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Abstract. In 1995, a public and private cooperative
effort was initiated to restore the robust redhorse to its
historic range. The participants banded together as the
Robust Redhorse Conservation Committee. The
committee holds an annual meeting to review the
progress that has been made and prioritize its efforts for
the next year. This paper summarizes a major session at
the committee's last meeting, including (1) reviewing the
progress that has been made to date, (2) summarizing
what has been learned about the species, (3) reviewing
the ultimate restoration goals, and (4) prioritizing the
efforts for the future.

INTRODUCTION

The robust redhorse was once found in large to
medium Atlantic slope rivers in North Carolina, South
Carolina and Georgia (Figures 1 and 2). Edward Cope
first documented this species in 1870 in the Yadkin River
in North Carolina. Population levels declined and the
species disappeared from the scientific record in the late
1800's. In 1991, several fish from the Oconee River in
central Georgia were identified as robust redhorse,
effectively rediscovering a species (RRCC, 2005).

A public/private cooperative effort was initiated the
following year to restore the species to its historic range.
In 1995, the participants formally banded together under

vigurez -- tiistoricKange
(Map courtesy of David Coughlan)

a Memorandum of Understanding as the Robust
Redhorse Conservation Committee. The group includes
Federal and State natural resource agencies, power
companies, university research groups, and conservation
groups. As the members gathered for the tenth time last
October as a formal committee, they reviewed what they
had accomplished and set their course for the coming
years.

WHAT HAS BEEN ACCOMPLISHED

Life History
When the robust redhorse was rediscovered, nothing

was known about its life history. Assumptions could be
made based on its taxonomic similarities to other species
of suckers, but the environmental tolerances and
preferences of the species were not known. Since 1991,
much basic biological research has been conducted on
this species and the fishery biologists believe they now
understand the species' general requirements. A
taxonomic key has been developed to allow researchers
and field biologists to properly identify this species when
they are examining this, and similar-looking species.

Figure I -- Robust Redhorse
(Photo courtesy of Bud Freeman)



Spawning and Stocking Program
The resource agencies have conducted a spawning and

stocking program that enables them to introduce young-
of-the-year and juvenile robust redhorse into suitable
river systems. Over the years, the committee has stocked
robust redhorse into five rivers: Oconee, Ocmulgee;
Ogeechee, and Broad River in Georgia, and the Broad
River in South Carolina. Subsequent recaptures have
indicated that the stockings have been successful (J.
Evans, personal communication).

Refugial Populations
The committee has stocked fingerlings into ponds to

develop refugial populations, both to allow the fish to
grow to larger sizes for later stocking and as insurance
should a catastrophic event destroy a natural riverine
population. Three of the ponds are located at the
Piedmont National Wildlife Refuge, while the fourth is
located at Fort Gordon.

Genetic Research
The group has conducted genetic research on the

robust redhorse. This research has identified that
individuals from the Altamaha, Savannah, and Pee Dee
Rivers represent distinctly different Evolutionary
Significant Units (Wirgin et al, 2001). This has several
management implications for the work to restore the
species. The biologists also use the genetic information
in the spawning program so that they will be aware of the
level of genetic diversity produced by the crosses that
they perform in the laboratory.

Present Distribution
Besides the original population found in the Oconee

River, another population has been found in the
Savannah River. Targeted surveys have resulted in the
identification of individual robust redhorse in the
Ocmulgee River in Georgia and the Pee Dee River in
North Carolina/South Carolina (RRCC, 2005). Based on
the efforts of the committee's members, this species is
now known to exist in seven rivers and five refugial
ponds (RRCC, unpublished data).

Public Information Resources
The committee has developed several resources to

explain its activities and provide information to the
public on the recovery of this rare fish. A web site has
been developed that houses much of the research reports
findings. That site can be found at:
www.robustredhorse.com.

One member prepared a 25-minute video that
discusses the robust redhorse and the efforts being
conducted to restore the species. That videotape can be. obtained from the Social Circle office of the Georgia
Department of Natural Resources.

Other members have developed table-top displays and
a display showing three life-sized adult robust redhorse
on a gravel river bottom. These displays help to capture
the interest of the public and allow them to learn about
the important work that is being performed to benefit
these fish.

Another member developed information signs at a
restored site to explain the work that had been conducted
and its importance in the overall efforts to restore the
species.

The South Carolina Aquarium has included the robust
redhorse in one of its displays and the Georgia Aquarium
is presently developing a display containing robust
redhorse.

QUESTIONS THAT HAVE BEEN ANSWERED

The committee's work has answered several questions
that the fishery biologists and managers need to know to
restore an imperiled fish species.

First, they have found mature and healthy adult fish.
This reveals that the food source for adults is not a
problem and that there is not a major disease problem.

Second, they have observed viable spawning. From a
habitat perspective, this indicates that at least some
suitable spawning habitat is present. From a biological
perspective, the viability of the eggs indicates that
contaminant levels within the adults are not causing the
low population levels.

Third, the presence of younger adults in the Oconee
and Savannah Rivers provides some evidence of natural
recruitment, although the level of recent recruitment
appears low.

Fourth, the seasonal habitats of adult robust redhorse
have been characterized in the Savannah River
(Grabowski, 2003). Individuals have been, found to
migrate between distinct areas used for over-wintering,
spawning, and post-spawn recovery. During non-
spawning periods, adults prefer the deeper water habitat
along the outside of bends, in association with woody
debris and gravel substrate.

Fourth, stocked robust redhorse can grow successfully
in the wild (Hendricks, 2000). This indicates that there
are acceptable food sources for the juveniles in all rivers
that they have stocked.

Fifth, individuals of this rare species have been found
in several river basins. This indicates that the problems
leading to the low population levels. are not a localized
problem, but instead are more likely to be widespread
across their historic range.



UNANSWERED QUESTIONS

Although much has been learned, much still remains
unknown about this species. At the species level, the
following describe the most apparent unknowns:

" Where do the young go?
" What are the seasonal habitats of adults?
" Does the habitat used by juveniles vary by

season?
" Do stocked fish behave any differently than

native fish?
" What is the sampling efficiency for adults?
" What is the sampling efficiency for juveniles?
" What is the sampling efficiency for larvae?

At the population level, the following describe the
most apparent unknowns:

" What is the size and structure of the populations,
other than in the Oconee River?

" What is the stability of the population?
" What are the causes of the recent low

recruitment rates?
" Is there a critical bottleneck to a population's

size?

CONMITTEE GOALS

Having reviewed the progress that has been made by
the commi e on restoring this species, the questions that
have been answered and those that still remain unsolved,
the committee reviewed where it had previously agreed
that it wanted to go.

In 2003, the committee completed a Conservation
Strategy (RRCC, 2003) that documented both the short-
term and long-term goals of the group. The committee
had decided that restoration of the species would occur
when self-sustaining populations occurred in at least six
river systems throughout its historic range. A more
general statement is that restoration would be
accomplished when the species is no longer at risk and in
need of special management and protection.

POSSIBLE FUTURE ACTIONS

After reviewing its goals, the committee moved to
prioritize its future efforts so that it could best meet its
goals. It started by listing the activities that it could
conduct. Those include the following:

" Stocking
" Biologicalresearch
" Behavioral research

Field surveys
Habitat restoration

" Government policies
" Government priorities
" Public information

Rather than discussing each of those possibilities, the
group focused on what the remaining questions were and
the actions that would be needed to develop answers.
The questions fell into two groups, the first dealing with
species restoration issues and the second dealing with the
recovery process.

Restoration Questions
Is there a recruitment problem? A major question is

whether juvenile habitat is a limiting factor in the
populations. Although recruitment levels appear low, are
they sufficient to sustain their populations? At present
we do not know where the young go from when they
hatch to when they enter the adult population (about 400
mm). Once the locations become known, questions then
arise about the quality of that habitat. Do the juveniles
have an adequate food source? Do hydropower
operations adversely affect the juveniles? Telemetry and
sampling, along with chemically marking larvae, were
identified as methods of addressing these questions.

Is spawning habitat a limiting factor? A second major
question concerns the spawning habitat. It appears that
gravel bars are present in several of the river systems, but
the spawning that has been observed occurs at only a
very select few sites. How much good spawning habitat
is available in each river? Surveys could be conducted
and compared to the needs of other related species. Is
additional spawning habitat needed? Existing gravel bars
could be cleaned or new sites created by the deposition of
clean gravel. Bank erosion could be reduced to lower
sedimentation of existing gravel bars. Other activities
could be conducted to reduce sedimentation within the
rivers that may lower the usefulness of existing gravel
bars. Are hydropower operations adversely affecting
spawning activities or emerging robust redhorse?
Monitoring. could . be conducted to document the
spawning success under different river flow conditions.

Recovery Process Questions
Should we continue to stock? A fiandamental question

of the process of fishery restoration efforts is the level of
stocking that should be performed to augment an
apparent low natural recruitment levels. Since the
observed natural, populations of robust redborse consist
primarily of adult individuals, the initial response of
fishery biologists is that a problem has likely occurred
that removed or continues to remove the young. To
protect the existing population, biologists will typically
augment the population by stocking young fish. In light
of the stocking that has occurred, what is the level of
stocking that should be conducted without compromising
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the genetic diversity within a particular stream? A multi-
year plan has been developed that describes how many
juveniles should be stocked if they could be obtained
with a desired genetic diversity (J. Evans, personal
communication). If that diversity cannot be obtained,
then rearing the fry into juveniles may be unnecessary.

Should we continue to spawn from the Oconee River?
Committee members have conducted a propagation
program each spring on the Oconee River to develop fry
for later stocking. A multi-year plan has been developed
that describes how much stocking should take place in
the Oconee River (J. Evans, personal communication).
Should that plan be modified? Some of the juveniles are
stocked in the Ocmulgee River, to fulfill the terms of a
Candidate Conservation Agreement with Assurances.
Beyond that need, how many additional fry and resulting
juveniles from the Oconee River are needed to advance
the overall goals of restoring the species?

Should we continue to rear juveniles in ponds? The
group has encountered problems with rearing juveniles in
ponds. Growth has generally been slow in ponds and
harvesting can sometimes be difficult (J. Evans, personal
communication). The successful development of stocked
populations in rivers has reduced the need for an
extensive refugial pond program. The committee
decided that long term development of individuals into a
mixed-age population in ponds proved to be much more
difficult than expected. However, the program still has
value if conducted on a more limited basis to produce
larger fish for research and stocking.

SETTING PRIORITIES

After substantial discussion, the committee listed the
following thirteen issues for future efforts: (1)
Imprinting/homing; (2) Rivei flows during spawning; (3)
Juvenile habitat; (4) Predation; (5) Spawning habitat
quality; (6) Spawning habitat quantity; (7) Status of
populations; (8) Water temperatures during spawning; (9)
Stocking; (10) Genetic diversity; (11) Sediment
reduction; (12) Recruitment; and (13) Capture efficiency.

The committee members then voted, identifying the
issues that they individually believed would best advance
the work of the group towards its goals. Through that
vote, the committee established the following priorities
(RRCC, in press):

(1) Juvenile habitat
(2) Recruitment
(3) Spawning habitat quality
(4) Status of populations

The committee and its members will use these priorities
as they decide what activities to conduct in the next few

•t years.

SUMMTIARY

The Robust Redhorse Conservation Committee has
worked effectively and accomplished much since they
were officially formed in 1995. They have organized and
implemented fishery research and management activities
to restore a rare fish in the Southeast, thereby, keeping
this fish off the Endangered Species List. Last fall, the
committee took time to review what they had"
accomplished and what they would like to accomplish
through their restoration efforts. With that background,
they were able to sort through the numerous activities
upon which they could expend their resources and
identified the four items most needed to reach their long
term goal of self-sustaining populations of robust
redhorse existing in at least six river systems throughout
its historic range so that the species would no longer be at
risk and in need of special management and protection.
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This paper is an attempt to summarize the efforts of the
entire committee since 1995 and the progress they have
made in restoring the robust redhorse. The information
presented here was developed by others and presented at
the Committee's annual meetings.
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EXECUTIVE SUMMARY

1. We evaluated the condition of 312 km of riparian habitat along the Broad River.
Approximately 87% of the riparian area was in good condition, 12% was marginal, and
only 1% was considered to be in poor condition. Poor bank stability was observed above
Parr Shoals Reservoir.

2. We made 181 standardized boat electrofishing collections and 23 catfish electrofishing
collections at 10 sites in the Broad River between January 2001 and May 2002. In
addition, we made 676 standardized plot samples and 33 shoreline samples with
backpack electrofishing gear at 9 sites in the Broad Riverbetween fall 2000 and spring
2002.

3. We collected 16,752 fish, comprising 51 species and nine families. No federally-listed
threatened or endangered species were collected. Four species (including one hybrid)
were not previously documented from the river. The species most commonly collected
were redbreast sunfish, whitefin shiner and silver redhorse. Species richness and:
diversity tended to be higher at downstream locations. Species composition was
comparable to that of similar-sized southern piedmont rivers.

4. Based on boat electrofishing collections, dams do not seem to prevent the distribution of
resident species throughout the river; however, it's likely' that a different community
composition would exist in the absence of dams. Community composition differed
between riverine sites and those located near hydroelectric operations.

5. In boat electrofishing collections, a significant relationship was observed between catch
rates and distance from a dam. In backpack electrofishing collections, catch rates and
species richness were related to physical habitat parameters.

6. The water quality parameters we measured were consistent with those expected for a
piedmont river and did not affect species richness, species diversity or catch rates in
backpack or boat electrofishing collections.

7. Redbreast sunfish and redear sunfish are long-lived in the Broad River. Growth rates of
redbreast sunfish were slower than those reported from other southern rivers.
Largemouth bass and smallmouth bass growth and longevity were typical of the region.
Snail bullheads in the Broad River grow and live longer than reported elsewhere.

8. We investigated the health of largemouth bass at ten sites. Largemouth bass populations
in the Broad River appear to be in good condition; however, our results suggested that
condition was adversely affected by industrial effluent.
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9. In 1996 Duke Power Company implemented minimum flows in the bypassed section of -

the Gaston Shoals Tailrace. Analysis of pre- and post-minimum flow fish community
data indicated that minimum flows have had a positive impact on the fish community in
the bypass. Species diversity was higher and pollution tolerance. structure was markedly
improved in the post-minimum flow fish community data.

10. We surveyed six sites for freshwater mussels and collected 315 live mussels, representing
at least three species. Seven putative species were identified from relic shell collections.
The native mussel fauna was more abundant and diverse in the lower section of the river.
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INTRODUCTION

Background

The Broad River Trust Fund was established with money p-ovided by the power

companies that own and operate hydroelectric dams on the Broad River. The Trust Fund

resulted from an agreement negotiated between SCDNR, USFWS, Duke Power Company,

Lockhart Power Company, and South Carolina Electric & Gas Company, as a result of the FERC

relicensing process. Funds in the Trust are administered by a board of trustees composed of

representatives of each of the entities involved. The funds are intended to be used to enhance the

fishery resources of the Broad River. The trustees decided that before any enhancement activity

took place, a preliminary survey of the fish community was needed to determine its status and

condition. The present study was undertaken to provide that information.

The purpose of this report is to present the findings of two years of baseline, fish

community, habitat and freshwater mussel data that were collected from the Broad River

between October 2000 and September 2002. Objectives were addressed in five distinct study

segments, detailed in separate sections of the report.

Objectives

The objectives of this study were to: (1) inventory the aquatic resources of the Broad

River, with emphasis on fishes; (2) compare the fish community along the length of the river,

examining the possibility of fish community fragmentation associated with dams; (3) compile

habitat and natural resource data obtained in the current study and in previous efforts in a

watershed-based database and investigate relationships between the status of the fish community

and environmental variables; (4) examine the health of largemouth bass along the length of the

river; (5) compare the fish community at the Gaston Shoals Bypass before and after the
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implementation of minimum flows; (6) inventory the mussel community residing in the Broad

River; and (7) use the data collected from this effort to identify opportunities for protecting and

enhancing the aquatic resources of the Broad River.

Study Area

The Broad River basin originates in North Carolina and dominates the central Piedmont

of South Carolina. Within South Carolina, the river flows approximately 170 km until it merges

with the Saluda River to form the Congaree River. The Broad River Basin, within South

Carolina, encompasses 9,819 square km. Most of the basin is forested (70%); the remainder of

the land is largely agricultural (13%) and urban (8%) (SCDHEC 2001). Average flow of the

Broad River approximately 11 km downstream from the North Carolina state line (USGS gage #

1515) was 2,470 cfs, while average flow 16 km below Parr Reservoir (USGS gage #1615) was

6,250 cfs. In the upper part of the basin, where annual rainfall is highest, flows are well sustained

and moderately variable; downstream, flows become more variable as rainfall and groundwater

support decreases (Snyder et al. 1983). Seven hydropower dams are located on the South

Carolina portion of the Broad River; these are Gaston Shoals, Cherokee Falls, Ninety-Nine

Islands, Lockhart, Neal Shoals, Parr Shoals, and Columbia. Climatological, hydrological, and

limnological differences along the river's course create a variety of habitat types for aquatic

organisms residing in the Broad River.

The S.C. Department of Health and Environmental Control (SCDHEC) recently

characterized water quality and the associated status of the aquatic community in the Broad

River Basin, including nine assessment sites in the main stem of the Broad River,(SCDHEC

2001). At all but one site, aquatic life use was fully supported. Excursions from aquatic life

standards for dissolved oxygen and pH were <10% and acute aquatic life standards for toxins
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(heavy metals, priority pollutants, chlorine, and ammonia) were not exceeded. Aquatic life use

not supported only in the Columbia Water Plant diversion canal, due to the occurrence of copper

in excess of the acute aquatic life standards.

Sample Sites

Eleven sites distributed along the length of the river were selected for sampling (Figure 1)

based on three primary criteria: access; variety of aquatic habitats (riffle, run and pool); and

riverine character. Riverine character was defined as minimally impacted by hydroelectric

operations. Most sites (1, 3, 5, 6, 8, and 9) were located far enough from hydroelectric

operations that potential impacts from them were minimal. Two sites (2 and 11) that were

upstream of dams were close enough to the dams to be influenced by reservoir ponding. Two

other sites (4 and 7) were just downstream of dams, where fluctuations in discharge could affect

aquatic habitat. Latitude and longitude coordinates of each area sampled are given in Table 1.

Site 1, below Bookman Island, is the only site below Parr Reservoir. Sites 2 and 3 are between

Neal Shoals and Parr reservoirs. Site 2 is directly below the confluence of the Tyger River, 22

km above Parr Shoals Dam. Ponding effects from Parr Reservoir are exacerbated by the

operation of Monticello Reservoir as a pump-storage facility. Site 3 is above the confluence of

theTyger River, two km below the Sandy River boat access. Site 4 is two km below the

Lockhart Power Canal. Sites 5 and 6 are located in the river reach from Ninety-Nine Islands to

Lockhart Reservoir. Site 5 is directly below the Pacolet River and Site 6 is at Smiths Ford. Site 7

is two km below the Cherokee Falls Dam. Sites 8, 9, and 10 are located between the Gaston

Shoals and Cherokee Falls hydropower dams. Site 8 is directly below Canoe Creek, 5 km above

Cherokee Falls Dam. Site 9 is upstream of the confluence with Buffalo Creek, four km below
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Gaston Shoals Dam. Site 10 is in the Gaston Shoals bypass. Site 11 is 5 km above Gaston

Shoals Dam and is influenced by ponding from Gaston Shoals Reservoir.

S
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Table 1. Sites sampled during the Broad River fisheries inventory October 2000 - June 2002.

Site #
1
2
3
4
5
6
7

10
11

Site coordinates
34 13'46.8", 81
34 4315.1",; 81
34 55'73.0", 81
34 75'89.9", 81
34 83'72.8", 81
34 99'53.5", 81
35 05'33.3", 81
35 09'96.1", 81
35 11'79.0", 81
35 16'84.6", 81
35 13'73.9", 81

13'84.5"
41 '04.7"
42'27.3
45'52.3"
45'80.3"
48'42.2"
53'82.5"
57'36.6"
57'63.0"
61'84.7"
60!08.9"

Habitat
Riverine
Reservoir
Riverine
Tailwater
Riverine
Riverine
Tailwater
Riverine
Riverine
Bypass
Reservoir

Seasoned sampled
fall and spring
fall and spring
fall and spring
fall and spring
fall and spring
fall and spring
fall and spring
fall and spring
fall and spring
fall
fall and spring

Electrofishing gear
backpack/boar
backpack/boat
backpack/boat
backpack/boat
boat,
backpack/boat
backpack/boat
backpack/boat
backpack/boat
backpack
boat
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Figure 1. Sites sampled during the Broad River fisheries inventory October 2000 - June 2002. The
location and name of hydropower dams is also shown.
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HABITAT INVENTORY AND GIS DATABASE CONSTRUCTION

Preliminary reconnaissance of the Broad River was conducted by john boat during low

water conditions in spring and summer, 2000, to collect habitat information and identify

potential sample sites. Information derived from the survey was compiled in a geographic

database using ArcView GIS software. Additional information obtained from a variety of

sources was included as layers in the database. Fishery reports from earlier surveys were

provided by Duke Power and South Carolina Electric & Gas, water quality monitoring sites and

NPDES discharge sites were obtained from South Carolina Department of Health and

Environmental Control (SCDHEC), and point locations for USGS gages were digitized from

topographic maps.

During reconnaissance, we quantified mesohabitat in the riverine portions of the Broad

River. Five categories of mesohabitat were defined: riffle, glide, run, pool, and shoal (Table 2).

Upstream and downstream limits of each habitat unit were determined visually and recorded

with a Trimble GeoExplorer3 global positioning system (GPS). We also logged other landscape

features, including riparian condition, bank stability, and potential access points using GPS. GPS

locations were differentially corrected later using Pathfinder Office software and transferred to

ArcView. Mesohabitat data were used to partition a digitized map of the Broad River into

appropriate habitat units. We mapped 66 km of approximately 92 km of riverine habitat in the

Broad River. Twenty-six km of habitat directly above the Columbia Dam were not mapped.

