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SUMVARY

The Environnmental Protection Agency’ s Environmental Mnitoring
and Assessnent Program (EMAP) is an outcone of EPA s National

Eut r ophi cati on and Acid Lake Monitoring Prograns of the 1980s.
EMAP is a statistical sanpling programthat has adopted a uniform
approach for national and regional nonitoring assessnents across
ecosystemtypes. EMAP uses a serially alternative probability-
based sanpling design that systematically allocates sanpling
effort over space and tinme to ensure adequate coverage foll owed
wi th random zation to ensure unbi ased estimtes of status

t hroughout the life of a project. The design does not rely on
assunptions of population distribution, but describes the
under|lying structure of the population of interest. The approach
is flexible and applicable to all |andscape nedia. It has the
ability to increase or reduce sanpling density down to the
ecoregion | evel, respond quickly to environnental problens,

mai ntai n representative coverage of environnmental resources, and
provide for sanpling of fewer sites in an area but over rotating
cycles. Through this project, an interval-overlap technique is
presented that mnimzes the |oss of nonitoring data when the
EMAP approach is incorporated into a fixed station (judgenent)
nmonitoring program The techni que uses a back-prediction nethod
with a bias-corrective factor to best fit the two types of

nmoni toring derived dat a.

In cooperation with EMAP's desire to transfer this
nmoni t ori ng approach to the EPA regions and states, Region 4
establ i shed the Regional Environnental Mbnitoring and Assessnent
Program (REMAP). Region 4 teaned with scientists and nanagers in
EPA's Ofice of Research and Devel opnent and the states of
Ceorgia and South Carolina to conduct a denonstration of the new
nmoni t ori ng approach, answer questions about probability sanpling
and anal ysis, and address the concerns about the ecol ogi cal
condition of streans and | arge | ake tributary enbaynents in the
Savannah Ri ver Basi n.

From a basin perspective, the tributary enbaynents with
regard to trophic condition are in good condition. At worst,
only about 5% of the acreage exhibited | ess than desirable
conditions. There appeared to be a general decline southward
Wi th respect to stream EPT | ndex, dissolved oxygen, and
conductivity. Average streamtenperatures increased sout hward.
Water quality violations were noted for dissolved oxygen and pH
A di ssol ved oxygen violation was noted on an unnaned tributary to
Cliatt Creek in Colunbia County, Georgia. Likew se about 8% of
the streammles were |l ess than both state’s pH standard of 6.0
and 2% of the mles were greater than the all owabl e South
Carolina standard. An exam nation of basin-w de stream
conditions over a two-year period indicated that up to 52% of the
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streammles were in poor ecological condition.

Because of a sufficient nunber of reference and sanpling
stations in the Lower Piednont Ecoregion, EPA scientists focused
on that scale in assessing streamcondition over a four-year
period. Consolidating information froman EPT Index, Fish |Index,
and Habitat Score, scientists devel oped a Lower Piednont
Ecol ogi cal Index (LPElI). The LPElI showed that 69% of the
Ecoregion’s streammles are in fair to poor ecol ogi cal
condition. Mbst of this adverse inpact is attributed to habitat
degradation in the form of excessive sedinentation. One area of
the | andscape along the 185 corridor showed an unusual ly high
nunmber of poor streamsites and it is the conclusion of the
scientists that this area is in need of further study.
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1. 0 | NTRODUCTI ON

1.1 PURPGSE

Responding to i ncreased popul ati on grow h and demands for
mul tiple uses of natural resources, The Environnmental Protection
Agency (EPA) established the Watershed Protection Approach (WPA)
in 1991 (EPA, 1991; 1996). The WPA is a programfor identifying
and preventing environnmental problens, setting priorities, and
devel opi ng sol utions through an open, inclusive process with the
peopl e (stakehol ders) who live in a geographical setting.

Consi deration of econom c prosperity and environnmental well-being
is the cornerstone of WPA. The Savannah River Basin was one of
two areas selected in 1993 for the WPA in Region 4 because of its
hi gh public use, known environnental problens, susceptibility for
further degradation, interest in participation by the users, and
the likelihood of success. Through the WPA initiative, EPA
Regi on 4 brought together scientists and stakehol ders who

devel oped a strategy to provide an ecol ogical focus for
resolving problens. This strategy gave birth to the Savannah

Ri ver Basin Watershed Project (SRBW) (Managenent Conmmttee,
1995). The goal of the SRBWP is to devel op and inpl enent a

mul ti - agency environnental protection managenent project which

i ncorporates the authorities and expertise of all interested
parties in an effort to acconplish the vision of conserving,
restoring, enhancing, and protecting the Basin's ecosystens in a
way that allows the balancing of nultiple uses. Further details
on objectives and issues within the basin can be found in Vol unme
| of the “SRBWP Initial Assessnent and Prioritzation Report” by

t he Managenent Conmmittee (1995). Part of the SRBWP strategy

i ncluded a nonitoring conponent, The Regi onal Environnental
Monitoring and Assessnent Program (REMAP) (FTN et al ., 1994).

Envi ronnmental nonitoring prograns have devel oped in response
to specific needs, such as conpliance nonitoring by regulating
agenci es responsible for the condition of surface waters, or
fixed-station nmonitoring networks that primarily address
i ndi cators of exposure and stress. Sone of the nonitoring
prograns are driven by mandates in the Cl ean Water Act (CWA).

The reports required by Sections 305(b) and 314 of the CMA are an
exanple. Prograns that collect data on other ecosystemtypes
have al so been established. For exanple, the U S. Departnent of
Agriculture (USDA) National Agricultural Statistical Survey
collects data for agricultural resources; The Forest Service’'s

| nventory and Anal ysis Surveys anal yze forest resources; and the
U S. Geological Survey' s National Water Quality Assessnent
(NAWQA) program nonitors water quality in selected basins. None
of the prograns, however, have adopted a uniform approach for
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nati onal and regi onal assessnents across and anbng ecosystem
types. The Environnental Mnitoring and Assessnent Program
(EMAP) and its counterpart, REMAP, is intended to fill that gap
by providing the U S. EPA Adm nistrator, Congress, and the
public with statistical data sunmaries and peri odic
interpretative reports on ecol ogical status and trends. Because
know edge about uncertainty is inportant for interpreting
guantitative environnmental data, EMAP is designed to nmake
rigorous uncertainty estimtes as well (Larsen et al., 1991).

The REMAP was devel oped as a partnership between EMAP, EPA's
Regional O fices, and States to pronote the use of EMAP sci ence.
The objectives of REMAP foll ow

1. To evaluate and i nprove EMAP concepts for State and | ocal
use.

2. To assess the applicability of EMAP indicators and the
EMAP approach at differing spatial scales.

3. To denonstrate the utility of EMAP for resolving issues
of inportance to the EPA, Regions, and States.

The REMAP strategy lends itself to the benefits of a ful
partnership between states and federal agencies because both
nati onal and state nonitoring needs can be net in a cost-
effective manner. The EMAP approach can provide a cost-effective
approach for assessing ecol ogical data and reporting estimates of
status and trends in indicators of condition with known
confidence. State reporting requirenents under several sections
of the Clean Water Act (CWA) can be acconplished using an EMAP
nmoni t ori ng approach. Section 305(b) of the CWA requires states
to submt biennial reports that include analysis of water quality
data of all navigable waterways to estimte environnental
i npacts. The C ean Lakes Section 314 requires states to submt
bi ennial reports that identify, classify, describe, and assess
status and trends in water quality of publicly owed | akes.
REMAP proj ects are being designed to provide neani ngful
information to decision-nmakers within a 1- to 2-year period.

1.2 POLI CY- RELEVANT QUESTI ONS

The Sci ence and Ecosystem Support Division (SESD) of EPA
Regi on 4 was asked by the Savannah Ri ver Watershed Project Policy
Committee to inplenment the REMAP strategy as a denonstration
project for the states of South Carolina and Georgia. These
states were interested in reducing sanpling frequency and
anal yses, having the ability to reduce or increase sanpling
density, responding quickly to energing environnental problens,
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and mai ntai ning representative coverage of environnental
resources through a systematic-random neans of sanpling. Before
the nonitoring study, a set of questions was posed by the states
of Georgia and South Carolina to provide direction for the
nmonitoring design. The follow ng policy-relevant questions were
identified to guide the devel opnent of a plan of study and
subsequent nonitoring efforts.

> VWhat is the status of condition of the water resources of
t he Savannah Ri ver Basin?

> What proportion of the Savannah R ver Basin surface waters
are attaining designated uses?

> What are the changes of ecol ogical condition over tinme?
> What factors m ght be associated with changes?
> Is there a tendency for distribution of condition in a

specific direction (spatial gradient) over the basin
| andscape? What are the possible reasons for these
gradi ent s?

> VWhat resources are at risk in the Savannah R ver Basin?

1. 3 PROGRAM OBJECTI VES

In response to the needs of the states and policy-rel evant
guestions posed, The Ecol ogi cal Assessnent Branch (EAB) of the
SESD devel oped the foll ow ng study objectives with the
concurrence of the Policy Commttee of the Savannah Ri ver
Wat er shed Proj ect.

> Esti mate the status and change of the condition of water
resources in the Savannah Ri ver Basi n;

> Identify water quality spatial gradients that exist within
t he Savannah River Basin and associate current and changi ng
condition with factors that may be contributing to this
condition and spatial gradients;

> Denonstrate the utility of the REMAP approach for ecoregion

and river basin nonitoring and its applicability for state
noni t ori ng prograns,
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> | ncorporate the REMAP approach in the fornulation and
acconplishnent of the State River Basin Managenent Pl ans;
and

> Provi de baseline information required to conduct conparative
ri sk assessnents in the Savannah Ri ver Basi n.

1.4 DESCRI PTI ON OF THE SAVANNAH RI VER BASI N

The Savannah River originates in the nountains of Georgia,
South Carolina, and North Carolina and fl ows sout h-southeasterly
312 mles to the Atlantic Ccean near the port city of Savannah,
Ceorgia (Figure 1.1). The Savannah R ver is formed at Hartwell
Reservoir by the Seneca and Tugal oo R vers.

Headwat er streans of the Seneca River are the Keowee River
and Twelve-M1le Creek. The Tugaloo River is fornmed by the
confluence of the Tallulah and Chattooga Rivers. The Savannah
River flowing in a south-southeasterly direction forns the border
bet ween the states of Georgia and South Carolina. The river’s
entire length of 312 mles is regulated by three adjoining Corps
of Engineers nultipurpose reservoirs, each w th appreciable
storage. The three |akes, Hartwell, Russell, and Thurnond, form
a chain along the CGeorgia-South Carolina border 120 mles | ong.
Si x power devel opnents that are part of the Georgia Power Conpany
hydr opower network exi st upstream of Hartwell Lake on the Tugal oo
Ri ver system Yonah and Tugal oo | akes on the Tugal oo River, and
Tal lul ah Falls, Rabun, Seed, and Burton | akes on the Tallul ah
Ri ver. Upstream of Lake Hartwell, on the Seneca River, is Duke
Power Conpany’ s Keowee- Toxaway Project. The project is conposed
of three adjoining reservoirs, the nost downstream of which is
Keowee Lake, and the other two, Jocassee and Bad Creek Lakes are
punp storage projects(Figure 1.2).

