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EXECUTIVE SUMMARY
A National Park Service Water Resources Management Plan (WRMP) is designed to

summarize the water resources and related issues and make recommendations for future
actions. This plan will also serveto identify gaps in information on water resources and
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issues and provide a basis for future project development.

Buffalo Nationa River, established in 1972, is a water-based park, which encompasses a
narrow “shoestring” boundary around the river for 135 miles. Only 11% of the watershed
of this free-flowing river iswithin National Park Service (NPS) ownership; 60% of the
watershed isin private ownership, and the remaining 29% is under state or U.S. Forest
Service (USFS) protection. Water quality studies on both the river and some of its
tributaries indicate degrading water quality, mostly due to the rapid conversion of
forested land to agricultural land in the watershed. The resource management problems
associated with limited jurisdiction are acommon theme addressed throughout this plan,
evident in the description of the existing resource conditions and the associated issues
and recommendations.

Specific issues and recommendations are summarized below:

1). Planning History of the WRM P-Public relations have been an ongoing issue since
Buffalo National River was established, with the main problem relating to poor
communication between federal officials and the surrounding communities. These same
issues led to an interruption in the development of the original WRMP. The original plan
proposed the development of a cooperative, voluntary, community-focused group
designed to bring together federal, state, and local officials along with area citizens to
protect the water quality of the Buffalo River through a watershed based approach.
Miscommunication regarding this proposal led to enough public protest that area counties
declined to participate and the program was put on hold. The WRMP till has the same
general philosophy and still suggests that in order to protect the water quality of the
Buffalo River efforts must be watershed-wide. Thousands of other voluntary, citizen-
based watershed groups have formed throughout the country and their efforts have
proven successful in protecting water quality and helping area landowners at the same
time. This plan emphasizes that private property rights, free economic development, local
culture and values, and the county tax base would be protected to the fullest extent
possible.

2). Water shed Management - One function of awatershed conservation group would be
to work with landowners and assist them with implementation of voluntary Best
Management Practices (BMPs) in the watershed. BMPs are simple and economical
approaches to conservation and restoration which are put into practice by landowners
with financial and/or technical help from an outside source such as local, state, or federal
agencies or non profit groups. They are intended to protect sensitive environmental
resources and promote land and water conservation. Examples include establishment of
riparian buffers, soil conservation practices, riparian bank restoration, and building fence
to keep livestock out of streams and rivers.

2a.) Degrading Water Quality-The water quality of the Buffalo is declining,
particularly in the middle reach of theriver. Land use trends indicate that 94.6%
of the annual loss of forested land can be accounted for by an increase in pasture
lands in the watershed of the Buffalo (Scott and Hofer, 1995). This rapid
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conversion rate, in conjunction with improper agricultural practices, has a
documented impact upon water quality and aquatic biota.

Recommendation: The staff at Buffalo National River will continue to
monitor water quality and document trends. However, this will not solve
the problem of degrading water quality; it will only document its demise.
In order to address larger issues outside of park jurisdiction but still within
the watershed, this plan encourages the devel opment of a citizen based
watershed protection group. The staff at Buffalo National River would
provide technical assistance and aid in the development of the framework
of the group, including recommending ways to obtain financial support.

2b.) Riparian Zones and Bank Erosion- Concentrated overgrazing, land clearing
along riparian zones, livestock in the streams, and consequent bank destabilization
and erosion are common problemsin tributaries of the Buffalo and under some
circumstances theriver itself.

Recommendation: Helping landowners to obtain funds to voluntarily
implement Best Management Practices on their land in the Buffalo River
watershed is the best way to prevent further erosion and other water
quality problems. A locally established and operated, citizen based
watershed group would provide the best source of information and
financial aid to farmers. Within the park boundaries, continued restoration
of destabilized banks along the river are recommended along with
monitoring of past bank restoration projects.

3.) Gravel Mining-Gravel mining isacommon practice in Ozark streams and it does
occur in tributaries of the Buffalo River. Studies have found significant impacts on the
fish communities at and below gravel mining sites, including a decrease in game fish
species, due to increased turbidity, habitat degradation, and stream channel alteration and
channelization.

Recommendation: While gravel mining operations do occur in tributaries of the
Buffalo, the impact upon the ecosystems of these streams and the Buffalo River
are unknown. Little is known on the potential impacts on higher order streams
that have gravel mining activity in their tributaries. This plan recommends the
development of a project(s) to investigate what, if any, impacts are occurring on
tributaries and the Buffalo due to gravel mining.

4.) Development-Impacts from development are not a major issue because of the low
population density in the area but there are some issues of concern. However, the Ozarks
areain general is growing and these trends may begin to affect communitiesin the
Buffalo River watershed. An economic and population assessment of the Ozarks
Highlands region (southern Missouri, northwestern Arkansas, and eastern Oklahoma),
found that the population in the assessment area grew by 48% between 1970 and 1996,
compared to a 31% growth rate both for Arkansas and the United States. Thereisa



projected growth of 17% between 1996 and 2010 (USDA-USFS, 1999). There are also
four wastewater treatment plants in the Buffalo’s watershed, which thus far have not
posed any major problems. Septic tanks in many of the small communities around the
watershed have impacted water quality when they are not maintained and installed

properly.

Recommendation: An extensive dye trace study was conducted involving 29
septic tanks in Gilbert, AR, asmall town that adjoins the park boundaries. This
successful study isolated the leakage problems and NPS assisted owners of the
malfunctioning septic tank with the task of finding money to make the necessary
repairs. The lessons and successful results from this study can be applied to other
communities with similar problems. Also, along with continuation of the water
quality monitoring program, a biomonitoring plan should be implemented to
better detect changesin water quality, particularly if aspill from atreatment plant
should occur. Grab water quality samples may miss such an event.

5.) Roads-There are 83 miles of active dirt and gravel roads and an unknown number of
abandoned and backcountry roads inside the park boundaries, many of these roads are
poorly constructed and are contributing large volumes of sediment to river during storm
runoff. In the 1,338 square miles of the watershed of the Buffalo there are an estimated
2,000 miles of roads.

Recommendation-Recommendations will come from a current NPS road
assessment project which is near completion. This project involves only roadsin
park boundaries. Projects should also be developed to address roads outside of the
boundary, particularly in adjacent wilderness areas.

6.) Recreation-Around 800,000 visit the park annually and that usage is concentrated
from late spring to mid-summer, particularly in the upper district of the park.
Recreational impacts on the river include overcrowding, bank and trail erosion from
overuse, and trash along the river. Boat launch areas are also an issue, causing stream
channel alteration and bank destabilization at major access points to theriver.

Recommendation: Recreational impact has been minimal when compared to
larger watershed issues. Continued water quality monitoring and visitor education
on wilderness ethics is necessary to maintain minimal impact. Overcrowding and
erosion problems from overuse would be best addressed by revisiting the River
Use Plan and Wilderness and Backcountry Management Plan.

7.) Reservoirsand | mpoundments-The potential development of impoundments or
diversion projects on major tributaries of the Buffalo River remains a possibility as the
surrounding communities develop and water supply needs change. The Searcy County
Regional Water District (SCRWD) recently proposed a dam on Bear Creek, a mgjor



tributary of the Buffalo River. While the permit to build the dam was denied, this
situation initiated ongoing research on the potential hydrological and ecological impacts
of an altered flow regime.

Recommendation: Work is currently underway to understand the physical and
ecological impacts adam on Bear Creek would have upon the Buffalo. These
studies will provide information on the dependence of ariver upon its tributaries
and the ecological impact of seasonal flooding on a stream. Recommendations for
handling future proposals for water resource development projects on tributaries
of the Buffalo River are situation specific; it is not practical or useful to make
broad recommendations regarding this issue.

8.) Groundwater and kar st geology-The extensive karst geology and complicated
groundwater system that underlies the Buffalo River makes delineation of the true
watershed a difficult task. Studies have found that inter-basin transfer of water from
streams outside of the Buffalo’s topographic watershed boundary is occurring and thisis
negatively impacting water quality along the river. The karst geology also makes
groundwater pollution a much greater threat. Since water flowing in the Buffalo during
its base flow stage is supplied by groundwater recharge, threats to the groundwater
supply also mean threats to the water quality of the Buffalo.

Recommendation: In the short term, project work will continue in attempting to
understand the karst system and where the water that supplies the base flow of the
river comes from. More long term solutions involve implementation of BMPs by
landownersin sensitive karst areas and the establishment of a citizen based
watershed group to work with these landowners.

9.) Exotic Species-The Buffalo flows into the cold hypolimnetic released waters of the
White River, which may help shield from the introduction of some exotic species that
may migrate up from the White River. However, this does not exclusively protect the
river, specifically from introductions above the White River. One aquatic exotic species
found in the Buffalo is Corbicula, a mussel introduced in the U.S. from Europe in the
1930’'s. Corhiculais associated with degrading water quality along the Buffalo and both
of these factors are likely impacting the macroinvertebrate and mussel communities on
the river. Another exotic speciesin the park that may be impacting water quality isthe
European Wild Hog, or feral pig. Little is known about the population size or impact
from this species. There may be other exotic species in Buffalo National River affecting
water quality and the river’s ecosystem but the information is limited.

Recommendation: Because there is limited information on the impact these
species have on the water quality and aquatic ecosystem of the Buffalo, these data
must first be obtained before any management recommendation can be made in
regard to controlling species populations and mitigation of damage. Ultimately,
implementation of consistent biomonitoring of aguatic communities, particularly
macroinvertebrates, is the most effective method to prevent invasion of exotic
Species. Because native freshwater mussels are under a demonstrated risk and
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thereislittle known about the impact of Corbicula on their populations, an
immediate assessment of the mussel community should be conducted.

10.) Human Health- During precipitation events, fecal coliform levelsin the Buffalo and
its tributaries can exceed state standards for primary contact recreation waters. Even
though during base flow conditions fecal coliform levels remain safely below state
standards, visitors still face bacteria counts that are unsafe many times throughout the
course of the year following storm events. This could pose a health threat.

Recommendation: The current water quality monitoring program does not have
any standardized storm event sampling protocols incorporated into it and
therefore does not incorporate times when most of the nonpoint source pollution
occurs, during flooding. Some high flow events are captured during routine water
quality monitoring. A regular storm event sampling protocol, along with the
development of specific water quality standards for the Buffalo and its tributaries
are necessary to address thisissue. A more long term solution again returns to
watershed management issues and implementation of BMPs.

11.) Environmental Education Programs-Many of the problems associated with
preserving the water quality of the Buffalo are linked to problems outside of park
boundaries. One important forum to communicate these problems and the necessity of
addressing them is through the classroom. Some environmental education programs put
on by Water Resources staff from the park, in particular, the Project WET program, have
been successful in the past. But, with dwindling funds, these programs are not currently
being implemented.

Recommendation: The park needs to redevel op an environmental education
program focused on hands on, aquatic related activities which are directed
primarily towards high school and junior high school students. The major obstacle
isthe lack of funding to implement these programs.

12.) Regulatory Designations/Standar ds-Existing state standards do not provide the
proper framework for assessing nonpoint source pollution. Random water quality
sampling programs, such as the one the state uses for enforcement purposes, reflects
some component of nonpoint source pollution only 15 to 20% of the time. This sampling
method misses most major runoff events. Also, the Extraordinary Resource Water
designation by the state that requires existing water quality standards be maintained has
limited potential because the process to identify impaired water bodies involves only
random water quality sampling, not storm sampling.

Recommendation: It would be beneficial to adopt water quality standards
applicable specifically to the Buffalo River which are directed at protecting the
existing water quality. These standards should be based on the extensive data set
that has been established on the Buffalo and its tributaries.
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13.) Cumulative EffectsEcosystem Disruptions-Currently, most of the issues
threatening the water resources at Buffalo National River are addressed independently of
each other. In redlity, these issues are all going on simultaneously and have a cumulative

impact upon aquatic communities

Recommendation: Projects and future research endeavors should be accepted
around a more interdisciplinary approach in order to address the overall impact of
these issues rather than the effects of a single problem. Biologica and habitat
monitoring are key components of an interdisciplinary approach.
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INTRODUCTION
Purpose of the Plan

Buffalo National River isawater-based national park unit. In other words, the river, its
riparian zone, adjacent wetlands, and back channels are the primary resources of the park.
A Water Resources Management Plan (WRMP) is needed to better understand the water
and water-dependent resources of Buffalo National River and provide a means to better
protect those resources. The WRMP will supplement the park's Resource M anagement
Plan with much greater detail specific to water related issues.

The WRMP provides an opportunity to synthesize all available information concerning
the parks water resources, to identify gaps in information about the river, and to develop
project statements setting up a process to eliminate those gaps. The project statements
become the vehicle through which funding is secured from special funding sources to
address top-priority issues.