Pools were the most common habitat type, accounting for 51% of the total area inventoried,

followed by glides (28%) and shoals (18%)(Table 3). Runs (2%) and riffles (1%) were rare.

Digital orthophoto quarter quad (DOQQ) images downloaded from the SCDNR web

page were imported into ArcView to quantify riparian condition. DOQQs were generated from
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photos taken in 1999. They had a resolution of 1 m, suitable for inventorying riparian vegetation.

Riparian corridors were characterized as marginal if they were composed of mature trees but

were less than 50 m wide. They were characterized as poor if they had few or no mature trees.

Marginal and poor riparian areas on the Broad River were mapped in ArcView and measured.

We evaluated 312 km of riparian corridor from the North Carolina state line to the Columbia

Dam, excluding 99-Islands and Parr Shoals reservoirs. Approximately 11.5% of the riparian

corridor was marginal and 1.3% was poor. Few long sections (>100 m) of riparian corridor in

poor condition were identified. Such areas were generally associated with sand dredging

operations, but occasionally with agricultural or forestry operations. There were numerous short

sections (<100 m) of the riparian corridor in poor condition, however. Most were associated with

power line or gas line crossings, or with private access areas (e.g., boat ramps). Almost all of the

riparian habitat classified as marginal was associated with agricultural or forestry operations

(94%).

The drought conditions during spring and summer, 2000, gave us an excellent

opportunity to inventory the mesohabitats of the Broad River at base flows. It is important to

recognize that the inventory we conducted was a gross evaluation of mesohabitat types. Shoals

were the most complex habitat structure. Within a shoal most of the other habitat types were

present, but were not delineated. Habitat classifications are subject to changes in flow. As flow

increases the heterogeneous habitat units (i.e., riffles, runs and pools) we observed would likely

change to a more homogenous run type habitat (Parasiewicz 2001). The mesohabitat

information we collected could be used, with additional chemical and physical habitat data, in a

model to predict the impacts of habitat alterations (e.g., impoundment) or the success of species

introductions and reintroductions (e.g., robust redhorse and anadromous fish species).
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Visual analysis of DOQQs indicated the riparian area along the Broad River is in

relatively good condition. We recommend that habitat restoration efforts on the main stem be

directed at rehabilitating riparian zones adjacent to sand mining operations, and at educating

private landowners regarding the benefits of maintaining riparian buffers. Restoration of riparian

areas on the tributaries might be a more effective way to improve conditions for aquatic life in

the Broad River.

Sand mining poses other habitat conicems beyond those resulting from riparian zone

degradation. Instream sand mining adversely affects physical and chemical habitat and can

negatively affect biological communities (Nelson 1993) and recreational uses (Hartfield 1993).

Physical impacts on instream habitat include increasing bedload materials and turbidity,

changing substrate type and stability, and altering stream morphology (Nelson 1993). Physical

habitat alterations associated with sand mining can adversely affect the biological community by

impacting the reproduction and survival of fishes (Stuart 1953, Newport and Moyer 1974) and

the distribution and composition of aquatic organisms (Buck 1956, Trautman 1957, Newport and

Moyer 1974). Our inventory of the Broad River was not designed to evaluate the impacts of sand

mining on the aquatic fauna; however, we did observe changes in the physical habitat near sand

mining operations. The river downstream of sand mining operations appeared to be much more

turbid than it was in areas directly above the activity. Further research to determine the impact

of sand mining on the aquatic biota of the Broad River is recommended.

Cursory examination of riverbanks along the Broad River indicated that bank stability

was not a major concern in most areas. One notable exception is an area above Parr Reservoir.

From the Hwy 34 bridge approximately 7 km upstream the riverbanks are in poor condition with

many long sections actively eroding and sloughing. The poor bank stability is probably
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attributable to large fluctuations in water elevations that occur daily because of Parris operation

as the lower reservoir in a pump storage hydroelectric power. complex. -Habitat restoration

through bank stabilization in this degraded section could benefit aquatic resources.
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Table 2. Mesohabitat unit definitions for visual assessment.

Habitat Type Description

Riffle Relatively shallow (<0.5m), swift flowing section of river
where water surface is broken.

Glide Relatively shallow (<lm); with visible flow but mostly
laminar in nature; minimal observable turbulence;
relatively featureless bottom.

Run Deep (>lim), swift flowing sections with turbulent flow;
surface generally not broken.

Pool Deep (>lim) slow moving sections.

Shoals Shoal area; which may contain a variety of habitat
complexes.

Table 3. Results of the habitat inventory of the Broad River, spring and summer 2000.

Habitat Type Number of Units MeanArea (ha) Total Area (ha),
Glide 71 3.0 (0.4-13.9) 214.1
Pool 68 5.7 (0.4 - 38.0) 384.5

Riffle 3 1.9 (0.8 - 3.3) 5.6
Run 8 1.8 (0.1 - 6.8) 14.7

Shoal 52 2.6 (0.2 - 20.3) 134.5
Total 202 3.7 (0.1 - 38.0) 753.3
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FISH COMMUNITY

Boat electrofishing collections were made at 10 sites along the Broad River to collect

baseline information on the fish community that inhabits pool/run habitat. The objectives of the

boat electrofishing were to: (1) describe the fish community inhabiting pool/run habitat along the

length of the Broad River; (2) examine the possibility of fish community fragmentation

associated with dams; (3) examine the relationship between the fish community and physical

and chemical habitat variables; and (4) describe the growth of selected species. Backpack

electrofishing collections were made in shoal areas to augment fish community information.

Boat Methods

Fish collection

We conducted boat electrofishing during the winter (10 January - 2 February), 2001,

spring (10 April - 3 May), 2001, fall (3 October - 14 November), 2001 and spring (8 April - 30

April), 2002. Boat electrofishing consisted of sampling at least three transects at each sample

area: at least one transect along each bank in pool habitat and one mid-channel transect in

glide/run habitat. We considered pool habitat to be areas that had little flow and a mean depth of

at least one meter. Glide and run habitats were areas that had higher water velocities, more

variable depths and were generally located in shoal areas. During the winter, each shoreline

transect received ten minutes of continuous electrofishing effort in a downstream direction.

Because of concerns about the effectiveness of this method in capturing fish, we modified our

shoreline electrofishing techniques for the remaining sampling seasons. During those seasons

we fixed the length of the shoreline transects at 150 m and shocked in an upstream direction.

Shocking in an upstream direction gave us more control of the boat and allowed us to work the
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area more thoroughly. Electrofishing output was standardized by electrofishing at afrequency of

60 pulses per second (pps) and varying the voltage to achieve 3.5 - 4.0 amps of output.

At some sites during some seasons we sampled the catfish community with a catfish

electrofishing transect. This sampling was conducted to augment fish community information

collected with standard electrofishing techniques and to describe the composition of ictalurids in

the Broad River. We also wanted to determine if flathead catfish were present in the system.

Flathead catfish, a large ictalurid, has the potential to disrupt the aquatic communities of

piedmont and coastal streams. Catfish electrofishing transects were conducted by slowly

floating down the river mid-channel and operating the electrofisher at a low pulse frequency (7.5

pps).

Each fish collected during sampling was identified to species and, when practical,

measured to the nearest mm total length (TL),and weighed to the nearest gram. Occasionally

some species were too numerous to measure and weigh individually. In these instances, we

enumerated the individuals by species, recorded lengths of 25 randomly selected individuals, and

recorded a total batch weight. A reference collection of each species collected was maintained.

Species identifications were verified by Fritz Rohde of the North Carolina Division of Marine

Fisheries.

To assess age and growth of representative species, we collected otoliths during the

spring from largemouth bass, smallmouth bass, redbreast sunfish, and redear sunfish. During the

fall we collected the otoliths and opercle bones from silver redhorse and brassy jumprock. We

also collected pectoral spines from snail bullheads during fall, 2001, at site 2. Aging structures

were removed from individuals selected randomly from within predetermined length-groups.

For largemouth bass, redear sunfish, brassy jumprock, silver redhorse, and snail bullheads, we
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attempted to collect aging structures from at least three individuals per 25-mm length group at

each site. For redbreast sunfish, we used a 12-mm length interval. Whole otoliths were viewed

in the lab with a microscope, using reflected light. When whole otoliths were difficult to read,

they were broken in half near the nucleus, perpendicular to the sulcal groove, sanded smooth,

and viewed in cross section microscopically, using a fiber optic light. One-mm sections of snail

bullhead spines were cut through the articulating process, proximal to the basal recess. The

sections were polished on both sides, mounted on glass slides and viewed under a microscope

with transmitted light. To estimate age, two experienced readers read otoliths and spine sections

independently. Results were compared. When readers did not agree on an age, they re-read the

structure jointly. If agreement could not be reached, the structure was eliminated from analysis.

Mean lengths-at-age were calculated for all species when enough data were available. Means for

redbreast sunfish and largemouth bass were calculated by site. Means for redear sunfish and

smallmouth bass were calculated for the entire river. Means for snail bullheads were calculated

for Site 2.

Data obtained from boat electrofishing were used to calculate relative abundance (RA),

relative biomass (RB) by family, species diversity (Simpson's diversity index, D), and species

richness (total number of species, S) metrics for the fish community at each site during each

season. Data collected. from catfish electrofishing transects were not included in the calculation

of community metrics. Relative abundance was calculated as

RA =-n
N'

relative biomass was calculated as

RB = w,

and Simpson's diversity index was calculated as
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where ni, = Number of individuals of species i in the sample
N Total number of individuals in the sample,
S -Number of species in the sample
w = Total weight of family i in the sample
W = Total weight of individuals in the sample.

The inverse of Simpson's diversity index (I/D) was used as a test statistic. Mean catch per unit

effort (CPUE) was calculated as No./m for each boat electrofishing site during each season and

year. Because catfish electrofishing transects were not conducted at every site during each

season and year they were not included in calculating mean CPUE.

Water quality and habitat parameters collected

Water quality measurements were collected at each sample site. Water temperature,

dissolved oxygen, and conductivity were measured using a YSI Model 85 handheld dissolved

oxygen, conductivity, salinity, and temperature meter. pH was measured using a YSI Model 60

handheld pH/temperature meter. Turbidity was measured with ac LaMotte 2020 turbidimeter.

Mean depth of each shoreline electrofishing transect was determined. Depth was

measured with a wading rod at approximately 10 m intervals along the electrofishing transect

with the boat positioned approximately 3 m from the bank.

Statistical Analysis

Differences in species richness were investigated using a two-way ANOVA by site and

season. Differences in species diversity and CPUE among sites and seasons were evaluated with

independent KruskalWallis tests. Stepwise multiple linear regression was used to investigate

the relationship between population and community descriptors, such as mean CPUE (log 10) and
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species richness and habitat and water quality variables. Cluster analysis of relative abundance

data was used to investigate longitudinal changes in the fish community and examine the.

possibility of fish community fragmentation associated with dams. The cluster analysis was

performed with the simple average linkage method and the Bray-Curtis distance equation

(McAleece et al. 1997). Differences in mean length-at-age, by site, for redbreast sunfish and

largemouth bass were assessed using a Kruskal-Wallis test. When conducting non-parametric

statistical analyses (e.g., Kruskal-Wallis) pairwise comparisons were not investigated. All

statistical comparisons were calculated using SAS (SAS Institute 1989): Tests were considered

statistically significant at a = 0.05. Winter data were eliminated from all analyses because of the

different electrofishing methods used in the winter.

Boat Results/Discussion

Fish sampling

One hundred and eighty-one transects covering approximately 27 km of river were

sampled (Table 4). In all, 6,916 fish comprising 44 species were collected from shoreline and

mid-channel electrofishing transects (Table 5). Common and scientific names of fishes used in

this report are listed in Appendix 1. Overall, redbreast sunfish, bluegill sunfish, and silver

redhorse were the most abundant species, comprising more than 50% of the total number of fish

collected. Gizzard shad, whitefm shiner, sandbar shiner and brassyjumprock were also

relatively common, each comprising more than 5% of all fish collected.

Relative abundance of fish species varied by site (Table 6). Silver redhorse was the only

species collected at every site during each season and year. Bluegill and redbreast sunfish were

collected at each site during every season and year, except during the winter at site 1. Rare
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species in the boat electrofishing transects included bluehead chub, fieryblack shiner, flier, green

sunfish, golden shiner and rosyside dace; only one individual of each species was collected.

Some species had limited distribution in the river. White perch, white bass, pumpkinseed

sunfish, yellow perch, yellowfm shiner, and longnose gar were only collected in the lower half of

the river (site 4 and below), while V-lip redhorse and northern hogsucker were only collected in

the upper half of the river (site 4 and above).

Twenty-three catfish electrofishing transects were conducted, during which 1,076

ictalurids comprising 5 species were collected (Table 7). Snail bullhead was the dominant

species, representing more than 80% of the ictalurids collected at every site. The bullhead

catfishes accounted for more than 98% of the ictalurids in the catfish samples. No flathead

catfish were collected during our sampling efforts. Future efforts to restore anadromous fish

may adversely affect the resident community if flathead catfish are introduced into the Broad

River. The flathead catfish is a voracious predator, and has been shown to negatively impact

native centrarchid, ictalurid and catostomid communities (Guire et al. 1.984, Ashley and Buff

1986, Bart et al. 1994).

Catostomids dominated the boat. electrofishing biomass, accounting for. 51.2% of the total

biomass in shoreline and mid-channel electrofishing samples (Table 8). Members of the

centrarchid, cyprinid, and clupeid families were abundant, each comprising more than 11% of

the biomass collected. The remaining families contributed little to the total biomass overall, but

sometimes were locally important. For instance, ictalurids were an important component of the

fish biomass at site 4, and gars were an important component at site 1. Catostomids were the

dominant family by weight at every site, comprising 38% to 86% of the total biomass among

sites.
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Species richness and diversity varied by sample area and season; both tended to be higher

at downstream locations (Table 9). Mean species richness among sites ranged from 11.0 to 20.0

and was significantly higher at sites 1-4 than site 11 (ANOVA, P = 0.003). No seasonal

differences were detected (ANOVA, P = 0.23). No other significant differences were observed

in species richness. Mean Simpson's inverse diversity index ranged from 3.37 to 9.06 among

sites. Significant differences in diversity were observed among sites (Kruskal-Wallis, P = 0.05)

and between seasons (Kruskal-Wallis, P = 0.05). Diversity was significantly greater during the

spring (mean = 6.2) than fall (mean = 4.9).

Mean CPUE varied by season and site, ranging from 0.02 to 0.64 (Table 10). Mean

CPUE was typically higher at the downstream sites during both spring and fall. The highest

overall mean CPUE (0.61) occurred at site 1 and the lowest (0.20) occurred at site 6. There was

a significant difference in CPUE among sites (Kruskal-Wallis, P = 0.04), but not between

seasons.

Cluster analysis indicated the most similar sites were sites 8 and 9, and sites 3 and 4

(Figure 2). Two broad clusters were interpreted from the analysis, one containing sites 1, 6, 8, 9

and 5, the other containing sites 2, 3, 4, 7, and 11. There was no indication that dams fragment

the current Broad River fish community. Based on cluster analysis, site 1 exhibited more

similarity to upstream sites than to downstream sites. If dams fragmented the current Broad

River fish community we would have expected the cluster analysis to group lower and upper

river sites separately. The two large clusters generated by our analysis did suggest a difference

in fish community composition between riverine sites and those impacted by hydroelectric

operations. One cluster contained most of the more riverine sites (1, 5, 6, 8, 9) and the other

contained sites that were considered tailwater areas (sites 4 and 7) or sites that were influenced
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. from the ponding created by downstream-dams (sites 2 and 11). The only site that did not fit this

pattern was site 3, a riverine site clustered with those impacted by hydroelectric operations.

Although our analysis did not indicate that dams fragment the current fish community, a

different community composition would exist in the absence of dams. Dams along the Broad

River have historically fragmented the fish community, preventing migrations of anadromous.

and catadromous species (e.g., American shad and American eel) that historically occurred in the

river and currently exist in the Congaree River below the Columbia Dam.

During the two spring sampling periods we collected otoliths from 515 redbreast sunfish,

132 largemouth bass, 94 redear sunfish, and 49 smallmouth bass. During the fall we collected

otoliths and opercle bones from 117 silver redhorse and 77 brassy jumprock. We also collected

spines from 58 snail bullheads during the fall of 2001. Difficulties in determining a suitable

method for aging moxostomid species precluded the inclusion of age data for silver redhorse and

brassy jumprock in this report.

We aged 496 spring-coflected'redbreast sunfish, 35-76 per site. Estimated ages ranged

from 1 to 8 years. At most sites at least 4 age classes were present. Age classes 2 and 3

predominated at all sites. Fish age-4 and older were more prevalent at upriver sites (sites 7-11).

Differences in mean length of redbreast sunfish at ages 1, 2, and 3 were observed among sites

(Kruskal-Wallis, P<0.05). Age-I redbreast were longest at sites 6, 2 and 3; age-2 redbreast were

longest at sites 6, 2 and 8; and age-3 redbreast were longest at sites 6, 2, and 9 (Table 11).

Overall, sites 2 and 6 exhibited the best growth and sites 1, 4, and 7 exhibited the poorest growth

over the three age classes. Redbreast sunfish that grew well in their first year generally exhibited

good growth in their second and third years (Figure 3).
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Redbreast sunfish in the Broad River are long-lived. The age-8 fish we collected equaled

the maximum age reported by Carlander (1977) for redbreast sunfish. In surveys of six North

Carolina coastal streams, redbreast sunfish did not exceed age-6 (Ashley and Rachels 1998). In

the Edisto River, South Carolina, redbreast sunfish did not exceed age-3 (Thomason et al. 1993).

Growth of redbreast sunfish in the Broad River was considerably slower than that reported for

other southeastern rivers. Mean total length at age-3 in the Broad River was 130 mm, compared

to 175 mm in other southeastern rivers (Ashley and Rachels 1998, Thomason et al. 1993).

We aged 126 spring-collected largemouth bass, 5-29 per site. The oldest individual was

12 years old. At most sites at least 4 age classes were present, but these were often represented

by only one or two individuals. Mean length-at-age data are reported in Table 9. Because of the

small numbers of fish aged at many sites, and the wide distribution of age classes, between-site

comparisons of length-at-age and growth were not statistically meaningful. Largemouth bass at

site 2 exhibited the fastest growth rate; mean lengths at ages 1, 2, and 3 were greater there than at

any other site. Largemouth bass at sites 4, 6, and 11 exhibited relatively slow growth through

age-3 (Table 12).

Life span and growth of largemouth bass in the Broad River was typical for the species in

the Southeast. The average life span of largemouth bass in Virginia is 8-10 years (Jenkins 1993);

in Tennessee, it's 10-12 years (Etnier and Starnes 1993). Growth of age 1-4 largemouth bass in

the Broad River was similar to that reported for the Edisto River, South Carolina (Thomason et

al. 1993).

We aged 92 redear sunfish and 42 smallmouth bass collected during spring 2001 and

2002. Numbers of aged fish were insufficient to make meaningful comparisons of growth

between sites. Pooled mean lengths at age are reported in Table 13. We aged 54 snail bullheads 0
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collected during fall 2001 at site 2. Ten age classes were present. Mean length-at-age data are

reported in Table 13.

Smallmouth bass in the Broad River appear to have a moderate life expectancy compared

to those in some other Southeastern rivers. The oldest smallmouth bass we aged was 8, but fish

as old as 15 have been documented in Virginia rivers (VDGIF, unpublished data). Growth of

smallmouth bass in the Broad River was comparable to that of four piedmont rivers in Virginia

(VDGIF, unpublished data). Based on growth rates in the Broad' River, smallmouth bass could

reach quality size (30 cm) in their fourth year, preferred size (35 cm) in their fifth year, and

memorable size (40 cm) in their sixth year (Gabelhouse 1984).

Redear sunfish in the Broad River are long-lived; fish up to age-8, the maximum reported

age for redear sunfish (Carlander 1977), were observed. Mean length-at-age of redear sunfish in

the Broad River is comparable to that reported in Carlander (1977). Based on growth rates we

calculated, redear sunfish in the Broad River could reach quality size (18 cm) in their third year,

preferred size (23 cm) in their fourth year, and memorable size (28 cm) in their seventh or eighth

year (Gabelhouse 1984).

The biology of the snail bullhead has received little attention (Jenkins 1994). Snail

bullheads in the Broad River, at least at site 2, are long-lived, attaining a maximum age of 9. No

other studies that we're aware of have attempted to estimate snail bullhead age. Snail bullheads

attain a larger size in the Broad River than reported in other systems. The longest reported snail

bullhead had a standard length (SL) of 320 mm (Corcoran 1981); however, we collected

numerous specimens longer than 400 mm TL, including one that was 448 mm. Snail bullheads in

the Broad River reached approximately 100 mm during their first year and grew an average of.46

mm per year from age-I through age-6.
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) Water quality and habitat parameters collected 0
Water quality and habitat data are' reported in Table 14. No longitudinal or seasonal

trends in water quality data were observed. Due to equipment problems, pH was only recorded

during fall and winter sampling periods. In general, the water quality parameters we measured

were consistent with those expected for a piedmont river. Conductivity tended to be lower at site

5, perhaps due to a dilution effect caused by the confluence of the Pacolet River just upstream of

our sample site. pH values were somewhat higher than expected at sites 7 and 2, but as isolated

data points, they are hard to interpret. During the winter 2001 sampling period, pH recorded

hourly at the USGS monitoring station in the Broad River near Carlisle ranged from 6.7 to 8.0.