The Savannah Ri ver Basin has a surface area of 10,577 square
mles, of which 4,581 square mles are in South Carolina, 5,821
square mles are in Georgia, and approximately 175 square m |l es
are in North Carolina. Like other basins of large rivers in the
Sout heast which flowinto the Atlantic Ccean, the Savannah Ri ver
Basin enbraces three distinct areas: the Muntain Province, the
Pi ednmont Province, and the Coastal Plain (Figure 1.3). The
mount ai ns and Pi ednont are part of the Appal achian area. The
di vi si on between the Muntain and Piednont is an irregular line
extending fromnortheast to southwest, crossing the Tallul ah
River at Tallulah Falls. The Fall Line, or division between the
Pi ednont Province and the Coastal Plain, also crosses the basin
in a generally northeast to southwest direction, near Augusta,
Ceorgia. Elevations within the Muntain Province of the basin
vary from 1,500 feet National Geodetic Vertical Datum (NGVD) on
the Tallulah River to 5,030 feet NGVD for the highest peak,
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Little Bald Mountain, in North Carolina along the watershed

di vide. The Blue Ridge is characterized by nountains covered
naturally with Appal achi an oak. Forests and ungrazed woodl ands
are the predom nant | and uses with sone cropland and pastures.
The Pi ednont Province, due to its great wdth of over a hundred
mles, is truly Piednont only in the upper parts, and gives way
to a mdland area before reaching the Coastal Plain. Exclusive
of river valleys, its elevation generally varies from 500 feet
NGVD at the Fall Line to about 1,800 feet NGVD at its upper
extremty. The Piednont is characterized by gently sloping hills
and snooth to irregular plains. This province is underlain
naturally with nutrient poor soils supporting oak/hickory/pine
and southern m xed forests. Land use is a mxture of crop |ands,
pasture, and woodl ands with sonme urban areas. Wthin the Coastal
Plain, elevations vary from500 feet NG/D at the Fall Line to sea
|l evel at the Atlantic Ccean. Flat plains dom nated naturally by
oak/ hi ckory/ pine forests, pocasin (pine, holly) forests, southern
flood plain forests (oak/tupel o, bald cypress), and southern

m xed forests (beech, sweetgum magnolia, pine and oak) are
characteristic of the Coastal Plain.

Wthin the three physiographic provinces there exist
di stinct ecosystens based on the interrel ationshi ps between
organi snms and their environnent. These distinct ecosystens are
defined as ecoregions. Ecoregions are ecologically distinctive
areas that result fromthe nmesh and interplay of the geol ogic
| andform soil, vegetative, climatic, wildlife, water and human
factors which may be present (from Wl ken, 1986) Wile
physi ogr aphi c provinces may prove suitable for regional or
nati onal assessnents, definition of ecoregions anong broad
physi ographic areas is necessary to accurately assess ecol ogi cal
condition or health. Ecoregions are distinct areas grouped by
climate, soils, land forns, and vegetative cover. The Blue R dge
physi ographi c provi nce stands al one as a separate ecoregion as
does the Piednont physiographic province. However, the Coastal
Pl ai ns physi ographi c province is conposed of three distinct
ecoregions: the Fall Line Hills (or Sand Hills), the Southeastern
Plains and Hlls, and the Coastal Pl ains.

Land use in the basin is agriculturally oriented. Sixty-siXx
percent of the basin is considered tinberland and 34.1%i s
nonforested. The nunber of acres farmed remai ns constant.

Bet ween 1987 and 1992 there was little change in the total farm
acreage in the basin. However, Georgia had 330 fewer farnms and
| esser acreage in 1992 than in 1987 while South Carolina had an
increase of 931 farnms and an increase of 110,134 acres in farm
| and. There was a shift over the sanme five-year period in the
types of crops grown. An increase in the nunber of acres
cultivated have occurred in corn (18%, cotton (86%, peanuts
(129, and tobacco (31%. These gains have been nade with
correspondi ng decreases in primarily wheat (-30% and soybeans
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(-329%.

The Savannah Ri ver Basin contains all or part of 43 counties
in Georgia, South Carolina, and North Carolina. Four of the
counties are in North Carolina, thirteen in South Carolina, and
twenty-six in Georgia. The population of the basin in 1990 was
about 1,500,000 and is expected to grow to 1,800,000 by the year
2030. About 53% of the population resides in Georgia, 42%in
South Carolina, and 5%in the headwaters |located in North
Carolina. Four netropolitan areas contain 62% of the basin's
popul ati on. Savannah, CGeorgia is the largest city with 137,560
persons foll owed by Augusta, Georgia with a popul ation of 44,619
(FTN et al., 1994; SRBWP, 1995; EPA, 1991; EPA, 1996).
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NORTH CARCLINA

SOUTH CAROLINA

GECRGIA

Figure 1.1 Savannah Ri ver Basin.
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Figure 1.2 Location of Mjor Lakes in the Savannah Ri ver Basin.
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Figure 1.3. Physiographic Provinces and the Lower
Pi ednont Ecoregi on of the Savannah Ri ver Basin.
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2.0 STUDY DESI GN

2.1 Resources of | nterest
2.1.1 Streans

Wthin the basin’s 10,579 square mles, there are 17,354
streammles. An estimated 1,503 streammles or 5.4%are
wadeabl e (first through third order) streammles. The
popul ati on of wadeable streans of interest is those pernanent
streans as indicated by a blue-line segnent on a USGS 1: 100, 000-
scal e topographic map series in digital format (DLGs) and the
nodi fication of the DLGs represented by the U S. EPA R ver Reach
File (RF3). Streans typically exhibit unilateral gravity flow
that under nornmal conditions are confined to a channel. Al
per manent wadeabl e streans from Strahler first order to third
order (Chow, 1964) were included in the target popul ation.

2.1.2 Large Lake Enmbaynents

The statistical population of interest included al
tributary enbaynents >20 hectares associated with | akes >500
hectares. A tributary enbaynent is defined as a body of water
associated wth, but offset from the main | ake that has a
permanent, blue-line streamat its headwaters. The enbaynent
begins at the plunge point, the streamstretch where the infl ow
water density is greater than the density of the |ake surface
water, and it joins the main body of the | ake at the plane
created by intersecting break points of the shoreline of the
enbaynent with the main body. Tributary enbaynents are
associated only with | akes that have a shore |ine devel opnent
ratio >3.0 and a surface area >500 hectares (FTN et al., 1994).

Shore line developnent is the ratio of the actual |ength of
shore line of a lake to the length of the circunference of a
circle the area of which is equal to that of a lake. [If a |ake
had a shoreline in the formof a circle, the shore line
devel opnent would be 1.0 (Wl ch, 1948).

Tributary enmbaynents of six major |akes were studied over a
three-year period (1995 to 1997). These | akes were Burton,
Jocassee, and Keowee, |ocated in the Muuntain Province. The
other three | akes, Hartwell, Russell, and Thurnond, were | ocated
in the Piednont Province.

Lake Burton, controlled by Georgia Power Conpany, is |ocated
near Cl ayton, CGeorgia. It is an old reservoir inpounded in 1919.
The | ake has a shoreline Iength of 62 mles surrounding 2,775
acres containing 1,000,080 acre-feet of water.

Hartwell Lake is 7 mles east of Hartwell, Georgia. A dam
is located at river mle 305.0. Wen the |ake level is at
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el evation 660 ft. NGVD, the top of the conservation pool, the

| ake extends 49 mles up the Tugal oo River in Georgia, and 45
mles up the Seneca and Keowee Rivers in South Carolina, covering
55,900 acres. The shoreline at el evation 660 NGVD i s about 962
mles long, excluding island areas. The |ake has a total storage
capacity of 2,550,000 acre-feet bel ow el evati on 660 NGVD

Hartwel | dam began operation in 1963.

Russell damis at River Mle 275.2 in Elbert County, Ceorgia
and Abbeville County, South Carolina. The damis 18 mles
sout hwest of Cal houn Falls, South Carolina, and 40 mles
nort heast of Athens, Georgia. At the top of conservation pool
el evation of 475 NGVD, the | ake has a useabl e storage capacity of
126, 800 acre-feet and a shoreline of 523 m | es enconpassi ng
26,000 acres. (Qperation of the project began in January 1984.

Thurnond Lake is 22 mles upstream of Augusta Ceorgia. At
el evation 330 NGVD, at the top of the | ake pool, the |ake extends
40 mles up the Savannah Ri ver and about 30 mles up the Little
Ri ver in Georgia. The | ake has about 1,050 mles of shoreline,
excluding island areas. At the top of the flood control pool
(el evation 335 NGVD), the | ake has an area of 78,500 acres with a
total storage capacity of 2,510,000 acre-feet.

The three-project systemis authorized and operated by the
U S. Corps of Engineers for fish and wildlife, flood control,
hydro power, navigation, recreation, water quality, and water
suppl y.

Duke Power Conpany built and controls Lakes Jocassee and
Keowee. The upper | ake, Jocassee, was built in 1973. It
contains an area of 7,318 acres holding 1,077 acre-feet of water
with a shoreline length of 75 mles. Lake Keowee, built in 1971
has a shoreline length of 300 m |l es enconpassing 18,373 acres
with a storage hol ding capacity of 955 acre-feet.

2.2 Statistical Sanpling Design

A probabilistic sanpling survey strategy was used to
characterize the wadeabl e streans and tributary enbaynents of the
Savannah Ri ver Basin. The sanpling design was derived fromthe
approach used in EMAP (Messer et al., 1991; Overton et al., 1990;
Stevens et al., 1992).

Probability sanpling designs use random zation in the sanple
site selection process. Probability sanpling is the general term
applied to sanpling plans in which

> every nmenber of the population (i.e., the total assenbl age
from whi ch individual sanple units can be selected) has an
equal chance of being included in the sanpl e;

> the sanple is drawn by some net hod of random sel ection
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consistent with these probabilities; and

> the probabilities of selection are used in making inferences
fromthe sanple to the target popul ati on (Snedecor and
Cochran, 1967),

One advant age of probability-based surveys is their mninma
reliance on assunptions about the underlying structure of the
popul ation (e.g., normal distribution). |In fact, one of the
goal s of probability-based surveys is to describe the underlying
structure of the population. Random zation is an inportant
aspect of probability-based surveys. Random zation ensures that
the sanple represents the popul ation. Wthout probability
sanpling, each sanple often is assuned to have equa
representation in the target popul ation, even though sel ection
criteria clearly indicate this is not the case. Wthout the
underlying statistical design and probability sanples, the
representativeness of an individual sanple is unknown. Draw ng
i nferences from sanpl es selected wi thout random zation and
Wi t hout incorporating inclusion probabilities can lead to
m sl eadi ng concl usi ons.