The WRMP begins with a summary of existing information on the area, including not
only a description of natural resources but also asummary of the political and economic
setting of the area. Water resource issues related to the park are then presented with
associated recommendations. I ssues addressed in this plan include the following:

¢ watershed management e groundwater and karst geology

e riparian zone and bank erosion e exotic species

e gravel mining e human health

¢ development e environmental education programs
e roads e regulatory designations/standards
e recreation e cumulative effects/ecosystem

e reservoirs and impoundments disruptions

The WRMP and its products will support the management goals of Buffalo National
River by:

1. Identifying and defining programs at the park level to monitor, inventory,
research, and mitigate activities required to perpetuate park natural resources and
natural processes.

2. Describing changes in water quality and to assess the potential for adverse impacts
to aguatic resources, including endangered species and their habitats.

3. Assessing water condition in specific areas relative to sensitive floral and faunal
communities, recreation, and other water-dependent activities.

4. Providing consistency in the type, frequency, and locations of water quality data
collection
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Figure 1. Buffalo National River Area Map




EXISTING RESOURCE CONDITION

This section provides the reader with background information on Buffalo National River.
It includes information regarding the river’ s physical, chemical, and biological resources
along with summaries of the management policies and legislative background of the park.
It also addresses past and ongoing research and restoration projects that have taken place
both along the Buffalo River and within its watershed. This summary of resources will
provide an important source of information for new staff and managersto familiarize
themselves with the area’ s political setting, physical environment, and water resources. It
will update long-term staff on new research and provide an important reference for future
projects.

L ocation and Adjacent Land Owner ship

The Buffalo River flows through the heartland of the Ozarks in northwestern Arkansas
and is considered one of the region's finest natural rivers (Figure 1). The Buffalo is one of
only afew entirely free flowing riversin the country. According to the Nationwide
Rivers Inventory, only 42 high quality free-flowing rivers (no major dams) greater than
200 km remain in the 48 contiguous states (Benke, 1990). The National River
encompasses 150 sguare miles (95,730 acres) and includes 135 miles of the 151-mile-
long Buffalo from the Boston Mountains to the White River. Thefirst 16 miles of the
headwaters are within the Ozark National Forest and were recently designated as part of
the National Wild and Scenic Rivers system. Overall, 11% of the 1,338 square mile
watershed lies within National Park Service (NPS) administration and 28% isin other
federal or state ownership (Figures 2 and 3). The remaining and majority (61%) of the
watershed isin private ownership (NPS, 1998).

Figure 2. Land ownership within the Buffalo River water shed

Ark. Game &
Fish Co. Ozark Natl.
1% Forest

27%

Private Buffalo
61% National River
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Figure 3. Land ownership in the Buffalo River water shed
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Buffdo River watershed occupiesdl or portionsof forty two 7.5-minute topographic USGS quadrangles and
nine countiesin northern Arkansas. Themgority of Newton and Searcy counties are contained within the
watershed. Together, thesetwo counties comprise over 83% of thewatershed. Thethird largest areaiisin
Marion County, which contains 11% of the watershed (Scott and Smith, 1994). Table 1 and Figure4 indicate

the percentagesfor the remaining countiesin the watershed.

Table 1. Proportion of the Buffalo’s water shed in each county
(Scott and Hofer, 1995)

County Areal Extent (acres) Percent of Total
Baxter 21,746 254
Boone 6,583 0.77

Madison 1,590 0.19
Marion 95,439 11.13
Newton 396,536 46.24

Pope 7,725 0.90
Searcy 319,704 37.28
Stone 6,835 0.80

VanBuren 1,449 0.17



Figure 4. Water shed and county cover age of the Buffalo River
Water shed (Scott and Smith, 1994)
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Most of the land in the river basin is of low quality agriculture, with cleared acreage
being confined to sparse bottomland and upland ridges. These open fields are used
primarily for cattle and hay production. The land does not produce sufficient income to
sustain alarge population, and thereislittle industry (NPS, 1985). The only town with a
population over 1,000 is Marshall, AR in Searcy County.

Boxley Valley is an area of special designation that includes roughly 8,000 acresin the
upper portion of Buffalo National River. Thevalley is approximately seven mileslong. It
has been designated as a historic district with archeological and cultural resources but is
to remain in private use, thereby retaining the rural agricultural setting (NPS, 1985). Park
managers have worked and will continue to cooperate with landowners and farmersin the
valley to control streambank erosion and runoff associated with private agricultural
practices.

L egislation and M anagement Strategy

Formal recognition of the Buffalo River's outstanding scenic and recreational qualities
began with the establishment of Buffalo River State Park in 1935 and culminated in the
creation of Buffalo National River 37 yearslater. Public Law 92-237 of March 1, 1972
(86 Stat. 44) established Buffalo National River as a part of the National Park System
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"...for the purposes of conserving and interpreting an area containing unique scenic and
scientific features, and preserving as a free flowing stream an important segment of the
BuffaloRiver in Arkansas for the benefit and enjoyment of present and future
generations..."

The U.S. House of Representatives Committee Report (1972) explained the basis for
establishing Buffalo National River.

"Becauseit is a pure, free-flowing stream which has not been significantly altered
by industry or man, it is considered to be one of the country's last significant
natural rivers. It isnot one single quality, but the combination of its size, its
completeness, itswild qualities, and its associated natural, scenic, and historic
resour ces that makes the Buffalo River worthy of national recognition”. (Public
Law 92-237)

In addition, the Buffalo National River enabling act, states that " The Secretary shall
administer, protect and devel op the Buffalo River in accordance with the provisions of
the Act of August 25, 1916..". The central provision of that Act mandates the National
Park Serviceto” ...conserve the scenery and the natural and historic objects and the
wildlifetherein...” for the enjoyment of present and future generations.

The park's Master Plan (1977) emphasizes the importance of the river as the unifying
feature of the park.

"The Buffalo River is recognized as the central element of the whole array of
natural and historical featuresin its setting. It has clean, clear water uniting all
elements in philosophical coherence.”

The Master Plan describes aland classification system, avisitor plan, and a general
development plan. It also defines specific resource management objectives. The
potential for various internal and external threats to this preservation effort is recognized
and discussed in relation to increased recreational use, development of facilities, and
landuse practices within the watershed.

"It is essential that increased recreational use of the water shed does not
contaminate theriver."

"Theriver's natural setting must be maintained. Recreation facilities and support
structures must be situated where they will blend with their surroundings...the
natural riverbank cover of trees and shrubs will be maintained where presently
intact and allowed to re-vegetate where denuded"

"...continuation of theriver in its pure and attractive state depends upon the
entire water shed; activities and industries upslope affect the water quality..."



The Master Plan also recognized the importance of open fields as an element of the
river's pastoral landscape and scenic quality. The Master Plan provides for a"Natural
Environment Zone" with natural and pastoral sub-zones. Areas within the pastoral sub-
zone are to be perpetuated as open fields through agricultural use or other methods (i.e.
prescribed burning). The Master Plan does not specify which areas within the "Natural
Environment Zone" are in the natural or pastoral sub-zones. Interpretation of the Master
Plan's intentions regarding pastoral landscapes has varied. For two of the three areas
zoned as a"Private Use Zone," Boxley and Richland valleys are predominately
agricultural lands in private ownership (subject to restriction and covenant requirements)
and the mandate to preserve the cultural landscapeis clear (NPS, 1977).

Agricultural activities within the national park system include private lands with
restrictions and covenants and Use and Occupancy lands. Additional fields along the
river, owned in fee by NPS, are maintained using special use permits or historic leases to
permit hay cutting or grazing. Scenic easement lands will remain in private ownership,
while Use and Occupancy reservations will be expiring over the next few years.
Agricultural special use permits are issued for 5 years and historic leases extend for 20-
year terms. Farming in these areas consists of cattle grazing and hay cutting on improved
pastures (NPS, 1977).

Overlaid on the National River's designation within the National Park system are several
additional legal and administrative designations. Over one-third of the National River
was included in the National Wilderness Preservation System in 1978 and is administered
in accordance with the Wilderness Act of 1964. Four historic districts and one building
are on the National Historic Register. A fifth district is considered eligible. One
archeological siteisindividually on the Register and several more are part of the Boxley
Historic District.

Boxley Valley is one of the most complex management areas within the National River: a
historic district located in the upper reaches with archeological overlay, a cultural
landscape, and an agricultural economy. The Boxley Land Use Plan/Cultural Landscape
Report refined the private use zone classification, leading to the return of selected fee-
title lands to private ownership in aprocess that is still ongoing. The plan's objectiveis
"...to perpetuate a harmonious relationship between the private, agricultural community
and the historic scene, natural resources, and appropriate visitor use." The balance of
preserving the values for which the National River was established while allowing for
continued use of the valley farms remains a challenge for management.

Seven specific management goals can be derived from the goals stated in the Master Plan
and the Government Performance and Results Act (GPRA). They are listed below.

1. Preservethe National River’s scenic value and maintain a free-flowing, non-
polluted river.
This includes the following specific goals and programs:
e Maintain a base funded water quality-monitoring program, which
encompasses physical, chemical and biological characteristics to determine



baseline conditions and natural variability, detect trends, and enable the
development of water quality standards specific to the area.

e Document and analyze land use changes within the watershed to enable
correlation with water quality trends using both biological and chemical data.

e Manageriparian landsto protect or restore a minimum 100-foot
forested riparian corridor on either side of theriver.

e Determine groundwater drainage basins feeding springs and surface streams
within the National River and conduct a complete spring inventory within the
park.

e Utilize al available management opportunities to implement effective
agricultural "best management practices’ within the Nationa River to
minimize impacts on water quality.

e Cooperate with federal and state agencies, local governments, and
non-governmental organizations to develop strategies for watershed
protection.

e Maintain and seek additional funds to support the Water Education Team
program within high schools in the watershed to promote water resource
monitoring and awareness of water resource i ssues.

Manage for the perpetuation of natural and cultural resour ces, while providing
recreation for visitorsin such a manner that theimpact on the environment will
be minimized.
e Fully implement the River Use Management Plan and Wilderness and
Backcountry Management Plan.

Coordinate, encourage and administer a viable and purposeful research
program.
e Maintain cooperative agreements to carry out cooperative research projects.
o Facilitate selected non-NPS funded research projects with project support in the
form of housing, transportation, and supplies.
e Continue efforts to draft proposals for research within the park and seek
funding from NPS and other sources for that research

I nventory and monitor park resour ces.
e Develop along-term inventory and monitoring program for the park and
develop strategies for restoration and mitigation of identified problems.

Reintroduce extir pated species wher e feasible.
e Examplesinclude channel catfish, possibly mussels

Provide special protection for rare and endangered flora and fauna.
¢ Implement an effective protection strategy for caves and mines utilized by
endangered Gray (Myotis grisescens), Indiana (Myotis sodalis), and Ozark big-
eared bats (Corynor hinus townsenddii ingens).
e Monitor wintering bald eagle populations and potential nesting activity.



o Assessthe status of state and federal species of concern such as the alligator
snapping turtle on the Buffalo River.

e Cooperate with the Arkansas Natural Heritage Commission to maintain a
database on the status of federal and state listed plants and animals.

7. Open fieldswill be maintained wher e scenic qualities and wildlife habitat will be
restored.

o |dentify specific areas to be maintained and appropriate management methods
(i.e. agricultural or prescribed fire).

e Determine pre-settlement species diversity patterns and quantity and quality of
open field habitat.

e Attempt to restore a pre-settlement landscape diversity, associated native plant
communities, and amore natural diversity of woodland dependent and open
field dependent wildlife species.

Additional legislation and management strategies can be referenced in Appendix A,
covering both state and federal regulations affecting Buffalo National River.

Buffalo National River is also regulated and/or influenced by an array of federal agencies
(NPS, USFS, NRCS, EPA, USACE ), state agencies (AG& F, ADEQ, Extension Service,
ASWCQC), local agencies (County Chambers of Commerce), county governments, and
private organizations (environmental groups).

The National Park Service (NPS) manages the 95,730 acres within the park
boundaries of the National River, including portions three Wilderness Aresas. Its
mission is to ensure "access and enjoyment” of national parks while maintaining
"resource stewardship and protection.” The NPS operates visitor centers and
collects data on recreational use and pollution levels in the Buffalo River. NPS
issues a limited number of canoe permits to concessionaires. NPS is part of the
US Department of the Interior, and Congress established Buffalo National River
in 1972.

The United States Forest Service (USFS) has a mixed mission of providing a
site for recreational activities as well as providing for a steady flow of timber. Its
traditional mission has been strictly the commercial component -- the recreational
component was added only in 1985, under the rubric of "multiple-use sustainable-
yield administration” (MUSYA). It builds roads into the forests, decides which
acreage should be cut and how to cut it, and conducts timber sales. The USFS is
part of the federal Department of Agriculture. Ozark National Forest, which
borders Buffalo National River, was established by Congressin 1908.