During the fall 2001 sampling period, hourly pH values ranged from 5.1 to 7.6. Readings outside

those ranges could have resulted from point or non-point source inputs. The USGS station near

Carlisle is located well below site 7 and about 17 km above site 2. Sandy River and Tyger River

both enter the Broad River between the gauge and site 2. Mean transect depth among sites

ranged from 1.4 to 2.2 (mean = 1.7) m during winter, from 1.3 to 2.3 (mean = 1.7) m during

spring, and from 1.0 to 2.2 (mean = 1.6) during fall.

Habitat and community relationship

A significant (P = 0.0001) positive relationship was observed between mean CPUE and

distance from a dam and depth. No other variables were significant. Distance from a dam

explained 46% of the variation in CPUE and depth explained 11%. There was not a significant

relationship (P = 0.13) between species richness and habitat or water quality variables. It's

important to recognize that our sampling strategy was not specifically designed to investigate the

relationship between distance from a dam and catch rates. One possible explanation for the

positive relationship we found is that areas located further from dams generally have more stable
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habitat and may support more individuals. Another possible explanation is that the relationship

we observed was an artifact of our sampling design. The frequency of dams is greater in the

upper reaches of the river and less in the in the lower reaches. Therefore, distance from dams

was generally greatest at the lower sites. The lower sites may simply have greater catch rates

due to the increased productivity one would expect in the lower reaches of a river.
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Table 4. Numbers of electrofishing transects, by type, conducted at each site by season and year. Bank
transects sampled pool habitat while mid-channel transects sampled glide/run habitat. Catfish transects
were conducted in mid-channel using a low pulse frequency.

2001 2002
Winter Spring Fall Sprihg

Site Cat Bank Mid Cat Bank Mid Cat Bank Mid Cat Bank Mid Total
1 1 3 1 3 1 3 1 3 1 17
2 1 3 1 3 1 1 3 1 1 3 1 19
3 3 1 3 1 3 1 1 4 1 18
4 4 1 2 1 3 1 1 3 1 17
5 1 3 1 1 3 1 3 1 1 3 1 19
6 3 1 1 2 1 1 3 1 1 3 1 18

7 1 4 1 1 3 1 1 3 1 1 3 1 21
8 3 1 1 3 1 3 1 1 3 1 18
9 1 3 1 3 1 3 1 1 3 1 18

11 1 3 1 1 3 3 1 3 16

Total 6 32 10 5 28 8 4 30 10 8 31 9 181

0
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Table 5. Relative percent abundance of fish species in Broad River boat electrofishing samples

collected during winter, spring, and fall in 2001 and 2002.

Common Name Winter 2001 Spring 2001

Lonanose 2ar
Gizzard shad
Threadfin shad
Rosyside dace
Greenfin shiner
Whitefin shiner
Fieryblack shiner
Common carp
Eastern silvery minnow
Bluehead chub
Golden shiner
Spottail shiner
Yellowfin shiner
Sandbar shiner
Quillback
Highfm carpsucker
White sucker
Northern hogsucker
Smallmouth buffalo
Silver redhorse
Shorthead redhorse
V-lip redhorse
Striped jumprock
Brassy jumprock
Snail bullhead
White catfish
Flat bullhead
Channel catfish
Margined madtom
White Perch
White bass
Flier
Redbreast sunfish
Green sunfish
Pumpkinseed
Warmouth
Bluegill
Redear sunfish
Smaflmouth bass
Largemouth bass
Black crappie
Tessellated darter
Yellow perch
Piedmont darter
Total No. Collected

0.8
17.9

0.1

5.8
0.1
1.7
0.4
0.1

0.2
4.1

0.6
6.4

1.5
0.1

11.8 1.4
0.1

5.6 2.4

0.1
0.6
0.2

18.9
1.2
0.4
0.2
6.6
3.1

0.2
0.1

0.2
0.6
0.7

12.7
0.7
0.2
1.7
5
3
0.1
0.6
1.8
0.1
1.9
0.2

Fall 2001 Spring 2002 Grand Total
0.1 0.2 0.2

11.2 6.3 8.8
0.6 0.2

>0.0
0.6 0.3

4 8.6 6.2
>0.0

0.7 0.8 1.1
0.1 0.1 0.1

>0.0
>0.0 >0.0

0.2 1.2 2.3
>0.0

4.3 8.5 5.3
0.5 1.8 0.7

0.4 0.1
0.1

0.4 0.4 0.5
>0.0 0.2

8.9 12.3 12.2
0.8 0.8 0.9

0.1
1.2 1.2 1.2
5.3 4.5 5.2
0.8 0.8 1.7

0.5 0.2
>0.0 0.2 0.2

1.3 1.2 1.3
>0.0 >0.0

2.8 3 2.3
>0.0 1.1 0.4
>0.0 >0.0
26.9 22.1 23.1
>0.0 >0.0

0.1 0.1 0.1
0.3 0.1 0.2

18.4 14.6 15.3
5.4 3.4 3.8
1:3 0.8 1.2
3.6 3.0 3.5
0.5 0.2 0.5
0.1 0.1 0.1
0.4 0.5 0.4

0.1
2158.0 2125.0 6916.0

5.7 28.4

0.1

10.7
1.7
0.7
4
0.4

0.1
0.2

889.0

0.1
0.2

14.8
3.3
1.7
3.9
1.0

0.3
0.1

1744.0
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Table 6. Relative percent abundance of species in Broad River boat electrofishing samples, by site,
collected during winter 2001, spring 2001, fall 2001, and spring 2002.

Site
Common name 1 2
Longnose gar 0.8 0.7
Gizzard shad 0.1 23.1
Threadfin shad 0.4 0.7
Rosyside dace
Greenfin shiner 0.1
Whitefin shiner 6.4 2.7
Fieryblack shiner
Common carp 0.1 0.7
Eastern silvery minnow 0.1
Bluehead chub
Golden shiner
Spottail shiner 0.5 6.5
Yellowfim shiner 0.2
Sandbar shiner 8.3 1.2
Quillback 0.1
Highfm carpsucker
White sucker
Northern hogsucker
Smallmouth buffalo 0.4
Silver redhorse 4.8 14.0
Shorthead redhorse 0.1 1.5
V-lip redhorse
Striped jumprock 0.2
Brassy jumprock 3.6 0.3
Snail bullhead 0.9 0.5
White catfish 1.1
Flat bullhead 0.6
Channel catfish 0.2 2.9
Margined madtom 0.2
White perch 0.3 13.3
White bass 0.1 2.4
Flier 0.1
Redbreast sunfish 41.8 8.4
Green sunfish
Pumpkinseed 0.1 0.3
Warmouth 0.8
Bluegill 16.2 9.8
Redear sunfish 7.5 4.2
Smallmouth bass 0.5
Largemouth bass 4.2 3.0
Black crappie 0.4 0.6
Tessellated darter 0.1
Yellow perch 0.8 1.2
Piedmont darter 0.1
Total No. fish 1022 1054

3 4 5 6 7 8.9
0.2

10.6 11.2 0.9 1.9 14.7 3.7 3.4
0.2

0.1
0.8 0.2 0.4 0.2 0.6 0.9
7.4 13.2 5.6 6.1 3.7 4.2 8.8

0.1
0.7 0.5 0.4 1.2 2.3 1.8
0.2 0.7 0.4

0.1

11

14.5

0.2
63

5.1

0.1
3.2 4.6 1.3 2.1 0.2 0.1 1.6

0.8 3.0 27.7 11.8 0.4 3.4 1.5
0.1 0.2 2.0 1.9 4.5 0.4 0.1

1.7 0.2
0.6 0.1

0.9 1.1 0.4 0.8 1.0 1.0 0.2
0.2 0.2 0.6 0.2 0.6
5.3 6.2 16.6 11.0 10.6 18.2 13.3 35.6
2.6 1.9 0.4 0.8

0.2 0.2 0.2 0.2 0.1 0.4
0.3 3.2 0.2 1.9 1.0 1.7 3.6 1.9
5.4 5.6 9.9 10.1 3.1 8.7 7.8 0.2
2.0 1.9 0.2 1.7 1.4 3.9 3.9 0.5

0.3 0.2 0.4 0.2 0.3 0.3
2.8 3.3 0.2 0.2 0.6 0.3 0.2

0.2
1.5
0.1 0.2

11.3 13.5 22.4 27.4 27.1 31.4 31.6 18.4
0.1

0.2
0.2 0.2 0.1 0.1

35.1 17.9 3.6 9.7 19.3 13.0 8.5 9.0
5.4 3.2 1.1 2.5 4.1 1.9 1.3 1.9

0.9 1.3 2.3 0.6 4.0 3.0 0.5
2.6 6.0 3.6 2.3 4.3 2.9 3.6 3.6
0.1 1.4 0.2 0.8 1.2 0.4 0.4 0.2
0.1 0.4 0.1
0.4 0.2
0.1 0.2 0.1

974 569 553 474 491 698 668 413

Overall
0.2
8.8
0.2
0.0
0.3
6.2

>0.0
1.1
0.1

>0.0
>0.0

2.3
>0.0

5.3
0.7
0.1
0.1
0.5
0.2

12.2
0.9
0.1
1.2
5.2
1.7
0.2
0.2
1.3

>0.0
2.3
0.4

>0.0
23.1
>0.0

0.1
0.2

15.3
3.8
1.2
3.5
0.5
0.1

0.1

6916
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* Table 7. Relative abundance of ictalurids collected in catfish electrofishing samples, by site, during
winter 2001, spring 2001, fall 2001, and spring 2002.

Site
Common Name 2 3 4 5 6 7 8 9 11 Overall
Snail bullhead 93.9 95.6 100.0 92.0 90.2 95.2 99.2 98.7 84.0 95.0
White catfish 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.0 0.3
Flat bullhead 1.5 4.4 0.0 3.7 3.3 4.8 0.8 0.0 12.0 3.1
Channel catfish 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4
Margined madtom 1.5 0.0 0.0 4.3 6.6 0.0 0.0 1.3 0.0 1.3
Total No. fish 132 136 70 162 61 125 240 75 75 1076

Table 8. Percent contribution of biomass, by family, at each Broad River boat electrofishing site.

Site

Family 1 2 3 4 5 6 7 8 9 11 Total

Catostomidae 49.5 48.9 37.5 38.5 86.1 65.2 53.6 53.3 55.4 45.0 51.2

Centrarchidae 28.2 8.8 10.1 21.7 10.2 15.8 24.2 18.1 15.1 8.8 14.9

Cyprinidae 7.3 12.4 16.1 11.1 0.6 9.4 11.8 16.1 17.2 36.7 14.6

Clupeidae 0.1 14.5 25.0 13.8 1.0 8.5 4.8 10.9 9.6 9.3 11.5

Ictaluridae 3.5 8.9 9.1 14.0 2.1 1.0 5.4 1.6 2.7 0.2 5.3

Lepisosteidae 11.3 1.2 1.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.2

Moronidae 0.1 5.0 0.6 0.8 0.0 0.0 0.0 0.0 0.0 0.0 1.2

Percidae 0.1 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1

Grand Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Table 9. Species richness and Simpson's inverse diversity index (1/D) for samples collected from the
Broad River during 2001 and 2002. Means with similar letters were not significantly different (Tukeys,
P> 0.05).

Species Richness Simpson's Inverse Diversity Index
Site Spring01 Fall01 Spring 02 Mean Spring01 Fall01 Spring 02 Mean

1 19 18 18 18..3z 3.5 2.9 6.1 4.17
2 20 13 21 18.0z 10.9 6.0 10.3 9.06
3 19 21 20 20.0z 5.8 4.9 5.8 5.50
4 20 17 18 18.3z 9.6 9.2 6.6 8.46
5 14 17 11 14.0zy 4.5 4.8 5.0 4.77
6 16 14 17 15.7zy 6.2 3.3 9.4 6.30
7 18 15 15 16.0zy 5.0 5.0 5.1 5.03
8 14 13 17 14.7zy 7.2 5.0 4.9 5.70
9 17 14 17 16.0y 6.9 3.7 6.0 5.53

11 11 13 9 LOY 3.2 4.1 2.8 3.37
Total 34 33 33 6.3 4.9 6.2
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Table 10. Mean CPUE (No./m) for samples collected from the Broad River with boat electrofishing
) gear during 2001 and 2002. Winter data were not included in the overall mean or used in the analysis.

Area Winter 2001 Spring 2001, Fall 2001 Spring 2002 Mean
1 0.05 0.55 0.64 0.63 0.61
2 0.31 0.32 0.44 0.38 0.38
3 0.09 0.45 0.47 0.34 0.41
4 0.09 0.28 0.27 0.26 0.27
5 0.03 0.33 0.33 0.26 0.30
6 0.15 0.18 0.21 0.21 0.20
7 0.03 0.16 0.29 0.31 0.25
8 0.14 0.23 0.25 0.38 0.29
9 0.16 0.30 0.25 0.27 0.27
11 0.02 0.27 0.15 0.32 0.24

Mean 0.11 0.31 0.33 0.33 0.32

Table 11. Mean length-at-age (number of observations in parentheses) of redbreast sunfish, collected by
boat electrofishing in the Broad River, by site.

Age
Site 1 2 3 4 5 6 7 8

1 63 (4) 85 (29) 120 (31) 158 (9) 140 (3)
2 83 (5) 102 (20) 141 (10) 136 (1)
3 84 (5) 98 (19) 136 (18) 147 (2) 161 (2)
4 64(3) 88(10) 119(17) 137(3) 143(2)
5 60(7) 96(16) 130(21) 135(1) 173(3) 190(1)
6 85(4) 103(21) 140(16)
7 59(4) 87(10) 121(19) 146(5) 164(3) 141(1)
8 66(7) 100(18) 132(15) 154(10) 172(2) 183(1)
9 56(3) 95(26) 137(27) 157(11) 137(2)
11 59(1) 93(14) 128(17) 146(8) 166(5) 148(2) 146(1) 185(1)

Overall mean 69(43) 95 (183) 130(191) 151 (50) 158 (22) 162 (5) 146 (1) 185 (1)
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Table 12. Mean length-at-age (number of observations ini parentheses) of largemouth bass, collected by

boat electrofishing in the Broad River, by site.

Age

Site. 2. 3 4 5 6 7 8 9 10 11 i2

1 101(16) 265(6) 351(5) 353(1) 436(1)
2 161 (3) 288 (3). 365 (3)
3 110(5) 252(2) 336(4) 351(1)
4 158(2) 247 (4) 276(6) 350 (1) 410(j)
5 115(7) 250(4) 314(2)

6 246(2) 270 (1) 449 (1) 417 (1)
7. 235 (1) 285 (1) 295 (2) 446 (1) 481,(1)

8 126 (1) 274 (1) 300 (2) 305 (2) 309 (1) 426 (1) 482 (1) 487 (2) 458 (2) 491 (1)

9 107 (4) 248(4) 293 (3) 325 (3) 393 (1)

11 128(3) 273(2) 303(3) -- 470(1)

Overall mean 115 (41) 257 (27) 312 (29) 318 (13).. 390 (4) 443 (2) 449 (2) 448 (2) 482.(1) 487 (2) 458 (2) 491 (1)

Table 13. Mean length-at-age (number of observations in parentheses), of redear sunfish (RES),
smallmouth bass (SMB), and snail bullhead (SBH), collected from the Broad River by boat
electrofishing. RES and SMB were collected during spring 2001 and 2002; SBH were collected during
fall 2001.

Age RES SMB SBH
0 -- - 80(3)
1 74(4) 129(19) 111 (2)
2 135(43) 229(11) 134(4)
3 188(15) 272 (11) 187 (11)
4 234 (13) 298(3) 255(7)
5 244 (10) -- 312(9)
6 264 (5) 432 (2) 340 (6)
7 255(1) -- 404(7)
8 301 (1) 465 (1) 405 (3)
9 ..... 397(2)
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Tableel4. Selected water quality and habitat data collected from the Broad River during boat
2 electrofishing, by sample date in 2001 and 2002.

DO Conductivity Turbidity Mean depth
Date Season Site Temp (C0 ) (rag/L) pH (lhmos) (ntu's) (M)

01/12/01 Winter 1
02/07/01 Winter 2
01/10/01 Winter 3
01/11/01 Winter 4
01/23/01 Winter 5
01/30/01 Winter 6
01/16/01 Winter 7
02/06/01 Winter 8
01/26/01 Winter 9
01/25/01 Winter 11
04/10/01 Spring 1
04/19/01 Spring 2
04/18/01 Spring 3
04/16/01 Spring 4
04/23/01 Spring 5
04/24/01 Spring 6
04/17/01 Spring 7
05/01/01 Spring 8
05/03/01 Spring 9
04/30/01 Spring 11
10/31/01 Fall 1
11/05/01 Fall 2
11/14/01 Fall 3
10/17/01 Fall 4
10/18/01 Fall 5
10/29/01 Fall 6
10/03/01 Fall 7
10/30/01 Fall 8
10/16/01 Fall 9
10/18/01 Fall 11
04/08/02 Spring 1
04/09/02 Spring 2
04/10/02 Spring 3
04/11/02 Spring 4
04/15/02 Spring 5
04/17/02 Spring 6
04/16/02 Spring 7
04/30/02 Spring 8
04/18/02 Spring 9
04/22/02 Spring 11

6.1
8.8
4.6
3.8
5.5
8.6
8.0
7.7
5.2
4.6

19.9
15.7
18.8
20.1
18.9
21.4
16.6
19.5
22.8
18.6
14.5
15.6
11.3
17.4
15.6
14.2
20.7
12.2
19.6
11.4
16.5
16.8
16.7
18.5
18.9
24.7
20.9
20'.2
23.9
24.2

11.4 7.7
11.9 8.2
13.5 7.8
12.3 7.5
11.4 6.5
12.6 7.9
12.2 6.4
11.3 7.8
12.0 7.4
11.9 7.7
10.5 --

8.7 --

9.3 --

7.4 --

7.6 --

7.4 --

7.9 --

7.5 -

7.2 --

7.4 --

8.5 7.8
9.1 8.3
8.5 7.8
6.8 7.6
7.7 7.6

11.1 --

9.6 8.4
9.2 7.9
7.9 7.4
8.8 7.7
8.2 --
9.0 -

8.8 --

8.2 --

7.6 --

8.8 --

8.5 --

7.8 --

8.4 --

6.0 --

100
121
120
97
62

114
130
119
71
69
98
90

107
92
80

122
,106
136
101
90

110
133
137
136
45

129
136
118
100
88
87
91
93
96
77
92
98

127
76
92

10.4
8.0
6.6
9.3

15.0
8.7

13.5
24.0

9.9
9.3

10.2
7.7

11.3
7.5

12.0
11.5
10.0

7.2
3.9
4.9

15.6

18.9
14.0
6.5

14
5.3

10.3
5.5
8.6

11.7
12.5

9.8
10.9
9.6
9.9
9.8

10.7
6.2

1.8
1.9
1.9
1.4
1.4
1.5
1.4

2.2
2.0
1.7
1.9
1.9
1.4
1.4
1.6
1.3
1.4
2.3
1.7
1.3
1.8
1.9
1.0
1.2
1.6
1.4

2.2
2.0
1.6
1.8
1.9
1.3
1.4
1.6
1.3
1.3
2.2
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dwLE Bray-Curtis Cluster Aralysis (Simple Average Unk)

0. % Similarity 100

Figure 2. Bray-Curtis simple average cluster analysis of fish community relative abundance data for fish
collected from the Broad River during fall 2001, spring 2001 and spring 2002.
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Mean length-at-age of redbreast sunfish collected during spring, 2001 and 2002, Broad River,
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Backpack Methods

Fish Collection

We conducted backpack electrofishing during fall 2000, spring and fall 2001, and spring

2002. A modification of the Tennessee index of biotic integrity (TIBI) protocol (TDEC 1995)

was used for sampling complex habitat. The sampling protocol was designed to deplete species

from dominant habitats (riffles, runs and shorelines). Riffles and runs were sampled until three

consecutive units of effort produced no additional species for that habitat. Each unit of effort

consisted of sampling a 30 m2 plot (e.g., 6 x 5 in). A 6-m seine was positioned perpendicular to

the current; one person outfitted with a backpack electrofishing unit began shocking 5 m above

the seine and shocked downstream into the seine. Stunned fish were collected with dipnets when

they were seen, but most fish were captured in the seine. At each sample area, shoreline habitat

was sampled by backpack electrofishing a single pass along a 100 m wadeable transect.

Collected fish were identified to species and, when practical, measured (TL mm) and

weighed (g). Occasionally some species were too numerous to measure and weigh individually.

In these instances, we recorded lengths of 25 randomly selected individuals, then enumerated the

fish and recorded a total batch weight by species. Each species collected was assigned to one of

three pollution tolerance levels (tolerant, moderately tolerant, and intolerant) and one of five

trophic levels (piscivore, insectivore, omnivore, specialized insectivore, and herbivore) (Barbour

et al. 1999, NCDENR 2001). Representatives of each species collected were preserved in

formalin and maintained in a reference collection. Species identifications were verified by Fritz

Rohde of the North Carolina Division of Marine Fisheries.

Data obtained from backpack electrofishing were used to calculate relative abundance

(RA), species diversity (Simpson's diversity index, D) and species richness (total # of species)
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for the fish community at each sample area during each season. Only data from plot samples

were included in calculating species diversity and richness. Relative abundance was calculated

as

RA = 100,

and Simpson's diversity index was calculated as

j=ILN(N-1)J

where ni = Number of individuals of species i in the composite sample for each site
N = Total number of individuals in the composite sample
s = Number of species in the sample.

The inverse of Simpson's diversity index (1/D) was used as a test statistic. Mean catch

per unit effort (CPUE) was calculated for backpack electrofishing areas (N/plot) by sample area

and season. Because only one shoreline section was sampled at each site, only fish collected

from riffle and run samples were used in calculating mean CPUE.

Water quality and habitat parameters collected

Standard water quality parameters were measured and recorded at each sample site, as

described previously.