One can study conditions of streanms in two ways. The first
is by census, which entails exam ning every point on the streans.
This nethod is inpracticable. A nore practicable approach is to
exam ne sone points systematically to ensure adequate coverage of
the basin, and randomly to prevent bias in selection of stream
points. For exanple, we would not obtain a good estinmate of the
percent of all students in a region with hepatitis if we polled
only students in small towns of |ess than two thousand peopl e.
This preferential or biased sanple would nost |ikely include a
much | ower proportion of students with hepatitis than the general
popul ation of students. Simlarly, in a stream study,
preferential sanpling occurs if the sanple includes only sites,
for exanple, downstream of sewage outfalls where sewage outfalls
affect only a small percentage of total streamlength. This kind
of sanpling program may provide useful information about
condi tions downstream of sewage outfalls, but it will not produce
estimates that accurately represent conditions of the whole
basin. Preferential selection can be avoided by collecting
random sanpl es.

Random zati on can be thought of as a kind of lottery
drawi ng to determ ne which points are included in the sanple.
Random zation is inportant. Wen used, it is possible to
estimate condition of streans with a known degree of confidence.
| n REMAP, hexagons are used to add the systematic elenent to the
design. The hexagonal grid is positioned randomy over the basin
map, and sanpling points fromw thin each hexagon are sel ected
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randomy. The grid ensures spatial separation of selected
sanpling points. This design's sanpling requirenents reduce
sanpling locations to a logistically and econom cally feasible
nunmber. It allows fewer sites to be sanpled annually, but
provi des for sanpling of all randomy selected sites over a
rotating year period.

2.2.1 Frame Materi al

A sanpling frame is an explicit representation of a
popul ation from which a sanple can be sel ected. The sanpling
frame for wadeable streans and tributary enmbaynents is the USGS
1: 100, 000-scale map series in digital format (DLGs) and the
nodi fication of the DLGs represented by the U S. EPA R ver Reach
File (RF3), which established edge matching and directionality in
the DLG fil es.

2.2.2 Sanple Site Sel ection

The survey design follows the general design strategy
proposed for EMAP (Overton et al.,1990; Messer et al.,1991). The
EMAP sanpling design (Overton et al., 1990) achieves
conpr ehensi ve coverage of ecol ogical resources through the use of
a grid structure. Wiite et al. (1992) describe the construction
of the underlying triangular point grid and its associ ated
tessel | ati on of hexagonal areas.

A two stage sanpling approach was used to select the sanple
units. The sanme general approach was used to select the Stage |
sanpl es of wadeable streans. A 7x7x7 fold enhancenent of the
random EMAP base grid was placed over the Savannah Ri ver Basin
(Fig. 2.1). Each grid point was circunscribed by a hexagonal
area 1.86 knt. These 1.86-kn? hexagons are aggregated into
groups of seven, one central hexagon surrounded by six other 1.86
knt hexagons. These seven hexagons form a rough, crenul ated

hexagon, or hexal of about 13 knf. Seven 13-kn?f hexal s conprise
one 90-knt hexagon and there are seven 90-kntf in the EMAP base
grid hexagon which covers 640 knt (Fig.2.1). This results in the
7x7x7 fold enhancenent of the Savannah Ri ver grid over the
original EMAP base grid. There are about forty-three 640 kn?¥
hexagons (hex) |l ocated within the Savannah Ri ver Basin.

Stage | sanpling selected three 13-knt hexals at random
wi t hi n each EMAP 640- knt hexagon (Fig. 2.2). The process
constituted a probability sanple and preserved the spati al
di stribution of sanples throughout the basin. Every streamreach
within each of the selected 13-knt hexals was identified and
designated with a unique code. These streans constituted the
el ements for the Stage Il sanple

Stage | sanples streans in direct proportion to their
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occurrence on the | andscape. There are orders of magnitude of
nore small streans than there are large streans. Different

wei ghts were assigned to the streans based on streamorder. |f
these sanpling units are not weighted for size, random sel ection
will result in a preponderance of smaller streans in the

nmoni t ori ng program

The exact weighting procedure is based on the popul ation
distribution of the streans. For streans in the Savannah Ri ver
Basin, a weight of 1.0 was assigned to first order streans (i.e.,
the snmallest streans), a weight of 3.5 was assigned to second
order streans and a weight of 6.0 was assigned to third order
streans.

The sel ection process for streans illustrates the
random zation and spatial distribution preservation inherent in
t he EMAP approach: For each stream segnment |ocated within each 13
knt hexal, the length (kn) of the segnent and its classification
(e.g., first order, etc.) are transposed onto a |line that
constitutes the total length (km of streans of all stream orders
| ocated within the hexal (Fig. 2.3). The individual stream
| ength segnents are then nmultiplied by an appropriate wei ght.
Al first order segnents, all second order segnents, etc. are
added to this line until the Iine contains all segnent |engths
for the subject hexal. The total streamlength contained within
a hexal is the sumof the streamreaches in the hexal (Fig.2.3).
The order of the segnents on the line is random zed but the
| ocation of each uniquely identified segnent is preserved.
Following this sane pattern, hexals within the EMAP 640-kn¥ hexes
are random zed (Fig. 2.4). The final Iine represents the total
I ength of all wadeable streans selected in the Stage | sanple.
Spatial distributions are preserved through the random zation
process (all stream segnent | engths random zed within a hexal,
hexal s random zed within an EMAP 640-knt hex and the 640-kn?
hexes random zed). Once the sanple size has been determ ned, the
total wadeable streamlength (weighted) is divided by the
requi red sanple nunber to derive a length interval for sanple
selection. A randomstart |ocation on the weighted line is
sel ected and sanple sites are systematically drawn using the
derived length interval. For exanple if the weighted line is 200
kmlong and the sanple size is 50 (200/50=4kn), then a station is
sel ected every 4 kmalong the |line beginning fromthe random
start point (Fig. 2.4).

In a simlar manner |arge | ake enbaynent stations were
selected for sanpling. The hexagonal tessellation was randononly
| ocat ed over the area covered by the enbaynent popul ation.

Wt hin each hexagon, a point was randononly selected. |If the
point fell within one of the enbaynents, then that point becane a
sanple point. The selection process ensured that each | ocation
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in the enbaynent popul ation was equally likely to be sanpled, and
that the set of sites was spatially distributed throughout al
enbaynents (Stevens, 1997).

2.3 Tenporal Sanpling Rationale

The EMAP has devel oped an approach that permts fewer sites
to be sanpl ed annually, but provides for sanpling all sites over
a rotating year period. Currently, this rotation period, or
interpenetrating cycle, is four years for the wadeabl e streans
and two years for the | ake enbaynent sanpling, but it can be two,
three, five years etc. This approach preserves the spati al
di stribution of the sanples throughout the Basin and randononly
assigns simlar nunbers of streans or enbaynents in each year.
This reduces the sanpling requirenents in any year to a
| ogistically or econom cally feasible nunber while still
permtting estimates of resource condition. The design is well
adapted for detecting persistent, gradual change on di spersed
popul ati ons or sub popul ations and for representing patterns in
indicators of condition. The period for rotation is based on the
desired precision of estimates for any given year. For this
denonstration project, precision was set at +/-10%wth a 95%
confidence Interval (Cl).

The | arge | ake enbaynent study extended over a period of
three years. Two independent systematic random sanples were
selected - one for each year. A total of 111 enbaynent sanple
| ocati ons was sel ected such that 52 were allocated in 1995 and 59
in 1996. During the third year, we cycled back to the first set
of sanples allocated for the enbaynents. For the three-year
period, 126 enbaynent stations out of 163 (77% were sanpl ed.
Those stations not sanpled were non-targets, that is, the
| ocation was on | and, |ess than one neter deep, or inaccessible.

Sixty sites per year for a total of 240 sites over a four-
year period were selected for streamsanpling. Only 119 sites
wer e sanpl ed because of access denial, sone were intermttent
streans, sone were ponds or enbaynents, sone were on dry |and,
sonme were in wetlands, and a few did not neet our criteria of <%
hour to walk to the site.
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3.0 I NDI CATORS

REMAP nonitors ecol ogical indicators to assess status,
trends, and changes in the condition and extent of the Region’s
ecol ogi cal resources (Bronberg, 1990, Hunsaker and Carpenter,
1990; Hunsaker et al., 1990). Indicators are defined as any
characteristic of the environnent that estinmates the condition of
ecol ogi cal resources, nmagnitude of stress, exposure of a
bi ol ogi cal conponent to stress, or the anobunt of change in
condi tion.

Ecol ogi cal principles state that ecosystemresponses and
condition are determ ned by the interaction of all the physical,
chem cal, and bi ol ogi cal conponents in the system Because it is
i npossi ble to neasure all these conponents, REMAP s strategy
enphasi zes indicators of ecol ogical structure, conposition, and
function that represent the condition of ecol ogical resources
relative to societal values. The challenge is to determ ne which
ecological indicators to nonitor. One approach for selecting
these indicators starts with those attri butes valued by society
and determ nes which indicators m ght be associated with these
val ues.

3.1 Societal Val ues

To be effective, information fromthe nonitoring program
must pronpt action when required. This neans the information
produced nmust be related to perceptions of aquatic health and
represent issues and val ues of concern and inportance to the
public, aquatic scientists and decision nakers. The sel ection of
t hese societal values drives the selection of appropriate
i ndicators. After extensive discussions with resource nmanagers,
deci sion makers and the scientific community by nmenbers of the
EMAP - Surface Waters Resource G oup (Larsen and Christie 1993),
an initial set of societal values and concerns were identified
for evaluation in EMAP. These val ues are:

> Bi ol ogi cal Integrity,
> Trophi c Condition, and
> Fi shability.