The Natural Resources Conservation Service (NRCS) provides information to
agribusiness and landowners regarding land use and Best Management Practices
(BMPs) in the Buffalo River watershed and in all agricultural regions. Its role is
primarily advisory; it advises landowners without any enforcement or regulatory
power. The NRCS has funds to provide assistance to institute BMPs where they



deem appropriate. It has periodically conducted "soil surveys' of the region,
where types of soils and land use are identified. It is currently conducting new
surveys as part of a proposal for federal funding for water quality improvements.
The NRCS s part of the federal Department of Agriculture.

e The Arkansas Game and Fish Commission (AG& FC) manages 24,000 acresin
two wildlife areas along the Buffalo River, Gene Rush and Loafer's Glory
Wildlife Management Areas. AG& FC sets hunting seasons and promulgates and
enforces regulations regarding management of Arkansas wildlife resources. Its
mission includes "control, management, restoration, conservation, and regulation
of bird, fish, game, and wildlife resources.” The entire Buffalo River is designated
as a wildlife management area under AG& FC legidation. AG&FC is funded by
the state of Arkansas, and has been in the region since the State L egislature made
the agency independent in 1944.

e The Arkansas Department of Environmental Quality (ADEQ) enforces Clean
Water Act regulations regarding agricultural practices, soil runoff, and any
activities which potentialy cause pollution damage within the Buffalo River
watershed and across the state. Its mission is to minimize pollution and its
ecological impact, but they are sensitive to Arkansas political and economic
needs. Its role is primarily regulatory; which includes licensing livestock
operations, monitoring fertilizer practices, and other related activities. The
resource management staff at BUFF works closely with ADEQ in conjunction
with the water quality monitoring program. ADEQ is funded by the state of
Arkansas.

e The Agricultural Extension Service provides information to farmers and
ranchers about agricultural practices. Like the NRCS, it is strictly an advisory
agency, with no regulatory or enforcement power. Its mission is to assist
agribusiness to improve their agricultural practices and business profitability. It is
cognizant of good stewardship practices although environmental stewardship is
not part of their misson. The Extension Service is associated with the State
University System.

e The County Chambers of Commerce (COC) promote economic development in
the county. There is a Chamber of Commerce in each relevant county, to advise
business owners and investors about opportunitiesin the region. The Searcy COC
is especially active in economic development. The Newton COC has aworking
group discussing the promotion of "ecotourism.” The Chambers of Commerce are
funded by local businesses.

e Arkansas Soil and Water Conservation Commission (ASWCC) and County
Conservation Districts are designed to keep management of soil and water
resources at alocal level. There are 75 local Conservation Districts in the state of
Arkansas, administered by the ASWCC. The ASWCC is responsible for state
level planning and management of groundwater and surface water resources,
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including monitoring, implementation of BMPSs, conservation enforcement, and
education. The Commission coordinates grant programs for Conservation
Districts, cost share programs for water and wastewater treatment plants, and
administers a wetlands mitigation and restoration program. ASWCC aso
addresses water rights issues, dam safety, beaver control, and water compliance
certification for projects involving flood control, water use and treatment, and
water diversion.

Climate

The climate of the Buffalo River basin is characterized by long, hot summers and
relatively short, mild winters. Temperature records at Harrison run from -13 F to 107 F
(NPS, 2003). Rainfall varies between 30 to 80 inches and averages 46 inches annually in
Harrison, AR (NPS, 2003 and Figure 5). The greatest amounts of precipitation occur in
winter and spring, usually around 4 to 5 inches per month. Average winter snowfall is 12
inches (NPS, 2003). Dryer monthsin terms of precipitation are July through October,
when monthly precipitation is around 3 inches, as shown in Table 2. In spite of the fairly
uniform precipitation, runoff varies widely by season and dry river sections are common
in late summer and fall, except in the lower reaches where it usually maintains floatable
conditions year round. Both moderately intense local storms and storms with heavier
rainfall can last severa days. Larger storms are more likely to occur in spring; however,
they can occur any time during the year (NRCS, 1995).

Relative humidity ranges from moderate to quite high; tornadoes often occur during
spring and summer months. The growing season is 200 days annually, indicating that
vegetative recovery from impacts of construction or overuse would be fairly rapid on
good soils (NRCS, 1995).

Table 2. Average monthly precipitation in the Buffalo River area (inches)
Data from (NRCS, 1995)

January 44 May 5.0 September 3.0
February 4.1 June 4.0 October 3.2
March 4.7 July 3.0 November 4.2
April 4.8 August 2.9 December 4.2
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Figure5. Mean annual precipitation in the Ozark Plateaus (Adamski et al., 1995)

Physiography

The Buffalo River has cut deeply into the bedrock, leaving tall, vertical bluffs standing at
river bends (Figure 6). In some areas theriver is confined by bedrock; in othersit
meanders through alluvial bottoms. The channel is vertically stable as the bedrock is
either exposed or covered with athin layer of gravel and sand (Adamski et al., 1995). The
river is characterized by quiet pools separated by short riffles. From Poncato Pruitt the
river falls an average of 13 feet per mile. From Pruitt to Highway 65 the average gradient
is5 feet per mile, and from there to the mouth it is about 3 feet per mile (NPS, 1977). The
elevations within the Buffalo River watershed range from 2,576 feet above sealevel in
the Boston Mountains to 351 feet above sea level where the Buffalo River emptiesinto
the White River (Figure 7). The hills or ridge tops surrounding the river are usualy
narrow and winding, the sides alternate in steep slopes and vertical escarpments (Scott
and Smith, 1994).
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Figure 6. Outcrop of St. Joe limestone near Pruitt, Buffalo National River

Figure 7. Elevationsin the Buffalo River water shed (Scott and Smith, 1994)
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The watershed is characterized by three physiographic regions, the Springfield Plateau, the Boston
Mountains, and the Salem Plateau (Adamski et al., 1995). The Springfield Plateau occupies about
47% of the Buffalo’s watershed and is underlain by limestone and cherty limestone of
Mississippian age. Land surface altitudes range from 1,000 to 1,700 ft but locally topographic relief
rarely exceeds 200 to 300 ft (Adamski et al., 1995). Sinkholes and springs are common in this
region. The Boston Mountains occupies 34% of the watershed. They are underlain by sandstone,
shale, and limestone of late Mississippian to Pennsylvanian age. Land surface altitude ranges from
1,200 to more than 2,300 ft above sea level and topographic relief isas much as 1,000 ft in some
places (Adamski et al., 1995). The topography is rugged with narrow divides separating steep-sided
valleys. Finally, the Salem Plateau occupies 19% and is underlain by rocks of the Cambrian and
Ordovician age athough the Cambrian rocks are not surficially exposed with the watershed. The
upland is characterized by gently rolling hills and local relief is 50 to 100 ft in the upland area
(Adamski et al., 1995).

Geology

The rocks of Buffalo National River are entirely sedimentary, laid down in an ancient marine basin.
Over its 300-million year history it was varioudly uplifted and eroded and then again submerged
below the seato receive more deposits. Deposition of the strata was discontinuous, and
unconformities have been left in the sequence. Most of the rocks contain invertebrate fossils -
trilobites, brachiopods, crinoids, cephalopods. Today the rocks are again uplifted and
superimposed on them are high bluffs, waterfalls, springs and hundreds of solution pits and caves.
Two features are especialy noteworthy; one, the 200-foot waterfall in Hemmed-in-Hollow, which
isthe one of the highest in the entire region between the Appalachians and the Rocky Mountains;
the other, the gypsum formations of Beauty Cave (NPS, 1977).

The basin is underlain by gently folded sandstone, shale, cherty dolomite, and limestone of
Pennsylvanian to Ordovician age (Figure 8 and 9). Unlike most Ozark streams, the Buffalo River's
watershed contains a substantial amount of sandstone and shale (Table 3). The Pennsylvanian
sandstone and shales occupy alarge part of the upland, particularly in the upper basin. Most of the
river itself isunderlain by the St. Peter sandstone and Everton Formations. The prevalence of
sandstone and shale, as well as the relatively small amount of chert in the upper strata, substantially
affects the size and availability of transportable sediment (McKenny, 1997).

Typical of the Ozarks region, approximately 64% of the basin is underlain by limestone and
dolomite formations (Scott and Smith, 1994). The Boone formation, a karstic cherty limestone
formation, occupies the largest part of the basin (31.8%) and underlies many tributaries and a
substantial part of the mainstem of Buffalo River (Scott and Smith, 1994).
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Figure 8. Surficial geology of the Buffalo River water shed (Scott and Smith, 1994)
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Table 3. Areal extent of surficial geology in the Buffalo River water shed

(Scott and Smith, 1994)

Formation Acres % of water shed
Terrace deposits 300 <0.01
Atoka Formation 52,009 6.1
Bloyd shale, Praire Grove member of the Hale| 160,170 18.7
Formation

Cane Hill member of the Hale Formation 80,886 9.4
Pitkin limestone 111,213 13.0
Ruddell shale 15,880 1.9
Boone For mation 272,910 31.8
L afferty, St. Claire and Brassfield limestone 2,083 0.2
Cason shale, Fernvale, Kimmswick, and Plattin 50,698 5.9
limestone, and Joachim dolomite

St. Peter sandstone and Everton Formation 105,519 12.3
Powell dolomite 5,939 0.7
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Figure 9. Stratigraphic column for Paleozoic rocks of the upper Buffalo River
(Hudson, 1998)
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Soilsand Erosion

The two most extensive soils in the watershed are the Enders-Nella-M ountainburg-
Steprock association, which occurs in the Boston Mountains, and the Clarksville-Nixa-
Noark association, which occursin the Springfield Plateau. Together, these two soil
associations cover about 76 percent of the land areain the Buffalo River watershed.
There are 64 dominant taxonomic soil units mapped and atotal of 167 mapping unitsin
the watershed. This shows that the area within the watershed is highly complex and
variable with regard to soil characteristics (Scott and Smith, 1994). Most soils contain
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significant amounts of coarse fragments (predominantly chert) on the surface and in the
profile (NRCS, 1995).

Land slope data show that steep slopes are found on alarge portion of the watershed
(Table 4). Land slopes range from one percent or less in valley bottoms and upland flats
to 60 percent on the sides of mountains. The hazard potential for erosion is moderate to
very severe, depending on land cover and slope. Soilsin pastures on steeper slopes are
difficult to manage, and the use of farm equipment is restricted. Slopes over 15 percent
should not be cleared for pasture (NRCS, 1995). Over 45% of the watershed occursin
slope category 7 to 14 degrees and amost 30% isin a slope category of greater than 14,
indicating the ruggedness of the terrain (Scott and Hofer, 1995).

Table 4. Slopes of the water shed (Scott and Hofer, 1995)

Slope category Areal extent Per cent of total
Degrees Acres %
<7 225,069 26.24
7-14 393,376 45.87
>14 239,162 27.89

Unfortunately, over the 27-year period, the greatest |oss of forest was in the two highest
slope categories (Scott and Hofer, 1994). The acreage in pasture increased among all
yearsin all slope categories during the 27-year period and the greatest increase in pasture
was in the two highest slope categories where pastureland is not recommended. Figure 10
shows the distribution of the three slope categories throughout the watershed.

Figure 10. Spatial distribution of slope categoriesin the Buffalo River water shed
(Scott and Hofer, 1995)
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Water Resources
Surface Water

There are 91 sub-basins in the Buffalo River watershed. The largest sub-basinisthe Little
Buffalo River, which occupies 10.76% of the watershed. Thisis closely followed by the sub-
basins Big Creek (11) (10.06%) and Richland Creek (9.8%) (Scott and Smith, 1994). Locations
of the largest sub-basinsin the watershed are shown in Figure 11.

Figure11. Location of the larger sub-basinsin the Buffalo River water shed
(Scott and Hofer, 1995)
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Thereis anetwork of discharge and staff gauges within the Buffalo River watershed.
Discharge data have been collected since 1939 at the gauge near St. Joe on Hwy 65. A USGS
gauging station at Highway 14 was recently added and discharge data was previously recorded
at Rush. Discharge data are also being collected at a USGS National Water Quality
Assessment (NAWQA) Program gauge on the upper Buffalo above Boxley Valley. There are
USGS gauges in tributaries of the Buffalo River, measuring water level and discharge at
Richland, Bear, and Calf creeks. Additional information is recorded by the flood warning
system run by NPS personnel, which has staff gauges located at four locations along the
Buffalo and 19 rain gauges located throughout the watershed. River levels are measured at
Ponca, Pruitt, Highway 65, and Highway 14 access points.