Substrate, depth, and flow information were collected at each sample plot. Depth was

measured at three points along each of three transects parallel to the seine; transects were at the

upstream limit, middle and downstream limit of each sample plot. During fall 2000, substrate

and flow were each characterized with a single observation per plot. Primary and secondary

substrate components were described using a modified Wentworth scale (Table 15). Flow was

categorized as low, moderate or swift. During spring 2001, fall 2001, and spring 2002, substrate
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and velocity information were collected at each point along each transect along with depth.

Substrate was scored using the modified Wentworth scale and velocity was measured With a

Marsh-McBirney model 201 flow meter. Percent contribution of each substrate type, mean

depth sampled, and mean water velocity were calculated for each sample area. Qualitative data

from fall 2000 were not used in these calculations.

Statistical Analysis

Differences in mean species richness and diversity were investigated by site and season

with independent Kruskal-Wallis tests. Differences in mean CPUE were investigated using a

two-way analysis of variance (ANOVA) by site and season. A logarithmic transformation (base

10) was used to normalize CPUE data. Chi-square analysis was used to evaluate differences in

trophic composition and pollution tolerance structure among sites. Stepwise multiple linear

regression was used to investigate relationships between normalized CPUE data and habitat and

water quality variables. Stepwise multiple linear regression was also used to investigate

relationships between species richness and habitat and water quality variables. All statistical

comparisons were calculated using SAS (SAS Institute 1989). Tests were considered

statistically significant at a = 0.05.

Backpack Results/Discussion

Fish Sampling

During the study we made 676 standardized riffle and run backpack electrofishing

collections. The mean number of run samples collected per site was 11.2 (range, 5 -,22) (Table

0
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16). The mean number of riffle samples collected per site was 9.3 (range, 4 -15). In addition,

one 100 m shoreline section was sampled at each site during each season and year.

A total of 9,836 fish, comprising 38 species, was collected during backpack

electrofishing in the 3 habitat types (Table 17). Overall, whitefin shiner and redbreast sunfish

were the most abundant species, together comprising more than 44% of the total number of fish

collected. Spottail shiner, sandbar shiner, snail bullhead, and thicklip chub were relatively

common; each comprised more than 5% of the total number of fish collected.

Relative abundance of fish species varied by site (Table 18). We collected whitefin

shiner, snail bullhead, redbreast sunfish, and piedmont darter at every site during each season

and year. Redbreast sunfish was the dominant species at sites 1 and 2, whitefm shiner was the

dominant species at sites 3-9, and fieryblack shiner was the dominant species at site 10. Most

species were relatively evenly distributed among the sites and throughout.the river; however, the

distributions of some fish were limited. Fantail darter was found only at site 6. Yellowfin shiner

and seagreen darter were more common at site 1 than anywhere else. Yellowfin shiner was only

collected at sites 1 and 6. Fieryblack shiner was only found above site 3 and was most prevalent

at the uppermost sites; at site 10, fieryblack shiner represented 3 1 % of the fish community.

Species richness and diversity computed from plot collection data varied by sample area

and season (Table 19). Mean species richness among sites ranged from 10.8 to 16.3, but there

were no significant statistical differences among sites (Kruskal-Wallis; P = 0.06) or between

seasons (Kruskal-Wallis; P = 0.22). Mean Simpson's inverse diversity ranged from 3.1 (site 8)

to 6.7 (site 1). There was a significant difference in mean species diversity among sites

(Kruskal-Wallis; P = 0.05), but not between seasons (Kruskal-Wallis; P= 0.23). The low
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diversity of substrate material and the dominance of bedrock at site 8 may have contributed to

the poor fish community diversity there.

Mean CPUE varied by site and season (Table 20). Mean catch per plot, among sites,

ranged from 4.8 (site 2) to 16.3 (site 9), and there were significant differences among sites

(ANOVA; P = 0.01), but not between seasons (ANOVA, P = 0.35). Mean catch per plot was

significantly less at site 2 than at sites 4, 7 and 9. No other significant differences in catch per

plot were observed. The low catch rates at site 2 may be related to unstable habitat. Site 2 was

located at the first shoal area above Parr Reservoir, and may be inundated when the reservoir is

at full pool. The frequent inundation of shoal habitatwould not be conducive to the nongame

communities that were targeted with backpack electrofishing gear.

The most abundant trophic guild in the Broad River was the Insectivores (67.7%),

followed by the Specialized Insectivores (16.5%), and the Omnivores (15%). Herbivores and

Piscivores were rare. Trophic composition differed among sites ()?, P = 0.0001), perhaps

attributable to the dissimilar composition displayed at sites 1 and 10 (Figure 4). Insectivores

comprised 50% or more of the trophic composition at all sites (Figure 4). In general, the trophic

composition of the Broad River is indicative of a well-balanced fish community. Trophic

generalists such as Omnivores were minimal at most sites. The paucity of Piscivores is not

alarming, given the sampling gear. Backpack electrofishing into a seine in a large river is not

very effective at sampling large predators.

The moderate pollution tolerance group was most abundant in the Broad River,

comprising almost 80% of the fish collected. Intolerant individuals comprised 17.6% of the fish

collected, while tolerant individuals comprised only 2.6%. The distribution of pollution

tolerance levels was significantly different among sites (x2, P = 0.0001). Moderately tolerant fish
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dominated the fish community structure at all sites except 1 and 10, where large numbers of

pollution-intolerant species Were collected (Figure 5). The proportion of moderately tolerant

individuals was greatest at site 7 and lowest at site 10. Conversely, the proportion of intolerant

individuals was greatest at site 10 and lowest at site 7. Site 10 also had the highest proportion of

tolerant individuals. At site 10 the pollution tolerance structure was greatly affected by the

dominance of fieryblack shiner, an intolerant species that accounted for 31% of the total relative

abundance. At site 1 seagreen and piedmont darters accounted for the increased proportion of

intolerant species. Seagreen and piedmont darters accounted for 19% of the fish collected.

Water quality and habitat parameters collected

In general, the water quality parameters we measured were consistent with those

expected for a piedmont river. Dissolved oxygen ranged from 6.1 to 9.9 ppm, pH values ranged

from 6.3 to 8.5, conductivity ranged from 85 to 262 mhos and turbidity ranged from 3.2 to 24.4

NTU. Water quality data are reported in Table 21. No seasonal or longitudinal differences in

water quality parameters were noted.

We recorded 4,306 depth and substrate measurements and 3,200 velocity measurements.

The percent contribution of substrate types varied by site (Table 22). Overall, gravel, pebble and

bedrock were the most common substrates. Gravel was the predominant substrate at sites 2, 3,

and 7. Sand was a more important component of the substrate in the lower river than the upper.

It dominated the substrate composition at sites 1 and 4. The primary substrate at sites 6 and 9

was pebble, and bedrock dominated the substrate composition at site 8. The average sample site

depth ranged from 29 cm to 42 cm and the average water velocity ranged from 0.32 to 0.48 m/s.
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/
Habitat and community relationship

The only habitat and water quality variables that significantly influenced CPUE were

mean depth and turbidity (P = 0.01), which together explained 406/o of the variation. There was a

negative relationship between CPUE and depth, which explained 32% of the variation and a

positive relationship between CPUE and turbidity, which explained 8% of the variation. The

only habitat or water quality variables that significantly influenced the number of species

captured were turbidity and depth (P = 0.004), which together explained 35% of the variation. A

positive relationship between turbidity and species richness was observed that explained 28% of

the variation and a negative relationship between species richness and depth, which explained

7% of the variation. The relationships we identified between the fish community and physical

habitat parameters may be artifacts of sampling. Backpack electrofishing into a seine was

probably more effective in shallow, turbid water than in deep, clear water. Clear water likely

made fish more wary and allowed them to spot us more easily, and greater depths provided them

the opportunity to avoid capture.
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* Table 15'. Size range of substrate components used f0trvisual assessment, based on a modified
Wentworth scale.

Particle type Diameter
Bedrock
Boulder >256 mm
Cobble 65 - 256mm
Pebble 17 - 64 mm
Gravel 2 -16 mm
Sand 0.06 -2 mm

Table 16. Number of plots sampled in the Broad River, by site, using backpack eleciTofishing, fall 2000
-. spring 2002

No. of riffle samples Noa of run samples Total

Sample Area Fall 00 Spring 01 Fall 01 Spdng 02 Fall 00 Spring 01 Fall 01 Spdng 02 Samples
1 11 11 5 10 10 1'13 6 7 73
2 11 8 8 10 12 13 12 7 81
3 4 7 8 8 11 11 9 15 73
4 12 10 6 11 5 10 10 11 75
6 11 9 15 9 14 13 12 8 91
7 12 11 9 10 14 12 12 11 91

8 10 6 8 13 18 8 22 17 102
9 11 7 9 9 7 11 8 10 72
10 6 12 18

Total 88 69 68 80 103 91 , 91 86 676
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Table 17. Relative abundance, in percent, of fish collected in Broad River backpack electrofishing
samples, by sample period.

Common Name
Gizzard shad
Threadfm shad
Greenfm shiner
Whitefm shiner
Fieryblack shiner
Eastern silvery minnow
Thicklip chub
Santee chub
Bluehead chub
Spottail shiner
Yellowfin shiner
Sandbar shiner
Northern hogsucker
Smallmouth buffalo
Silver redhorse
Shorthead redhorse
V-lip redhorse
Striped jumprock
Brassy jumprock
Snail bullhead
White catfish
Flat bullhead
Channel catfish
Margined madtom
Eastern mosquitofish
White perch
Redbreast sunfish
Green sunfish
Pumpkinseed
Warmouth
Bluegill
Redear sunfish
Smallmouth bass
Largemouth bass
Fantail darter
Tessellated darter
Seagreen darter
Piedmont darter
Total No. of fish

Fall 2000 Spring 2001
0.1 0.i

Fall 20
216

3.4
26.7

3.9
0.2
8.2

2.4
6
0.2
9.7
0.6

0.2

1.2
0.5
6.5
0.1
0.7
0.5
4.4
0.4

15.6
0.1

1.1
0.1
0.5
0.1
0.2
0.9
1.0
44

2827

5.7 2.4
28.3 19.5

1.2 i.9
0.4

7.3 3.4

2.8 4.0
7.6 11.1
0.3 0.2
3 11.4
0.6 1.2

>0.0

0.1
1.4 1.4
0.1 0.3

10.2 4.6
0.1 >0.0
0.8 0.5
0.2 0.2
6.1 4.8
0.3 0.6

15.6 17.0

0.1
0.1 >0.0
1.8 3.4
0.4 0.1
1.1 0.7
0.1 0.3
0.1 >0.0
0.7 1.2
0.8 1.9
3.0 4.5

1778 246i

)01 Spring 2002
0.5

>0.0
6A1

43.5
3.6
0.1
3.5

>0.0
1.3

10.9

2.8
1.3

>0.0
>0.0

1.3
0.1
3.8

0.4

1.8
0.1

>0.0
10.4

1.4
0.1
0.5

>0.0
>0.0

1.1
0.7
4.5

2765

Overall
0.8

>0.0
4.3

29.9
2.8
0.2
5.5

>0.0
2.6
9.0
0.1
7.0
1.0

>0.0
>0.0

0.1
>0.0

1.3
0.3
5.9-

>0.0
0.6
0.2
4.1
0.4

>0.0
14.5
>0.0
>0.0
>0.0

1.9
0.1
0.7
0.2
0.1'

1.0
1.1
4.2

9836
6
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Table 18. Relative abundance, in percent, of fish collected in, Broad River backpack
electrofishing samples, by site, during fall 2000, spring 2001, fall 2001, and spring 2002.

Site
Common Name
Gizzard shad
Threadfin shad
Greenfin shiner
Whitefin shiner
Fieryblack shiner
Eastern silvery n
Thicklip chub
Santee chub
Bluehead chub
Spottail shiner
Yellowfim shiner
Sandbar shiner
Northern hogsuce
Smallmouth buff
Silver redhorse
Shorthead redhor
V-lip redhorse
Striped jumprock
Brassy jumprock
Snail bullhead
White catfish
Flat bullhead
Channel catfish
Margined madto
Eastern mosquito
White perch
Redbreast sunfis]
Green sunfish
Pumpkinseed
Warmouth
Bluegill
Redear sunfish
Smallmouth bass
Largemouth bass
Fantail darter
Tessellated darte
Seagreen darter
Piedmont darter
Total No. of fish

1 2 3 4 6 7 8 9 10 Total
7.9 1.4 0.1. 0.6 0.8

0.1 >0.0
0.4 4.7 6.6 2.4' 5.7 6.6 2.0 4.8 6.7 4.3
9.0 13.3 21.2 39.6 17.5 43.6 26.9 46.2 17.8& 29.9

0.1 1.7 0.2 8.9 6.5 31'.1 2.8
ainnow 0.6 0.2 0.3 0.7 0.1 0.2

4.3 0.7 8.5 7.9 10.9 3.6 1.8 5.7 .2.2 5-5
0.1 >0.0

1.7 0.0 0.1 1.2 7.9 1.4 4.0 3.4: 1.1 2.6
0.9 11.3 3.2: 6.0 10.6 19.8 6.9 8.5 1.1 9.0
1.3 0.1 0.1
3.2 2.4 10.3 5.7 13.4 3.9 15.0 4.0 0.6 7.0

ker 0.6 0.3 0.4 1.6 2.4 0.7 0.7 1.7 1.0
0alo 0.1 >0.0

0.1 >0.0
rse 0.8 0.1 0.1

0.1 >0.0
0.1 1.3 2.2 2.3 0.9 1.0 1.7 2.8 1.3
0.0 0.7 0.3 0.3 4.4A 0.3

7.7 6.2 14.0 6.6 4.6 2.2 7.2 2.6 9.4 5.9
0.1 0.0 0.1 >0.0

1.0 0:8 1.0 0.7 0.9 0.2 0.4 0.2 0.6
0.1 0.7 0.2 0.8 0.1 0.2

m 13.6 6.2 4.8 2.1 8.2 0.5 1.8 1.2 4.1
fish 0.1 0.2 0.1 .1.6 0.3 0.4

0.1 >0.0
35.9 26.3 13.7 11.6 6.9 6.3 17.5 10.7 17.2 14.5

0.2 >0.0
0.1 >0.0

0.1 >0.0
0.3 5.4 5.1 2.2 2.5 1.8& 0.4 0.1 1.9

1.0 0.2 0.11 0.1 0.0 0.1
0.4 0.1 0.8 0.9 1.2 1.1 2.2 0.7

0.5 0.4 0.4 0.2
0.8 0.1

r 1.0 2.4 1.6 1.2 0.5 0.8 0.5 0.7 1.0
8.3 0.7 0.7 0.0 0.2 0.1 0.6 1.1

10.6 7.3 4.1 6.9 2.0 2.1' 2.7 1.6 1.1 4.2
996 723 979 1445 1179 1723 1125 1486 i90 9836
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Table 19. Species richness and Simpson's inverse diversity index for plot samples Collected with
backpack electrofishing gear from the Broad River, SC, during 2000 - 2002.

Species Richness Simpson's (I/D)
Site Fall 00 Spring 01 Fall 01 Spring 02 Mean Fall 00 Spring 01 Fall 01 Spring 02 Mean

1 12 13 9 9 10.8 7.8 7.4 5.3 6.2 6.7
2 14 11 11 9 11.3 6.1 6.8 4.8 5.4 5.8
3 9 11 14 14 12.0 5.8 4.6 4.5 7.3 5.6
4 14 12 1-2 13 12.8 5.5 5.8 2.9 1.9 4.0
6 19 14 19 13 16.3 9.1 5.6 6.6 2.7 6.0
7 13 14 14 18 14.8 2.9 2.5 4.2 2.9 3.1
8 15 6 14 15 12.5 4.2 2.7 5.7 3.5 4.0
9 16 15 16 13 15.0 5.0 3.5 4.9 1.9 3.8
10 14 4.8

Table 20. Catch per plot for samples collected with backpack electrofishing gear from the Broad
River, SC, during 2000 - 2002. Means with the same letter were not significantly different
(Tukey, P > 0.05).

Site Fall 00 Spring 01 Fall 01 Spring 02 Mean
1 8.1 6.8 14.8 7.1 9.2z
2 4.4 3.1 6.9 4.9 4.8y
3 6.4 8.7 11.7 8.2 8.7zy
4 25.6 11.2 8.8 14.1 14.9z'
6 11.0 4.9 16.0 11.9 10.9Zy
7 10.1 12.3 11.2 30.7 16.1z
8 8.6 4.0 7.6 8.7 7.2zy
9 15.6 13.2 13.5 23.1 16.3z

10 8.0
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Table 21.. Water quality data collected from Broad River, SC, sample sites during backpack
electrofishing.

DO, Conductivity Turbidity
Date Season Site` Temp (CI) (rmg/L) pH (mhos) (NTU)

10/24/2000 Fall 1 19.5 8.1 7.1' 136.3 5.2
10/25/2000 Fall 2 17.9 8.6 7.1 188.4 6.8
10/02/2000 Fall 3 19.3 8.0 6.7 147.0 --
10/05/2000 Fall 4 21.5 7.7 7.4 177.3 -

10/06/2000 Fall 6 20.7 6.9 7.4 262.0 -

10/10/2000 Fall 7 14.6 9.6 8.1 189.0 --

10/1 1/2000 Fall 8 15.2 9.2 -- 178.0 -
10/26/2000 Fall 9 18.1 7.7' 7.8 169.0 7.6
11/15/2000 Fall 10 11.6 9.5 63 84.6 11.9
5/08/2001 Spring 1 22.6 9.7 7.9 119.9 6.4
5/09/2001 Spring 2 23.5 8.5 8.4 145.8 5.5
5/14/2001 Spring 3 24.2 7.3 7.7 166.9 8.3
5/15/2001 Spring 4 26.8 7.8 7.8 166.2 7.8
5/16/2001 Spring 6 26.2 7.9 8.0 164.5 13.0
5/24/2001 Spring 7 28.9 7.2 -- 143.1 19.7
6/07/2001 Spring 8 26.8 6.1 -- 123.6 11.4
6/12/2001 Spring 9 26.8 .6.7 7.7 117.1 18.9
9/24/2001 Fall 1 26.8 7.0 8.5 133.3 3.2
10/11/2001 Fall 2 18.7 8.4 8.2 132.0 9.9
10/10/2001 Fall 3 17.2 8.8 7.9 136.5 13.2
10/01/2001 Fall 4 20.5 9.6 8.4 100.0 20.6
10/02/2001 Fall 6 21.5 8.9 8.4 122.3 17.0
10/03/2001 Fall 7 20.7 9.6 8.4 136.0 14.0
10/08/2001 Fall 8 16.3 8.2 171.0 9.8
10/16/2001 Fall 9 19.6 7.9 7.4 99.7 10.3
5/29/2002 Spring 1 26.6 8.1 -- 121.1 5.3
5/30/2002 Spring 2 25.4 7.0 8.2 148.5 6.5
6/04/2002 Spring 3 29.6 6.4 8.1 185.0 8.7
5/20/2002 Spring 4 22.3 9.5 -- 119.8 11.1
5/22/2002 Spring 6 19.2 9.9 8.3 102.1 9.8
5/28/2002 Spring 7 25.1 6.8 7.7 .156.8 24.4
5/23/2002 Spring 8 17.9 8.3 7.7 138.1 23.7
5/21/2002 Spring 9 20.5 7.6 7.7 97.0 15.8
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Table 22. Percent contribution of substrate types, by site, with average depth and flow, during
backpack electrofishing, 2000 - 2002, in the Broad River, SC.

Substrate
Site Sand Gravel Pebble Cobble Boulder Bedrock Depth (cm) Flows (ft/s)

1 36 29 12 8 9 7 42 0.42
2 18 27 21 9 11 13 38 0.43
3 18 24 15 8 15 20 40 0.33
4 35 12 17 11 15 10 36 0.42
6 4 17 43 17 6 13 29 0.48
7 7 44 21 2 4 22 37 0.39
8 9 14 10 9 18 41 40 0.32
9 8 17 29 9 18 19 32 0.38

Overall 16 23 21 9 12 19 37 0.39
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Figure 4. Relative abundance of five trophic groups of fish collected with backpack
electrofishing gear from the Broad River, SC.
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Figure 5. Relative abundance of three pollution tolerance groups of fish collected with backpack
electrofishing gear from the Broad River, SC.
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I
Discussion

The Broad River contains a rich and diverse fish community. Fifty-one species of fish

representing nine families were collected from the Broad River during the present study

(Appendix 1). Forty-seven species of fish were collected with boat electrofishing gear; 34

similar species and 4 additional species were collected with backpack electrofishing gear. We

collected three species not previously documented from the Broad River, including an

undescribed species similar to highfin carpsucker, smallmouth buffalo, and Santee chub. We

also collected hybrid striped bass, not previously documented. The family Cyprinidae

contributed the most species (14), followed by Centrarchidae (10 species) and Catostomidae (10

species). Overall, the most commonly collected fish were redbreast sunfish, whitefin shiner and

silver redhorse. No federally-listed threatened or endangered species were collected. However,

we did collect fantail darter, a species on the South Carolina Heritage Trust list of fishes of

special concern.

The current species richness of the Broad River is comparable to what was previously

known from the Broad River and similar-sized rivers in South Carolina. Previous sampling,

conducted by various researchers (Kleinschmidt Associates 1995, Dames & Moore 1974, Duke

Energy unpublished data), identified a total of 77 fish species occurring in the Broad River;

however, the identifications of 22 of those species are questionable. Twelve of those 22 were

almost certainly misidentified because the Broad River is far outside their known ranges (e.g.

pallid shiner and spotted gar) (Appendix 1). A recent survey of the Catawba River documented

39 species (Dewitt 1998) and 59 freshwater fish species were documented in the Edisto River

(Thomason et al. 1993).
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Species richness and Simpson's inverse diversity index values varied among sites and

between seasons. Longitudinal changes in mean species richness and mean diversity were

observed in boat electrofishing collections. In general, species richness and diversity tended to

be higher at downstream sites. Backpack electrofishing collections also indicated greater

diversity at downstream sites, but species richness tended to be lower there. In undisturbed

systems species richness normally increases downstream as drainage area increases. It is not

clear why backpack electrofishing collections indicated higher mean species richness at upstream

sites.