Bi ol ogical integrity can be defined as the ability to
support and maintain a bal anced, integrated, adaptive comunity
with a biological diversity, conposition, and functional
organi zati on conparable to those of natural |akes and streans of

the region (Frey 1977; Karr and Dudl ey 1981) and includes various
| evel s of biological, taxonom c and ecol ogi cal organi zati on (Noss
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1990). Biological integrity incorporates the idea that all is
well in the community. That is, the different groups are stable
and working well with little if any external nmanagenment of the
community, whether it is a township, coral reef, or stream
Waters in which conposition, structure and function have not been
adversely inpaired by human activities have biological integrity
(Karr et al. 1986). Karr and others (1986) al so defined a system
as healthy “when its inherent potential is realized...and m nima
external support for managenent is needed.” This value or ethic
differs considerably fromvalues oriented toward human use or
pollution that are traditionally assessed in water quality and
fisheries programs, in which production of a particul ar species
of gane fish is the goal (e.g., Doudoroff and Warren, 1957), and
may conflict with these definitions (Callicott 1991; Hughes and
Noss, 1992; Pister, 1987).

Fishability is defined as the catchability and edibility of
fish and shellfish by humans and wldlife (Larsen and Christie
1993). Fish represent a maj or hunan use of an aquatic ecosystem
product. Protecting fish is the goal of many water quality
agencies, and fish drive their water quality standards.

Trophi c condition has been defined in EMAP as the abundance
of production of al gae and macrophytes (Larsen and Christie
1993). Trophic condition involves both aesthetic (water clarity)
and fundanental ecol ogi cal (production of plant biomass)
conponents. It is a key aspect in determning both a | ake’s
relative desirability to the public, its production of fish and
its ecol ogical character or classification by |immol ogists
(e.g.,eutrophic or oligotrophic). Because of Iimted resources,
a decision was made to concentrate on trophic condition
indicators for | akes over a three-year period; and for streans,
we enphasi zed integrity all four years and trophic condition
(algal growth potential) only for two years.

3.2 Types and Sel ection of Indicators

EMAP defines two general types of ecol ogical indicators,
condition and stressor indicators. A condition indicator is any
characteristic of the environnent that estinmates the condition of
ecol ogi cal resources and is conceptually tied to a value. There
are two types of condition indicators: biotic and abiotic.
Condition indicators relate to EMAP's first and second
obj ectives: estimating the status, trends, and changes in
ecol ogi cal condition; and the extent of ecol ogical resources.

Stressor indicators are characteristics of the environnent
that are suspected to elicit a change in the condition of an
ecol ogi cal resource, and they include both natural and human-

i nduced stressors. Selected stressor indicators are nonitored in
EMAP only when a relationship between specific condition and
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stressor indicators are known, or a testable hypot heses can be
formul ated. Monitoring selected stressor and condition

i ndi cators addresses the third EMAP objective of seeking
associ ati ons between sel ected indicators of stress and ecol ogi cal
condition. These associations can provide insight and lead to
the formul ati on of hypot heses regarding factors that m ght be
contributing to the observed condition. These associations can
provide direction for other regulatory, managenment, or research
prograns in establishing rel ationshi ps.

3.2.1 Streans

In concert with the EMAP approach, the Savannah REVMAP
Proj ect considered a suite of indicators to evaluate the
condition of ecol ogical resources of streanms in the Savannah
Ri ver basin. Selection of specific ecological indicators was
based on societal values. Upon consideration of the type of
streans (wadeable) to be investigated, a set of societal values
were first identified. They were biological integrity and
trophic condition. After identification of the values, four
i ndicators were selected to assess biological integrity and
trophic condition - benthic macroinvertebrates, fish, habitat,
and algal growh potential (AGP).

Bent hi ¢ macroi nvertebrate insects represent the first
consuner level in streans. They are inportant as processors of
organic matter, like | eaves and sewage, that find their way into
a stream By fragnenting or breaking down this organic matter,
streaminsects prepare it for deconposition by bacteria that
attach too or colonize the organic matter. |In turn, bacteria may
serve as a food source for other streaminsects that seek out and
graze on the organic matter. Because of their limted nobility
and relatively long life span, streaminsects provide a "w ndow'
of cunul ative inpacts on ecol ogical or resource condition. This
community is sensitive to changes; they have for many years been
used as a reliable baroneter of water quality conditions. Sone
groups of insects are very sensitive to stresses, |ike man-nmade
pollution, while others are tolerant. By focusing on the
presence or absence of different groups of insects, an aquatic
bi ol ogi st is provided insight about the ecol ogical health of a
stream Sonetinmes pollution effects may stem from di scharges of
chem cals, pesticides, or nutrients that are of a manmade ori gin.
Oten, sedinents fromerosion and attributable to |and clearing
or silviculture practices may adversely affect the stream
habitat. The materials that constitute a stream bottom are very
inportant to both fish and streaminsects. For exanple, very

fine sedinments, like silt, clay, or very fine sand, are
detrinmental to the reproduction of fish and elimnate preferable
habitat for streaminsects (Plafkin et al., 1989; Barbour et al.,
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1998). Silt, especially, can interfere with a fish's or stream
insect's ability to breathe. Assessnent of the insect comunity
was acconplished by using a standard field survey techni que known
as Rapid Bi oassessnment Protocol 1 (RBPII)(Plafkin et al, 1989;

Bar bour et al., 1998). Wth the RBP Il protocol, npbst sites can
be surveyed with relatively limted tine and effort in the field
and | aboratory. Although RBP Il is not the nost intense |evel of
bi oassessnent (RBP |11l is the nost intense effort), it serves

wel | the goal of the Savannah REMAP Project of characterizing the
ecol ogical health of streanms in a | arge geographic area with a

m ni mum of | aboratory time and support coupled with efficient
turn-around of study results. This is acconplished because nost
bent hi ¢ macroi nvertebrates can be identified in the field to the
famly level. RBP Il provides a basis for ranking and
prioritizing inpaired sites for further study.

The biological netric of choice utilized for benthic
macroi nvertebrates was the famly | evel EPT Index (Barbour et
al., 1998). The EPT Index, as reported in the scientific
literature (Barbour et al., 1992; Wallace 1996), is a useful and
w dely accepted biological netric for analysis of benthic
macr oi nvertebrate data. The EPT Index is an approved bionetric
put forth in guidance docunents used by state and federal
resource agenci es because of its ability to detect inpairnment and
its defensibility in |legal proceedings. The EPT Index is sinply a
summation of the total nunber of famlies at a sanpling site in
the generally pollution-sensitive orders of benthic
macroi nvertebrates. These orders are the mayflies
(Epheneroptera), stoneflies (Plecoptera), and caddisflies
(Trichoptera). The EPT Index is a richness neasure which is
expected to decrease in response to increasing perturbation.

Habitat is inportant when exam ning the ecol ogical condition
of sites. These evaluations focus on variables |ike substrate
(bottom sedi nents) characteristics, flow reginmes, inpacts to the
stream channel (e.g., channelization, deposition), inpacts to
stream si de vegetation, stability of the stream banks, and
avai |l abl e cover. Ecoregion reference sites provide a basis for
the best attainable conditions for all streams with simlar
physi cal di nmensions for a given ecoregion. Presently, there are
two reference sites per ecoregion except for the Coastal Plain
ecoregion. The process of reference site identification is stil
ongoing in Georgia and South Carolina.

Fish were chosen primarily for their societal value and role
as a top consuner in streans. Fish are relatively easy to
identify and with minimal training nost fish can be coll ected,
sorted, and identified at the field site and then rel eased
unharnmed. Fishes represent a variety of feeding types. Their
di et can consist of food derived fromboth inside the stream and
outside the stream One inportant food source is streaminsects.
Changes in the streaminsect community often result in a change
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in the fish comunity. Like streaminsect communities, fish
communities will respond to environnental change, whether it is
bi ol ogi cal, chem cal or physical. Sone fishes are very sensitive
to environnental change while others are not. By exam ning al
fish groups that live in a stream the general condition of a
stream can be assessed. For exanple, if there are only one or
two groups of fish in a streamwho are very tolerant to
pollution, and there are no groups that are sensitive to a

pol lutant, then inpairment is suspected because of environnental
change that has elimnated the sensitive groups.

The Environnental Protection Agency's Rapid Bi oassessnent
Protocol V (RBP V) (Barbour et al, 1998) is an index used to
assess stream condition based on the fish community. The EPA RBP
V (Barbour et. al., 1998)is based primarily on the |Index of
Biotic Integrity (IBl) (Karr,1981; Fausch et al. 1984;Karr et al.
1986). The index consists of up to twelve neasures scored to
assess changes in the fish community conpared to a reference
stream or a streamw th |east inpact. For exanple, one of the
measures assesses the proportion of fishes in a stream consi dered
to be tolerant to environmental change. |If the proportion of
tol erant groups are high conpared to the reference stream then
this would result in a |ower score for that neasure. Another
measure | ooks at the nunber of fish groups. |[|f the nunber of
fish groups collected is simlar to that of the reference stream
then this would result in a high score. After all twelve
measures have been given a score, the scores are totaled and the
condition of the fish community is then characterized as either
good, fair, or poor depending on how far the total score deviates
fromthat of a reference stream

The primary indicator selected to address trophic
condition in streans for the first two years was the algal growth
potential test (AGPT) (APHA, 1995). The AGPT is based on the
prem se that maxi numyield of plants (e.g. algae) is |imted by
t he amount of nutrients available to the test alga. Wth higher
al gal growth concentrations (AGPT), there is good |ikelihood
t hat obnoxi ous plant growths can occur in a stream The test was
sel ected as the indicator of choice to assess trophic condition
primarily because of its specific sensitivity, reliability and
the ease and econony of using it as a nonitoring tool.

3.2.2 Large Lake Enbaynents

We focused on condition indicators related to trophic
condition because of |limted resources. The original study plan
(FTN et al., 1994) proposed sanpling for fishability indicators,
Fish Health I ndex and Fish Tissue Residues; biological integrity,
phyt opl ankt on and zoopl ankton identification and counts; and one
ot her trophic condition indicator, zeaxanthin, a marker pignment
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for blue-green algae. Wrk is continuing on this pignment, but
the informati on was not sufficient for inclusion into this
report.

The trophic condition indicators neasured during this study
were chl orophyll a, total phosphorus (TP), algal growth potential
(AGP), Secchi disc transparency, and total suspended solids
(TSS). These indicators were sel ected because they provide
different insights into the condition of the enbaynent waters.

