated by deciduous hardwoods and mixed stands 

of pines and hardwoods. The wetlands originally were forested as well, and were mostly in the 

https://epd.georgia.gov/sites/epd.georgia.gov/files/related_files/site_page/tallapoosa.pdf
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floodplains of streams and rivers. Those still remaining are maintained by the natural flooding 

regime. 

Horseshoe Bend lies near the northern boundary of longleaf pine (Pinus palustris), and historically 

the floodplains and drainages consisted of mixed hardwoods, while patches of longleaf pine grew 

along the ridgetops. The hillsides and ridgelines also had a climax beech (Fagus spp.)-oak (Quercus 

spp.)-hickory (Carya spp.) forest, mixed with ash (Fraxinus spp.), walnut (Juglans spp.), and 

chestnut (Castanea spp.; DeVivo 2004). Since the battle of 1814, the vegetation was altered 

extensively by human settlement, logging, and the introduction of exotic species until the park was 

established in 1959 (NPS 2000). Many agricultural fields are now managed in loblolly pine or are 

undergoing ecological succession, and some of the park is also maintained through mowing as open 

grasslands. 

Using the NPS Certified Species List as a starting point, we determined terrestrial versus wetland 

status following Godfrey and Wooten (1981a,b), the USDA Plants Database (also called the 

PLANTS Database or National Plants Database) of USDAôs Natural Resources Conservation Service 

(USADA NRCS 2015), and The National Wetland Plant List (Lichvar 2012; USACE 2015). We 

checked all scientific and common names for discrepancies, and indicated the PLANTS Database 

recent changes to scientific names. As mentioned, 431 taxa of vascular flora have been reported from 

Horseshoe Bend, including 216 terrestrial plants, 212 wetland plants (many with broad mesic-hydric 

tolerance), and three aquatic plants (Appendix 2). The Network conducted plant surveys of 

Horseshoe Bend during summer 2011, and the data summary is expected to be available shortly, 

including a vegetation map inventory (NPS 2012). Thus far, however, there has been no ecological 

study of the park flora. Its three general habitat types include woodlands, wetlands, and ongoing 

ecologically disturbed areas, as follows: 

3.7.3.1. Woodlands: 

As mentioned, most of Horseshoe Bend (83%, or 688 hectares [1,700 acres]) is medium-aged, 

second growth upland mixed hardwood forest (Rasmussen et al. 2009). In many places, pines have 

displaced the climax hardwoods that historically were present (Watson 2005). Thus, the forests that 

cover most of the park have been modified by disturbance into secondary growth hardwoods and 

mixed hardwood-pine growth. Chief Ranger J. Cahill (pers. comm., 2009) described a shift in 

Horseshoe Bend forests from historic [longleaf] pine stands to ñtakeoverò by sweetgum and [other] 

hardwoods. The flora has also been altered by exotic/invasive species (see Section 3.7.9 below). The 

forests of Horseshoe Bend most recently have been described as mostly consisting of mesic beech-

oak hickory (American beech, Fagus grandifolia; oaks such as the white oak - Quercus alba, the 

southern red oak - Q. falcata, and the post oak - Q. stellata; and hickory, Carya alba) with some 

loblolly pine (Pinus taeda; Watson 2005).). Other abundant tree species can include sweetgum 

(Liquidambar styraciflua) and tulip tree (Liriodendron tulipifera; modified from Zomlefer et al. 2010 

based on authorsô observations). Habitats in drier areas and along hilltops are dominated by loblolly 

pine. 

The understory vegetation is relatively open, commonly with sapling elms (Ulmus alata - winged 

elm, U. americana - American elm, and U. rubra - slippery elm), blueberries (Vaccinium pallidum - 
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Blue Ridge blueberry), silver bells (Halesia diptera - two-wing silverbell, H. carolina - Carolina 

silverbell), muscadines (Vitis rotundifolia), and ferns (e.g. chainfern - Woodwardia areolata , 

sensitive fern - Onoclea sensibilis, cinnamon fern - Osmunda cinnamomea, royal fern - Osmunda 

regalis). The understory shrubs also include the exotic/invasive species Chinese privet (Ligustrum 

sinense), and Japanese honeysuckle (Lonicera japonica; see below). Common vine species among 

the shrub understory are Carolina coralbead (Cocculus carolinus), wild yam (Dioscorea villosa), 

American ivy (Parthenocissus quinquefolia), greenbriers (Smilax spp.), noxious poison ivy 

(Toxicodendron radicans), and muscadines 

The herbaceous layer of the forested areas varies depending on the soil moisture and the season. 