We did not observe any seasonal or longitudinal trends in water quality parameters.

Water chemistry did not appear to affect CPUE, species richness or species diversity in backpack

or boat electrofishing. Generally, it takes gross changes in water chemistry, such as with heavy

pollution, to establish correlations with changes in fish communities (Moyle and Cech Jr. 1988).

Several species of interest were collected from the Broad, River including "highfin"

carpsucker, V-lip redchorse, and fantail darter. Our collection of "highfm" carpsucker represents

only the third time it has been collected from the Atlantic Slope. Previous records for the species

on the Atlantic Slope include one individual from the Catawba River, NC and one individual

from the Pee Dee River, SC (person. comm., Robert Jenkins). The "highfin" carpsucker is native

to the Interior Basin and its taxonomy and distribution along the Atlantic Slope are not known.

The SCDNR is now supporting genetics work to investigate the relationship between the

"highfin" carpsuckers of the Atlantic Slope and those from the Interior Basin.

The V-lip redhorse was very rare in our collections and was only found at middle and

upstream sites. Although this species has been collected previously from the Broad River its

occurrence does represent a range extension for the species (pers. comm., Wayne Starnes). It is
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not clear if there is a reproducing population of V-lip redhorse in the Broad River in South

Carolina or if the adults we collected are simply displaced individuals from further up in the

basin. The V-lip redhorse may be a candidate for inclusion on the South Carolina Heritage Trust

list of fishes of special concern.

The fantail darter was only collected at site 6, a site that had the greatest mean species

richness and the second highest mean species diversity in backpack electrofishing samples.

Although this species is abundant throughout much of its range outside of South Carolina, we

only found one population at one site in the Broad River. The rarity of this fish in our collections

support its inclusion on the South Carolina Heritage Trust list of fishes of special concern.

The Broad River supports typical piedmont river sportfishing opportunities, comprising a

variety of centrarchid species (e.g. largemouth bass and redbreast sunfish). The Broad River also

boasts a smallmouth bass fishery, which is unique to piedmont rivers in South Carolina.

Smallmouth bass were introduced into the South Carolina portion of the Broad River by the

SCDNR in 1984 to increase and diversify sportfishing. Since their introduction a small but

unique fishery has developed that is gaining local and regional attention annually. Based on

anecdotal reports from anglers, the fishing for smallmouth bass is generally good. During our

study we collected relatively few smallmouth bass; however, growth rates based on our data are

comparable to other piedmont systems in the southeast. Additionally, we documented natural

reproduction of smallmouth bass at sites 4, 7, and 8. We recommend that further efforts be

directed at describing the life-history of the smallmouth bass population in the Broad River and

that the economics of the SCDNR smallmouth bass stocking program be evaluated.
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LARGEMOUTH BASS HEALTH

Introdiiction

We investigated the health of the largemouth bass (MicI&opterus salmOides) population in

the Broad River, South Carolina, as part of the Comprehensive Broad River Aquatic Resources

Inventory. We chose largemouth bass because they were readily available and we believed their

condition would reflect the overall health of the aquatic community. The position of largemouth

bass in the food chain, as a top predator, should integrate the effects of many biotic and abiotic

variables that affect aquatic community health (Adams and McLean 1985). Largemouth bass

have been used in Tennessee Valley Authority Reservoirs (Brown and Hickman 1990) and the

Catawba River of North and South Carolina (Coughlan et al. 1996) to investigate fish health.

Largemouth bass health was determined by conducting a'fish health assessment. (FHA),

an autopsy-based procedure in which organs, structures and blood parameters of individual fish

are assessed and scored based on their deviation. from-normality:(Table 23). Scores for organs,

structures and'blood parameters of individual fish are summed to calculate a fish health

assessment index (FHAI) value. Fish with higher FHAI values are considered to be in poorer

health than fish With lower values. The FHA wag originally described by Goede and Barton

(1990) and has been modified by Adams et al. (1993) and Coughlan et al. (1996).

Methods

Ten sites corresponding to current SCDNR fish community sampling sites were selected

for conducting the FHA (Figure 1). Site numbers were assigned longitudinally wit'h the most

downstream site being site 1 and the most upstream being site 11. Each site was classified by
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what were perceived to be the most important anthropogenic impacts. Sites were classified as

not impacted (N) or as impacted by industrial effluent (I), municipal/community effluent (M), or

hydroelectric facilities (H). Industrial sites were defined as areas with one or more major

industrial effluents within 4 km of the sample site. Municipal/community sites were those sites

with municipal and community effluent within 4 km of the sample site. Sites classified as

impacted by hydroelectric facilities were located within 2 km of an upstream hydroelectric

facility.

Fifteen largemouth bass were collected at each site during November, 2001, and

processed using the autopsy-based fish health assessment described by Adams (1993). Fish were

captured during the day with boat mounted electrofishing gear. After capture, largemouth bass

were anesthetized with 10% eugenol (Anderson et al. 1997) and held in an aerated live-well.

The peritoneal and pericardial cavities were opened to expose the organs for visual assessment.

Because liver-coloration and blood parameters can change rapidly after death, liver coloration

was evaluated and blood was collected from each fish before the other variables were assessed.

Liver color was immediately recorded and blood was collected from the heart with a sharpened

micro-hematocrit tube. Fish were then tagged and placed on ice until the other variables could

be scored. Otoliths were collected from all fish to estimate age.

FHAI scores were calculated using the Adams scoring methodology (Adams et al. 1993)

and the modified method suggested by Coughlan et al. (1996) (Table 23). Comparisons among

sites were investigated using a Kruskal-Wallis Test (SAS 1989). Multiple comparisons were

investigated using a Nemenyi Test (Zar 1996). Linear regression was used to determine if there

was a relationship, between average age or weight of fish and mean FHAI scores.
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Results

We tried to follow the suggestions of Coughlan et al. (1996) and evaluate only fish that

were between 250 mm and 450 mm total length.(TL). However, occasionally fish outside the

suggested size range were evaluated. Four fish greater than 450 mm TL (range 451-464 mm)

and one fish 247 mm TL were scored. Estimated ages of largemouth bass ranged from I to 13.

Mean estimated ages by site are reported in table 24.

Coughlan-modified FHLM scores (Coughlan et al. 1996) for individual fish ranged from 0

to 125. Mean Coughlan-modified scores by site ranged from 37 to 59 and averaged 45 (Table

25). The highest average scores, 59 and 54, were observedat sites 3 and 8, respectively and the

lowest score (37) was observed at sites 1 and 7. The Adams scoring methodology resulted in

FIAI scores ranging from 0 to 150 for individual fish. Mean scores by site ranged from 35 to 73

and averaged 57. The highest mean scores, 73 and 69, were observed atrsites 3 and 8,

respectively and the lowest score (35) was observed at site 6. There were no significant

differences in. the Coughlan-modified scores among sites (Kruskal-Wallis test; P = 0.18);

however, there were significant differences among sites using the Adams scores (Table

25)(Kruskal-Wallis; P = 0.03). Significant differences were found between site 6 (lowest scoring

non-impacted site) and all the sites impacted by industrial effluent (sites 3, 8 and 9). Significant

differences were also found between sites 6 and 10, and between sites 3 and 4. There were no

significant relationships (P> 0.05) between mean age or weight of largemouth bass and FHAI

score using either the Adams or Coughlan scoring methodology.

Liver discoloration, poor relative weight (<85%), and skin anomalies were the most

frequently observed abnormalities (Table 26). Anomalous livers were observed at every site and

in 59% of the fish processed. Most abnormal livers (88%) were scored for moderate general
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discoloration of the whole liver. The frequency of anomalous livers was greatest at sites I and 8

where 12 of 15 fish had discolored livers,. Site 6 bad the fewest number of fish with anomalous

livers (4 of 15). Poor relative weights were observed at every site and in 49% of the fish

processed. At sites 4, 7, and 8, 11 of 15 fish had relative weights < 85%. Conversely, at sites 2

and 3 only 2 fish had poor relative weights. Mild hemorrhaging of the skin surface was observed

at every site and in 47% of the fish processed. Hemorrhaging of the skin surface was most

common at site 7 where 10 of 1 .5 fish had mild hemorrhaging and least common at site 10 where

only 3 fish had hemorrhagia on the skin surface.

Abnormalities of the gill rakers, trunk kidney and gills were common (Table 26). Gill

raker abnormalities were observed at each site and in 33% of the fish processed. Most (96%) gill

raker abnormalities consisted of slightly deformed rakers or gill arches missing 5 or fewer rakers.

The frequency of gill raker deformities was rather consistent among sites. Abnormal trunk

kidneys were observed in 32% of the fish processed. Most (47 of 48) trunk kidney abnormalities

were due to swollen or enlarged trunk kidneys. One fish from site 6 had a hunk kidney that was

gray in appearance and contained a milky fluid. The highest frequency of anomalous trunk

kidneys was observed at site 3 where 10 of 15 fish had abnormal trunk kidneys. No trunk kidney

abnormalities were observed at site 7. Gill abnormalities were -observed in 20% of the fish

processed and at every site. Most gill abnormalities were due to pale filaments and occasionally

missing filaments.

Abnormal blood parameters were observed at each site (Table 27). Twenty-three percent

of all fish processed had elevated plasma protein levels. Abnormal plasma protein levels were

most common at site 3, where 9 of 15 fish had plasma protein levels above the normal range and

least common at site 6 where none of the fish had elevated plasma protein levels. Atypical
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hematocrit levels Were observed in 17% of the fish processed. Most (68%) deviant scores were

due to hematocrit levels above the normal range, Atypical hematocrit levels were most frequent

at site 4, where 6 of 15 fish had abnormal levels and least common at site 9 where one fish had

below normal hematocrit levels. Only one of 150 fish processed had elevated leucocritlevels

and it was collected at site 8.

The remainder of the metrics scored contributed little to the FHA. Four fish had

mesenteric adhesions that were scored as gross abnormalities. Only three atypical spleens wereý

observed: two were nodular and one was abnormally small; it appeared to be half the size of a

normal spleen. We did not encounter an abnormal thymus, pseudobranch or hindgut.

Discussion

Largemouth bass populations in the Broad River appear, to be in good condition based on

the results of our FHA. Brown (1993) considered sites with average scores >90, using the

Adams scoring methodology, to be areas in need of further study. Using the Coughlan-modified

scoring method, areas of concern would have average index scores >75 (Coughlan et al,. 1996).

None of the Broad River sites had mean Adams scores > 73 or Coughlan-modified scores > 59.

Industrial effluent appears to adversely affect largemouth bass health. Sites located near

industrial effluent scored higher than nearly all the other sites using both scoring methodologies.

The next highest scores were observed at site 10. The high scores (Coughlan 49; Adams 66) at

site 10 may have been confounded by the size and age of fish collected. Mean estimated age and

weight were greater at site 10 than any of the other sites sampled. Although there was not a

significant relationship between age or weight of fish and FHAI score in this study other studies

have documented a positive relationship between largemouth bass age and FHAI score
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(Coughlan et al. 1996). The other anthropogenic influences identified in this study (municipal

impacts and hydropower operations) did not seem to adversely affect the health of largemouth

bass.

Although none of the sites warrant further study based on the a priori concern levels a

relationship between compromised largemouth bass health and industrial sites was identified.

Further research is suggested to determine if the trend in largemouth bass health and proximity to

industrial sites is consistent annually.
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Table 23. Organs, structures and blood parameters scored during the Broad River largemouth
bass FHA, associated condition, field designation and values used to calculate index scores using
the Adams and Coughlan modified scoring criteria (modified from Adams et al. 1993' and
Coughlan et al. 1996).

Tissue or Condition Designation Adams Coughlan
Organ
Liver Normal. Solid red or light red color. A 0 0

"Fatty" liver. Light tan color as "coffee with cream"

Gills

color moderatea
color severe

Cysts/Nodules
Focal discoloration - change of color in local areas or foci of'
liver.
General discoloration of whole liver

color moderatea

color severe
Other - any observation which does not fit above categories

Normal with no apparent aberrations
Frayed - erosion of tips of lamellae resulting in "ragged"
appearing gills
Clubbed - swelling of gill lamellae tips
Marginate - light gill margin, discolored lamellar tips

Pale - light, discolored gills (whole gills)
Other - any observation which does not fit above categories

milda

moderatea
severe

Normal

CI

C
D
E

Fl

F
OT
N
F

C
M
P

OTI

OT2

OT3

30

30
30
30

30

30
30
0

30

30
30
30

15

30
30
30

15

30
30
0
30

30
30

.30

Gill Rakersa

Slightly deformed or missing (<5 rakers)

Moderately deformed or missing (5-10 rakers)
Severely deformed or missing (>10 rakers)

Pseudobranch Normal - fiat with no aberrations
Swollen - convex in appearance

Lithic - mineral deposits (amorphous white spots)
Swollen and lithic

Inflamed
Other - any observation which does not fit above categories

Thymus Normal appearance - no hemorrhage

Mild hemorrhage
Moderate hemorrhage

Severe hemorrhage

Mesenteric Fat No fat between pyloric ceca
Less than 50% of ceca covered with fat
50% of ceca covered with fat
More than 50% ofceca covered with fat

Ceca totally covered with fat

Bile Straw color, bladder empty
Straw color, bladder full

Grass green color, bladder full
Dark green color, bladder full

Sex Male
Female

N
s
L
X

I
OT

10

20
30 30

0

10
20
30

0 0
30 30
30 30
30 30
30 30
30 30
0 0

10 10
20 20
30 30

0
1

2
3
4
0
1

2

3
M
F
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Table 23. Continued.

Tissue or Condition Designation Adams Coughlan
Organ
Spleen Normal -black, very dark red, or red

Granular - rough appearance (normal)

Nodular - nodules or fistulas of various sizes

Enlarged
Other - any observation which does not fit above categories

Hindgut Normal - no inflammation or reddening
Slight inflammation or reddening
Moderate inflammation or reddening

Severe inflammation or reddening

Trunk Kidney Normal - firm, lying relatively flat dorsally along the ventral
surface of the vertebral column
Swollen - enlarged or swollen, wholly or in part
Mottled - gray discoloration
Granular - granular appearance or texture

Urolithic - white or cream-colored mineral deposits in kidney
tubules (nephrocalcinosis)
Other - any observation which does not fit above categories

Opercles Normal - no shortening, gills completely covered
Slight shortening, a very small portion of the gills exposed
Moderate shortening, a small portion of the gills exposed
Severe shortening, a considerable portion of the gills exposed

Skin Normal - no hemorrhagic areas
Mild hemorrhagia on skin surface (<10 %)

Moderate hemorrhagia on skin surface (10 - 60 %)
Severe hemorrhagiaon skin surface (>60 %)

Fins Normal - no active erosion
Light active erosion
Moderate active erosion with some hemorrhaging
Severe active erosion with hemorrhaging

Eye Normal clear eyes (lens) - no aberrations
Lenticular opacity (blind)

one eye

both eyes
Exopthalmia - swollen or protruding eye

one eye

both eyes
Hemorrhagic - bleeding

one eye

both eyes

Missing
one eye

both eyes

Other - any observation which does not fit above categories
one eye

both eyes

B 0 0
G
N

E
OT

0

30
30
30
0

10
20
30
0

0

30
30
30
0

10
20
30
0N

S
M
G
U

OT

N

BI

B2

El

E2

HI

H2

MI

M2

OTI

OT2

30
30
30
30

30

0
10
20
30
0

30

30

30

30

30

30

30

30

30

30

30
30
30
30

30
0
10
20
30
0
10
20
30
0
10
20
30
0

15 a

30

1 5a

30

15a
30

15 a

30

15a

30
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Table 23. Continued.

Tissue or Condition Designation Adams Coughlan
Organ
Parasites No observed parasites 0 0

Few observed parasites, parasites in just one organ 10 10

Moderate parasite infestation, parasites observed in several 20 20
organs
Numerois observed parasites, extensive infestation in several
organs

Relative >85.00 0

Weight (%)a >70.00 and <85.00 15

<70.00 30

Gross No visible gross abnormalities N 0

Abnormalities5  Tumors visible on external surfaces E 30

Tumors visible on internal surfaces I 30

Lordosis of vertebral column L 30

Scoliosis of vertebral column S 30-

Skeletal deformities/broken bones of head and jaws D 30

Skeletal deformities/broken bones of remaining bony B 30
structures

Other - any observation which does not fit above categories OT 30

Hematocrit Normal range (30 -45) 0 0
(%)

Above normal range (>45) 10 10

Below normal range (19 - <30) 20 20

Well below normal range (<19) 30 30

Leucocrit (%) Normal range (0 - <4) 0 0

Above normal range (24) 30 30

Plasma Normal range (3 -- 7) 0 0

Protein (g/dL) Above normal range (>7) 10 10

Below normal range (<3) 30 30

a Parameters used to calculate Coughlan modified scores only.
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Table 24. Mean estimated age, range in parentheses, and mean weight for largemouth bass
collected from the Broad River during November 2001.

Site No. Mean estimated age Mean weight
1 1.9(1-3) 394
2 3.5 (1-13) 595
3 2.5(1-7) 647
4 2.7 (2-5) 448
5 2.7(1-6) 468
6 3.8 (3-8) 586
7 2.7 (2-4) 372
8 2.9 (2-5) 302
9 2.9 (2-5) 390
11 4.1(2-7) 737

Table 25. Mean Coughlan and Adams fish health assessment index (FHAI) scores and standard
deviation for largemouth bass collected from the Broad River, SC, during November 2001.
Mean scores with the same letter were not significantly different (Nemenyi Test; P = 0.05).

Site No. Perceived Impacta N Coughlan Adams

1 M 15 37±20 59xy ±29
2 N 15 39 ± 17 52xy ±29

3 I 15 59 ±24 73X ±28
4 M, H 15 40±20 46yz ± 22

5 N 15 45 ± 26 60xy ±34

6 N 15 41±34 35y ±+39
7 M, H 15 37 ± 17 50xy ± 21

8 I, M 15 54 ± 35 69xz ± 42
9 I 15 49 ± 20 65xz ±24

11 N 15 49 ± 31 66xz ± 39

Mean 45 ± 26 57 ± 32
aPerceived impacts are classified as: (H) hydroelectric impacts; (1) industrial impacts; (M)

municipal impacts; (N) not impacted.
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Table 26. Percentage of fish with anomalous tissues, organs, and/or relative weight (Wr),
collected from 10 sites in the Broad River, South Carolina during fall 2001.

Percent atypical in
Site Liver Wr Skin Gill rakers Trunk kidney Gills

1 80 40 60 13 13 13
2 53 13 40 27 47 7
3 73 13 60 33 67 13
4 60 73 47 33 7 13
5 53 40 47 47 33 33
6 27 60 33 40 33 13
7 47 73 67 40 0 27
8 80 73 60 33 20 20
9 53 60 40 33 47 40
10 67 40 20 27 53 20

All sites 59 49 47 33 32 20

Table 27. Percentage of fish with atypical blood parameters collected from 10 sites in the Broad
River, South Carolina during fall 2001.

Site Hematocrit Leucocrit Plasma Protein
1 13 0 33
2 13 0 40
3 20 0 60
4 40 0 0
5 20 0 13
6 13 0 0
7 13 0 7
8 13 7 13
9 7 0 27
10 13 0 40

All sites 17 1 23
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) GASTON SHOALS BYPASS

Introduction

In 1996 Duke Power Company (Duke) implemented minimum flows for the bypassed

section of the Gaston Shoals Tailrace. The bypassed section is an area where water was diverted

from the original river channel during dam construction. Before minimum flows were

implemented the bypassed section received minimum flows from dam seepage and water

running over the spillway during high flow events. We compared data collected before and after

minimum flows were initiated to examine the effects of minimum flows on the fish community.

Methods

Pre-minimum flow fish community data were collected by Duke on 6 September 1989.

Duke used rotenone and electrofishing to sample two sites located in the bypassed section of the

Gaston Shoals Tailrace. Post-minimum flow fish community data were collected on 15

November 2000. Fish were collected with backpack electrofishing gear following the methods

described previously.

We pooled the data by sampling year and calculated relative abundance (RA), species

richness and Simpson's diversity metrics for the fish community before and after the

implementation of minimum flows. Additionally, each species collected was assigned to one of

three pollution tolerance levels (tolerant, moderately tolerant, or intolerant) and one of five

trophic levels (piscivore, insectivore, omnivore, specialized insectivore, or herbivore) (EPA

1999, NCDENR 2001). We calculated the proportion of each trophic and tolerance group for the

two samples.
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Results

In 1989 a total of 541 fish comprising 16 species was captured (Table 28). Numerically

redbreast sunfish dominated the catch, comprising 43% of all fish captured. The second most

abundant species was the whitefin shiner comprising 17% of all fish captured. Bluegill, snail

bullhead and greenfin shiner were common, each comprising more than 6% of all fish captured.

The rarest fish collected was the tessellated darter; only one individual was collected.

In 2000 eighteen standardized riffle and run backpack electrofishing collections

were made and one 100 m shoreline section was sampled. A total of 180 fish comprising 15

species was collected (Table 28). Numerically the most dominant fish was the fieryblack shiner,

representing 31% of all fish captured. Whitefm shiner and redbreast sunfish were the second

most abundant species, representing 18% and 17%, respectively, of all fish captured. Snail

bullhead and greenfm shiner were common, each comprising more than 6% of all fish collected.

The rarest fish in the sample included sandbar shiner and seagreen darter; only one of each

species was collected.

Simpson's inverse diversity index was higher for the 2000 sample than for the 1989

sample (Table 29). Species richness (total number of species) was slightly higher in 1989 than in

2000.