Chl orophyll a is commonly used to estimte the degree of
phyt opl ankt on bl oom conditions that can affect aesthetics,
fishing and swimmng quality, taste and odor of fishes and
drinking water, and the health of fish, waterfow, and |ivestock.
Chl orophyl |l 1s a nmeasure of instantaneous standing crop, whereas
TP and AGP indicate potential for bloons. Total phosphorus
reveal s insights about nutrient input and the potential for
serious bloomconditions if we assune all of it is avail able.
However, nmuch of the TP is not normally avail able. The AGP can
show how much of the TP is available for algal growh and the
potential, under optinmmconditions, for bloonms. Secchi disc
transparency is related to swinmng conditions. Total suspended
solids is related to transparency, but it also can be used to
i ndicate effects upon fish production.
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4.0 METHODS
4.1 Streans
4.1.1 Field Sampling

Bent hi ¢ macroi nvertebrate sanpling and habitat eval uation
foll owed basic guidelines put forth in the EPA docunent “Rapid
Bi oassessnent Protocols for Use in Streans and Rivers” (Barbour
et al., 1998). Miltiple habitats (riffles, undercut banks, |eaf
packs, woody debris, and pools) were sanpled with D-frane and A-
frame bi ol ogi cal dipnets according to the Ecol ogi cal Assessnent
Branch’s (EAB) Standard QOperating Procedures (SOP) (EPA, 1998).
In addition to the benthic macroinvertebrate sanpling or
bi osurvey, the RBP Il also includes in-situ water quality
measur enents (dissol ved oxygen, pH, tenperature, and
conductivity). These paraneters were neasured with a
mul ti paraneter in-situ water quality device (HYDROLAB SCOUT)
prior to the habitat eval uation phase according to EAB' s SOP.

Stream fish sanpling foll owed basic guidelines set forth in
Barbour et al. (1998). A Smth-Root Type VII backpack
el ectrofishing unit was used to collect streamfish. A single
pass el ectrofishing run noving from downstreamto upstream
t hor oughly sanpling each habitat type (pools, runs, riffles,
eddi es, undercut banks, etc.) was conducted at each stream
sanpling location. Equal effort was given at each | ocation.
Fish were identified at streamside and rel eased. A few
i ndi vi dual s of each species were preserved in 10% formalin and
transported back to the lab for identification verification.

Based on the guidance provided in the EPA RBP V(Barbour et.
al . 1998) docunent, nine netrics were utilized to evaluate the
data to assess the condition of streamfish assenbl ages. The
metrics were selected froma pool of netrics listed in the EPA
RBP document and ot her studies that have been conducted in
Ceorgia (DeVivo 1996). A list of netrics utilized and the
scoring criteria for each are presented in Appendix C

Habi t at assessnment was based on a matrix of nine paraneters
(EPA, 1989). These nine paraneters fall into three principal
categories: primary, secondary, and tertiary paraneters. Primary
paraneters (bottom substrate, avail able cover, enbeddedness, and
flow regime) characterize the stream “m croscal e’ habitat and are
nmost influential to conmmunity structure. Secondary paraneters
(channel alteration, bottom scouring/deposition, and sinuosity)
measure the “macroscal e’ habitat such as channel norphol ogy.
Tertiary paranmeters (bank stability, bank vegetation, and stream
side cover) evaluate the integrity and conposition of the
riparian zone.



4.1.2 Anal ytical Methods

RBP Il and V do not require anal ytical methods because the
organismidentifications usually are nmade in the field. Wen
organi snms need to be returned to the |aboratory for
identification, they are sorted by specialists and identified by
an expert follow ng protocols spelled out in the EAB' s SOP
(1998). Algal growth potential tests conducted the first two
years followed the protocols of standard nethods (APHA, 1995) as
nodi fied by Schultz (1994) (EPA, 1998).

4.2 Large Lake Enbaynents
4.2.1 Field Sanpling

St andard operating procedures (SOP) of EAB were foll owed as
the principle neans of sanple collection and neasurenent (EPA,
1998). Al |ake sanmpling and nmeasurenents took place the weeks
of 7/17 to 7/21, 1995, 6/21 through 7/5, 1996, and 7/7 through
7/ 10, 1997. One hundred and twenty-four stations were sanpl ed
over the three-year period. This annual sanpling w ndow was
sel ected because it is a tinme of maxi mumrecreational use, and
maxi mum wat er supply use.

Secchi disc transparency was neasured according to EAB s SOP
t hat was adopted from EPA net hodol ogy (Kl essig, 1988) using a 30
cm bl ack and white disc |lowered on the shady side of the boat.
Photic zone was determ ned by nultiplying the Secchi nmeasurenent
by a factor of 2.1 (Raschke, 1993).

Col l ection of water sanples consisted of using a battery
operated punp to fill a 5 gallon carboy with a conposite depth
integrated sanple taken fromthe photic zone (1% 1ight |evel).
The water sanple was m xed thoroughly and then the various
i ndi vi dual sanple containers were filled, |abeled and stored on
ice. Sanples were collected for total phosphorus (TP), total
suspended solids (TSS), algal gromh potential tests (AGPT), and
chlorophyl|l a. Field duplicates were collected at a m ni mum of
once in every ten sanples. For the field duplicate, the carboy
was enptied, rinsed, and a second sanple coll ected.

Chl orophyl | a sanpling foll owed basic guidelines set forth
in Standard Methods, 19th Edition, section 10200. A 100 to 250 mi
sanple was filtered through a 24 mm di aneter What man G-/ F gl ass
fiber filter. The filters were folded, blotted dry, enclosed in
alumnumfoil, |abeled and stored in a cooler containing dry ice
and returned to SESD for anal yses. Sanples were filtered in
triplicate.
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4.2.2 Anal ytical Methods

Total phosphorus and total suspended solids were anal yzed
usi ng nmet hods given in the EPA docunent “ Methods for Chem cal
Anal ysis of Water and Wastes” (EPA, 1983). In 1995, Cycle 1,
total phosphorus was anal yzed usi ng EPA Method 365.1. Results of
nost anal yses were bel ow the m nimum detection | evel of 20 ug/L
for this nmethod. In 1996 and 1997, Cycles 2 and 3, a | ow
detection | evel nmethod was used (EPA, 1992a) that allowed for
detection of phosphorus at 3 ug/L. Total suspended solids were
determ ned by using EPA Method 160. 2.

Chl orophyl | sanpl es were neasured by high performance |iquid
chromat ography (HPLC) follow ng the basic guidelines given in
Standard Met hods and in EPA Method 447.0. The chl orophyl | was
extracted in a 90% acet one sol ution.

Al gal growth potential test (AGPT) maxi num standi ng crop
(MsC) and limting nutrient was determ ned using The Sel enastrum
CapricornutumPrintz Algal Assay Bottle Test (MIler et al.,1978)
as nodified by Schultz et al.(1994).

4.3 Quality Assurance/ Quality Contro

St andard operating procedures of the Ecol ogi cal Assessnent
Branch and the Anal ytical Support Branch of EPA's Regi on 4 SESD
were followed as the principal nmeans of nonitoring appropriate
qual ity assurance/quality control (Q¥ Q0. Quality control checks
were included in sanple collection, physical neasurenents
performed in the field, chem cal anal yses, and data gathering and
processing. Data were subject to verification and validation.
Verification included range checks and internal consistency
checks. Validation consisted of a review of the data froma data
user’s perspective for consistency based on known nuneri cal
rel ati onshi ps.

4.3.1 Lakes

Secchi disk transparency was neasured at each site to
determ ne the photic zone for |ake sanpling. Prior repetitive
test neasurenents of Secchi depth in a variety of water bodies
showed that the coefficient of variation (CV) ranged from5 to
15% anong several investigators.

Wat er sanples were collected as depth integrated sanpl es
t hroughout the photic zone. Sanples were collected for total
phosphorus (TP), total suspended solids (TSS), chlorophyll a, and
al gal growth potential tests (AGPT). Field duplicates were
collected at a m ninmum of once in every ten sanples. Results of
precision as coefficient of variation (CV) are given in Appendi X
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A In 1997, field blanks were collected along with the
duplicates. In this case, each of the sanple containers was
filled wth deionized water, preserved or filtered as
appropriate, and returned to the |l aboratory for anal yses. Results
are given in Appendi x A

In 1995, (Cycle 1), TP in nost of the sanples was bel ow t he
m ni mum detection |evel of 20 ug/L for the nethod used. In 1996
and 1997 (Cycles 2 and 3), a |low |l evel phosphorus nethod was used
(EPA, 1992a). The CV for the field duplicates ranged fromO to
71.2% w th an average CV of 20.9% (Appendi x A).

Al of the field TSS duplicates in cycles 1 and 2 were bel ow
the | aboratory’s detection limt of 4.0 ng/L. For Cycle 3, ASB
nodi fied their procedure by filtering a greater volune of sanple
(APHA, 1995). This nodification reduced the detection limt to
1.0 ng/L. The CV ranged fromO to 23.6% w th an average CV of
18.6% Standard Methods gives the CV as 33% at a concentration
of 15 ng/L TSS. Both |aboratory and field precision were well
within the values of Standard Methods (APHA, 1995).

Chl orophyl | a and AGPT were neasured to determ ne the
trophic status of the | akes. For chlorophyll a the CvV for field
duplicates ranged fromzero to 53.8% with an average CV of 16%
The standard net hod (APHA, 1995) does not give any precision data
for field duplicates that include a filtration step. The nethod
does state that for multiple injections on the HPLC, the average
CV for seven pignents is 10 percent.

The precision of the field duplicates for AGPT ranged from
1.3 to 53.1%with the average CV equal to 15.7% The test gave
an average CV of 26.4%for the 1.0 to 2.0 Maxi num St andi ng Crop
(MSC) level (MIler et al., 1978) which was typical for the
Savannah | ake sanpl es.

4.3.2 Streans

Fiel d neasurenments at each sanpling station included
tenperature, DO pH, and conductivity. Measurenents were taken
using a Hydrol ab Scout. The Hydrol ab was cal i brated each norning
and then again at the end of each day according to EAB s SOP
(EPA, 1998).

Bi ol ogical integrity was acconplished in part by using a
standard field survey techni que known as Rapi d Bi oassessnent
Protocols Il (RBPII) (Barbour et al., 1998) to assess the benthic
macroi nvertebrate conmunity. This is a screening procedure in
whi ch the macroi nvertebrates are identified in the field to the
famly level. If identification is uncertain, the specinmenis
brought back to the | aboratory for wverification. No replication
of sites were perfornmed as this is a screening nethod.

The Rapi d Bi oassessnent V Protocol (RBP V) (Barbour et al.,
1998) was the index used to assess streamcondition based on the
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fish community. To insure fish were properly identified during
the study, all fish that were captured during the first year were
preserved and sent to Dr. Byron Freeman at the Institute of

Ecol ogy at the University of Georgia for identification. In
subsequent years, voucher specinens of each species collected in
the field were preserved for identification verification at the
US EPA SESD | aboratory. At the end of the four year study,
preserved fish with questionable identifications, were sent to
the Institute of Ecology for verification.