Early spring taxa include spotted geranium (Geranium maculatum), bedstraw (Galium aparine), 

littlebrownjug (Hexastylis arifolia), King Solomonôs seal (Polygonatum biflorum), Carolina wild 

petunia (Ruellia caroliniensis), bloodroot (Sanguinaria canadensis), bashful wakerobin (Trillium 

catesbaei), perfoliate bellwort (Uvularia perfoliata), and violets (Viola spp.). Woodland species 

thrive later in the season, especially under canopy openings and along trails, and include mainly 

greater tickseed (Coreopsis major), tickrefoil (Desmodium spp.), panicgrass (Dichanthelium spp.), 

Carolina elephantsfoot (Elephantopus carolinianus), common elephantsfoot (E. tomentosus), 

American pokeweed (Phytolacca americana), blackseed needlegrass (Piptochaetium avenaceum), 

Christmas fern (Polystichum acrostichoides), Canada sanicle (Sanicula canadensis), kidneyleaf 

rosinweed Silphium compositum, and aster (Symphyotrichum spp.) (adapted from Zomlefer et al. 

2010, based on authorsô observations). 

3.7.3.2. Wetlands: 

The parkôs wetlands mostly occur along the Tallapoosa River. Wetlands are defined here according 

to Cowardin et al. (1979), as lands transitional between terrestrial and deeper-water habitats where 

the water table is at or near the land surface, or the land is covered by shallow water. About 10% of 

the park is wetlands, or ~83 hectares (204 acres). As mentioned in the above overview, a total of 212 

taxa of wetland vascular plants, including five wetland ferns, occur in the park, mainly along the 

~6.4- km (4-mile) segment of the Tallapoosa River that flows through Horseshoe Bend (Appendix 

2). These taxa comprise ~50% of the total vascular plant taxa in Horseshoe Bend. Only about 4% of 

the wetland taxa (nine species) are exotic/invasive. Scattered shrubs of buttonbush (Cephalanthus 

occidentalis) are common and grasses, sedges, and rushes predominate (e.g. Carex spp., strawcolored 

flatsedge - Cyperus strigosus, blunt spikerush - Eleocharis obtusa, and Juncus spp.; authorsô 

observations). Horseshoe Bend forested wetlands include both seasonally flooded, mesic lowlands 

and smaller areas with groundwater seepage year-round. Typical swampland trees and shrubs (red 

maple - Acer rubrum, silky dogwood - Cornus amomum, sourwood - Oxydendrum arboretum, and 

poison ivy) characterize the woody margins bordering open wetland areas. 

3.7.3.3. Ongoing Ecologically Disturbed Habitats: 

Aside from woodlands and wetlands, the remaining 7% of the park area (~58 hectares or 143 acres) 

consists of ongoing ecologically disturbed lands such as cleared fields, mowed battlefield areas, and 

cleared areas around public access sites (roadsides, parking lots, trails; Watson 2005). The flora at 

these sites is variable. Numerous grasses commonly include the exotic/invasive taxa Bermudagrass  
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(Cynodon dactylon), goosegrass (Eleusine indica), Dallas grass (Paspalum dilatatum), and 

Bahiagrass (Paspalum notatum var. saurae), and native species such as Virginia wild rye (Elymus 

virginicus) and various others. Tree and shrub borders of the cleared fields commonly include species 

such as red maple (Acer rubrum), the exotic/invasive species mimosa (Albizia julibrissin), eastern 

redbud (Cercis canadensis),flowering dogwood (Cornus florida), common honeylocust (Gleditsia 

triacanthos), and exotic/invasive Chinese privet and Chinaberry (Melia azedarach), Arkansas or 

shortleaf pine (Pinus echinata), loblolly pine, and water oak (Quercus nigra) - also with woody vines 

such as common trumpetcreeper (Campsis radicans), poison ivy, and muscadines (modified from 

Zomlefer et al. 2010, based on authorsô observations). 

3.7.3.4. Vegetation Community Survey in August 2011:  

As part of the NPS Vital Signs monitoring program, the SECN Inventory & Monitoring Program 

(NPS 2012a) sampled 21 locations at Horseshoe Bend in 2-18 August 2011, including information on 

vascular plant species, frequency of occurrence, percent cover, diversity, and distribution in the 

groundcover, shrub, and canopy strata (Heath et al. 2014a). Vegetation communities were sampled 

within each stratum using hybrid methods following the North Carolina Vegetation Survey nested-

subplot design (Peet et al. 1998) within a circular plot similar to that of the Forest Inventory and 

Analysis protocol described by Bechtold and Patterson (2005). 