Percent contribution of tolerance groups varied considerably between pre- and post-

minimum flow collections. In the 1989 samples only moderately tolerant and tolerant

individuals were collected and they were collected in nearly equal proportions (Figure 6). In the

2000 collections all three tolerance groups were collected. Moderately tolerant individuals were

the most abundant followed by intolerant and tolerant individuals. Percent contribution of the

five feeding groups did not vary greatly among the pre- and post-minimum flow samples (Figure
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7). In both years insectivores were the most dominant trophic group representing more than 90% "

of the individuals collected. None of the remaining trophic groups represented more than 2% of

the population in either 1989 or 2000. The only other notable observations were the slightly

higher proportion of specialized insectivores and piscivores and the absence of herbivores in the

2000 collection.

Discussion

The various gear types used during the pre- and post-minimum flow sampling

may have influenced the results. Several large bodied species were collected in 1989 that were

not collected in 2000, including largemouth bass, silver redhorse and white sucker. The

backpack electrofishing techniques used in 2000 are capable of collecting large bodied fish, but

not as effectively as the rotenone sampling that was conducted in 1989. The change in species

composition suggests that a more diverse community exists in the bypassed reach since

minimum flows were introduced. In 2000 we collected four intolerant species: fieryblack shiner,

thicklip chub, seagreen darter and piedmont darter. No intolerant species were collected in 1989,

but in 2000 they represented 35 % of the fishes collected. The relative abundance of tolerant

individuals was reduced during the 2000 sample. During 1989 the three tolerant species (white

sucker, redbreast sunfish, and flat bullhead) collected represented 49% of the fish collected.

During 2000 only one tolerant species (redbreast sunfish) was collected and it represented only

17% of the total fish collected.

The implementations of minimum flows in the Gaston Shoals bypass appear to have had

a positive effect on the fish community residing in the bypass. The change in species

composition, species diversity and tolerance composition all suggest a more diverse community

residing in a more stable habitat.
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Table 28. Number and relative abundance (RA, %) of each species collected for samples
collected at the Gaston Shoals bypass before (1989) and after (2000) the implementation of
minimum flows.

1989
Common Name
Greenfin shiner
Whitefm shiner
Fieryblack shiner
Eastern silvery minnow
Thicklip chub
Bluehead chub
Spottail shiner
Sandbar shiner
White sucker
Northern hogsucker
Silver redhorse
Striped jumprock
Brassy jumprock
Snail bullhead
Flat bullhead
Redbreast sunfish
Bluegill
Smallmouth bass
Largemouth bass
Tessellated darter
Seagreen darter
Piedmont darter

No.
43
93

RA
7.9

17.2

No.
12
32
56

2000
RA
6.7

17.8
31.1

7 1.3

0.0
2 0.4

4
2
2
1

2.2
1.1
1.1
0.6

10
4

14
22

3
33
23

234
45
3
4
1

1.8
0.7
2.6
4.1
0.6
6.1
4.3

43.3
8.3
0.6
0.7
0.2

3 1.7

5
8

17

2.8
4.4
9.4

31 17.2

4 2.2

1
2

0.6
1.1

Total 541 100.0 180 100.0

Table 29. Species richness and Simpson's Inverse Diversity Index for samples collected at the
Gaston Shoals bypass before (1989) and after (2000) the implementation of minimum flows.

Year 1989 2000
Simpson's 4.2 5.8
Richness 16.0 15.0
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Figure 6. Percent contribution of three tolerance groups based on data collected from the Gaston
Shoals bypass before (1989) and after (2000) the implementation of minimum flows.
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Figure 7. Percent contribution of five trophic groups based on data collected from the Gaston
Shoals bypass before (1989) and after (2000) the implementation of minimumflows.
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MUSSEL INVENTORY

Methods

We surveyed six sites for mussels during the summer 2002 (Figure 8). We surveyed two

sites between Columbia Dam and Parr Shoals Dam, two sites between Lockhart and 99-Islands,

and two sites between Cherokee Falls and Gaston Shoals. Latitude and longitude coordinates are

provided in Table. 30. At each site we conducted a qualitative'mussel.survey, where two people

equipped with view buckets or snorkeling gear visually searched for live mussels. Search time

was recorded to the nearest 0.1 hour. All live native mussels encountered were collected and,

when possible, identified to species. Species identifications were facilitatedwiththe illustrations

and descriptions of Johnson (1970) and with the Workbook and Key to the Freshwater Bivalves

of North Carolina (Bogan, 2002). We compiled species lists and computed catch per unit effort

(CPUE) as, number of live mussels per hour for each site.

Relic shell material was also collected at each site to construct a reference collection and

verify species identifications. Relic shells were identified at the North Carolina Museum of

Natural Sciences (NCMNS) by Dr. Arthur Bogan (Mussel Curator, NCMNS) using Johnson

(1970) and by comparing relic material collected from, the Broad River with type specimens held

at NCMNS.

Results

At each site two people expended approximately 2 h of effort searching for live mussels

(Table 30). We were unable to satisfactorily identify the species of the Elliptio genus in the field

and were therefore only able to identify elliptio species as E. complanata or as a member of the

E. lanceolata group. A total of 315 live mussels were collected during the mussel survey: Only
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two species, E. complanata and Villosa delumbis and one group of mussels (EL lanceolata), were

collected. Eighty-seven percent of the mussels collected belonged to the E. lanceolata group,

9% were E. complanata, and 4% were V delumbis. Catch rate of live native mussels ranged

from 0.0 at sites 3 and 4to 76.7 at site 2 (Table 31). Catch rate of mussels identified as

belonging to the E. lanceolata group was higher at all sites than the catch rate of V. delumbis and

E. complanata. Additionally, catch rate was, much higher at the downstream sites (1 and 2) than

the upstream sites.

From the relic shells collected: in the Broad River we identified. seven shell-forms, which

we believe are seven different species (Table 32). Of those seven shell-forms only two, E.

complanata and V. delumbis, could be identified with certainty. Three of the shell-forms likely

belong to the E. lanceolata group. In that group the shell-forms we collected most resembled E.

gracilentus, E. angustata, and E. perlatus. The other two shell-forms collected most resembled

E. icterina and Uniomerus carolinianus.

Discussion

Native mussel fauna were more abundant and diverse in the lower river than in the upper

section of the river. The collection gear used may have influenced ourresults. In the upper

section of the river we used view buckets and unaided visual searches to locate live mussels and

in the lower section we used snorkel gear. Snorkel gear is likely superior to view buckets and

unaided visual searches for locating live mussels; however, it is doubtful that the gear type alone

accounted for the differences in mussel catch rates between the upper and lower portions of the

river. Physical habitat differences may have contributed to the disparate catch rates. The lower

river is generally less turbid and has less silt than the upper sections of the Broad River (personal
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observation). Agricultural practices. and.multiple sand mining operations may contribute to the

high level of siltation in the upper sections. Silt often causes freshwater mussels to suffocate by

clogging their gills (Parmalee and Bogan 1998). Small and juvenile mussels can sink below the

surface and suffocate in soft, freshly deposited silt (Williams and; Schuster 1989). Silt deposits

and shifting sand beds were abundant at sites 3 and 4 Where no live native mussels, were found.

Fine sediment deposits. were also common at sites 5 and 6 where few adult mussels and no

juvenile mussels were collected. Additionally, the frequency of impoundments, which may have

a deleterious effect on the mussel fauna, is greater inMthe upper section of the river. Dams

negatively impact mussel communities by direct loss of habitat due to impoundment, altering

flows and temperatures, and changing substrate composition (Parmalee and Bogan 1998).

To our knowledge, this limited mussel survey is the most intensive survey of its type

conducted on the South Carolina portion of the Broad River. We identified seven distinct shell

forms that we believe are seven different species; however, we are not certain of the identity of

five of those species. The Elliptio species of the Southern Atlantic-slope have received ,little

attention and are among the least known mussels in North America (Arthur Bogan, personal.

communication). A concentrated study is needed not only in the Broad River, but also

throughout the South Carolina portion of the Southern Atlantic slope to better understand the

taxonomy and distribution of freshwater mussels in South Carolina.
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Table 30. Location of each site sampled, gear used and the amount of effort in man-hours for the
Broad River mussel survey, summer 2002.,

Date Site Latitude Longitude Gear Effort
9/16/2002 1 34 08' 39" 81 08'46" snorkel 3.1
9/16/2002 2 34 11' 64" 81 12' 44" snorkel 2.8
6/20/2002 3 34 54' 38" 81 28' 18" View bucket 4.0
6/20/2002 4 34 50' 48"1 81 27' 11" View bucket 4.0
9/11/2002 5 35 04' 45" 81 34' 02" View bucket 4.0
9/11/2002 6 35 05' 18" 8134' 18" View bucket 3.9

Table 31. CPUE (No./h) of live mussels collected from six sites in the Broad River during the
summer 2002.

Species
Site E. complanata E. lanceolata group V. delumbis All species

1 7.1 21.3 0.0 28.4
2 1.4 71.4 3.9 76.7
3 0.0 0.0 0.0 0.0
4 0.0 0.0 0.0 0.0
5 0.3 0.8 0.0 1.1
6 0.5 1.0 0.0 1.5

Table 32. Relic shells collected from six sites in the Broad River during the summer 2002.

Site
Species 1 2 3 4 5 6
Elliptio cf gracilentus X x x x
Elliptio cfangustata x x
Elliptio cfperlatus x x
Elliptio complanata x x x x
Elliptio cf icterina x
Villosa delumbis x x
Uniomerus carolinianus x
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Figure 8. Sites surveyed during the summer 2002 for native mussels.

69



J

MANAGEMENT RECOMENDATIONS

I. Habitat restoration: Aquatic resources in several areas of the Broad River could benefit
from habitat restoration. Efforts should be directed at improving riparian areas classified
as "poor" and "marginal", and at addressing bank stability issues above Parr Reservoir.

2. Minimum flows: Minimum flows have had a positive affect on the fish community in
the Gaston Shoals Tailrace. We recommend that, minimum flows be implemented at all
hydroelectric operations along the Broad River where appropriate (e.g. Lockhart Power
Company).

3. Sand mining: Sand mining may have adverse effects on the biotic resources of the
Broad River. We recommend that research be conducted to examine the nature and extent
of such impacts, and to develop methods to minimize the operational impacts of sand
dredging on aquatic biota.

4. Recreational access: The Broad River is a tremendous natural resource that would
appeal to many outdoor enthusiasts, but recreational use of the river is restricted due to
limited access. Additional access is needed to allow all users the opportunity to enjoy the
river. Priority for the establishment of additional access should be directed at the river
reach between Parr Shoals Dam and Columbia Dam and the river reach between 99-
Islands Dam and Lockhart Dam.

5. Industrial effluent: Largemouth bass health in the Broad River appears to be adversely
affected by industrial discharge. Further research is suggested to examine the effects of
point source pollution on fish health.

6. Fish passage: Restoration of anadromous fish species to the Broad River could have a
tremendous impact on the resident fish community. Although our survey was thorough,
we used only one site to describe the fish community in the reach between Parr Shoals
Dam and Columbia Dam. Before the installation of a fish passage facility at Columbia
Dam, an intensive survey of current fishery resources in that reach is needed. Any fish
passage facility installed at Columbia Dam should be designed expressly to prevent the
passage of flathead catfish.

7. Smallmouth bass: Previous stockings of smallmouth bass have created a small but
unique fishery. Creel and length restrictions are needed to protect this limited resource.
The SCDNR Smallmouth Bass Management Plan and associated management
recommendations are attached in Appendix 2.

8. Freshwater mussels: Native mussels in the Broad River are a poorly understood
resource. We recommend that a concentrated study be undertaken to resolve questions
about their taxonomy and distribution.
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Table 33. Fish species reported from the Broad River, South Carolina, during this and previous
studies. Site numbers indicate locations where species were collected during our survey. Species
not collected (NC) during our survey may have been present but not sampled, or they may have
been misidentified originally. The probability that the original identification was correct, based
on known species distributions,. is characterized as (P) probable, (Q) questionable, or (N) not
likely. Common and scientific names follow Robins. et al. (1991) except where noted.

Familv Scientific Name

Lepisosteidae

Lepisosteidae

Anguillidae

Clupeidae

Clupeidae

Clupeidae

Esocidae

Cyprinidae

Cyprinidae

Cyprinidae

Cyprinidae

Cyprinidae

Cyprinidae

Cyprinidae

Cyprinidae

Cyprinidae

Cyprinidae

Cyprinidae

Cyprinidae

Cyprinidae

Cyprinidae

Cyprinidae

Cyprinidae

Cyprinidae

Cyprinidae

Cyprinidae

Cyprinidae

Cyprinidae

Cyprinidae

Cyprinidae

Cyprinidae

Catostomidae

Catostomidae

Catostomidae

Lepisosteus oculatus

Lepisosteus osseus

Anguilla rostrata

Alosa aestivalis

Dorosoma cepedianum

Dorosoma petenense

Esox masquinongy

Campostoma anomalum

Clinostomusfunduloides

Ctenopharyngodon idella

Cyprinella analostana

Cyprinella chloristia

Cyprinella nivea

Cyprinella pyrrhomelas

Cyprinella zanema

Cyprinus carpio

Hybognathus regius

Hybopsis labrosa

Nocomis leptocephalus

Nocomis micropogon

Notemigonus crysoleucas

Notropis amnis

Notropis cummingsae

Notropis hudsonius

Notropis hypselopterus

Notropis leedsi

Notropis lutipinnis

Notropis petersoni

Notropis rubescens

Notropis scepticus

Semotilus atromaculatus

Carpiodes carpio

Carpiodes cyprinus

Carpiodes sp. cf. velifer

Common Name

Spotted gar

Longnose gar

American eel

Blueback herring

Gizzard shad
Threadfin shad

Muskellunge
Central stoneroller

Rosyside dace

Grass carpb

Satinfin shiner

Greenfin shiner

Whitefm shiner

Fieryblack shiner
Santee chub'

Common carp

Eastern silvery minnow
Thicklip chub
Bluehead chub

River chub

Golden shiner

Pallid shiner

Dusky shiner
Spottail shiner

Sailfm shiner

Bannerfin shiner

Yellowfin shiner

Coastal shiner

Rosyface chub
Sandbar shiner

Creek chub

River carpsuckerd

Quillback

Highfm carpsucker2

Site

NC

1-3

NC

NC

1-9 and 11

1,2 and 7

NC

NC

8

1-3

NC

1-11

1-11

4 and 6-10

4

1-4, 6-9 and 11

1-6 and 8

1-4 and 6-10

1-4 and 6-10

NC

3

NC

NC

1-11

NC

NC

1 and 6

NC

NC

1-11

NC

NC

2-9

2', 3C, 5C and 6-7

Probability

N

P

Q

P

P

N

N

N

Q

N

N

P

N

P

N

0
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Table 33. continued

Family

Catostomidae

Catostomidae

Catostomidae

Catostomidae

Catostomildae

Catostomidae

Catostomidae

Catostomidae

Catostomidae

Catostomidae

Catostomidae

lctaluridae

Ictaluridae

Ictaluridae

Ictaluridae

Ictaluridae

Ictaluridae

Ictaluridae

lctaluridae

Ictaluridae

Ictaluridae

Atherinidae

Poeciliidae

Moronidae

Moronidae

Moronidae

Moronidae

Centrarchidae

Centrarchidae

Centrarchidae

Centrarchidae

Centrarchidae

Centrarchidae

Centrarchidae

Centrarchidae

Centrarchidae

Centrarchidae

Centrarchidae

Centrarchidae

Centrarchidae

Scientific Name

Catostomus commersoni

Hypentelium nigricans

Ictiobus bubalus

Minytrema melanops

Moxostoma collapsum *

Moxostoma duquesnei

Moxostoma erythrurum

Moxostoma macrolepidotum

Moxostomapappillosum

Scartomyzon rupiscartes*

Scartomyzon sp. *

Ameiurus brunneus

Ameiurus catus

Ameiurus melas

Ameiurus natalis

Ameiurus nebulosus

Ameiurusplatycephalus

Ictalurus punctatus

Noturus gyrinus

Noturus insignis

Noturus leptacanthus

Labidesthes sicculus

Gambusia holbrooki

Morone americana

Morone chrysops

Morone saxatilis

Morone saxatilis x M. chrysops

Centrarchus macropterus

Lepomis auritus

Lepomis cyanellus

Lepomis gibbosus

Lepomis gulosus

Lepomis macrochirus

Lepomis marginatus

Lepomis megalotis

Lepomis microlophus

Micropterus dolomieu

Micropterus punctulatus

Micropterus salmoides

Pomoxis annularis

Common Name

White sucker

Northern hogsucker

Smallmouth buffalo'

Spotted sucker

Silver redhorse

Black redhorse

Golden redhorse

Shorthead redhorse

V-lip redhorse

Striped jumprock

"Brassy jumprock"

Snail bullhead

White catfish.

Black bullhead

Yellow bullhead

Brown bullhead

Flat bullhead

Channel catfish

Tadpole madtom

Margined madtom

Speckled madtom

Brook silverside

Eastern mosquitofish

White perch

White bass

Striped bass

Hybrid striped bassa

Flier

Redbreast sunfish

Green sunfish

Pumpkinseed

Warmouth

Bluegill

Dollar sunfish

Longear sunfish

Redear sunfish

Smallmouth bass

Spotted bass

Largemouth bass

White crappie

Site

6, 9 and 11

2-11

2-4 and 6-8

NC

1-9 and 11

NC

NC

1-6

4-9

1-11
1-11

1-11

2, 3, 6 and 11

NC

NC

NC

1-9 and 11

1-9 and 11

NC

1-9

NC

NC

3, 4 and 6-8

1-3
1-4

NC
2
1

1-11

8
1-3

1,4, 5, 8 and9

1-9 and 11

NC

NC

1-9, and 11

2-11

NC
1-9 and 11

NC

Probability

Q

N

N

Q
P
P

Q

Q
Q

P

P

N

Q

Q

77



1'
Table 33. continued.

Family Scientific Name Common Name Site Probability

Centrarchidae Pomoxis nigromaculatus Black crappie 1-9 and 11

Percidae Etheostomaflabellare Fantail darter 6

Percidae Etheostomafusiforme Swamp darter NC Q

Percidae Etheostoma olmstedi Tessellated darter 1-9

Percidae Etheostoma thalassinum Seagreen darter 1, 3, 4, 6 and 8-10

Percidae Etheostoma zonale Banded darter NC N

Percidae Percaflavescens Yellow perch 1-4

Percidae Percina crassa Piedmont darter 1-4 and 6-10

a Species not previously documented from the Broad River
b Species collected with sampling not associated with survey work
c Sites where a species was collected with sampling not associated with survey work
d Likely confused with Carpiodes sp. cf. velifer
* Expected common and/or scientific name change (R. Jenkins, person. comm.)
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APPENDIX 2

Smallmouth Bass Management Plan - Broad River Drainage

Prepared by: Richard Christie, Willard "Gene" Hayes,
Hal Beard and Jason Bettinger

Introduction: Smallmouth bass (Micropterus dolomieu) were introduced into the South
Carolina portion of the Broad River drainage in 1984 to increase the diversity of sport fishing
opportunity. This was an experimental stocking of a non-native sportfish species into marginal
habitat. The reproductive potential was considered to be low, and discontinuing the stocking
program would control any un-anticipated negative impacts this stocking may have on native
fish species.

Stocking smallmouth bass appears to have successfully created a small but unique sport
fishery on the Broad River. This fishery is gaining prominence annually. Because of this gain in
popularity, a management plan and recommended harvest regulations for smallmouth bass in the
Broad River are needed to protect this limited resource.

Stocking History: The North Carolina Wildlife Resources Commission (NCWRC) first stocked
smallmouth bass in the Broad River basin in May of 1941. They were stocked in a pond in
Rutherford County. Stocking continued from the mid 1940's through the late 1960's in streams
and ponds in all counties in the basin. Stocking rates are not known, however from 1,000 to
10,000 1-2 inch fingerlings were stocked at each site. Stocking was discontinued in 1985 and
NCWRC currently has no plans for future stocking of this species in the Broad River basin.

Smallmouth bass were first introduced to the Broad River drainage in South Carolina in
1984. According to stocking records, 1339 6-inch sub-adults were stocked into several locations
in Kings Creek. Since the initial stocking, fish have been stocked in 10 different years at seven
different locations (Table 1). A total of 16,500 two-inch fingerlings were stocked just
downstream from the Gaston Shoals Hydroelectric plant.at Secondary Road 98, and 608
fingerlings were stocked in Bowen Creek. A total of 12,354 six-inch sub-adults were stocked at
various bridge crossings on Kings. Creek and in the Broad River.

In the summer of 1990, Fisheries District IV personnel surveyed potential stocking sites
in tributaries to the Broad River. Sites were evaluated based on access, surface water
temperature, turbidity, substrate, and existing sport and forage species. Five sites were identified
in York County and seven sites were located in Cherokee County. Since 1990, stocking has been
restricted to one or more of those sites and the upper Broad River near Gaston Shoals.

Life History: The following information is summarized from Black Bass Biology and
Management, edited by Stroud and Clepper (1975). Smallmouth bass are native to the great
Lakes and St. Lawrence River drainages in Canada south to northern Georgia, west to eastern
Oklahoma, and north into Minnesota. The species has been introduced, and self-sustaining
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populations have been established across the United States, Canada, Hawaii, Asia and Africa.
Smallmouth bass are found naturally in large, clear water lakes and cool, clear streams having a
moderate current and rock substrate. A typical setting would be a stream that supports trout in
the colder, upper reaches; smallmouth bass in the mid-section and largemouth bass in the slower,
warmer waters. In streams, smallmouth bass usually avoid the stronger currents and inhabit the
calmer waters behind structure or near the currents edge. They are not known to be migratory in
nature and they have restricted home ranges. Smallmouth bass are active in a wide range of
water temperatures but become less active when temperatures dip below 500 F or increase above
85' F. They may lose weight above 950 F. They are spring spawners and move into the spawning
grounds when the water temperatures reach 60' F. Soon after they lose their yolksac, bass feed
on insect larvae such as midges and mayflies. They are sight feeders, and water clarity is
probably an important factor in the success of natural reproduction. Larger fish feed on insects,
fish and crayfish. Smallmouth bass exhibit a wide range of growth rates. Smallmouth grow
slower than largemouth bass, and age I, II and III fish average 3.7, 6.7, and 9.2 inches,
respectively, in total length. One-year old fish grown at the Cheraw Fish Hatchery in South
Carolina range from 3 to 7 inches (X=5 inches) and average about 0.1 pounds.