The primary indicator selected to address trophic conditions
in streans is the algal growth potential test. This test was al so
used in the | ake work and the QA QC used is the sanme as given in
Section 4.3.1 except that limting nutrient was not determ ned
for the streans.
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5.0 Findings
5.1 Basin Perspective
5.1.1 Large Lake Enbaynents

The distribution of data for each variable can be characterized
by its cumulative distribution frequency (cdf). These curves
show t he percent of enbaynent acreage in the basin equal to or
| ess than sone specified neasurenent plus or m nus a confidence
| evel. For the purpose of this study, we have set a confidence
|l evel of 95% This nmeans that we are 95% sure that the acreage
estimated to be equal to or less than a given neasurenent is
within the bounds of our confidence |lines on the graph (Fig.
5.1). There is a 1 in 20 chance (5%error) that the true or rea
percent of acreage affected at a particul ar nmeasurenent i s not
wi thin the confidence bounds.

Chl orophyll a ranged froma |low of 0.84 at Lake Hartwell to
11.56 ug/L at the nost downstream | ake, Lake Thurnond (Tabl e

5.1).
Table 5.1. Range of Values for the Savannah Ri ver Lakes
CHL. A AGPT Limt TP SD TSS
Lakes ug/ L ng/ L NUT. ug/ L Met er s ng/ L
Thurmond | 0.98-11.56 | 0.66-11.0 N+P 3-50 1.2-4.8 0.7-27
Russel | 1.10-5.47 | 0.39-2.01 N+P 3-60 0.7-3.4 2-32
Hart wel | 0.84-6.84 | 0.33-2.27 N+P 3-30 1.4-10 1.0-6
Keowee 0.91-2.03 | 0.49-5.08 N+P 3-11 2.4-5.5 0.7-5.5
Jocassee 1.35-2.59 | 0.66-1.95 N+P 3-10 3.3-6.0 1.2-34
Burt on 1. 60 1.62 N 6 2.2 2

This range of concentrations at the tinmes of sanpling exhibit
| ake classifications of

trophic conditions related to classical
oligotrophic to nesotrophic (A em and Fl ock

1990) .

Chl or ophyl |

a was less than 12 ug/L over the entire basin’s |arge | akes

(Figure 5.1).
30 years,

Based on experience (Raschke,
general ly, when chl orophyl |
there is no discoloration of the water and no probl ens.

1994) over the past
a ranges fromO to 10 ug/L,
At a

range of 10 to 15 ug/L, waters can becone di scolored and al gal

scuns coul d devel op
di scol or ed,
occur (Raschke,

1993) .

Bet ween 20 to 30 ug/L,

scuns are nore frequent,
EPA Regi on 4 (Raschke,
that a nmean photic zone growi ng season average of equal

5.1

t he water
and matting of al gae can
1993) has shown
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| ess than 15 ug/L of chlorophyll a should satisfactorily neet
mul ti pl e uses, including drinking water supply.

One of the objectives of the Savannah River REMAP is to
detect trends in inportant environnental variables over both tine
and space. One neans of conparison is through the testing of the
null hypot hesis that the population’s distributions fromtwo or
nmore annual cycles are identically distributed. This can be
acconpl i shed through use of the Craner von Mses test statistic

Table 5.2. Cramer-von Mses Tests for Equality of Cunul ative

Di stribution Functions for the Savannah Ri ver Basin Enbaynents.
Equal ity of Cunul ative Distribution Functions Between Cycl es
(Years) is Tested.

Vari abl e w
Chl orophyl | a 1. 70*
Agpt 8. 60*
Tot al Phosphor us 3. 16*
Secchi Disc 0.44
Total Suspended Soli ds 2. 84*

*Significant at al pha=.05

(W which is founded on desi gn-based nmet hods of statistical
i nference (Appendi x E). For design-based statistical inference,
the source of randomvariation is the random sel ection of sanple
sites. This is in contrast to nodel -based statistical inference,
where the source of randomvariation is in the assessed
deviations fromthe statistical nodel (e.g., a regression nodel).
Thus, designed-based statistical inference has the advantage that
no nodel assunptions are required. The distribution of a
popul ati on can be characterized through its cumul ative
di stribution function (cdf). This is equivalent to testing the
null hypothesis that the cdf’'s are identical. A test of cdf
di fferences at al pha .05 (Table 5.2) using the Cranmer-von M ses
test statistic (W showed that four variables, chlorophyll a,
AGPT, total phosphorus (TP), and total suspended solids (TSS) had
significantly different distributions fromone cycle to the
other. Chlorophyll Cycles 2 and 3 are intertwined and slightly
different fromCycle 1 (W1.70, k=3). The curve for Cycle 1
rises nore gradually than that of Cycles 2 and 3 (Figure 5.2)
culmnating in a high of 11.56 ug/L thus suggesting the nean is
hi gher for Cycle 1.

Chl orophyl | a represents phytopl ankton standing crop or
yield at given tine periods, whereas AGPT is representative of
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t he potential phytopl ankton production, given optinmum conditions
of sufficient nutrients, light, tine and tenperature. Al gal
growt h potential ranged fromO0.33 ng dry weight (DW/L at Lake
Hartwell to 11.0 ng DWL at Lake Thurnmond (Table 5.1)(Figure
5.3). Approximately 99.7% of the AGPT dry weights were equal to
or less than 5 ng/L (Fig. 5.3 ), an in-lake action |evel that

wi |l reasonably assure protection from nui sance al gal bl oons and
fish kills in southeastern | akes (Raschke and Schultz, 1987).
The 5 ng/L of dry weight translates to a potential chlorophyll
standi ng crop of approximately 57 ug/L of chlorophyll a based on
the foll om ng equati on:

Log,, chl a = 1.15 Log,o( DW + 0.95 (Raschke and
Schul t z, 1987) .

The sanpl ed maxi mum chl orophyll a of 12 ug/L is nmuch | ower than
the 57 ug/L of chlorophyll a derived fromthe 5ng DWL AGPT
action |l evel suggesting that the present phytopl ankton bi omass
does not pose a threat to the integrity of the | ake system
Figure 5.4 depicts the AGPT cdf’s for cycles one through three.
The curve for Cycle 2 rises nore gradually than that for cycles
one and three suggesting the mean AGPT is not only higher in
Cycle 2, but also shows greater variability wwthin this cycle.
The Cranmer-von Mses test statistic confirnms that the difference
between the three cycles at the alpha .05 level is statistically
significant (W=8.60; k=3).

Total phosphorus (TP), another indicator |ike AGPT of
potential production, ranged from3.0 ug/L in nost |akes to 60
ug/L in Lake Russell (Table 5.1). Approximately 87.0% of the
enbaynent acreage was equal to or |less than 10 ug/L TP (Figure
5.5). If all of the phosphorus were avail able for al gal grow h,
at high values of 40 to 60 ug/L one could expect severe bl oom
conditions, but this was not the case as seen by the relatively
| ow chl orophyll a values. This is not surprising; besides
needi ng optimum condi tions for maxi mum growt h, the phytopl ankton
need sufficient nutrients that are bioavailable to them
CGenerally, not all of the TP in |lakes is avail able for
phyt opl ankton growmt h. Peters (1981) estinmated that bioavail able
phosphorus (BP) is 83%of TP in natural |akes and 18 to 57%in
rivers. Since our |akes are reservoirs and thus an extension of
a river systemone would expect bioavailability to be nmuch |ess
than that found in natural |akes. Previous work on the 18 Mle
Creek enbaynment of Lake Hartwell showed that the average percent
of BP to TP was 38% (Raschke et al., 1985). Sonetines the BP
portion of TP can be as |ow at 3% (Raschke and Schultz, 1987).

At the alpha .05 level there was a significant difference
(We3. 16; k=3) between Cycle 1 and the other two cycles, but
hi gher val ues were observed in Cycle 1 (Figure 5.6). The
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significant differences between cycles for chlorophyll, AGPT, and
TP suggests that other variables are influencing differences from
one cycle to the other. W are not in a position wth three
years of data to focus on particular stress indicators at this
time. Sanples were collected fromtwo to three weeks after
rainfall events in the basin. Thus rainfall or unusually high
stream fl ows woul d not seemingly cause the differences observed
bet ween cycles with respect to these three phytopl ankton growth
related indicators. Presumably the cyclic differences were
caused by internal |ake influences like internal nutrient

cycling. Even these differences may be within the normal suite
of variability experienced in a natural setting.

For water supply, a nmean growi ng season average Secchi disc
(SD) transparency of equal to or greater than 1.5 neters is
desirabl e (Raschke, 1993). For non-water supply enbaynent
situations a nean SD of greater than 1 neter is acceptable for
fishing and swi mm ng (Raschke, 1993). Secchi disc transparency
ranged fromO0.7 neters at Lake Russell to a high of 10 neters at
Lake Hartwell (Table 5.1). An exam nation of Figure 5.7 shows
that in about 2.6% of the enbaynent acreage, |ess than desirable
conditions exist for recreational purposes, and only 5.3% of the
acreage was | ess than the water supply criterion of equal to or
greater than 1.5 neters. \Where SD was | ess than one neter,
measurenents were | ocated near shore or at the upper end of the
tributary enbaynents.

The National Acadeny of Sciences (1973) has set TSS | evels
for different |evels of streamprotection. High protection can
be maintained if the TSSis 25 ng/L or | ess, noderate protection
is possible if the range is between 25 to 80 ng/L, |ow protection
is from80 to 400 ng/L, and there is very little protection from
TSS at concentrations greater than 400 ng/L TSS. According to
these criteria, our enbaynent population is highly protected in
nmore than 95% of the enbaynent acreage and noderately protected
in the remaining acreage (Fig. 5.8). Buck (1956) divided
i npoundnents into 3 categories: clear with total suspended solids
(TSS) less than 25 ng/L; internediate with TSS 25-100 ng/L; and
muddy wth TSS greater than 100 ng/L. The nean harvest of gane
fish was 162 | bs/acre for clear |akes, 94 |Ibs/acre in
internedi ate | akes, and nuddy | akes only yielded 30 | bs/acre.

The TSS ranged froma low of 0.7 ng/L at Lakes Keowee and
Thurnmond to a high of 34 ng/L at Lake Jocassee, the uppernost

| ake in the Savannah Chain of |akes (Table 5.1). Again these
hi gh val ues were attributed to near shore stations receiving w nd
fetch at the tinme of sanpling. N nety-seven percent of the
enbaynent acreage would fall into Buck’s clean category, with
only 3% being internediate with respect to water clarity (Fig.
5.8). There were significant differences between the cycles
(W=2.84, k=3)(Figure 5.9). Presumably, cycle three was
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significantly different fromthe other two cycles, because there
were no significant differences at al pha .05 between cycl es one
and two (WeO. 15; k=2).
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5.1.2 Streans

The report by Raschke et al. (1996) (Appendi x H)
denonstrated the applicability of the EMAP approach to stream
monitoring in basins. The information in this section is a
summary of four years of streamdata. It is not an exhaustive
anal ysis of basin response. Rather, we devoted our energies to
denonstrating the applicability of the EMAP approach to an
ecoregion and the application of nodified indicators and a new
i ndex that incorporates macroinvertebrate and fish netrics
(Section 5.2).

