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USING PHYSICAT, CHEMICAL

BIOLOGICAL

INDICATORS TO ASSESS WATER QUALITY
ON THE OUACHITA NATIONAL FOREST
UTILIZING BASIN AREA STREAM SURVEY METHODS

J. ALAN CLINGENPEEL, Hydrologist
Ouachita National Forest
P.O. Box 1270
Hot Springs, AR 71902

BETTY G. COCHRAN, Fisherles Biologist
Quachita National Forest
P.O. Box 369
Glenwood, AR 71943

The Ouachita National Forest (ONF) has developed a series of Best Management Practices
(BMP's) designed to protect water quality and associated beneficial uses (fisheries, municipal water
supplies, etc.). A monitoring program is necessary to document the effectiveness of that protection.
The Basin Area Stream Survey (BASS) methodology provides a monitoring link from BMP's to the
aquatic ecosystems. The goal of BASS is to identify the physical, chemical and biological
characteristics of a stream in a format that will allow comparisons with other streams, and indicate
when a stream is being impacted. Six index streams within two ecoregions were selected and
inventoried in 1990, 1991, and 1992, to serve as baseline data sources. The South Fork of Alum
Creek and Bread Creek represent the upper Ouachita Mountain Ecoregion, Caney Creek and Brushy
Creek represent the lower Ouachita Mountain Ecoregion, and Jack Creek and Dry Creek represent

the Arkansas River Valley Ecoregion.

INTRODUCTION

The National Forest Management Act (PL 94-588) requires the Forest
Service to maintain or enhance water quality and soil productivity. The
Clean Water Act of 1972 (PL 92-500) further requires the protection of
beneficial uses and designates the State as the responsible agency, The
Environmental Protection Agency has determined that the development
and utilization of BMP's are the methods to meet state water goals for
nonpoint pollution.

In conjunction with the States of Oklahoma and Arkansas, the ONF
has developed a series of BMP's (USDA Forest Service, Ouachita
National Forest, 1990). These practices, when properly implemented,
should protect water quality and associated beneficial uses. While it is
assumed that the BMP’s are fully protecting beneficial uses, a monitoring
program is necessary lo document the effectiveness of that protection.
One of the shortfalls of BMP's is that they are not directly tied to
beneficial uses. BASS provides the monitoring link from BMP's 1o the
aquatic ecosystem and beneficial uses.

Pfankuck (1975), Bisson et al. (1981), Hanken (1984) and Ebert er al.
(1989) have developed criteria in the form of stream inventories to
describe the physical, chemical and biological characteristics of streams.
This study applied a paired-basin technique to use stream inventories in
assessing the effects of forest management (Ponce el al., 1982).

OBJECTIVE

The objective of BASS is to identify the physical, chemical and
biological characieristics of a stream in a format that will allow
comparisons with other streams, and may identify trends concemning
stream health and impairment of beneficial uses.

METHOD AND MATERIALS

‘The first criteria was the recognition of ecoregions. The ONF used the
Arkansas Department of Pollution Control and Ecology's ecoregion
concept (Bennent, ef al., 1987) with modification of the Ouachita
Mountain Ecoregion. The Ouachita Mountain Ecoregion was separated
nto an upper and lower subdivision.

Within each ecoregion or subdivision, two watersheds were selected
based on past management activities, comparable size, ownership, and
proximity. Watersheds containing litle or no timber harvesting activities

served as control basins, while watersheds with harvesting activities
typical of the ONF represented managed basins. Candidate watersheds
were large enough 1o suppont a resident fishery, with primarily Forest
Service ownership, and proximal to the other watershed in the ecoregion
(Table 1).

Table 1. Stream inventory information.

Stream Kilometars Ecoregion Controll

Inventoried Managed
S. Alum Pork 7.7 upper Ouachita Mtn C
Bread Creek 8.5 upper Ouachita Mtn M
Canay Creak 13.5 lower Ouachita Mtn C
Brushy Creek 8.8 lower Ouachita Mtn M
Dry Creesk 9.1 AR Rlver Valley c
Jacks Fork 7.0 AR River Valley M

PHYSICAL

Physical inventories began at the downstream or lower end of the
watershed. Moving upstream, habitat types (or reaches) were
consecutively numbered beginning with one. The minimum reach
identified was ten meters in length, Individual stream reaches were
flagged and labeled with the reach number and habitat type. Habitat types
were coded according to McCain ef al., (1990). The length and width of
each reach were measured to the nearest tenth of a meter. Mean bankfull
width was visually estimated to the nearest meter.