Management: Smallmouth bass were introduced into the Broad River drainage to increase the
diversity of sport fishing opportunity. Although habitat is considered to be good in the Kings
Creek tributary and satisfactory to marginal in the main river channel, habitat is limited by
increased sediment and the resulting impact on turbidity and water temperature. Turbidity is
thought to hinder the survival of the eggs by reducing their ability to respire, and to decrease
survival of the post sac fry by reducing their ability to see and capture prey. In some years, high
water temperature may also impact physiology. Based on limited aquatic surveys, food items do
not appear to be a limiting factor in the success of this species. Insects (mayflies and midges),
shiners (Notropis sp.) and crayfish are abundant in King's Creek but less numerous in the Broad
River. Growth rates similar to those reported in the literature are expected. A 12 - 14 inch
smallmouth (age V-VI) would be a quality fish and a 16-inch smallmouth would be a memorable
fish.

Very little information is currently available regarding the distribution of smallmouth
bass to judge the extent at which they will contribute to the sport fishery. A study to evaluate
fish species abundance and distribution is ongoing in the Broad river system. Anecdotal
information from anglers indicates that the species is concentrated in Kings Creek and above the
Lockhart Hydroelectric facility, confined pretty much to where they were stocked. Some anglers
have expressed an interest in wanting to "protect" this species before it becomes exploited. We
have no estimates of angling effort, harvest, growth rates or mortality from the Broad River
population. While the success of this introduction is evaluated, we need to protect smallmouth
bass from over harvest. Thus, this proactive recommendation is offered.

Harvest Recommendation: Recommendations are based on the following set of assumptions. 1)
the management objective of stocking smailmouth bass in the Broad River is to increase the
number of sport species available for recreational fishing. 2) smallmouth bass are often sought
by angling "purists" who use ultra-light tackle or fly rods and practice catch and release. A
successful trip for most anglers will be determined by numbers of fish caught rather than the
quality of the fish. 3) production of quality fish (> 16 in) may be limited by habitat. 4) some
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smallmouth bass anglers and fisheries managers think that the existing regulation of ten (10)
black bass per day with no size limit is too liberal. 5) smallmouth bass handle well and non-
harvest fishing mortality is less than 10%. 6) Broad River anglers and enforcement officers can
differentiate between largemouth and smallmouth bass. Based on these assumptions and the
current management philosophy, a two (2) fish per day creel limit for smallmouth bass, of
which only one may exceed 14 inches in total length, in Game zones 2, 3, and 4, should be
imposed.

Other management recommendations: the following additional recommendations are
suggested in the order of their need:,

1. Continue to stock smallmouth bass annually. Stocking rates will depend on the
availability. Historically, 600-800 sub-adult fish have been stocked in the fall at several
locations in Kings Creek. Up to 5,000 fingerlings have been stocked annually in the
spring in the Gaston Shoals vicinity of the Broad River. All stocked fish should be
marked. Stocking locations should be distributed between Parr reservoir and the Gaston
Shoals Hydroelectric plant. Stocking should be confined' to that area of the Broad River
drainage upstream from Parr Reservoir.

2. Develop an anglers guide to differentiate largemouth and smallmouth bass and provide
basic information.

3. Conduct a sport fish creel survey on the Broad River to estimate fishing pressure, harvest,
success, and system specific angler information including the quality of fishing for
smallmouth bass.

4. Collect life history data to include food habits, age and growth, and reproduction.
5. Establish a Broad River Smallmouth bass advisory council to solicit public input.
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Figure 1. Morphology of a freshwater unionid shell, illustrating structures and
terminology, a. exterior of right valve; b. interior of left valve (Reproduced from
Burch 1975:5, fig. 2).
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Figure 2. Internal shell features of left (a) and right (b) valves of Corbiculafluminea and
of left (c) and right (d) valves of Pisidium variabile, representing the Sphaeriidae.
C2, C3, C4 are the cardinal teeth; Al, All, AIII are the anterior lateral teeth; PI,
P11, PIII are the posterior lateral teeth. Reprinted from Mackie (2001) with the
author's permission.
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Figure 3. Illustrations of shell shape and beak sculpture. Shell shape descriptions: (A)
rhomboidal; (B) triangular or trigonal; (C) round; (D) quadrate; (E and F) oval or
ovoid; and (G) elliptical. Posterior shell-ridge morphology: (H) posterior ridge
convex; and (I) posterior ridge concave. Concentric ridge structures of umbos: (J)
single-looped concentric ridges; (K) double-looped concentric ridges; (L) coarse
concentric ridges; and (M) fine concentric ridges. (Reproduced from McMahon
and Bogan 2001).
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Figure 4. Map of the Major River Basins of South Carolina.
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Key to the freshwater bivalves of South Carolina

a. animal with byssal threads attaching adult animals to solid substrate, shaped
like a marine mussel, Mytilus, generally less than 30 millimeters ......................... 2

b. animal without byssal threads attaching adult animal to substrate, with or
without teeth but not with above shape ............................. 3

2 (la) a. shell without a sharp posterior ridge, shell elongate anterior-posterior,
identified by apophysis under anterior adductor plate (p1. 5, fig. 32)
............................................................. . ................................ M ytilopsis leucophaeta

b. shell with a very sharp posterior ridge, (pl. 5, fig. 31) [Not known from SC at

this tim e] ................................................................................... ,D reissenapolym orpha

3 (lb) a. valves with cardinal teeth and two sets of lateral teeth (p1. 5, fig. 30) .......... .............. 4

b. valves with one set of lateral teeth and pseudocardinal teeth or without
teeth or with some or all teeth vestigial (Unionidae). ............ Unionidae 5

4 (3a) a. valves with serrated lateral teeth (Fig. 2; pl. 5, fig. 30)... ........ Corbiculafluminea

b. valves with smooth lateral teeth (Fig. 2) [See Burch 1975b] ..................... Sphaeriidae

5 (3b) a. shell with hinge teeth absent or greatly reduced................................................... 6

b. shell with pseudocardinal teeth present, with or without lateral teeth .................. 10

6 (5a) a. umbo not projecting or slightly projecting above the hinge-line ............................ 7

b. umbo clearly projecting above the hinge-line ....................................................... 8

7 (6a) a. umbo not projecting above the hinge line, ventral margin slightly concave to
straight (pl. 5, fig. 25)
................................................................................................. Utterbackia im becillis

b. umbo slightly projecting above the hinge line, ventral margin rounded (p1. 1,
fig. 3) ............................................................................................ A nodonta couperiana

8 (6b) a. beak sculpture double looped, shell uniformly thin (pl. 4, fig. 2)
.................................................................. ................................. Pyganodon cataracta

b. beak sculpture consists of concentric bars ............................................................. 9
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)
9 (8b) a. nacre usually iridescent with some orange in the beak cavity, pseudocardinal

tooth area represented by a thickening near the umbo in right valve and
pseudocardinal tooth vestigial in left valve, lateral teeth only swellings,
ventral shell margin uniform thickness, dorsal margin steps down before
umbo on anterior end of shell, periostracum often "chocolate brown" in
adults (pl. 4, fig. 22) .............................................................. Strophitus undulatus

b. Nacre bluish or white, hinge plate uniformly thin, teeth or swellings absent,
ventral margin with a prominent thickened area along the anterior ventral
margin below the pallial line (pl. 1, fig. 4) .................................. Anodonta implicata

10 (5b) a. shell with lateral teeth absent or reduced, neither functional nor interlocking ......... 11

b. shell truncated, with well-developed lateral teeth .............................................. 12

11 (1 Oa) a. shell elongate to elongate oval, inflated, uniformly thin shell, periostracum
greenish to brownish with prominent to obscured rays in adults, wrinkles
usually present on posterior slope (pl. 1, fig. 2) ....................... Alasmidonta varicosa

b. shell outline triangular, inflated but thin to thick shell, anterior half of shell
usually thickened, beak sculpture consists of large bars extending down onto
the disk of the shell in juveniles, green rays usually present in juveniles,
absent in adults, adult periostracumn usually dark gray(pl. 1, fig. 1)
................................................................................................ A lasm idonta undulata

12 (1Ob) a. hinge plate in left valve usually with an additional small to large interdental or
accessory tooth, giving the appearance of three lamellate pseudocardinal
teeth, shell more or less compressed, shell shape rhomboid, juvenile
periostracumn dark green with numerous green rays, beak sculpture consists of
prominent bars, shell thick and maximum size 114 mm, maximum height 68
mm, restricted to the Savannah, Wateree-Santee and Pee Dee River drainages
(pl. 3, fig. 18) ............................................................................. Lasm igona decorata

b. left valve without extra interdental tooth .............................................................. 13

13 (12b) a. shell shape rectangular to broadly triangular shell, beak cavity shallow,
interdentum broad and flat in left valve, relatively short, thick ligament,
periostracum tends to be parchment like, anterior half of shell usually
thickened with nacre salmon colored, species is from an area extending from
the James River Basin south to the headwaters of the Ogeechee River Basin
(pl. 3, fig. 14) ........... * ...................................................................... F usconaia m asoni

b. shell shape elongate, rhomboid, oval, or round .................................................... 14

14 (13b)a. shell shape elongate, rhomboid or grading toward rectangular ............................. 15

b. shell shape oval or round ....................................................................................... 19
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15 (14a) a. shell usually more than twice as long as high ...................... 16

b. shell usually less than twice as long as high .......................................................... 18

16 (15a) a. periostracum usually with many narrow rays, posterior end tapered to a point
in middle of posterior margin, periostracum not mat, sexual dimorphism
present, posterior-ventral margin inflated in females (pl. 4, fig. 20)..Ligumia nasuta

b. no sexual dimorphism seen in shell ........................................................ 17

17 (16b) a. usually only slightly more than twice as long as height, usually reddish
brown periostracum, often extremely large and thick shelled - greater than
140 mm in length, usually restricted to areas below last dam on major rivers
.............................................................................................. E lliptio roanokensis

b. from two to more than three times as long as height, shell usually not heavy
and thick, may exceed 130 mm in length ... .the Elliptio lanceolata complex
[including angustata, folliculata, producta]

18 (15b) a. periostracum unrayed, dorsal margin with slight step down before umbo on
anterior end of shell, umbos relatively close to anterior end compared with
typical "elliptios," teeth relatively small compared with "elliptios" from same
habitat, periostracum mat or fuzzy, rectangular in shell shape (pl. 4, fig. 24)
............................................................................................. Uniom erus carolinianus

b. great variation in shell characteristics, often confused with many other taxa
.......... the Elliptio complanata complex [including complanata, congarea,
fraterna, roanokensis, waccamawensis]; those shells with short shell length,
not too tall and inflated AND the Elliptio icterina complex] [See Table 5 for
species groups and figures for each species of Elliptio].

19 (14b)a. adult shell typically <40 mm in length, with a fuzzy or mat textured dark

brown to black periostracum (pl. 4, fig. 23) ....... ............................ Toxolasma pullus

b. adult shell >40 mm in length, lacking the pronounced fuzzy periostracum .............. 20

20 (19b) a. shell shape oval to elongate oval, Interdentum relatively wide and clearly
evident, periostracum very shiny to mat with rays ...................... 21

b. shell shape oval, periostracum dull yellow, usually with fine rays all over the
shell, interdentum very narrow, found in or near tidewater, nacre often a
salmon color (pl. 4, fig. 19) ....... ................. Leptodea ochracea

21 (20a) a. periostracum shiny, waxy yellow, green rays, when present, usually restricted
to the posterior slope, usually with waxy yellow periostracum (pl. 3, fig. 15) ............
............................................................. ............................................ L am p silis cariosa

b. periostracum m at to sm ooth ................................................................................. 22



Bon il ARP ia 200 WoIA r IA Ih, 6~- K to Pip Frn-PcnW3TPr IRiviUve Ff ý,ouhth Ca~rolina1•.na1 1nr -. 7mn•f• wr-hnrAr P nr• r h •~ i•v_•n nlnI•n v

22 (21b) a. relatively large mussels, often more than 80 mm in length ................ 23

b. relatively small mussels, usually less than 50 mm in length ................ 24

23 (22a) a. posterior ridge inflated and prominent, umbos inflated, (pl.3, fig. 17)
......................................................................................................... Lampsilis splendida

b. posterior ridge well rounded, umbos not inflated, maximum size >130 mm,
shell broad and inflated, widespread, (pl. 3, fig. 16) ..................... Lampsilis radiata

24 (22b) a. periostracum greenish to yellow, often with numerous green rays, shell
relatively thin, oval to elongate oval, blade-like pseudocardinal teeth ................ 25

b. periostracum dark to black in adults, shell relatively thick, no green rays seen
except in juveniles which may have yellowish to greenish periostracum,
chunky pseudocardinal teeth, shell shape oval to round (pl. 5, fig. 26)
...................................................................................................... Villosa constricta

25 (22a) a. shell outline elliptical, numerous broad green rays, bluish-white to pink or
purple nacre (pl. 5, fig. 29) ...................................................................... Villosa vibex

b. shell outline elongate oval, nacre bluish white or iridescent ................................ 26

26 (23b) a. entire surface covered with narrow to wide green rays usually interrupted by
growth lines (pl. 5, fig. 27) ....................... ........................................ Villosa delum bis

b. usually with numerous continuous dark narrow green rays over most of the
shell (pl. 5, fig. 28) ..................................................................... Villosa vaughaniana



Bogan and Alderman, 2004, Wokbook and Key Lo the Freshwater Bivalves off South Carohina 9

Table 1. List of Native Freshwater Unionid Bivalves of South Carolina

Alasmidonta undulata (Say, 1817); Triangle Floater
Alasmidonta varicosa (Lamarck, 1819); Brook floater
Anodonta couperiana Lea, 1840; Barrel Floater
Anodonta implicata Say, 1829; Alewife Floater
Elliptio angustata (Lea, 1831); Carolina Lance
Elliptio complanata (Lightfoot, 1786); Eastern Elliptio
Elliptio congaraea (Lea, 1831); Carolina Slabshell
Elliptiofolliculata (Lea, 1838); Pod Lance
Elliptiofraterna (Lea, 1852); Brother Spike
Elliptio icterina (Conrad, 1834); Variable Spike
Elliptioproducta (Conrad, 1836); Atlantic Spike
Elliptio roanokensis (Lea, 1838); Roanoke Slabshell
Elliptio waccamawensis (Lea, 1863); Waccamaw Spike
Fusconaia masoni (Conrad, 1834); Atlantic Pigtoe
Lampsilis cariosa (Say, 1817); Yellow Lampmussel
Lampsilis radiata(Gmelin, 1791); Eastern Lampmussel
Lampsilis splendida (Lea, 1838); Rayed Pink Fatmucket
Lasmigona decorata (Lea, 1852); Carolina Heelsplitter
Leptodea ochracea (Say, 1817);. Tidewater Mucket
Ligumia nasuta (Say, 1817); EastemrPondmussel
Pyganodon cataracta (Say, 1817); Eastern Floater
Strophitus undulatus (Say, 1817); Creeper
Toxolasmapullus (Conrad, 1838); Savannah Lilliput
Uniomerus carolinianus (Bosc, 1801); Florida Pondhom
Utterbackia imbecillis (Say, 1829); Paper Pondshell
Villosa constricta (Conrad, 1838); Notched Rainbow
Villosa delumbis (Conrad, 1834); Eastern Creekshell
Villosa vaughaniana (Lea, 1838); Carolina Creekshell
Villosa vibex (Conrad, 1834); Southern Rainbow
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Table 2. Major River Basins of South Carolina:

Savannah River Basin: this includes all of the streams tributary to the
main channel of the Savannah River in South Carolina including the
Colleton and New Rivers.

Salkehatchee-Cumbahee River Basin: this includes all of the streams
tributary to both the Salkehatchee and Cumbahee Rivers in South
Carolina.

Edisto River Basin: this includes the North and South Forks of the Edisto
River and the Four Hole Swamp.

Cooper-Santee River Basin: this includes all of the streams of the
Cooper, Wando, and Santee River drainages. The headwaters of the
Cooper-Santee Basin include the drainages of the Saluda, Broad,
Congaree, Catawba, and Wateree rivers in South Carolina.

Pee Dee River Basin: This includes all of the streams of the Sampit,
Black, Waccamaw, Lumber and Little Pee Dee rivers as well as the
headwaters of the Pee Dee River including the Lynches River drainage.
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Table 3. Distribution of Unionidae in South Carolina's Atlantic Slope RiVer basins (within river
basin: X = Extant; H = Historic; N = just into N.. Carolina; G = just into Georgia).

Species

R 0C Mc~

U) U)

Anodonta couperiana
Anodonta implicata
Pyganodon cataracta
Utterbackia imbecillis
Strophitus undulatus
Alasmidonta varicosa
Alasmidonta undulata
Lasmigona decorata
Fusconaia masoni
Elliptio complanata
Elliptio congaraea
Elliptio icterina
Elliptio fratema
Eliptio angustata
Elliptia producta
Elliptio folliculata
Elliptio roanokensis
Elliptio waccamawensis
Uniomerus carolinianus
Leptodea ochracea
Toxolasma pullus
Ligumia nasuta
Villosa vibex
Villosa delumbis
Villosa constnicta
Villosa vaughaniana
Lampsilis radiata
Lampsilis splendida
Lampsilis cariosa

Total Taxa

X X H? H?

X
X
X
X
X
X
H
X
X
X
X
X
X
X
X

N
X X X

X H? X N
X X

H,N X
H N
X X

N
X X X X X

X X X
X X X X X

X
X
X

X
X
X

X X X
X X X
X X X
X X

X
H
X

H,G
X
X

X
X

24

X
X X X X X

X

X
X

H
X

X N'
X N
H H H
X X X
N X
X N'
X N X
x x
X X H?
24 24 1410 11

Prepared by John Alderman, Eugene Keferl, Jim Williams, and Art Bogan; September
2003
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Table 4. Proposed Status List of South
Carolina freshwater bivalves.*

FEDERAL AND STATE
ENDANGERED
Lasmigona decorata

STATE ENDANGERED
Alasmidonta undulata
Alasmidonta varicosa
Anodonta couperiana
Elliptio fraterna
Elliptio waccamawensis
Fusconaia masoni
Lampsilis cariosa
Ligumia nasuta
Strophitus undulatus
Toxolasma pullus
Villosa constricta
Villosa vaughaniana
Villosa vibex

STATE SPECIAL CONCERN
Elliptio angustata
Elliptio producta
Elliptio folliculata
Lampsilis splendida
Villosa delumbis

* Proposed status based on fieldwork and
consideration of species status in North
Carolina and Georgia.

STATE THREATENED
Anodonta implicata
Elliptio roanokensis
Lampsilis radiata
Leptodea ochracea
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wI Table 5. A Working List of the Elliptio of South Carolina.

A preliminary idea of the relationships of South Carolina Elliptio

ELLIPTIO COMPLANA TA GROUP
Elliptio complanata (Lightfoot, 1786) Eastern Elliptio [pl. 1, fig. 6]
Elliptio congaraea (Lea, 1831) Carolina Slabshell [pl. 2, fig. 7]
Elliptiofraterna (Lea, 1852); Brother Spike [pl. 2, fig 9]
Elliptio roanokensis (Lea, 1838) Roanoke Slabshell [pl. 2, fig. 12]
Elliptio waccamawensis (Lea, 1863) Waccamaw Spike [p1.3, fig. 13]

ELLIPTIO ICTERINA GROUP
Elliptio icterina (Conrad, 1834) Variable Spike [pl. 2, fig. 10]

ELLIPTIO LANCEOLATA GROUP
Elliptio angustata (Lea, 1831) Carolina Lance [pl. 1, fig. 5]
Elliptiofolliculata (Lea, 1838) Pod Lance [p1. 2, fig. 8]
Elliptio producta (Conrad, 1836); Atlantic Spike [pl. 2, fig. 11]

*These taxa are not treated here but, you will encounter in the literature on

Elliptio from South Carolina. I
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CORBICULIDAE
Corbicula fluminea (Muiller,
1776) INTRODUCED
Asian Clam
Plate 5, Figure 30
General Distribution: The Asian Clam
appears to have been introduced into
North America sometime during or
before the 1920s (Counts, 1986). It was
first collected in the United States along
the banks of the Columbia River in
Pacific County, Washington, in 1938
(Burch, 1944), and since then it has
invaded nearly every major river system
in the country.
South Carolina Distribution: This
introduced species is widespread in all
rivers, most reservoirs, and many lakes.
Description: The shell is fairly small,
seldom exceeding 50 mm in length, very
solid, ovate when young, and triangular
in outline when mature. Beaks are high,
full, directed inward, elevated well
above the hinge line, and centrally
located. Thin, prominent concentric
rings indicate growth periods. There are
three cardinal teeth directly below the
beaks in each valve, with two straight to
slightly curved lateral teeth on each side
in the right valve and one on each side in
the left valve. The lateral teeth are
serrated, a character distinguishing
Corbicula from the Sphaeriidae. The
beak cavity is deep. The periostracum is
a light yellowish olive to cream-colored
in immature clams, changing with age to
tan, olive, and finally, dark brown to
black in old individuals. Very young
individuals possess a characteristic dark
stripe or band on the anterior slope of the
valves. The nacre is white to a shiny
light purple, darkest along the lateral
teeth and in the beak cavity. The entire
inner surface of adults is a very light
purple and white, appearing highly
polished outside the pallial line.