Water levelsin the Buffalo and its tributaries are considered “flashy”, with rapid rises and falls
in the hydrograph on daily and monthly scales, as indicated in Figure 12. The Buffalo River
basin contains fewer springs than most other Ozark streams, and during dry periods surface
flow is discontinuous in some reaches. A dry reach is not uncommon in late summer just
below Woolum. A record low-flow of 6 cfswas recorded in 1957 at the Highway 65 gauge.
However, during heavy rains, the steeper slopes and shale bedrock result in faster-rising floods
on the Buffalo River than in other Ozark streams.
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Figure 12. Hydr ographs of mean daily dischar ge from gauges at Boxley and St. Joe
(McKenney, 1997)
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The highest discharge on record for the Buffalo River occurred on December 3, 1982. Rainfall
of between 8 and 9 inches fell in the basin on December 2™ and 3™, 1982 causing widespread
flooding. The peak discharge at a gauging station near St. Joe, Arkansas was 158,000 ft%/s on
December 3. This discharge has a reoccurrence rate of about every 65 years. At Rush, the
peak discharge reached the 100-year flood stage, at about 215,000 ft*/s. According to the
hydrographs, Steel Creek had its peak discharge about 12 hours after the water level began to
rise. St. Joe's peak discharge occurred about 36 hours after the stage started increasing due to
alarger drainage area (Neely, 1985).
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Because spring flows are limited (yet make-up most of the baseflow during the dry summer
months) the contribution of large tributaries like the Little Buffalo, Richland, Big Creek, and
Bear Creek are important to water levelsin the Buffalo River. A recent study on Bear Creek
documented this importance. Bear Creek is one of the larger tributaries on the Buffalo and it
can have a substantial effect on stream flow and water quality. Bear Creek originates southeast
of Witts Springs, Arkansas and flows north, emptying into the Buffalo just north of Marshall,
Arkansas. Below its confluence with the Buffalo River, the Bear Creek basin makes up 9.8%
of theriver’sdrainage area. On an annual basis, stream flow for the Buffalo is much greater
than for Bear Creek (Petersen et al., 2002). During 1999 and 2000 the mean annual flows for
Bear Creek were about 7 and 9 percent of the mean annual stream flow for the Buffalo.
However, during periods of low flow in late summer and early fall, Bear Creek comprises a
much larger percentage of the total flow in the Buffalo River. On 25 percent of the daysin
August through October of both 1999 and 2000 (the three months with the lowest flows) Bear
Creek flow comprised a minimum of 18 percent of the same-day flow of the Buffalo River
near St. Joe (Petersen et al., 2002). In September of 2000, for 23 consecutive days the flow of
Bear Creek was at least 25 percent of the flow at the Buffalo River site (Petersen et a., 2002).

Flow Analysis

An important aspect to understanding how the surrounding changes in land use and population
in the Buffalo’ s watershed may be impacting the river is the assessment of long-term changes
in flow pattern. Changesin water level or flow could have serious consequences to the
hydrologic characteristics of the river channel along with impacts on the biological
communities, particularly those dependent on consistent stream flow. Shane Barks from the
Arkansas District of the U.S. Geological Survey conducted aflow analysis of the Buffalo
River near St. Joe, Arkansas. This analysis used data from USGS stream gage station number
07056000, located on the downstream side of the US Highway 65 Bridge, at river mile 58.2.
The gaugeislocated 1.2 miles downstream from the confluence with Mill Creek, 4.0 miles
upstream from the confluence with Bear Creek, and 4.5 miles southeast of St. Joe, Arkansas.
At thislocation the Buffalo River drains 829 sguare miles of primarily forested and
agricultural land. The USGS stream gage at this site has been in operation since October 1939.
The flow analysis assessed daily mean discharge for the water years (Oct. 01 to Sep. 30) 1940
to 1998 to determine if any changes in flow patterns occurred at this site.

The precipitation data used in the analysis were obtained from the U.S. Historical Climatology
Network, Arkansas, Division 01 and Division 02, reported by the U.S. Department of
Commerce, NOAA. The annual precipitation ranged from alow value of 28.53 inchesin 1963
to ahigh value of 70.26 inchesin 1945. The average annual precipitation is 45.75 inches,
precipitation datais shown in Figure 13.
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Figure 13. Average annual precipitation for Arkansas
(Climate Division 01 and 02, 1940 to 1998)
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Changesin flow over time were analyzed using mass curves and double mass curves. Mass

curves plot accumulated discharge against time and double mass curves plot accumul ated

precipitation in the basin against accumulated discharge. Figure 14 shows the mass curve and

Figure 15 shows the double mass curve. Neither figure showed significant change in the
discharge pattern for water years 1940 to 1998.
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Figure 14. Mass curve of daily mean discharge at Buffalo River near St. Joe,
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Figure 15. Double mass curve of precipitation and discharge at Buffalo River near St.
Joe, Arkansas, water years 1940 to 1998.
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The previous graph indicated to no change in the discharge pattern over the 58 year time
period. A lack of changeisalso evident in flow duration over three different time periods
(1940-1969, 1970-1998, and 1940-1998). Figure 16 shows the flow duration curves for each
of the time periods. These curves demonstrate little variability in the flow duration between
the different time periods.

Figure 16. Flow duration curvesfor the Buffalo River near St. Joe, Arkansas.
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A hydrograph separation method was used on the daily mean discharge values to separate the
base flow from the total flow. Bar graphs of the annual total and base flow volumes are
displayed in Figure 17. The annual runoff values can be determined by subtracting the base
flow from total flow. Lowess lines are plotted on the total and base flow plots. It appears that
thereisadlight increasing trend in flow beginning around 1961. This coincides with the slight
increasing trend in precipitation for the same period shown on Figure 13.
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Figure 17. Annual flow volume for the Buffalo River near St. Joe Arkansas.
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Finally, the annual peak instantaneous discharges were analyzed from 1940 to 1998. They
range from 4,820 cubic feet per second (cfs) in March, 1963 to 158,000 cfs in December,
1982. There appears to be no trend in the peak discharges (Figure 19).

Figure 18. Annual peak instantaneous discharges for Buffalo River near St. Joe,
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Groundwater

There are two types of groundwater recharge in the Buffalo River area, diffuse recharge
and discrete recharge. Diffuse recharge is a slow percolation of water through the soil
layers. Diffuse recharge can allow pollutants to be filtered out of the water before it
reaches the aquifer. Discrete recharge is a concentrated, rapid movement of water to the
subsurface drainage network, most common in areas dominated by karst, which istypical
in the Ozarks. Sinkholes and losing streams are examples of discrete recharge. Most
sinkholes and losing streams (where a portion of the reach goes dry) are found to be
underlain by the Boone formation in northwest Arkansas and most springs emerge in the
Boone, as shown in Figure 19 (Aley, 1999). Groundwater pollution is most common in
limestone and dolomite areas such as the Boone formation because discrete recharge does
not allow for the effective filtration and absorption of pollutants. Faster travel rates
provide less time for bacterial and viral die off aswell. Thisisimportant for water quality
management of the Buffalo River since almost 32% of the watershed is underlain by the
Boone formation (Aley, 1982).

Figure 19. Histogram of spring
frequency versus stratigraphic
height above the basal contact of
the Boone Formation with the
Buffalo River area. (Hudson, 1998)
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spatially associated with faults
and monoclines, respectively.
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A study involving inter-basin transfer was conducted in response to a potential landfill
just outside the Buffalo River’s topographic boundary. This study delineated the recharge
area for Mitch Hill Spring, the parks largest spring. The recharge areais 20.8 mi? and is
located northeast of the spring. It includes four topographic stream basins (Clear Creek,
Mill Creek, Mill Branch, and Cane Branch). Most of the runoff from the area enters the
groundwater as discrete recharge and then discharges from the springsinto the river.
Groundwater tracing found that approximately 65 percent of the recharge areafor this
spring lies beyond the perimeter of the surface watershed boundary (Aley and Aley,
1989). Detailed geologic mapping revealed previously undetected faults which provided
a continuous pathway for the interbasin transfer of groundwater along these solutionally
enlarged lineaments (Aley and Aley, 1989). The proposed landfill within this recharge
area was permitted by the state. The permit was rescinded when ajudge ruled that the
State had been negligent in its assessment of the potential groundwater impactsin this
highly karstic groundwater area. This study demonstrates how important delineating
recharge areas and obtaining more information on the complex karst system are to
protecting the pristine water quality of the Buffalo River. Most of the land use practices
that pollute the groundwater system are nonpoint sources within the recharge areas of
springs like Mitch Hill (Aley, 1999).

Poultry production has been increasing by 33 million birds per year in Arkansas (Daniel
et. a, 1991). Because alarge volume of poultry wastesisland applied, concern exists
regarding the effect of this on both groundwater and surface water quality. Unconfined
aquifers of limestone and dolomite make groundwater very susceptible. Nitrate levelsin
the groundwater increase in areas of application; however, they have remained below
EPA standards for drinking water. During storm events some sites can temporarily go
above the 10mg/L standard (Dani€l et. a, 1991). A study by Daniel et a. (1991),
compared nitrate and bacteria concentrations in groundwater between areas with large
amounts of cattle/poultry production to areas mainly forested. Thin soils, fractures, and
solutionally enlarged openings in the Boone-St. Joe and Everton limestone aquifers make
them susceptible to contamination. There is concern about the quality of groundwater in
the region because the area is dependent on these limestone aquifers for domestic water
supplies but large amounts of poultry waste is surface applied to pastures as fertilizer.
The study found that cattle/poultry areas had significantly higher nitrate concentrations.
The study also found that the deeper Everton aquifer showed significantly lower nitrate
concentrations than the Boone aquifer; similar results were observed for fecal coliform
levels (Daniel et al., 1991).

Another study compared wells in the Everton and Boone formations and a so compared
control wellsin mostly forested areas to experimental wellsin pasture areas. Nitrate
levels were significantly higher for wellsin pasture dominated areas compared to control
wells (Steele et. a, 1990). Also, during rain events, springs in pasture dominated areas
showed minor increases in nitrate concentrations but large increases in fecal coliform
colonies. Nitrate concentrations were about 50% lower for the Everton formation than
the Boone-St. Joe aquifer, indicating that the Everton aguifer is less susceptible to
contamination (Steele et. a, 1990). The difference in water quality between thetwo is
due to alayer of impermeable Chattanooga shale that separates them (Steele et. al, 1990).
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It is presently unknown if the nutrient concentrations in runoff from areas receiving
poultry waste are excessive. Since impacts from pollution can occur some distance
downstream from the actual application point, further research isrequired to link the
pollution application upstream to the impacts downstream(Daniel et. al, 1991).

Pesticides have also been detected in groundwater samples throughout the Ozarks Plateau
region, including areas in and around the Buffalo River watershed. Well and spring
samples were taken as part of the National Ambient Water Quality Assessment program
(NAWQA) for the Ozarks Plateaus region from April through September of 1993.
Pesticides were present in 29 (20 springs, 9 wells) of 100 samples taken. Fourteen different
pesticides were detected, with a maximum number of four detected in one sample
(Adamski, 1996). Atrazine, prometon, tebuthiuron, and P,P DDE were the most
commonly detected pesticides. P,P DDE is a metabolite of DDT, which was banned by the
EPA in 1973. Thisindicates how chemically stable DDT isin the environment. Because
thereislimited row crop agriculture in the Ozarks Plateau, the presence of pesticidesis
somewhat surprising. It probably is due to the thin soils and fractured carbonate rocks,
allowing rapid movement of waters from the surface to the aquifer. Concentrations were
near detection limit, probably aresult low pesticide usage throughout most of the study
area. The occurrence of pesticides appearsto be related to land use, with more samples
containing pesticides collected in the Springfield Plateau, the most developed and heavily
farmed sampling area (Adamski, 1996).

Other problems with groundwater contamination include septic systems, dairy operations,
and confined animal operations. In the Fitton Cave area, most people are served by on-
site sewage systems, most of which are septic systems. Previous work in the Boone
Formation has shown that 60% of onsite systems yield some contaminants to
groundwater and 15% are major sources of pollutants (Aley, 1999). The amount of
contamination is not afactor of lot size but is related to the characteristics of the site
selected for the system. Septic systems in soils derived from very cherty rock units are
five times more likely to contaminate the groundwater than systemsin soils with very
little chert. Density of septic systems appears to be a minor factor in determining the risk
of groundwater pollution (Aley, 1999).

Dairy operations are also likely to be significant sources of nitrates and fecal material to
groundwater (Aley, 1999). The karst geology of the region makes waste lagoons
undesirable because of leakage into the groundwater. Spray irrigation is better but it will
run off during periods of rain or in areas of sparse vegetation. The low price of milk
makes it difficult for farmers to operate and maintain waste disposal facilities. Currently
in the Ozarks, the number of dairiesis decreasing but their sizeisincreasing. Thisisnot a
positive trend since the Buffalo River areais not conducive to the development of large
dairies due to water supply and waste disposal issues.