The famly level EPT Index ranged from1l - 20 across all six
ecoregi ons (Appendix C). EPT Index scores exhibited a general
decl i ne sout hward al ong successive ecoregion belts (Fig. 5.10).
However it should be pointed out that the small sanple sizes
Wi thin each ecoregion, with the exception of the Lower Piednont,
is inadequate to confirmthis observation. The Blue Ri dge
Mount ai n Ecor egi on had the highest EPT Index scores (range = 8 -
20; n = 11). Mean EPT Index value in the Blue Ridge was 15. Only
3 sanpling stations were in the Upper Piednont; EPT |Index scores
for the 3 Upper Piednont stations were 9, 16, and 16. EPT | ndex
scores in the Lower Piednont (range = 1 - 18; n = 88) were | ower
than the Bl ue Ri dge and Upper Piednont and the nmean EPT | ndex
val ue of 7 was nuch |lower than that of the Blue Ridge (15). Five
stations were |located in the Sand Hills where the EPT | ndex
ranged from3 to 11. Ten stations were |located in the
Sout heastern Pl ains; the EPT Index ranged from2 to 11 with a
mean EPT I ndex value of 7. Only two stream stations were | ocated
in the Mddle Atlantic Coastal Plain. An EPT Index value of 1
was recorded for the Mddle Atlantic Coastal Plain stations.

Habi t at eval uation scores for all sites ranged from 30 to
123 Figure 5.11). Habitat evaluation scores for each stream
station are presented in Appendix C. Unlike the EPT | ndex
results, habitat evaluation scores did not reveal any marked
patterns from an ecoregi onal perspective (Figure 5.10). The Bl ue
Ri dge habitat eval uation scores(N = 11) ranged from58 to 123
with a mean of 90. The Upper Piednont (only 3 stations) had
habi tat eval uation scores of 82, 102, and 112. The Lower
Pi ednmont’s 88 stations had a wde range in habitat scores (30 to
119) with a nmean score of 71. The Sand Hi Il s ecoregion stations
(N =5) had a range in habitat evaluation scores of 92 to 108.
Habi t at eval uation scores for stations in the Southeastern
Plains(N = 10)ranged from 73 to 120. The two stations in the
M ddl e Atl antic Coastal Plain had habitat eval uation scores of 96
and 99.

O the 118 sanpling stations for the Savannah REMAP Proj ect,
88 of themare in the Lower Piednont ecoregion. Seventy-eight of
t hese Lower Piednont stations had data for all three indicators
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(EPT, Fish IBlI, and

Habitat) utilized for ecol ogical assessnent.

The ot her ecoregions within the project area did not have a
sufficient nunber of sanpling stations to adequately assess

ecol ogi cal

ecor egi on.

During the four year study period,
108 stream stati ons.
species (Table 5.3),

condi ti on.
restricted to the 78 station data set for the Lower

Statistical analysis was therefore

Pi ednont

fish were collected from
10, 000 fish, conprising 49 different
Appendi x C list the species

Over
were col |l ected.

and the nunber collected at each stream station
Stream fish were collected fromsix different ecoregions in

Table 5.3 Summary of

the nunber of fish collected over the four year

st udy.
Ecor egi ons Stream Nunber Nunber of Fish
St ati ons Fi sh Species Identified
Bl ue R dge 11 17 318
Upper Pi ednont 3 8 267
Lower Pi ednont 82 43 9103
Sand Hills 3 9 48
Sout hern Pl ai ns 8 26 329
Md-Atlantic 1 2 9
Coastal Plain
Tot al 108 49* 10074
* - Nunber represents total nunber of different species collected during
the study, not the columm total

t he Savannah Basin (Table 5.3).
stream stations were |located in the Lower
is the | argest ecoregion in the Savannah R ver
Only one streamstation was |ocated in the Md-Atlantic

The Lower Pi ednont
Basi n.
Coastal Pl ain.

Ranges of
oxygen,
5. 4.

ener ged.

HIls,

In regard to pH

Ei ghty ei ght (over
Pi ednont ecor egi on.

759% of the

in-situ water quality neasurenents (pH, dissolved
conductivity, and tenperature) are presented in Table
no ecor egi onal

pattern or characteristic

Al t hough the remaining water quality paraneters are

| acki ng i n nunber of observations for the Upper Piednont, Sand
and Mddle Atlantic Coastal Plain, there appears to be a
gradient fromthe nountains to the coast (Figure 5.11). This

occurs as a decrease in dissolved oxygen and an increase in the
tenperature regine fromthe Blue Ridge to the Mddle Atlantic

Coastal Pl ain.

Al t hough not as apparent as di ssol ved oxygen and
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tenperature, conductivity, with the exception of the Sand Hills,
al so increased along this sanme ecoregi onal gradient. Again, nore
data points are necessary to validate this pattern.

Table 5.4 In-situ Water Quality Data

Ecor egi on pH D. O Conductivity Tenper at ure
(no/ 1) (uS/ cm (°O

Bl ue R dge 6.6 - 7.6 7.9 - 9.5 16 - 29 16.5 - 23.7
Upper Pi ednont 6.3 - 7.0 8.2 - 8.5 20 - 40 22.0 - 23.2
Lower Pi ednont 5.1 - 9.1 3.6 - 11.3 15 - 3260 17.5 - 28.2
Sand Hills 5.2 - 6.9 6.7 - 7.9 18 - 914 20.9 - 25.6
Sout h Eastern 6.1 - 7.5 6.3 - 8.3 36 - 184 20.9 - 25.5
Pl ai ns

Md-Atlantic 4.1 - 6.0 5.1 - 6.9 58 - 60 25.6 - 25.8
Coastal Plain

Water quality violations were noted for dissolved oxygen and
pH during the in-situ water quality neasurenents. Dissol ved
oxygen at Station 98, an unnaned tributary to Ciatt Creek, in
Col unbi a County, Ceorgia was neasured at 3.6 ng/L which is bel ow
the two state’s water quality standards of 4.0 ng/L. This
translates into about 2% of the stream m | es bei ng bel ow t he
m ni mum st andard di ssol ved oxygen in the basin (Figure 5.12).

Li kewi se, about 8% of the streammles were bel ow both state’s pH
standard of 6.0 and approximately 2% were greater than the

al l owabl e I evel for streans in Georgia (8.5) and South Carolina
(8.0) (Figure 5.13).

Al gal growth potential tests were conducted for the first
two years and anal yzed from a basin perspective. The results of
that effort and interpretation of the data are in a report by
Raschke, et al. (1997) (Appendix H).
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5.2 Ecoregi on Perspective

Because of our original enphasis on Basin ecol ogi cal
condition, sanpling | ocations were randomy sel ected over the
whol e Savannah River Basin, not by ecoregion. This skews the
nunber of sanpling locations in favor of the | argest ecoregion,
whi ch was the Lower Piednont. The Lower Piednont ecoregion is a
| ar ge geographi cal area that enconpasses two states and many
subwat er sheds. There were not enough streamstations in all of
the ecoregions to adequately devel op an i ndex for each
ecoregion. Only the Lower Piednont region had sufficient nunber
of stream stations to produce enough data, in our opinion, to
devel op an index that realistically assesses ecol ogi cal
condi tion.

5.2.1 Devel opnent of Scoring Criteria for Ecol ogical Health
Assessnent of the Lower Piednont Ecoregion

Bent hi ¢ macroi nvertebrate, fish, and habitat were the basis
for interpreting the ecological health of Savannah REMAP
wadeabl e streamsites in the Lower Piednont Ecoregion.
Specifically, the EPT Index (macroinvertebrates), the fish IB
(I'ndex of Biotic Integrity), and habitat evaluation scores were
utilized to devel op a scoring systemfor classifying Lower
Pi ednont streanms into three categories (good, fair, poor).
Sanpling stations for the Savannah REMAP were | ocated in six
di fferent ecoregions, however, 88 of the 119 were in the Lower
Pi ednont ecoregi on which provided a sufficient database to
exam ne ecol ogical health in this ecoregion

The choice of metrics was determ ned by correl ation
analysis. Correlation analysis is inportant in the choice of
metrics because it identifies redundancy. Metrics that are very
hi ghly correlated should be interpreted with caution since they
may i ndi cate sonme overlap or redundancy; netrics that are highly
correlated do not contribute new information to an assessnent
(Barbour et al., 1996). Habitat evaluation scores and EPT | ndex
results were not significantly correlated thus both of these
ecol ogi cal indicators were acceptable tools for bioassessnent.
Al though Fish 1Bl and habitat evaluation scores were
significantly correlated (p<.05 = 0.42), the correl ati on was
nore on the order of noderate rather than strong correlation
(Appendi x C).

Descriptive statistics of all seven variables exam ned in
all 88 Lower Piednont stations are presented in Table 5.5.

Box and whi sker plots (Figure 5.15) were perfornmed on the
results for each indicator to define the boundaries for three
categories (Good, Fair, and Poor). A scoring matrix based on
boundari es defined by box and whi sker plots was conpl eted for
t he Lower Piednont Ecoregion. The scoring matrix for the EPT
I ndex, Fish IBlI, and Habitat is provided in Table 5.6.
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Table 5.5 Descriptive Statistics of the Stream Vari abl es.

Descriptive Statistics

Vari abl es # of St andard
Stations Mean M ni mrum  Maxi mrum Devi ati on

Fish 1Bl Scores 82 26. 00 13. 00 43. 00 6. 26

Habi t at Scores 84 70. 99 30. 00 119. 00 21. 68

EPT Scores 87 7.14 1.00 18. 00 3.19

pH 84 6.91 5.10 9.10 0.53

Tenperature (C) 83 23.02 17.5 28.2 2.05

Di ssol ved Oxygen (ng/ 1) 75 7.29 3.6 11.3 1.14

Conductivity (uS/cm 76 80. 58 15. 00 243.00 43.92

Table 5.6 Scoring Matrix for Ecol ogical Health of Lower
Pi ednont Streans

5 points 3 points 1 point
| ndi cat or
GooD FAI R POOR
EPT | ndex > 9 6 - 8 <5
Fish | BI > 31 22 - 30 <21
Habi t at > 87 53 - 86 < 52

The next step was defining a final classification system
based on the total score obtained fromall three indicators for
the 78 station Lower Piednont data set. Again, box plots were
utilized to define the boundaries for total scores in the
“Good”, “Fair”, and “Poor” categories. This final
classification systemis ternmed the Savannah Basi n- Lower
Pi ednont Ecol ogi cal I ndex (SB-LPEIl).