A transect of depths was measured 10 the nearest centimeter. The
transect measurements occurred at the waters edges, one quarter, half and
three quarters of the width. In addition, the depth at the thalweg was
measured 1o the nearest centimeter, All widths and depths were measured
at the midpoint of the reach or habitat type. For example, if a reach was
12 meters long, the width was measured at six meters.
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Substrate material was expressed as a percentage of the entire area of
the reach. Substrates were classified into bedrock, boulder (>30cm),
cobble (8-30 cm), gravel (8-1 cm), sand (1 cm-0.5 cm) and fines (<]
mm), according 10 a modified Wentworth scale (Bovee and Cochnauer,
1977). Embeddedness was estimated as the average percent of cobble-
sized substrate surrounded by fines.

Cover factor for fisheries was estimated as a percent of the habitat
area. Categories included undercut banks, large woody debris (d>0.15 m,
logs and rootwads), small woody debris (d<0.15 m), terrestrial vegetation
overhanging stream (h<0.3 m), white water, boulder (d>30cm), bedrock
ledges, clinging vegetation on substrate and rooted vegetation in the
stream substrate (Platts ef al., 1987).

Each stream bank angle was measured in degrees with a clinometer.
For example, vertical banks were 90 degrees, undercut banks were less
than 90 degrees (Platts et al., 1987). Bank stability was estimated for each
bank, as a percent of the bank intact and/or non-erodible. Terrestrial
vegetation was classified as brush, grass, forest or barren. Canopy closure
was recorded as the percent of vegetation closure and measured using a
spherical densiometer while facing upstream in the middle of the reach.

BIOLOGICAL

The biological inventory was based on a 10% sample of all stream
reaches typed. For example, if 27 main channel pools were identified
within a stream then three main channel pools were sampled. Sample
areas were stratified along the length of the stream.

For fish collections, the habitat reach was isolaled with block nets.
Collections were made using the multiple-depletion, maximum likelihood
estimation method of Van Deventor and Plaus (1985). This involved at
least two and preferably three or more electroshocking passes through the
sample area. These passes covered the entire reach in an upstream
progression with consistent effort on all passes. The downstream block
net was surveyed for fish after every pass and captured fish were included
with that pass, Each pass comprised a sample and was placed in separate
containers. Fish were preserved in 10% formalin and labeled. Game
species, endangercd, threatened, or sensitive species were measured and
weighed in the field and retumed to the stream.

Aquatic macroinveriebrates were collected with a five-minute kick-
net sample, utilizing the same reaches sampled for fisheries. Reaches
were sampled as the collector shuffled or kicked the substrate with the
dip net positioned directly downstream. All microhabitats (woody debris,
leaf packs, etc.) within the reach were included in the sample. At the
completion of the five-minute kick sample, an additional five-minute
sample from washed substrate was taken. The dip net was placed
downstream and individual cobbles were scrubbed with a soft bristle
brush into the dip net. That sample was combined with the kick-net
sample. Large organic debris and leaves were washed and removed from
the sample. Aquatic macroinveriebrate samples were preserved in 70%
ethanol and labeled (Merritt and Cummins, 1984).

CHEMICAL

Water chemistry and flow data were collected in the same areas sam-
pled for biological characteristics, Volume flow, dissolved oxygen,
turbidity and temperature were measured in the field. Water samples were
collected and preserved for analysis. Water analysis included suspended
sediment, wrbidity, conductivity, pH, bromide, nitrate, boron, silicon,
zinc, phosphorous, iron, copper, manganese, magnesium, sodium, cobalt,
aluminum, nickel, calcium, titanium, chromium, lead, sulfate, acidity and
chloride.

DISCUSSION

The Basin Area Stream Survey is a method for the systematic and
comprehensive collection of data in lotic aquatic ecosystems.

Following the analysis of the data, the frequency and characteristics of
habitat types in a given stream and ecoregion may be compared and

contrasted. Within habitat types, physical characteristics, biological
criteria and chemical parameters may also be evaluated.

Afier determining the variability within and between managed and
control stream systems and ecoregions or subdivisions, trends in habitat
composition and stream characteristics may be monitored. Additionally,
the six streams become index streams for comparison to other streams
within their respective ecoregions or subdivisions.

In conjunction with management history and sediment models,
predictive models concerning beneficial uses may be developed based on
management activities. This will allow resource managers to make more
informed decisions regarding management practices and provide a link
between Best Management Practices and effects on beneficial uses.
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