Confined animal operations are expanding in Northern Arkansas. There are some broiler
houses in the Buffalo River area but the density is much less than areas farther west in the
state. Most of the waste produced is disposed of by land application, contributing to
nitrogen and phosphate inputs into the groundwater.
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The Crooked Creek topographic basin is a potential development site for increased land
application of confined feeding operation wastes (CFOs). Crooked Creek is not within
the topographic watershed of the Buffalo but research has found that land use activitiesin
the Crooked Creek basin are affecting the water quality of the Buffalo River. Any future
development of CFOs or increased land application of poultry waste is a concern. Mott et
al. (2000) found that water rich in nitrates and phosphates is being transferred from
Crooked Creek to the Buffalo through Mill Creek. Mill Creek, atributary of the Buffalo,
has a small drainage that is mostly forested yet a major spring system within the drainage
(Dogpatch Springs) showed nitrate and phosphate levels comparable to that of springsin
the Crooked Creek drainage. Aley (2000) delineated the recharge areas for Crooked
Creek and Mill Creek springs, including upper and lower Dogpatch Springs, and found
that groundwater from Crooked Creek drainage is reaching springs in the Buffalo River
drainage. While Upper and Lower Dogpatch Springs are located within the Mill Creek
topographic basin, 71% of the recharge are for Upper Dogpatch Spring isin the Crooked
Creek topographic basin and 80% of Lower Dogpatch Spring’s recharge areaisin the
Crooked Creek topographic basin (Aley, 2000). Water quality measurements determined
that Mill Creek contributes as much as 96 percent of the nitrate load in the Buffalo River
below their confluence due to the influence of Crooked Creek. Base flow discharge to
topographic drainage basin area ratio were calculated for Crooked Creek and Mill Creek,
with results indicating that transport of groundwater was occurring from Crooked to Mill
Creek was further supported by dye tracing work in the two basins.

In terms of a drinking water source for northern Arkansas, southern Missouri,
northeastern Oklahoma, and southeastern Kansas, the Ozark aquifer is the largest and
most important aquifer in the region. Water usage from the aquifer isincreasing and
protection of the groundwater isimportant not only for maintaining the water quality of
the Buffalo but also for more general protection of a major drinking water source in the
Ozarks. Potentiometric-surface maps generated from data collected in 2001 were
compared to pre-development maps and there was general agreement between the two
surfaces. Differences could be attributed to differencesin pumping related to changing
population from 1990 to 2000 (Schrader, 2001). Water used in the aquifer was estimated
to be 35.8 million gallons per day in 1995, 33.3 Mgal/d in 1990, and 32.3 Mgal/d in
1985. Water use has increased about 11 percent from 1985 to 1995 (Schrader, 2001).

Boxley Valley Historical District

Boxley Valley is an area on the Upper Buffalo of special designation for cultural and
archeological preservation that remainsin private use, mainly agriculture. Boxley Valley
is2.29% (6.1 km?) of the watershed of the Buffalo River. The sandy and silty loam soils
that are present in the valley are characterized by high hydraulic conductivity. The
greatest number of cattle grazing in the valley, around 800, are present during the winter.
In the spring and summer cattle are moved so that hay and fescue can be harvested,
decreasing the herd to about 400 (Mott and Steele, 1991).
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A study by Weeks (1987) determined that water quality of the Buffalo and its tributaries
in Boxley Valley is affected by the agricultural activitiesin the area. A major
contribution to decreased water quality was the livestock in fields adjacent to theriver.
The majority of the livestock were located between Moore and Clark creeks during the
summer months and these higher livestock numbers correlated with increases in bacteria
and nutrient values (Weeks, 1987). Moore Creek and Mill/Whiteley Creek were shown to
have the greatest pollution impact on the river corridor. Nutrient values increased in the
Buffalo River below the confluence of Mill/Whiteley Creek.

Weeks (1987) conducted a study to evaluate bacteria standards set by the Arkansas
Department of Pollution Control and Ecology (ADPCE, currently ADEQ) for waters of
extraordinary recreational and aesthetic value and outstanding national resource waters,
standards the Buffalo River falls under. The standard for fecal coliform states that fecal
counts shall not exceed a geometric mean of 200 colonies per 100 ml based on a
minimum of five samples taken over a period not exceeding 30 days (ADEQ, 1995).
None of theriver corridor sitesin Boxley Valley had fecal coliform levels exceeding the
geometric mean of 200/100ml. However, 27% of the River corridor stations did have
geometric means greater than 100/100ml with a maximum geometric mean of 169/100ml.
And, 71% of the tributaries and springs sampled in Boxley valley had fecal coliform
levels that exceeded the 200/100ml standard (Weeks, 1987). Thisindicates a potential for
the Buffalo River to exceed ADEQ standards, particularly during and immediately after
precipitation and runoff events when visitors are attracted to canoe the river’ s high flows.

Human fecal coliform may be contributing to high bacterialevels and Weeks (1987)
recommends testing for fecal streptococcus, which is used to determine if the bacteria
source is human, or cattle. He al'so recommended that nutrient data and bacteria data
should be collected during storm events to determine the extent of any elevated
concentrations that occur during runoff events. Neither of these recommendations have
been implemented but they could provide valuable information.

Mott and Steele (1991) analyzed fecal coliform samples from above and below Boxley
Valley after rain events. Higher fecal coliform concentrations were found at sites
downstream of Boxley as compared to upstream. The maximum fecal count after a
precipitation event was 1500col/100ml at the downstream site. Maximum fecal counts
were 500col/100ml for upstream sites. Maximum counts occurred during the winter when
vegetation was sparse and the maximum number of cattle were present. The fecal
coliform concentrations draining the fields of Boxley were more than 50 times the
background concentrations at the upstream site during large precipitation and runoff
events (Mott and Steele, 1991). The positive relationship between discharge and fecal
coliform suggests that extremely large total transport occurs during a storm. More than
150 days of low flow transport would be required to produce the same amount of fecal
coliform that was produced during the largest rain event (Mott and Steele, 1991).

Ten years of water quality monitoring (1985-1995) found that the geometric mean fecal

coliform concentration is 3.25 times higher at Ponca (13 col/100ml) than the mean of all
other sites sampled on the river (4 col/100ml) (Mott, 1997). This again indicates the

29



impact of direct access by cattle to the tributaries and the river. The higher bacteria
concentrations at Ponca, while greater than background concentrations, do not represent a
significant health threat during base flow conditions. The state standard for primary
contact is 200 col/100ml for a geometric mean of five samples collected over a 30 day
period. This standard is based on human waste as the source of the bacteria. The chance
of contracting an infectious disease from water born pathogens originating from a human
source is much greater than the chance of contacting a disease from an animal source
(Mott, 1997). Therefore, geometric mean concentrations of 13 colonies per 100ml at
Ponca during base flow conditions likely represents a small increase in the possibility of
disease transmission.

In response to these trends of higher and increasing concentrations of fecal bacteria at
Ponca, NPS has been actively working with land ownersin Boxley Valley to exclude
cattle from the Buffalo River within this private use zone of the park. In 1998, an
extensive fence building and alternative water source (stock tanks) project was
completed, excluding cattle from direct access to the river. Monitoring of water quality
and fence stability should continue, particularly since thisareais prone to flash flooding.

The Buffalo River isunder special protection designated by ADEQ as an Outstanding
National Resource Water (ONRW), with extraordinary recreation and aesthetic values,
the highest ranking of stream quality by the State (ADPCE, 1988). ADEQ applies
specific standards to the Buffalo, under the ONRW designation, which exceed those
standards applied to undesignated waters. These steps were necessary to comply with the
Extraordinary Resource Waters designation which requires no degradation of existing
water quality. The cooperation shown by the Boxley Valley landowners in this project
should be commended and it is the hope of Buffalo National River to develop cooperative
relationships of asimilar nature in other areas of the watershed.

Water Quality

The water quality monitoring program at Buffalo National River is designed for the
Buffalo River and its major tributaries to determine compliance with state standards,
including the ONRW designation. The program also defines the present water quality of
the surface and groundwaters at Buffalo National River, thereby establishing a baseline
against which future changes can be compared. This section is intended to provide
background information and present water quality conditionsin a statistically appropriate
manner. Thisinformation iscritical to park managers making decisions about future
demands placed on the Buffalo River and the waters within its drainage basin. Asthe
Buffalo River's watershed becomes increasingly populated and devel oped, background
water quality datawill be crucial in understanding the effects of changing land use on the
National River's water resources. The goal of the water quality monitoring program is the
protection of visitors and the preservation of the Buffalo River's aquatic resources.
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A comprehensive analysis of the water quality data collected between January 1991 and
December 1998 will be presented. Data have been collected since 1985, but the sampling
schedule did not become consistent until 1991. From 1985 to 1990, sampling included all

river corridor sites on a monthly basis and tributary and spring sites twice each month

from May until September. During the first 5 years of the water quality monitoring
program, river corridor samples were analyzed for metals and nutrients once each season.

From 1991 to 1995, samples were taken from both river and tributary sites every other

month and, beginning in 1996, samples are taken seasonally. Sample locations and names
areshown in Table 5 and Figure 21.

Table5. Site names and numbersfor water quality monitoring sites.

Springs Tributaries
S2 Luallen Spring T1 Beech Creek
S33 Mitch Hill Spring T2 Ponca Creek
HAl Gilbert Spring T3 Cecil Creek
T4 Mill Creek
River Sites T5 Little Buffalo River
R1 WildernessBoundary | T6 Big Creek/M
R2 Ponca T7 Davis Creek
R3 Pruitt T8 Cave Creek
R4 Hasty T9 Richland Creek
R5 Woolum T10 Calf Creek
R6 Gilbert T11 Mill Creek/M
R7 Hwy 14 T12 Bear Creek
R8 Rush T13 Brush Creek
R9 Mouth T14 Tomahawk Creek
T15 Water Creek
T16 Rush Creek
T17 Clabber Creek
T18 Big Creek/L
T23 Middle Creek
T24 L eatherwood Creek
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Figure 20. Water quality sitesfor Buffalo National River’swater quality monitoring program
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Data collected from river corridor, tributary, and spring sites between January 1991 and
December 1998 were analyzed using site comparison methodologies. Statistical analysis
was performed by Jim Petersen with the Arkansas District of the U.S. Geological
Survey. Trends over time for a given site were analyzed with data from 1984 to 2001.
The actual range of dates varies with each parameter depending of the temporal
distribution of data. Site comparisons were performed using box plots, Kruskal-Wallis
one-way analysis of variance of ranks, and Dunn’s multiple comparison test routines in
the statistical packages SigmaStat (SPSS Inc., 1997) and SigmaPlot (Jandel Corporation,
1995). The analysis of trends for a particular site was conducted using a software
program called S SESTREND. Water-quality variables analyzed include specific
conductance, fecal coliform bacteria, turbidity, nitrate plus nitrite as nitrogen, ammonia
as nitrogen, and orthophosphate as phosphorus. Vaues reported as less than the detection
limit were converted to zero for analysis. All samples, including those taken during high
flow conditions, were included in statistical analysis and were adjusted to reduce flow-
related variability. The LOWESS (Locally Weighted Scatterplot Smoothing) procedure
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was used to establish arelationship between water quality and flow. Water quality values
were then adjusted based on this relationship in order to limit variability.

Box plots were used to graphically show the distribution of the central 80 percent of the
data for each water-quality variable at each site. Values on the box plot are the 10™, 25",
50" (median), 75™, and 90" percentile within that central 80 percent (Figure 21).

Figure 21. Explanation of box plots
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Kruskal-Wallis analysis of variance and Dunn’s multiple comparison tests were used to
test for differencesin water quality among corridor sites, tributary sites, and springs.
Because water-quality data are typically not normally distributed, non-parametric
methods were used for these tests. Within a group of sites (river corridor sites for
example) values of each water-quality variable were ranked. A Kruskal-Wallis one-way
analysis of variance of the ranks was used to test for statistically significant (p<0.05)
differences among sites. If statistically significant differences were detected, the Dunn’s
multiple comparison test was used to test for statistically significant (p<0.05) differences
in the medians between each of the pairs of sites. Figure 22 explains how the multiple
comparison tests will be presented. Sites are listed in order from highest median to lowest
median and sites that have aline under them do not have significantly different medians.
If thereisno line under any sites, then they all have significantly different medians.