5.2.2 SB-LPElI and Ecol ogi cal Condition of Lower Piednont Streans
Fi nal ecol ogical health classification of Lower Piednont
streans, based on total points derived fromthe three ecol ogica

i ndi cators (EPT Index, Fish IBl, and Habitat), was determ ned by
the foll owi ng schene:
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Cl assification Total points
Good > 11
Fair 8 - 10
Poor <7

(Note: a score of 1 in either of three ecol ogica
i ndi cators does not warrant a “Good” ranking)

Based on this scoring schene, 69% of the streammles
i ndi cat ed sone degree of inpairnent (“Fair” and “Poor” rankings)
(Figure 5.14). A conplete listing, by station, of the
i ndi vi dual ecol ogical indicator results and the final ecol ogical
health classification fromthe results of the SB-LPEl is
provided in Appendix C. Habitat degradation, primarily from
sedinentation, is apparently the | eading cause affecting the
aquatic life in Lower Piednont streans. Habitat eval uation
paraneters such as bottom substrate/avail abl e cover, channel
alteration, and bottom scouring and deposition specifically
identify sedinentation concerns. Low scores in these three
sedi nent-rel ated paraneters of the habitat eval uati on worksheet
translated into | ess than desirable benthic macroinvertebrate
and fish popul ations. Conversely, ecoregional reference sites
scored higher in these three sedinent-rel ated paraneters and
supported diverse fish and macroi nvertebrate communities.
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6.0 Discussion of Objectives

Estimate the status and change of the condition of water
resources in the Savannah R ver Basin.

Based on three years of neasuring trophic condition of the
tributary enbaynents of large |akes in the basin, the data show
that the | akes’ enbaynments are in good condition. Only about 5%
of the enbaynent acreage exhibited | ess than desirable conditions
Wth respect to recreation and water supply use (Raschke, 1993).
Much of that could be attributed to wind fetch at the near-shore
stations. Significant changes fromcycle to cycle possibly are
within the real mof natural variability or sone unneasured
stressor indicators within the | akes’ environs. Sanpling took
pl ace several weeks after rainfall events, therefore, external
streaminputs were not expected to cause the observed differences
bet ween cycl es.

I n evaluating the status of ecological health of streans in
t he Savannah Basin, both biol ogical and habitat paraneters were
examned to arrive at a final estimate of the ecol ogica
condi tion of wadeable streans. There appeared to be a general
decline southward with respect to EPT Index, DO and
conductivity. The tenperature gradient decreased in a northward
direction. Water quality violations were noted for DO and pH A
DO violation of <4.0 was observed at Station 98 on an unnaned
tributary to diatt Creek in Colunbia County, CGeorgia. Likew se,
about 8% of the streammles were | ess than both states’ pH
standard of 6.0, and 2% of the mles were greater than the
al l omabl e South Carolina | evel of 8.0.

I n-depth data analysis, as indicated in Section 5.0, was
restricted to streans in the Lower Piednont Ecoregi on because
there was not sufficient biological data for a thorough anal ysis
of other ecoregions. Data analysis lead to the devel opnent of
the Lower Pi ednont Ecol ogical Index (SB-LPElI). The conponents of
the SB-LPEI were the fish IBlI, macroinvertebrate EPT Index, and
the RBP V habitat eval uation scores.

This SB-LPEI was successful in establishing ecol ogical
“status” of wadeable streans in the Lower Piednont Ecoregion.
Based on the SB-LPEl, sixty-nine percent of the streans were
classified as “fair” or “poor” indicating ecological inpairnent.
| npai rment at these sites pointed to habitat degradation
primarily from excessive sedinentation. The results of the SB-
LPEI can be utilized to establish areas of concern for future
eval uati on.

Change in ecol ogi cal condition was not established during
this study. There was not enough data for all study years to
confidently eval uate change over the four year study period.
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ldentify water quality spatial gradients that exist wthin the
Savannah Ri ver Basin and associate current and changing condition
with factors that may be contributing to this condition and
spatial gradients.

Anal ysis of information by ORD, NERL-LasVegas (Appendi x F)
showed that | andscape indicators |ike percent forest cover,
forest edge, proportion of watershed area with agriculture or
urban | and cover (U I ndex), agriculture edge, average patch,
average forest patch, and agriculture on slopes >3% were
significantly correlated with the streamindi cators AGPT, EPT
I ndex, Fish IBlI, and Habitat Score (Appendix F). NERL-LasVegas
showed that both the proportion and patterns of |and use are
useful in assessing potential causative effects of stream
condition. Landscape indicators at the subbasin scale provided
t he best characterization of the basin.

In a previous Savannah REMAP report using two years of
stream data, Raschke et al. (1996) identified one area that had
an inordinate anmount of bad sites clustered around Hart and
Franklin Counties, Georgia near Interstate 85. Upon review of
four years of data and taking a very conservative approach in
devel oping criteria for poor ecological health, the information
revealed that this area is much larger than expected. It has
expanded into South Carolina (Figure 6.1). This area includes
all or part of Hart and El bert Counties, Ceorgia and Qconee,

Pi ckens, and Anderson Counties, South Carolina. The designation
of an area does not inply that every streamis in “poor”
condition nor that the area has a certain confidence band. Qur
observations are qualitative, that is, there is an unusual nunber
of poor areas clustered, in our professional opinion, along the
Interstate 85 corridor. W believe streans in this area are nost
vul nerabl e to | andscape perturbations and in need of further
detailed investigation.

The | andscape anal ysis showed that approxi mately 64% of this
“poor” area is forest, 22.3%agriculture, 2.6% urban, and 3%
barren. Two percent of the area is in agriculture on slopes >3%
there is approximately 21% agriculture on noderately erodible
soils, and approximately 1% on highly erodible soils, and <0.1%
agriculture on slopes >3%in highly erodible soils.

This area has been subjected to a considerable increase in
popul ati on growt h because of the | arge inpoundnments in the upper
part of the Savannah Ri ver Basin. Furthernore, exam nation of
G S information shows that it has a high density of chicken
production, extensive agriculture in |arge blocks, and the
headwat ers of streanms in the subbasins have a high density of
roads. In some subbasins of this “poor” area, the forest land is
hi ghly fragmented and the | and has been opened up to
i ndustrial /urban/and agricul ture devel opnent in the headwaters of
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sone of the streans.

Denonstrate the utility of the REMAP approach for ecoregi on and
river basin nonitoring and its applicability for state nonitoring
prograns.

In the arena of state nonitoring, the concept of probability

sanpling is like the “new kid on the block” - the one who dresses
differently and acts differently. And we, the regions and
states, mrroring real life, have been slowin warmng up to this

“kid,” and rightfully so! For he enbraces a new way of thinking
that threatens stability, cultural traditions, and the past
historical record. Fromthe inception of this project, we were
aware of the potential disruption that probability sanmpling could
create anong our state partners. So we diligently set a course
of testing the EMAP approach and determ ned how we coul d best
incorporate it into state nonitoring schenmes with as little

di sruption as possible. W sought out and found Dr. Steve

Rat hbun of the University of Georgia Statistical Departnent. He
is a statistician who has experience in different types of
probability sanpling approaches and experience with the probl ens
of incorporating the “new kid on the block” into traditional
state nonitoring prograns. Rathbun addressed concerns regarding
probability-based designs posed by the “Assessnent Design Focus
G oup of the 305(b) Consistency Wbrkgroup (Appendix G). His
full report in Appendix Gis an inportant first step in the
integration of judgenent and probability nmonitoring data w thout

| osing nost of the historical data.

States and the federal government historically have
establ i shed nonitoring networks based on judgnental sanpling.

That is, stations were usually |ocated where there were pollution
probl ens or the area was vul nerable to pollution because of man’s
activities. Unfortunately, this type of site selection is biased
and it is virtually inpossible to relate to a whol e popul ati on of
streans/| akes, watersheds, basins, ecoregions etc. Sanpling

desi gns based on judgenent sanpling are not likely to yield
representative sanples.

Wth the need for preserving historical nonitoring data and
marrying it to a probability-based design, Rathbun (Appendix G
tested an approach using an interval overlap technique with
hi storical judgenent sites and probability-based sites |ocated
near judgenent sites. The technique uses a back-prediction
met hod t hat determ nes what the historical data should have been
had a probability-based sanpl e design been inplenented fromthe
very beginning of the program |If the above nmethods shows there
is still some bias in the data, then a bias-corrective factor is
calculated to best fit the data.
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| ncorporate the REMAP approach in the fornul ation and
acconplishnent of the state river basin managenent plans.

Most states are nonitoring their basins on a cyclic schedule
rat her than doing state-wi de nonitoring every year. This report
shows that it is possible to incorporate probabilistic sanpling
(the EMAP approach) into state nonitoring prograns at the basin
| evel and even the ecoregional |evel. Rathbun (Appendix G
presents a nethod of incorporating historical judgenent station
data into a probabilistic design. This is inportant because the
states can better estimate streammles inpacted etc. and have
sufficient data for trend analysis. W can’'t predict to what
degree each state will incorporate probability sanpling into
their nonitoring prograns. As of the distribution of this
report, we have had a workshop on integration of judgenent data
with probability data. The workshop addressed state concerns and
opened the door for joint discussions. Likewi se, the Ofice of
Water has directed the states to nove toward probability sanpling
for purposes of including better estimtes of ecol ogical
condition into the 305(b) reports. South Carolina is noving
toward probability sanpling, Al abama has partially incorporated
it into their nonitoring programand Kentucky is evaluating it
presently.

Provi de baseline information required to conduct conparative risk
assessnents in the Savannah Ri ver Basin.

REMAP is not a problemspecific program |t focuses on
nmonitoring the condition or systemresponse, and changes in the
condition of the ecol ogical resource; not specific physical
alterations, chem cal species or associated problens. Biological
indicators are the focus of nonitoring in REMAP, but sel ected
abiotic indicators can be nonitored to provide directional
di agnostic ability if changes in condition are detected or
exi sting condition of the resource is degraded. Additional
and/or nore intensive nonitoring in a given region likely wll be
required to specifically determ ne problem causes and determ ne
the existing or potential risk to the resource. A risk analysis
consi sts of three phases: Problem Fornul ation, Analysis, and Risk
Characterization (EPA, 1992b).

REMAP contributes primarily to problem fornul ati on by
provi di ng conparable information on the condition of multiple
resources in a region, basin, or ecoregion. As shown in the data
analysis, it can highlight areas, streammles, etc. that are
affected. It can show areas in a basin or ecoregion that m ght
be under man-induced assaults, thereby needing further
investigation like the area along -85 in Georgia and South
Carolina (Figure 6.1; Appendix F).
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