From the two-week survey, 172 vascular plant taxa were detected (Heath et al. 2014a). Of these, 16 

species and 2 genera (rattlesnake root, Prenanthes, and Heuchera, alum root) were newly detected in 

Horseshoe Bend; another species, (Acer saccharum), was also described as newly reported for the 

park, but it was the only species of the 17 that was included in the NPS Certified Species list as of 

2013 (NPS 2013a). One newly reported taxa, Japanese stiltgrass or Nepalese browntop 

(Microstegium vimineum), is invasive. The newly reported species were added to the NPS Certified 

Species List (Appendix 2). 

This survey indicated that Horseshoe Bend had 86.5% vascular plant canopy cover across the park, 

and the canopy cover was fairly uniform (Heath et al. 2014a). Longleaf pine (Pinus palustris) had the 

largest average diameter at breast height of any canopy species in the park where more than two 

individuals were measured. The shrub stratum was dominated by sweetgum (Liquidamber 

styraciflua), which had the highest absolute and relative cover. Red maple (Acer rubrum) had the 

second highest absolute and relative shrub cover, and sweetgum and red maple were the most 

frequently occurring shrub species. Blue Ridge blueberry (Vaccinium pallidum) had the highest 

estimated seedling density at the park. The most frequently occurring species in the groundcover 

stratum were muscadine grape (Vitis rotundifolia), greenbriars (Smilax spp., notably cat greenbriar 

Smilax glauca), and Virginia creeper (Parthenocisus quinquifolia). Muscadine grape and common 

greenbriar (Smilax rotundifolia) had the highest and second highest absolute cover, respectively, in 

the groundcover stratum. Leaf litter was the most frequently occurring ground condition in 

Horseshoe Bend, and also had the highest relative and absolute cover of any ground condition. 

3.7.3.5. Vegetation Community Survey in May 2012:  

Using a similar approach, vegetation communities were sampled within each of three strata at 30 

spatially balanced, permanent, random sites in Horseshoe Bend during 9-25 May 2012 (Heath et al. 
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2014b). The site locations differed somewhat from those surveyed in August 2011, and they were 

selected using the Reversed Randomized Quadrant-Recursive Raster algorithm (Theobald et al. 2007, 

as described by Byrne et al. 2013). All sampling locations were in naturally vegetated areas.  

A total of 196 vascular plant taxa were detected during the May 2012 survey, including 11 newly 

reported species and two newly reported genera (beak sedge ï Rhynchospora, and ragworts and 

groundsels ï Senecio) for Horseshoe Bend (Heath et al. 2014b). The higher number of taxa detected 

in this survey relative to the August 2011 effort may reflect seasonal differences; in addition, 

different sites were sampled. Although more sites also were sampled in this survey than in the 

previous year, the number of sites examined in August 2011 had been evaluated as sufficient to 

capture the species richness (Heath et al. 2014a). Therefore, theoretically, increasing the number of 

sites should not have increased the species richness. Of the 196 taxa, 11 were newly reported species 

for the park, and 2 others were newly reported genera (species apparently were not possible to 

identify based on the available specimens). The newly reported species were added to the NPS 

Certified Species List (Appendix 2). 

The findings from this survey were very similar to those from the August 2011 survey:  The absolute 

canopy cover across the park was 87.8%, and the canopy was uniform. Post oak (rather than longleaf 

pine as in the August 2011 survey) had the highest estimated seedling density.  In the shrub stratum, 

the highest and second highest relative cover were sweetgum and red maple/Elliottôs blueberry 

(Vaccinium elliotti), respectively. Sweetgum was the most frequently occurring species in the shrub 

substratum as well. A second blueberry species, Blue Ridge blueberry, had the highest estimated 

seedling density in the park. In the groundcover stratum, muscadine grape and roundleaf greenbriar 

had the highest and second highest relative cover, respectively. Muscadine grape also had the highest 

absolute cover, whereas giant cane (Arundinaria gigantea) had the second highest absolute cover. 

The most frequently occurring species in the groundcover stratum were muscadine grape, Virginia 

creekper, cat greenbrier, and poison ivy (Toxicodendron radicans). Leaf litter was the most 

frequently occurring ground condition in Horseshoe Bend, and also had the highest relative and 

absolute cover of any ground condition. 