Figure 22. Explanation of trend analysis graphics
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The third aspect of data analysislooked at changesin water quality parameters over time
for each river, spring, and tributary site using the Kendall Test for trend analysis,
implemented through the software program S-ESTREND. The values for each analysis
were compared only with values occurring in the same season but a different year. Data
from 1984 to 2001 were included in the analysis. The calendar year was divided into four
seasons: January through March, April through June, July through August, and
September through December. When more than one value was available for a given
season and year, the value that corresponded with the sample collected closest to the
midpoint of the season was used for trend analysis. The longest time period that could be
used and still include as many stations with a similar temporal distribution of data was
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used and the time period was held constant for each group of sites (i.e. main stem sites,
tributary sites, or spring sites). The time period was not consistent among parameters. All
values that were reported as zero or less than the detection limit for the particular
parameter were set to one-half of the detection limit. Two important values, the p-value
and the dlope, are produced from this analysis and help determine if changes over time
are occurring and by how much. A calculated p-value determines whether or not a
change over time is considered statistically significant. If the p-valueislessthan 0.05, the
changeis considered significant. The slope determines a“typical” rate of change during
the trend analysis period, but it does not indicate that the rate of change is constant, or
even always in the same direction. It is the overall rate of change during the time period
being analyzed.

Fecal Coliform Bacteria-River Corridor

Asdisplayed in Figure 23, fecal coliform concentrations attain their highest median
values at station R2, the Ponca sampling site located at the downstream end of Boxley
Valley. The median concentration at Poncais 28 colonies/100 ml, four times higher than
the average median of al other sites (7 col/100 mL). Other water quality studies
(Thornton and Nix, 1985; Weeks, 1987; Mott and Apel, 1988; Fraser, 1988; Mott, 1990;
Weeks, 1991) indicate that cattle operationsin Boxley Valley are responsible for the
higher bacteria concentrations. Direct access by cattle to tributaries and the river within
Boxley Valley is the dominant mode of input during base flow conditions.

Figure 23. Fecal coliform box plot for Buffalo River corridor sites sampled
from 1991 to 1998.
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The higher bacteria concentrations at Ponca, while greater than background
concentrations, do not represent a significant health threat during base flow conditions.
The state standard for fecal coliform concentrationsin primary contact recreation waters
is 200 col\100 mL for a geometric mean of five samples collected over a 30 day period.
The standard is based on human waste as the source of the bacteria. The chance of
contracting an infectious disease from water born pathogens originating from a human
source is much greater than the chance of contracting a disease from an animal source.

Figure 24 shows the results of the multiple comparison tests between each river corridor
site. The sites are listed in order from highest to lowest medians. Only Ponca (R2) and
Pruitt (R3) have median values that are greater than the other corridor sites and this
differenceis statistically significant. Ponca has a median of 28 colonies per 100ml and
Pruitt has amedian of 11 colonies per 100ml. Median values for the remaining sites are
between 10 and 3 colonies per 100ml.

Figure 24. Multiple comparison test and rank for fecal coliform among river
corridor sites

FECAL COLIFORM
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Because of the higher fecal coliform concentrations at R2, the National Park Service has
actively worked with land ownersin Boxley Valley to exclude cattle from the Buffalo
River within this private use zone of the park. The cattlein Boxley Valley were fenced
out of the Buffalo River by 2000. Continued monitoring will determine the effectiveness
of this action on the bacteria concentrations at Ponca. These steps are needed to comply
with the Outstanding Natural Resource standards, which require no degradation of
existing water quality, and to meet NPS mandates to protect and preserve the Buffalo
River as afree-flowing stream for present and future generations. The cooperation of
Boxley land-ownersin this endeavor isto be commended and the example set by their
good stewardship may represent a model which can be expanded to other areas of the
watershed.

Finally, trend analysis over a 13 year period (1988-2001) shows a significant (p< 0.05)
increasing trend in fecal coliform concentrations over time at Pruitt, with a p value of
0.0056 and a median slope of 2 col/100ml. This does not indicate that there is a constant
increase in fecal coliform concentrations of 2 col/ml every year but does show that in
general, levelsarerising over time at thissite. Two other stations had p values that were
close to showing significant increasing trends over time, Ponca at p=.058, and Hwy 14 at
p=0.069.
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Fecal Coliform Bacteria-Tributaries

Tributary median fecal coliform concentrations are shown in Figure 25 for each of the
monitored tributary sites. Tomahawk Creek (T14) shows a median fecal coliform
concentration of 63 colonies per 100ml . Clabber Creek (T17), Tomahawk Creek (T14),
Mill Creek (T4), Calf Creek (T10), and Bear Creek (T12) al showed median
concentrations above 20 colonies per 100ml. Figure 26 shows the multiple comparison
results among tributary sites. Tomahawk Creek (T14) shows the highest ranked median
among all sites and this difference is statistically significant. The next group of sites that
is statistically higher than the remaining sitesinclude T17, T4, T10, T12, T9, and T3.

Figure 25. Fecal coliform bacteria box plotsfor Buffalo River tributaries sampled
from 1991 to 1998.
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Figure 26. Multiple comparison test/ rank for fecal coliform among tributary sites
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At Tomahawk Creek, higher fecal coliform concentrations routinely observed during
base-flow conditions can be attributed to direct deposition of cattle waste as little as 200
feet upstream from the sampling site, in addition to general watershed inputs. The short
distance does not allow time for die-off and the relatively small discharge of this creek
provides little opportunity for dilution. At Calf Creek, Bear Creek, Richland Creek and
Clabber Creek, the bacterial sources are dominantly from livestock and confined animal
operations within their watersheds. During base-flow conditions, direct deposition of
cattle waste, re-suspension of bacteriain stream sediment, and groundwater inputs
account for the majority of the bacteria. Land use studies show these four tributaries
have some of highest ratios of land area converted to pasture (Scott, 1995). Calf Creek is
also experiencing major bank erosion and channel cutting, particularly near its confluence
with the Buffalo, just upstream from the water quality monitoring site. For most of its
length within park boundaries Calf Creek runs through open hay fields and above NPS
boundaries its surrounding watershed and riparian zones are being converted to pasture.
Mitigation efforts were attempted in 1994 to stabilize Calf Creek’s banks within the park,
but this effort was unsuccessful.

Mill Creek { T4} also has some livestock operationsin its watershed, but Maner and Mott
(1991) determined that residential and cabin/camping area near the confluence of Harp
Creek had the highest bacteria along the length of Mill Creek. Poorly constructed septic
systems or systems located within the floodplain and near Mill Creek are the probable
source of much of the fecal bacteria. Dye tracing studies in the Mill Creek area have
shown that interbasin transfer of groundwater is occurring between the Mill Creek
watershed and the Crooked Creek watershed, a watershed which is out of the Buffalo
River’s topographic basin. Fluorescein dye moved over 2.5 milesin less than five days to
emerge from the springs at the head of Mill Creek. More than 70% of the recharge area of
Dogpatch Springs is located in the Crooked Creek watershed, contributing to elevated
levels of fecal coliform.

Fecal coliform levels showed a significant increase from 1988 to 2001 at Davis Creek
(p=0.012, slope=2.14 col/100ml) and Cecil Creek (p=0.026, slope=0.8 col/100ml in Mill
Creek (Mott et. a, 2000 and Aley, 2000). These streams do not rank high in the multiple
comparison analysis, indicating that negative changes may be occurring in these
watersheds causing fecal coliform levelsto increase over time.

37



Fecal Coliform Bacteria-Springs

Figure 27 indicates that the range of fecal coliform concentrations is much greater for
Gilbert than the other two sites. Higher fecal coliform concentrations at Gilbert are
statistically significant from the other two springs that were sampled. No significant
changes in fecal coliform concentration over time were evident for the three spring sites.

Figure27. Fecal coliform box plotsfor three springs sampled from 1991 to 1998.
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Higher concentrations of fecal coliform at Gilbert Spring were preliminarily attributed to
septic leachate from the town migrating into the spring's karstic recharge area. Gilbert is
entirely underlain by limestone and several large sinkholes can be observed in the area.
Recent dye tracing efforts isolated some problem septic tanks in Gilbert and remediation
has taken place (Mott, 2002). Dye tracing studies also found that the major bacteria
source actually came from the Dry Creek watershed, with water being pirated through
underground conduits into Gilbert Spring. This study is discussed in greater detail in the
Development section of this report, under Water Resource | ssues and Recommendations.
Future monitoring is needed to determine if septic system remediation will reduce the
elevated fecal coliform concentrations and if continued development in the Dry Creek
watershed will further degrade water quality in Gilbert Spring.

Nutrients-River Corridor

Nitrogen based nutrient median values for the river corridor sampling sites are shown in
Figure 28. Nitrate plus nitrite/nitrogen values are higher at Ponca, begin to rise again at
Hasty, peak at Woolum and Gilbert, and gradually fall until the Buffalo flows into the
White River (Figure 28). Nitrate concentrations tend to increase near the middle river
sites. Land use information for the middle portion of the river’s watershed indicates that
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it has the highest percentage of pasture land and other forms of development (Scott and
Hofer, 1995). Median values for R5, R6, and R7 rank highest among all the sites but this
difference is not statistically significant, with the exception of R1, as shown in Figure 29.
Higher nutrient values along middle river sites may become more evident as more long-
term monitoring takes place and alarger data set is available to analyze. Only R1, the
headwaters site above Boxley Valley is significantly lower than the other sites. R1's
watershed is primarily forested and the geology at this site is different from all sites
because it is mostly within the Pennsylvanian strata of the Boston Mountains.

Trend analysis indicates that some changes in this pattern may be occurring. Site R1 and
R2 were the only sites that showed statistically supported increase in nitrate
concentrations over time (data were analyzed from 1985 to 2001) although slope values
indicate that these changes may be minimal. The Wilderness Boundary site (R1) had a p-
value of 0.017 and a slope of 0.025 mg/I. Ponca (R2) had a p-value of 0.0137 and a slope
of 0.0003 mg/l. These sites ranked among the lowest medians in the multiple comparison
tests among the river corridor sites. If nitrate levels continue to increase at these sites, it
may relate to influences from spring discharge along the upper portions of the Buffalo.
Previous dye tracing and water quality work, particularly in the upper Buffalo River,
indicate that nitrate contamination may be coming from sources outside the Buffalo
Rivers surface water drainage area.

Figure 28. Box plots of nitrate plus nitrite for the nine Buffalo River corridor
sampling sitesfrom 1991 to 1998.
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Figure 29. Multiple comparison test/rank for nitrate plusnitriteamong river
corridor sites.
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Ammonia and orthophosphate median values for the nine river corridor sites were
minimal. Ammonia concentrations show a decreasing trend in the downstream direction
as expected due to increased dilution. While there are dight differencesin the medians,
none of these proved statistically significant. Orthophosphate medians for all sites except
for the Wilderness Boundary site (R1) were below detection limits, R1 showed a value of
0.01mg/l. While this showed up as a significant difference in the multiple comparison
tests, the values are so low that this does not indicate any real difference. No significant
changes over time were observed for anmonia or orthophosphate concentrations at any
of the sites.

Nutrients-Tributaries

Nitrogen based nutrient median values in the twenty tributaries monitored over eight
years (1991 to 1998) are shown in Figure 30. Six tributaries exceeded 0.2 mg/l (Mill
Creek { T4}, Davis Creek {T7}, Calf Creek {T10}, Mill Creek {T11}, Brush Creek
{T13}, and Tomahawk Creek {T14}). Multiple comparison tests showed this difference
to be statistically significant; these six sites have a higher median than the remaining
sites, as shown in Figure 31.

Mill Creek { T4} was studied intensively by Maner and Mott (1991), and isa spring fed
system. The highest concentrations of nitratesin Mill Creek are found in the springs at
its headwaters. Nitrate values declined from 1.46 mg/L at the springsto 0.35 mg/L at the
mouth. Even with the reduction in nitrates it was determined that 96% of the nitrogen
load being carried by the Buffalo River below the confluence was supplied by Mill
Creek. Mott and Maner hypothesized that the source of the nitrates was from agricultural
operations in the spring's recharge area.

The remaining tributaries with higher nitrate concentrations are also highly spring fed
systems, although some tributaries that are highly spring fed are not high in nitrate
concentrations. It appears that a combination of a high ratio of spring input combined
with asignificant portion of the recharge areain agricultural use tendsto result in
tributaries with higher base-flow nitrate concentrations. Water quality and dye tracing
studies are indicating that most of the nitrate contamination, at least in the upper portions
of the Buffalo River, is coming from sources outside of the Buffalo’s surface water
drainage area.
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Ponca Creek was the only tributary that showed statistically significant (p=0.008,
slope=0.02) increases in nitrate concentrations over time (1989 to 2001). Mott (1997)
showed that Ponca Creek has a high spring influence. Increased nitrate levelsin this
creek may again relate back to the influence of groundwater inputs into the tributary and
the changes in land use that are occurring in spring recharge areas. The town of Ponca
also continues to develop and is served exclusively by on-site septic systems.

Figure 30. Nitrate plus nitrite box plotsfor the twenty tributary stations sampled
from 1991 to 1998.
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Figure 31. Multiple comparison test resultsfor nitrate plusnitrite
among tributary sites.
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Orthophosphate and ammonia median values are low in tributaries and show no obvious
trends or changes over time. No significant difference was shown among sites for
ammonia medians and levels remained at or near detection limits. For orthophosphate
levels, no medians exceed 0.025 throughout the sampling period and only three sites
showed medians greater than detection limits (Cecil Creek { T3}, Calf Creek { T10}, and
Big Creek { T18}). The consistently low values for these sites along with the river and
spring sites despite differing land use in the surrounding watersheds indicates a steady
state process acting to keep orthophosphate concentrations consistently low.

Nutrients-Springs

Ammonia and orthophosphate medians are below detection limits for all three spring sites
and show no significant differences. Nitrate values are shown in Figure 32. The highest
nitrate median came from Gilbert Spring, at 0.82 mg/l. The second highest average came
from Mitch Hill Spring, at 0.54 mg/l. Luallen Spring, which has arelatively undevel oped
recharge area, had an average nitrate value of 0.19 mg/l. These values correlate well with
land use in the spring’ s recharge area. Gilbert Spring isimpacted from urban land uses
(septic leachate from Gilbert, yard fertilizers), beef cattle operations, and dairies. Mitch
Hill receives nitrate inputs from rural septic systems and beef cattle operations (Aley,
1990). Multiple comparison analysis showed these differences to be significant among
each of the three sites.

In addition, Gilbert and Mitch Hill Springs are in very karstic settings, while Luallen
Spring's recharge area contains a mixture of strata with alarge component of sandstone
and shale. Numerous studies conducted in the area (Austin and Steele, 1990; Adamski,
1987; McCalister, 1990; Edwards and Daniels, 1992) indicate karstic aquifers are very
susceptible to nitrate leaching into groundwater. The data collected for the Buffalo
River, itstributaries, and springs supports this hypothesis. In general, the highest nitrate
concentrations are observed at springs. The next highest concentrations are in tributaries
influenced by springs or with springs near the point of sampling. Even lower nitrate
concentrations are found in tributaries with little nearby spring water infusion, and the
lowest concentrations are in the river. Superimposed over this pattern are land use
factors which tend to distort the general pattern in affected areas. A combination of
intensive land use and an extensive karst network leads to the highest nitrate
concentrations for any of the systems that are sampled. No significant changes over time
were found for nitrate, phosphorous, or ammonia concentrations among the three spring
sites.
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Figure 32. Nitrate plus nitrite box plotsfor three springsin the Buffalo River
water shed sampled between 1991 and 1998.
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Turbidity-River Corridor

Figure 33 shows the median turbidity values for each river corridor site. No statistical
difference was found between medians among any of the sites. Despite the presence of
cattle in the Boxley Valley area and the associated trampled and eroding banks, fecal
deposition, and poor soil cover in winter, median turbidity values are less at Ponca (R2)
than at the upstream Wilderness Boundary collection site (R1). Lower median turbidity
is dominantly the result of the geologic differences between the upper and lower site.
The Ponca site has a much greater proportion of limestone in its drainage area than the
upstream, Wilderness Boundary site. The Boone Limestone Formation outcrops in
Boxley Valley and its abundant springs and seeps bring clear groundwater to theriver.
The watershed above the wilderness boundary is dominated by interbedded
Pennsylvanian aged sandstones and shales which contribute suspended clays.
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Figure 33. Turbidity Box Plot for the Buffalo River corridor sites sampled
between 1991 and 1998.
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Generally, base-flow turbidity of the Buffalo River is between one and three NTU’s
(Nephelometric Turbidity Units). Turbidities as high as 420 NTU’ s have been recorded in
association with rain events. The dominant source of turbidity during high flow isfrom
erosion of road surfaces and ditches, cattle pastures and other cleared land, and
unprotected rapidly eroding cut-banks. Although turbidity and fecal coliform
concentrations correlate very well during rainstorms (Mott, 1990), a similar relationship
is not observed during base-flows, except to say that both are typically low. Sites R1 and
R9 were the only ones to show any significant change over time. Both showed decreases
in turbidity over the analysis period. No other sites showed any significant change over
time and these results from R1 and R9 do not have any clear explanation. Because most
water samples are taken during base flow conditions, it may be difficult to identify any
major trends in turbidity levels. Samples taken during storm events would likely reveal
better information on any changes over time that may be occurring.

Turbidity-Tributaries
The median turbidity values are shown in Figure 34. Tributaries that drain the Boston
Mountain sandstones and shales tend to have a higher proportion of suspended load, and

consequently turbidity. Indeed, all the tributaries with average turbidities in excess of
INTU have asignificant portion of Boston Mountain strata in their watershed.
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Tributaries with turbidity under 1 NTU typically drain from Springfield and Salem
Plateau strata (Figure 35). For example, the tributaries with the three highest turbidities
(T1, 79, and T3) dl drain from the Boston Mountains. However thisis not the only
influencing factor on turbidity. Activities in the watershed, such as road construction,
deforestation, and bank erosion can create sediment laden streams. However, sediment
input from these sources is storm-event driven and sampling must be targeted around
storm periods to detect their impacts (Steele and Mott, 1998).

Aswith the river corridor, the turbidity in the tributaries shows no clear relationship to
nutrient concentrations and is probably more a function of geology and sediment
transport during rainstorms than from algal growth. For example, Tomahawk Creek
(T14) has some of the highest nutrient and fecal coliform concentrations and yet exhibits
avery low turbidity. Thisindicates that a significant amount of groundwater recharge
feeds Tomahawk Creek, and that this groundwater may be contaminated by land use
practices occurring in Tomahawk Creek’s groundwater recharge area. The statistical
variations among sites are related to a variety of factors, including storm water runoff,
land use activities in the watershed, and surrounding geological influences. Additional
storm event sampling would help determine why these differences exist and what factors
are influencing them. No significant changes over time were evident for any of the
tributary sites.

Figure 34. Turbidity box plot for tributaries of the Buffalo River sampled between
1991 and 1998.
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Figure 35. Physiographic regionsand major tributariesin the watershed of Buffalo National River
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Turbidity-Springs

Turbidity in springsis afunction of the relative amount of discrete recharge associated
with the spring’ s drainage basin, and the rock formations contained within the recharge
area. Luallen Spring, which drains the Boston Mountain sandstones and shales, had the
highest median turbidity of 2.0 NTU’s, while Gilbert and Mitch Hill Springs, recharged
from Springfield Plateau limestone, both showed average turbidities of 0.9 NTU.
Multiple comparison results support this as a significant difference. No significant
changes over time in turbidity levels were evident for the spring sites.

Figure 36. Turbidity box plotsfor springs sampled between 1991 and 1998.
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Dissolved Oxygen and Specific Conductance-River Corridor

Dissolved oxygen (DO) and percent saturation are measured on-site with other field
parameters. Typically, these measurements are made between 1000 and 1400 hours when
photosynthetic activity is relatively high. Because samples are collected during periods of
highest photosynthetic activity, DO readings do not reflect potential minimum values
which characterize most of the night hours. Some sites are routinely sampled earlier in
the morning than others because the same routes are often followed when asamplerun is
conducted. The sites tend to show lower overall dissolved oxygen levels because they are
sampled early in the day when photosynthetic production is not as active.
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DO isused as a screening tool to determine if other problems may exist. Arkansas state
standards for minimum dissolved oxygen concentration is 6 mg/l. River corridor sites
have occasionally fallen below the state standard of 6 mg/l, as shown in Table 6. Note
that six of the twelve samples that were below standards were a'so sampled before 10 am,
before peak photosynthetic activity. No statistical analysis was conducted on this data
due to the large number of variables that influence dissolved oxygen.

Table 6. River Corridor sampleswhich have fallen below state water
quality standardsfor dissolved oxygen (6 mg/l)

Site Date Time | Temperature | Dissolved Oxygen
©) (mg/l)
R1 | 6-23-03 9:20 22.0 5.8
R1 | 7-22-91 | 10:09 24.8 4.6
R1 | 816-03 | 10:50 26.3 5.6
R2 | 8-16-93 | 10:00 27.0 5.2
R2 | 7-22-96 9:40 26.5 5.8
R2 | 7-06-98 8:55 26.0 5.4
R3 | 6-24-91 | 11.00 26.1 5.9
R4 | 9-30-87 9:45 17.5 5.9
R4 | 7-30-90 | 11:30 29.2 5.4
R5 | 7-30-90 | 13:30 31 5.4
R9 | 82390 | 11:30 29.3 5.9

Temperature and specific conductance tend to increase in the downstream direction along
the river (Figure 37). Increased temperatures result from such factors as less shading
along wider reaches of the lower river, increased dilution of incoming groundwater,
friction, and lower elevations. The increases in conductance results mainly from
increased concentrations of bicarbonates of calcium and magnesium from increased
spring discharge and seepage into the river channel through limestone. Addition of
bicarbonates increases the concentration of dissolved ions and thus the specific
conductance. River sites R1, R2, and R3 show a statistically lower conductivity than the
remaining river sites as a group. Trend analysis results indicated no significant change
over time for any of the sites.
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Figure 37. Specific conductance box plotsfor Buffalo River corridor sites sampled
between 1991 and 1998.
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Dissolved Oxygen and Specific Conductance-Tributaries

As discussed in the previous section, dissolved oxygen levels were not statistically
anayzed due to the large number of variables that influence their levels. Levelsin the
tributaries do fall below the state standard of 6 mg/l but there can be avariety of reasons
for this. When used as a screening tool, dissolved oxygen can be used in conjunction with
other water quality parametersto help isolate a particular problem but it is not as useful
when used solely as a diagnostic tool on its own. For example, in 2000 Davis Creek
exhibited dissolved oxygen levels below 6 mg/l and elevated fecal coliform levels. After
some investigation, it was found that water levels had gotten low enough that anaerobic
water began to leach from the floodplain, resulting in low oxygen and high fecal coliform
concentrations.

Specific conductance is shown in Figure 38. Values appear highly variable due to the
different amounts of groundwater input into individual tributaries. Because conductance
is higher in springs than surface water, high conductivities in streams indicate the
majority of the water being sampled has been in contact with bedrock for arelatively
long period of time. The increase in conductance primarily indicates large contributions
of groundwater. Trend analysis showed no significant changes over the analysis period
among any of the tributary sites.
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Figure 38. Specific conductance box plotsin tributaries sampled
between 1991 and 1998.
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Dissolved Oxygen and Conductance-Sorings

Luallen Spring (S2) and Gilbert Spring (S41) both had higher dissolved oxygen
concentrations than Mitch Hill Spring (S33). Luallen Spring had median dissolved
oxygen of 9.3 mg/l, Gilbert had a median of 8.7 mg/l and Mitch Hill’s median dissolved
oxygen was 8.1 mg/l. Reasons for this tendency are unclear. Given the low fecal coliform
and nutrients found at Mitch Hill Spring, higher biological or chemical oxygen demand
would not be expected. Possibly, thisis because Mitch Hill Spring is characterized by
“full-conduit” delivery, which limits atmospheric re-aeration. Mitch Hill Spring also has
a high conductivity, as shown in Figure 39. Thisindicates along residence time for the
water in transport to the spring. Gilbert Springs also has a high conductance, but karst
windows near the town of Gilbert and the short underground flow-path between Dry
Creek and Gilbert Spring, allow for atmospheric re-aeration to occur. Luallen has a
significantly lower conductivity because it islocated in the Boston Mountains, whichis
dominated by sandstones and shales.
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Figure 39. Specific conductivity box plotsfor three springs sampled
between 1991 and 1998.
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Reservoirs

Although the Buffalo is preserved as a free flowing river from its headwaters to its
mouith, it flows into the White River, ariver greatly modified by the presence of several
reservoirs aong its course. The White River originates in the Boston Mountains of
Northwestern Arkansas and flows northward toward the Arkansas-Missouri state line.
The reach of the White River near the state line is a series of reservoirs beginning with
Beaver Reservoir then Table Rock Lake, Lake Taneycomo, and Bull Shoals Lake (Figure
40). In the 1950’s, Bull Shoals Reservoir was constructed about 27 miles above the
confluence of the White River and Buffalo River. While this dam is 27 miles from the
Buffalo, it has been shown to have a significant effect on the fish communities of the
river. Hypolimnetic release of water from Bull Shoals reservoir into the White River has
resulted in water temperatures as low as 7°C throughout the year (Cashner and Brown,
1977). Summer temperatures in the Buffalo River are usually around 25 to 28°C. This
temperature difference has caused two major impacts on fish communities in the Buffalo,
loss of migration of warm water fish species from the White River into the Buffalo and
increased migration of cold water species like the rainbow trout from the White River
(Cashner and Brown, 1977).
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Figure 40. White River Basin with major tributaries and reservoirs
(Adamamksi et. al, 1995)
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STUDY UNIT BOUNDARY

In astudy by Siegwarth and Johnson (1994), catfish popul ations were compared between

three rivers at sites near their confluence with alarger river. The Buffalo River,

Mulberry, and Kings Rivers were sampled for catfish migrations from March 29 to April

22,1992. Theriversal exhibit similar physical characteristicsin terms of water

temperature, turbidity, chemistry, and geomorphology. The major difference among the
three sites is the influence of the Buffalo emptying into the cold water of the White River.