3.7.4. Fish 

The middle ~80 km (50-mile) reach of the Tallapoosa River from Harris Dam to the inflow of Lake 

Martin, which includes the section within Horseshoe Bend, is the only remaining Piedmont large-

river habitat remaining in the state of Alabama. It represents one of the longest and highest-quality 

segments of Piedmont River habitat remaining in the Mobile River drainage (Lydeard and Mayden 

1995). Various factors, including a subtropical climate and freshwater habitat diversity, combined to 

make the Mobile River basin what was once one of the most diverse natural faunistic regions 

throughout North America (Meador et al. 2005). Mettee et al. (1996) reported 404 fish species in the 

Mobile River basin and tributaries in Alabama and adjacent states. More specific to Horseshoe Bend, 

the Tallapoosa River basin historically was described as having 114-120 fish species (Williams 1965; 

Rivers of Alabama 2015) last accessed in September 2013). Watershed development and associated 

habitat degradation has led to the decline of fish species richness in these streams (Johnston and 

Maceina 2009). 
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The present NPS Certified Species List (NPS 2013b) indicates that there are only 26 species of fish 

in park waters (Appendix 2). This region of the Tallapoosa River has sustained a decline in some 

species such as the speckled chub (Macryhybobsis aestivalis), bullhead minnow (Pimephales 

vigilax), madtom catfish (Noturus spp.), and redhorse sucker (Moxostoma spp.; Freeman et al. 2001). 

According to the NPS Certified Species List, none of these species are present in Horseshoe Bend. 

Three of the four endemic fish species known from the Tallapoosa basin were included in the NPS 

Certified Species List for the park several years ago (2008), including the lipstick darter (Etheostoma 

chuckwachatte), the Tallapoosa shiner (Cyprinella gibbsi), and the mottled sculpin (Cottus bairdi). 

These species have since been removed from the NPS Certified Species List for Horseshoe Bend 

(NPS 2013b). 

Some evidence suggests that the highly artificial flow variation imposed on the Tallapoosa River by 

regulation for hydropower at the Harris Dam may be severely impacting fish populations and other 

aquatic life in the park (NPS 2008). There is no fisheries management plan for the park (DeVivo 

2004), which seems a major oversight given that the Strategic Plan for Horseshoe Bend (NPS 2008) 

describes the Tallapoosa River as the parkôs ñmajor ecological resource.ò In addition, freshwater fish 

are important ecologically and for recreational uses. The Alabama Department of Conservation and 

Natural Resources conducts annual creel surveys at the Horseshoe Bend boat ramp but, clearly, 

additional efforts are needed to track fish populations and overall fish community health in the 

Tallapoosa River within the park and upstream from it. Saalfeld et al. (2012) noted that ñTo maintain 

and improve water quality, there is an increasing need to understand relationships between current 

land use practices (e.g., agriculture, forested/silviculture, and urban) and stream ecosystems.ò They 

assessed relationships among water quality, habitat composition, fish assemblages, and present land 

use practices in the Tallapoosa River basin in eastern Alabama. For all six streams examined, all fish 

metrics were significantly higher in streams draining forested lands than in streams draining 

agricultural lands. Nutrient pollution (total nitrogen and total phosphorus, TN and TP, respectively) 

were most descriptive of fish biotic integrity, and were negatively related to fish biotic integrity. 

These nutrient concentrations increased as the percentage of land use in agriculture increased. 

Saalfeld et al. (2012) concluded that agricultural land use practices, in particular, appear to be 

negatively impacting stream water quality and biota in the Tallapoosa watershed. 

In addition to concerns at the fish community level, an example of the imperiled status of fish 

populations in the Tallapoosa basin is that of the stippled studfish (Fundulus bifax). This species is 

endemic to the Tallapoosa River system, but is not listed as present in Horseshoe Bend. It is widely 

considered to be at risk due to habitat degradation, and its global ranking is N2N3 (NatureServe: 

imperiled/ vulnerable). Its required habitat is clean water over clean sand in small or large streams. 

Therefore, and unfortunately not surprisingly, it apparently has been extirpated in the state of 

Georgia and appears to be increasingly uncommon in Tallapoosa basin waters of Alabama. 