Using hoop nets and sampling throughout most of April, the number of channel catfish

migrating up the Buffalo was significantly less (n=33) than the Kings River (n=169) and

the Mulberry River (n=263). Water temperature differed significantly between the Whi
River and the Buffalo River but did not differ between the Kings or Mulberry and their

te
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respective confluence. According to Siegwarth (1994), the Buffalo showed a significantly
lower abundance of young of year (YOY') channel catfish when compared with similar
warm water streams and it supported a sparse natural adult population. Despite increasing
visitor use and nearly 10,000 anglers fishing the Buffalo each year, there is no evidence
of heavy angler pressure or significant exploitation of the catfish population. Siegwarth
(1994) found that more than 93% of the total channel catfish population was hatchery
reared; of the 33 catfish captured in this study, 25 were hatchery reared. While the cold
tailwaters of the White River do not totally inhibit the migration of channel catfish into
the warm waters of the Buffalo during the spring, reduced numbers of migratory catfish
may partially account for theriver’s overall low reproductive output and sparse adult
population (Siegwarth and Johnson, 1994). Other species that show diminished
populations are White Bass (Morone chrysops) and Crappie (Pomoxis sp.) (personal
communication, Oliver, AGFC).

The cold tailwaters of the White River have an impact on the structure of fish
communities along the Buffalo as well. There are five species that are present in the
White River just above its confluence with the Buffalo and may be present in the Buffalo
aswell. They include the rainbow and brown trout (Salmo gairdneri and S. trutta), the
threadfin shad (Dorosoma petenense), the fathead minnow (Pimephal es promelas) and
the black crappie (Pomoxi nigromaculatus) (Cashner and Brown, 1977). The trout are
introduced into the cold waters of the White River as they are released from the dam and
the shad are stocked in Bull Shoals Reservoir but collections have been made below the
dam (Cashner and Brown, 1977). The fathead minnow is a common bait species
throughout the Ozarks, with specimens taken in the White River near Cotter, Arkansas
(Cashner and Brown, 1977).

Wetlands and the Riparian Zone

The wetlands and riparian zone play an important role in protecting the water quality of
the Buffalo River. Listed below are some roles riparian buffer zones play in protecting
water quality (Welsch, 1991).

1. Removes sediment and sediment attached phosphorous by filtration. Cropland erosion
accounts for 38% of the 1.5 billion tons of sediment that reached the nation’s waters
each year. Pasture and range erosion account for another 26%. Buffers help sediment to
settle out as the speed of flow is reduced, some sediment is also filtered out by porous
soil, vegetation, and organic litter. Phosphorous levels are reduced as sediment flux into
the streams is reduced because about 85% of the available phosphorous is bounded to
the small soil particles in the sediment. With a forest riparian buffer, about 80% of this
attached phosphorus is removed.

2. Aidsin the transformation of nitrate to nitrogen gas. Under well-oxygenated conditions
in the soil, bacteria and fungi convert nitrogen in runoff and decaying organic debris
into nitrate, which can then be synthesized by plants and bacteria into proteins. In
anaerobic conditions, denitrifying bacteria convert dissolved nitrogen into various
nitrogen gasses, returning it to the atmosphere.
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3. Acts as a sink by storing nutrients for an extended period of time. Some estimates
indicate that 25% of the nitrogen removed by the streamside forest is assimilated in tree
growth.

4. Acts as a source by providing energy to streams in the form of dissolved carbon and
organic debris particulates. Thisis a critical food source for the base of the food chain,
including benthic invertebrates, bacteria, and fungi that feed on the detritus.

There has been limited research done on these wetland and riparian areas within the park
but afew studies and surveys have been done. Sagers (1995) surveyed 11 sites within
park boundaries for rare and endangered plants species associated with springs and seeps.
The survey was conducted between June and September, focusing on the evaluation of
known populations rather than seeking out new populations. Table 7 lists the uncommon
species found and their locations.

Table 7. Populations of uncommon plant speciesfound in 1994 (Sagers, 1995)

Date Site Species Observations
Draba sprica (whitoow
. grass)
June 24 | Pruitt glade and seeps ) _ Locally Abundant
Juniperus ashei (Ashe's
juniper)
. Neviusia alabamensis
June 24 | Pruitt Visitor Center Locally abundant
(Alabama snowwresath)
Hwy 7, 2 mi south of er . . .
Wy_ Jasp Delphinum newtonianum | New population, locally
June 25 | (outside park boundary) .
(Moore' s del phinium) abundant
Panax quinquefolium
(ginseng)
June25 | Leatherwood Creek Trillium pussillum | Present
ozarkanum (Ozark
trillium)
July 15 Rush Sedum ternatum New Popul ation-present
New population-locall
Jly16 | Gilbert Mimulus floribudus Pop Y

abundant
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In another project, Sagers and Lyon (1996) attempted to define the compositional and
gpatial attributes of the riparian corridor of the Buffalo River. Multivariate analysis and
ordination techniques were used to characterize the composition and distribution of
woody and herbaceous vegetation. Thirty-six transects were measured along the river
between 1994 and 1996, running perpendicular to the river up to the point were the
dominate vegetation was oak-hickory forest. The report found that the diversity of the
woody vegetation made delineating a distinct boundary for the riparian zone difficult.
Woody and herbaceous species were mixed throughout the transects and there were not
distinct assemblages of well-defined plant species except along the streamside.
Geomorphic features were associated with some well-defined plant species however, so
linking specific species with specific landscape features will aid in restoration of
disturbed sites (Sagers and Lyon, 1996).

Biological Resources
Fish

Managing and protecting the fisheries resources on the Buffalo River and its tributariesis
critical to the maintaining the “unigue scenic and scientific features’ mandated by the
enabling legislation as well as protecting an important recreation activity that draws
tourist to the area and boosts the local economy. Figure 41 shows on of the most popular
game fish in the Buffalo River.

Datainvolving diversity and density of fish in the Buffalo isincomplete, consisting of
early field datain conjunction with the park’ s establishment. No data are known to exist
prior to the impoundment of the White River. Fish surveys beginning in the late 1960’ s
and into the 1970’ s reported from 49 to 56 speciesin theriver (NPS, 1995). In a1998
survey, 62 species were counted (Robinson and Buchanan, 1998). Thereis currently a
project underway assessing the fish community of the Buffalo River and its tributaries.
Thiswill provide more comprehensive data on the fish of the Buffalo and how they are
influenced by land use activities and other environmental factors. According the Fisheries
Management Plan (NPS, 1995), there are 14 families and 66 species present in the
Buffalo and its tributaries (Table 8). Between FY 2001 and 2003, a comprehensive fish
assessment has been conducted on the Buffalo River and associated tributaries which
should provide additional information of the species distribution and impacts of land use
upon the fish communitity. Two additional species were recently discovered in the Lower
Wilderness of the Buffalo River, the Redear Sunfish (Leposmis microlophus) and the
Walleye (Stizostedion vitreum). There are currently no documented threatened or
endangered fish species.
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Figure4l. Smallmouth bass (Micropterus Salmoides)

A member of the Black Bass family,
this is a common game fish in Ozark
streams, including the Buffalo River.

http://www.americanfishes.com/thumbnails.htm

Joseph R. Tomelleri, Artist

Table 8. Family (in bold) and species (in italics) list of fishes
in the Buffalo River (NPS, 1995)

Petromyzontidae Catostomidae Centrarchidae

| chthyomyzon castaneus Carpiodes velifer Ambloplites constellatus
Lampetra appendix C. carpio Leposmis cyanellus

L episosteidae Hypentenlium nigricans L. macrochirus
Lepisosteus osseus Mineytrema melaops L. microlophus
Anguillidae Moxostoma carniatum L. megalotis

Anguilla rostrata M. dugeusnel Micropterus dolomieu
Clupeidae M. erthrurum M. punctulatus
Dorosoma cepedianum Ictaluridae M. salmoides (Figure 41)
Cyprinidae Ameriurus melas Pomoxis nigromaculatus
Campostoma anomalum A. natatis Percidae

C. dligolpeis I ctalurus punctutas Etheostoma blennoides
Cyprinella galactura Noturus albater E. caeruleum (Figure 42)
C. whipplei N. exilis E. euzonum

Cyprinus carpio N. flavater E. juliae

Erimystax dissimilis Pylodictus dlivaris E. punctulatum

Luxilus chrysocephalus Salmonidae E. spectabile

L. pilsbryi Oncorhynchus mykiss E. stigmaeum

Nocomis biguttatus Cyprinodontidae E. zonale

Notemigonus crysoleucas Fundululs catenatus Percina caprodes
Notropis amblops F. olivaceus P. evides

N. Boops Athreinidae P. maculata

N. greenel Labidesthes sicculus

N. nubilus Cottidae

N. ozarcanus Cottus carolinae

N. rubellus C. hypselurus

N. telescopus Per cichthyidae

Phoxinus erythrogaster Morone chyrsops

Pimephales notatus
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| Semotilus atromaculatus |

Figure 42. Rainbow Darter (Etheostoma caeruleum)

A common riffle dwelling speciesin the Buffalo
River and throughout itstributaries,
characteristic darter of the Ozarksregion in
general. Habitat requires rocky riffles and runs
and clear shallow pools with permanent flow
and silt free bottoms.

Picture taken from: www.americanfishes.com/ bigimg/tfl.jpg

Theriver has been periodically stocked by the AG& FC over the last fifty years. Records
indicate more than 1.5 million fish of various species have been stocked in the river and
itstributaries since 1942 (NPS, 1995). Stocking of game species occurred as late as 1983
for smallmouth bass and continued for channel catfish until terminated in 1988 at the
request of NPS (NPS, 1995).

Managing and protecting the fisheries along the Buffalo is atask with many pressures. In
order to protect the fish community of the river, management actions must also be taken
to protect the tributaries. These are important habitats for breeding and larval
development. Poor land use practices such as land clearing and channel modifications
result in increased nutrient levels, greater erosion, and habitat |0ss. These impacts are felt
through the tributaries and the results are eventually manifested in the Buffalo River’'s
fish community. As part of NAWQA, fish communities were assessed in the Ozark
Plateaus study region from 22 reaches at 18 stations in 1993, 1994, and 1995 (Petersen,
1998). Several siteswere located on the Buffalo River and its tributaries. The study
looked at the impact of different land use practices on species composition and diversity.
It also analyzed the effects of other factors on fish population structure like stream order,
drainage basin size, and disturbances such as channelization (Petersen, 1998).

The study found that in reaches with forest as the predominant land use, the relative
abundance of stonerollers and suckers was smaller and the relative abundance of sunfish
and darters was larger (Figure 44 aand b) (Petersen, 1998). Stonerollers (Figure 43)
showed the greatest (and only statistically significant) difference in relative abundance
between forest and agricultural basins, with 14% of the population in forested basins and
35% of the population in the agricultural basins (Petersen, 1998). In forested basins,
sunfish made up 11% of the population and darters 14%. In agricultural basins, only 4%
of the population was sunfish and 4% was darters (Petersen, 1998). This higher relative
abundance of stonerollers and lower abundance of darters and sunfish in agricultural
basins was also reported in a study by ADEQ (1995) in the upper White River basinin
Arkansas. The relative abundance of stonerollers consistently increased and the relative
abundance of darters decreased as more sites were developed into pasture and animal
production over the years (Petersen, 1998). Increased nutrients and warmer water from a
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more open canopy around the stream combine to produce ideal conditions for increased
algal growth. This provides afood source for stonerollers, resulting in higher relative
abundance in agricultural areas.

Sonerallerslivein large schools near the
bottom and feed primarily by scraping
attached algae from submerged objects
using a hard shelf-like extension on the
lower jaw.

Figure43. Stoneroller (Campostoma sp.)

Picture taken from:
www.dnr.cornell.edu/Sarep/fish/Cyprinidae/stoneroller.ht
ml

These trends have not always held true however; there were afew sites that showed
exceptions, including Big Creek and the Buffalo River near Boxley (Petersen, 1998).
Both had arelative abundance of stonerollers between 35% and 40%, indicating that |and
use and associated higher nutrient concentrations and more open canopy are not the only
factors that determine stoneroller abundance (Petersen, 1998). Possible explanations