Stallsmith (2013) visited 24 sites in the Alabama portion of the watershed during 2008 in an attempt 

to assess the current status of this killifish. Many of these sites were locations where the species had 

been found in 1980. Stallsmith (2013) found at least one individual from each of six different creek 

systems in four counties including Tallapoosa County, although sites in Horseshoe Bend were not 

sampled. The shrinkage in distribution was attributed to habitat degradation. Genetic analysis 
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indicated that the existing populations are monophyletic, with low molecular variation. The author 

concluded (p.19) that ñthe future of the species is in doubt, with the six distinct populations being 

vulnerable to further habitat degradation and diminished gene flow.ò 

As good news for Horseshoe Bend, wadeable stream habitat monitoring has been planned for the 

park. The Network has developed assessment procedures based on the USGS National Water Quality 

Assessment (NAWQA) program, USEPA wadeable stream assessment program and USDA protocols 

(NPS 2012). A combination of reach- and transect-level flow, geomorphic, and physical in-stream 

and riparian habitat measurements will be included. In addition, large river monitoring is planned for 

implementation in future years, which will utilize bank-to-bank videography along the length of the 

Tallapoosa River in the park. The video will be synced with GPS. From this information, a full-river 

map of potential sites of management concern, such as erosion features, will be generated. 

3.7.5. Herpetofauna 

Amphibian communities in the southeastern U.S. are widely considered to be among the most 

diverse in the world, and they are a valued resource in SECN parks. Several factors are attributable to 

population declines and localized extinctions [including] disease and anthropogenic stressors such as 

habitat loss and degradation, non-native predators, acid precipitation, altered hydrology and 

hydroperiod, ultraviolet radiation, and chemical contaminants (Collins and Storfer 2003). Given their 

habitat requirements, anatomy, and physiology, amphibians are considered good indicators of 

ecological condition...[and] amphibian communities are a priority for SECN monitoring efforts 

(Byrne et al. 2011a). 

Amphibian communities in the southeastern U.S. are widely considered to be among the most 

diverse in the world, and they are a valued resource in SECN parks (Byrne and Moore 2011). 

According to the NPS Certified Species List (NPS 2013b), Horseshoe Bend contains 32 native 

species of amphibians and 34 native species of reptiles (Appendix 2). The amphibians include 20 

species of frogs and toads, and 12 species of newts and salamanders. The reptiles include 8 species of 

lizards, 22 snakes, and nine turtles. Three SoCs are present at Horseshoe Bend: the wood frog (Rana 

sylvatica), the common kingsnake, and the coachwhip snake (Table 29). In a comparison of 16 parks 

including Horseshoe Bend, Tuberville et al. (2005) noted that while larger parks had higher species 

richness, Horseshoe Bend had an unusually rich assemblages of herpetofauna considering its small 

size (Figure 43). Horseshoe Bend was considered to have a high diversity of habitat types. Because it 

is located near the Fall line along the boundary between the Piedmont and Coastal Plain, resident 

herpetofauna of this park include species characteristic of both physiographic provinces. 

3.7.5.1. National Park Service 2009 Study of Vocal Anuran Amphibians: 

An Amphibian Community Monitoring Protocol is being produced for use in all SECN parks. The 

long-term objective is to determine trends in amphibian species occupancy, distribution, diversity, 

and community composition in each park (Byrne et al. 2011a). In the interim, Byrne et al. (2011a) 

described partial implementation and test application of Standard Operating Procedure (SOP) #4 of 

the Protocol, the ARD SOP, to monitor vocal anuran amphibians (frogs and toads) at Horseshoe 

Bend. Data were collected using this SOP from 22 April to 2 May 2009 at 30 spatially balanced, 

random locations in the park (Figure 44). To allow for park-wide inference, the parkôs administrative 
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boundary was used as the sampling frame. The sampling frame was divided into a systematic 0.5-

hectare grid, and the center point of each grid cell was considered the potential sampling site. A 

spatially balanced sample was drawn from the grid using the Reversed Randomized Quadrant-

Recursive Raster algorithm (Theobald et al. 2007). Alternate points were used when selection criteria 

(i.e., safety and access issues) were not met. A sample size of 30 was chosen after consideration of 

the parkôs size, hypothesized variability, and logistical issues. 

 

Figure 43. Relationship between land area (in hectares) and species richness, excluding exotic 
(introduced) species, among 16 parks within the Southeast Coast Network of the NPS, including HOBE 
(red dot), showing the strong positive linear relationship between (log-transformed) land area and species 
richness ( P = 0.001). Modified from Tuberville et al. (2005). 
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Figure 44. Spatially balanced, random sampling locations at HOBE in the 2009 studies of vocal anuran 
amphibians and birds. From Byrne et al. (2011a), modified by the NPS SECN (2014). 
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