Life History and Ecology: Unlike our
native freshwater mussels, the juvenile
or larva (called a veliger) of the Asian
Clam is free swimming and does not
require a host for partial development.
Oesch (1984) noted that in Missouri the
spawning time of Corbicula generally is
between May and September. The period
of growth of the free-swimming veliger
lasts about 7-10 days (McMahon and
Bogan, 2001).
The Asian Clam reaches its greatest
population densities in a substrate of
almost pure sand or one of mixed sand,
silt, and mud. Although it thrives in
rivers with slow to moderate current,
typically at depths of less than three feet,
C. fluminea may become abundant and
grow to a large size in the quiet waters
of small ponds. This small clam is highly
resistant to desiccation and can survive
for weeks in damp sand or mud.
Status: INTRODUCED
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UNIONIDAE
Alasmidonta undulata (Say,
1817)
Triangle Floater
Plate 1, Figure 1
Synonymy:
Monodonta undulata Say, 1817; Say, 1817: no
pagination, pl. 3, fig. 3
Type Locality: Delaware and Schuylkill
rivers [near Philadelphia, Philadelphia
County, Pennsylvania]
General Distribution: extending from
the Bosquet River of the lower St.
Lawrence River Basin south to the
Ogeechee River Basin (Clarke, 1981).
South Carolina Distribution: This
species is found in the Savannah River
Basin in South Carolina and the Pee Dee
River Basin in North Carolina
(Alderman 2002, Johnson, 1970;Clarke,
1981b; Table 3).
Description: Shell shape is
subtriangular to ovate, solid, thicker
anteriorly than in the posterior, shell is
subinflated to inflated with maximum
inflation at the middle of the shell,
maximum shell length about 75 mm.
Anterior shell margin rounded, ventral
margin broadly rounded, posterior
margin roundly pointed below the
midline. Sexual dimorphism is not
apparent. Posterior. ridge present and
usually quite distinct in populations
south of Virginia, the posterior slope
somewhat compressed. Beaks are more
or less full inflated and somewhat
elevated above the hinge line, beak
sculpture is extremely heavy, strong
ridges that run parallel with the growth
lines and composed of five prominent,
single-looped, curved ridges that extend
out onto the shell surface in young
individuals(Clarke, 1981b). These
ridges are usually not evident in large
adults. Posterior slope sometimes
marked by oblique ridges or

corrugations. Periostracum is smooth
and shiny.
Left valve with a single short, stumpy,
sculptured pseudocardinal teeth. There is
usually a well-developed interdental
projection present. Right valve has two
short stumpy often-sculptured
pseudocardinallteeth. The interdental
area is broad and flat, with the lateral
teeth either short and vestigial or absent.
The beak cavity is triangular,
compressed and rather deep.
Periostracum is yellowish, greenish, with
broad, green or blackish rays of variable
width in juvenile specimens, becoming
black with age. Growth lines are rather
indistinct. Nacre color is typically white
anteriorly, but including salmon, pink or
red, becoming iridescent posteriorly.
Life History and Ecology: Ortmann
(1919) lists the Triangle Floater as.being
gravid from July to September and April
to June, while Clarke (198 lb) lists
gravid females from 28 August to 24
October. Ortmann (1919) reported this
species as common in smaller rivers and
streams, going well into the headwaters,
found mainly in quiet waters with some
current, avoiding the riffles, living in
coarser gravel and sand. It does not
appear to like slack water but. can be
found in ponds and canals. Lellis (Pers.
Comm. 199.6) and Art Bogan have
observed this species deeply buried
during the summer but sitting up on top
of the substrate in January and February
when water temperatures are at the
coldest in northern latitudes. Hostfishes
confirmed in the laboratory include the
Blacknose Dace (Rhinichthys atratulus),
Common Shiner (Luxilus cornutus),
Fallfish (Semotilus corporalis),
Largemouth Bass (Micropterus
salmoides), Longnose Dace (Rhinichthys
cataractae), Pumpkinseed (Lepomis
gibbosus), :Slimy Sculpin (Cottus
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cognatus), and White Sucker
(Catostomus commersoni), (Watters et
al., 1999; from Nedeau et al., 2000:67).
Status: Special Concern (Williams et
al., 1993:10). This species is proposed as
State Endangered in South Carolina
(Table 4).
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Alasmidonta varicosa
(Lamarck, 1819)
Brook Floater
Plate 1, Figure 2
Synonymy:
Unio varicosa Lamarck, 1819; Lamarck,
1819:78
Type Locality: La rivi~re Schuylkill
[Schuylkill] prbs de Philadelphie
[Philadelphia Co. Pennsylvania] ... aussi
dans le lac Champlain
General Distribution: Lower St.
Lawrence River Basin south in streams
and rivers draining into the Atlantic to
the Savannah River Basin in South
Carolina (Clarke, 1981).
South Carolina Distribution: The
Brook Floater is found in the Savannah
and historically in the Cooper-Santee
and Pee Dee River basins (Clarke,
1981b; Table 3).
Description: Shell shape is oblong, long
rhomboid, thin-shelled, slightly inflated
with the maximum inflation at the
posterior ridge, maximum length is
about 70 mm. Anterior shell margin is
abruptly curved, the ventral margin is
long, and centrally gently concave, the
posterior margin roundly biangulate
below and obliquely flattened or flatly
curved above. Female shells may be
slightly more swollen in the area of the
posterior ridge, but in many cases the
sex cannot be determined based on shell
characters. Posterior ridge is broad,
rounded, and inflated. Posterior slope is
flattened, slightly concave, and covered
with numerous, low corrugations or
ridges. Beaks are narrow and bluntly
pointed, located about 1/3 the distance
from the anterior end and project only
slightly above the hinge line. Beak
sculpture is coarse, variable and
composed of a few single-looped or
occasionally double-looped ridges,
mostly seen in juvenile specimens.

Growth ridges are marked by concentric
ridges, the periostracum is generally
smooth except on the posterior slope.
Left valve with a single small rounded
variously developed or reduced
pseudocardinal tooth, some specimens
also have an interdental projection or
denticle, lateral teeth are vestigial or
entirely absent. Right valve has a single
small rounded or rudimentary
pseudocardinal tooth. Beak cavity is
open and shallow. Periostracum is
yellowish but more often greenish and
partly or completely covered with dark
greenish rays in juveniles, becoming
brownish with rays partially obscured to
almost black in adult specimens. The
periostracalcolor on the posterior slope.
is.the same as the rest of the shell, not
yellowish as in Alasmidonta marginata.
Nacre color is whitish or bluish-white,
often with salmon, pink, or purple
shades in the beak cavity (Ortmann,
1919; Clarke, 1981b).
Life History and Ecology: Ortmann
(1919:191-192) reported gravid females
from 9 August to 8 September and 3
May with glochidial discharge in May.
Ortmann (1919) reported this species
evenly distributed across eastern
Pennsylvania except in the larger rivers
and more common in smaller rivers and
streams. Ortmann (1919:104) described
the ecology of the Brook Floater as "It
prefers strong currents and gravelly
bottoms, thus being most frequently
found in and near riffles." Lellis (Pers.
Comm. 1996) has observed this species
in northern latitudes deeply buried
during the summer but sitting up on top
of the substrate in January and February
when water temperatures are at their
coldest. J. M. Alderman has observed
this species actively siphoning during
the warmer months of the year in South
Carolina. The Blacknose Dace
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)• (Rhinichthys atratulus), Golden Shiner
(Notemigonus chrysoleucas), Longnose
Dace (Rhinichthys cataractae),
Margined Madtom (Schilbeodes
marginatus marginatus) Pumpkinseed
(Lepomis gibbosus), Slimy Sculpin
(Cottus cognatus), and the Yellow Perch
(Percaflavescens) have been identified
in the laboratory as potential hostfish for
the glochidia of this species (Wicldow
and Richardson, 1995; Nedeau et al.,
2000).
Status: Threatened (Williams et al.,
1993:10). This species is proposed as
State Endangered in South Carolina
(Table 4).
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Anodonta couperiana Lea, 1840
Barrel Floater
Plate 1, Figure 3.
Synonymy:
Anodonta couperiana Lea, 1840; Lea, 1840:227,
pl. 20, fig, 146
Type Locality:
McIntosh County, Georgia
General Distribution: The barrel floater
is found from Florida's Apalachicola
region to the Cape Fear River Basin in
North Carolina.
South Carolina Distribution: This
species is known from the Savannah,
Salkehatchee-Cumbahee, Edisto, and
Cooper-Santee River basins (Table 3).
Description: The Barrel Floater, may
reach over 100 mm in length. Like other
Anodonta, this species also lacks
pseudocardinal and lateral teeth. The
barrel floater's dorsal margin of the shell
is similar to that of Utterbackia
imbecillis. In U. imbecillis the umbos do
not extend above the hinge margin;
however, in A. couperiana the umbos just
barely extend above the hinge margin.
Additionally, the barrel floater's length to
height ratio is around 1.5 compared with
2 for Utterbackia imbecillis. The ventral
margin of the barrel floater is broadly
rounded and there are fine green rays on
the periostracum (Adams et al., 1990).
Life History: According to Johnson
(1970), the Barrel Floater is found in
ponds and slow-flowing streams with
mud or sand bottoms. The hostfish for
this species is unknown.
Status: Williams et al. (1993:10) listed
as Special Concern. This species is
proposed as State Endangered in South
Carolina (Table 4).
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Anodonta implicata Say, 1829
Alewife Floater
Plate 2, Figure 8
Synonymy:
Anodonta implicata Say, 1829; Say, 1829:340
Type Locality: Pond in Danvers [Essex
Co.] Massachusetts. Changed by
Johnson (1946:112, pl. 16, figs. 1, 2)
when he selected a neotype to Agawam
River (outlet of Halfway Pond),
Plymouth [Plymouth Co.]
Massachusetts.
General Distribution: North Atlantic
Slope rivers from New Brunswick, Nova
Scotia, and Quebec, Canada south to the
Potomac River, Maryland, with a
disjunct population in the Chowan River
and Pee Dee River, North Carolina
(Adams et al., 1990, NCWRC data files
2003,).
South Carolina Distribution: This
species is found in Pee Dee River Basin
in North Carolina and would be expected
in South Carolina (Shelley, 1983; Adams
et al., 1990, NCWRC data files 2003;
Table 2).
Description: Shell shape is elliptical,
oblong to ovate in outline, approaching
subcylindrical in cross-section, shell
thickness rather solid, with a pronounced
thickening of the anterior ventral margin
from about the middle of the shell
anterior, inflated, shell length reaching
about 142 num. Anterior margin of the
shell is narrowly rounded, the ventral
margin straight, with a straight dorsal
margin, the posterior margin bluntly
pointed slightly below the midline. The
posterior ridge is rounded and generally
double, ending posteriorly in a
biangulation slightly below the midline.
Beaks are moderately full and slightly
raised above the hingeline, beak
sculpture consists of 5-7 straight bars
running parallel with the hingeline or
slightly curved. The shell surface is

marked by irregular growth lines, which
may form ridges, surface varies from
smooth almost shiny to rough.
This is a typical Anodonta completely
lacking any indication of pseudocardinal
or lateral teeth. The beak cavity is open
and relatively shallow. Periostracurn is
yellowish brown, greenish brown, to
reddish brown becoming dark brown to
black with age, immature specimens
have fine green rays. Nacre color varies
from white, salmon or purple and almost
always darker in the beak cavity.
Life History and Ecology: The
Alewife Floater is found living in ponds,
overbank pools, streams and rivers in a
variety of substrates including silt, sand
and gravel. The distribution is closely
tied to the distribution of its hostfish.
Nedeau et al. (2000) report this species
is bradytictic, a long-term brooder, with
eggs being fertilized in August and
glochidia being released the next spring.
The Alewife (Alosapseudoharengus)
has been reported as a hostfish for this
mussel (Davenport and Warmuth, 1965).
Status: Currently Stable (Williams et
al., 1993:10). This species is proposed
as State Threatened in South Carolina
(Table 4).
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Elliptio angustata (Lea, 1831)
Carolina Lance
Plate 1, Figure 5
Synonymy:
Unio angustatus Lea, 1831; Lea, 1831:1 14, pl.
17, fig. 43

Type Locality:
Cooper River, South Carolina
General Distribution:
The Carolina Lance ranges from the
Ogeechee River north to the Potomac
River Basin in Virginia and Maryland
(Johnson, 1970).
South Carolina Distribution:
This species ranges from the Savannah
River Basin north to the Pee Dee River
Basin (Table 3).
Description:
Shell elongate, elliptical to subrhomboid
and slightly compressed and rather thin,
shell length to 140 mm. Anterior end,
evenly rounded, posterior margin
pointed with the most posterior point
below the midline of the shell, ventral
margin mostly straight, dorsal margin
mostly straight. Beaks only slightly
elevated with beak sculpture consisting
of strong ridges. Posterior ridge is well
developed, often double ending slightly
below the middle of the posterior end of
the shell. Periostracum olive becoming
nearly black in older specimens.
Left valve with two compressed
pseudocardinal teeth and two long lateral
teeth. Right valve with two compressed
pseudocardinal teeth with the dorsal one
smaller, with two long lateral teeth.
Nacre is a shade of purple.
Life History and Ecology: This species
is found in sand and sandy gravel often
along the edges of aquatic vegetation.
Hostfish are unknown.
Status:
Special Concern (Williams et al. (1993:
11). This species is proposed as State
Special Concern (Table 4).
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Elliptio complanata
(Lightfoot, 1786)
Eastern Elliptio
Plate 1, Figure 6
Synonymy:
Mya complanata Lightfoot, 1786; Lightfoot,
1786: 100, No. 2190
Comment: Johnson (1970) lists an extensive
synonymy for this species. The taxonomy of this
species in the southern end of its range becomes
very confusing and many of the shell shapes
have names but will not be dealt with here.
Type Locality: Maryland. Johnson
(1948) restricted the type locality to:
Potomac River, Washington, District of
Columbia [approximately opposite
Fairfax Co. Virginia].
General Distribution: Altamaha River
Basin of Georgia, north to the St.
Lawrence River Basin, west in the
Interior Basin west to Lake Superior and
parts of the Hudson Bay Basin
(Johnson, 1970).
South Carolina Distribution: This
species is wide spread in the Atlantic
Slope rivers in South Carolina from the
Savannah River Basin north to the Pee
Dee River Basin (Johnson, 1970; Table
3).
Description: Shell shape is trapezoidal
to rhomboid or subelliptical, compressed
to inflated, shell thickness varies from
thin to solid, length 120 mm. Anterior
margin is rounded, dorsal and ventral
margins are roughly parallel, ventral
margin is usually straight, posterior
margin broadly rounded ending at or
near the base in a point or biangulation.
Posterior ridge is broad, double, and
rounded to angular. The posterior slope
is flat. Beaks are low and uninflated,
beak sculpture consists of 5-6 ridges, the
first two or three curved and
subconcentric, the rest run parallel to the
growth lines, nearly straight in the
middle and curved up at both ends.

Surface with irregular growth lines and
varies from smooth to mat.
Left valve has two ragged
pseudocardinal teeth and two nearly
straight lateral teeth. Right valve has a
single pseudocardinal tooth and a single
lateral tooth. Interdentum of variable
width. Beak cavity is shallow.
Periostracum is yellowish to brown and
blackish, young specimens with
indistinct greenish rays present.. The rays
generally disappear in older shells.
Nacre varies from white, pink, salmon,
to various shades of purple.
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roil. In the small creeks it goes up
very far into the headwaters." Elliptio
complanata is tachytictic, gravid females
have been found from late April through
the middle of July. The females expelled
their glochidia in conglutinates
(Ortmann, 1919). The Banded Killifish
(Fundulus diaphanus), Green Sunfish
(Lepomis cyanellus), Largemouth Bass
(Micropterus salmoides), White Crappie
(Pomoxis annularis), and Yellow Perch
(Percaflavescens) have been listed as
hostfish for the glochidia for this mussel
(Watters, 1994:103).
Status: Currently Stable (Williams et
al., 1993:11).
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Elliptio congaraea (Lea, 1831)
Carolina Slabshell
Plate 2, Figure 7
Synonymy:
Unio congaraeus Lea, 1831; Lea, 1831:72, pl. 6,
fig. 4
Type Locality: Congaree River, South
Carolina
General Distribution: This species is
known from the Ogeechee River Basin
in Georgia north to the Chowan River
Basin in Virginia (Johnson, 1970, J.M.
Alderman database 2004; Table 3).
South Carolina Distribution: Elliptio
congaraea is known from Savannah,
Edisto, Cooper-Santee and Pee Dee
River basins in South Carolina (Johnson,
1970; Table 3).
Description: "Shell rhomboid,
subcompressed, rather thin to subsolid,
somewhat inequilateral; beaks
moderately full and slightly elevated; the
sculpture consisting of parallel
undulations, posterior ridge high and
angled, double below, the greatest
diameter of the shell being along its line;
in front of it the shell is wedge-shaped;
basal line nearly straight; posterior end
obliquely truncated above, somewhat
biangulate below; surface with irregular
growth lines, usually wrinkled on the
posterior slope; epidermis dirty greenish
yellow or tawny, generally rayed,
especially in young shells, scarcely
shining; left valve with two ragged,
subcompressed pseudocardinals and two
delicate laterals; right valve with two
pseudocardinals, the upper small, and
one lateral; beak cavities not deep;
muscle scars superficial; nacre purplish,
6ften lurid in the shell cavities."
(Simpson 1914:615).
Life History: The hostfish for the
glochidia of this species is unknown.
Status: Williams et al. (1993:11) listed

M, as Special Concern.
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Elliptiofolliculata (Lea, 1838)
Pod Lance
Plate 2, Figure 8
Synonymy:
Uniofolliculatus Lea, 1838; Lea, 1838:38, pl.
11, fig. 33
Type Locality: Savannah River, [Georgia]
(Lea, 1838)
General Distribution: the Pod Lance
ranges from the Ogeechee River north to
the Waccamaw and Cape Fear River
basins in North Carolina (Johnson, 1970;
Table 3).
South Carolina Distribution: This
species is found in the Savannah River
Basin north to the Waccamaw and Pee
Dee River basins (Table 3).
Description: This is a narrow,
uninflated, elongated naiad that in its lake
form resembles a straight-edged razor.
The umbo is flat and the dorsal and
ventral shell margins are parallel to each
other. The anterior-dorsal margin is
angular in shape. The shell is covered by
a rough dark-brown to black
periostracum. The shell nacre of inner
shell surface varies from bluish to pink.
The hinge has pyramidal pseudocardinal
teeth.
The original description by Lea (1838) is
as follows: "Shell narrow-elliptical, very
transverse, very inequilateral,
subbiangular behind, rounded before,
rather compressed, flattened at the side;
substance of the shell rather thin; beaks
scarcely prominent; ligament long and
curved; epidermis very dark brown;
cardinal teeth small and lobed; lateral
teeth long and somewhat curved, anterior
cicatrices distinct; posterior cicatrices
confluent; dorsal cicatrices in the center
of the cavity of the beaks; cavity of the
shell small; cavity of the beak very small;
nacre purple and iridescent." (Adams et
al., 1990).
Life History: As in all Elliptio species,
the cream colored marsupium of the

female extends along the ventral, margin
of the entire outer demibranch. Habitat
depth ranged between 1.4-3.0 m in the
lake. Hostfish for the glochidia of this
species is unknown.
Generally the species was found in a sand
substrate at greater than one-meter depths
in Lake Waccamaw waters (Porter,
1985). Specimens from Big Creek and
Waccamaw River were collected in
conditions similar to that from Lake
Waccamaw except that some downstream
Waccamaw River specimens were
extracted from a clay bank in a semi-
swift flowing river segment. On the other
hand, the Orton Pond canal habitat was a
muddy high-sided bank with considerable
vegetation near by in sluggishly moving
water
This species, like most Elliptio sp., is
believed to be tachytictic (short-term
breeder). Of the few specimens collected
in Lake Waccamaw waters during the
1978-1981 sampling period (Porter,
1985), gravid conditions were seen only
in June, 1980 and August, 1980. Since
then, gravid specimens have been
collected in July (1986) from a canal
exiting Orton Pond, Brunswick County,
North Carolina (Adams et al., 1990).
Status: Williams et al. (1993:11) listed
as Special Concern. This species is
proposed as State Special Concern in
South Carolina.

0
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Elliptio fraterna
(Lea, 1852)
Brother Spike
Plate 2, Figure 9
Synonymy:
Uniofraternus Lea, 1852; Lea, 1852:263, pl. 16,
fig. 15
Type Locality:
Abbeville District [Savannah River
drainage], South Carolina
General Distribution:
Restricted to the Savannah River Basin
in Georgia and South Carolina (Johnson,
1970.
South Carolina Distribution:
Restricted to the Savannah River Basin
in South Carolina (Johnson, 1970; Table
3).
Description:
Shell elongate, rather thin, subrhomboid,
shell reaching 65 mm in length.
Anterior end regularly rounded,
posterior end blunt, ventral margin
mostly straight. Dorsal margin straight
or only slightly curved. Posterior ridge
well developed single dorsally becoming
double near the posterior margin.
Posterior slope slightly concave and
sculptured near the beaks with ridges
radiating from the posterior ridge to the
posterior dorsal margin. Beaks full but
not elevated. Beak sculpture is not
reported. Periostracum smooth and
shiny, reddish brown to yellowish often
with fine green rays becoming obscured
with age and darkening periostracum.
Left valve with two low stout or rugged
pseudocardinal teeth and two long and
slightly curved lateral teeth. Right valve
with a single roughly sculptured
pseudocardinal tooth and a single lateral
tooth. Nacre varies from white to pink,
salmon, and purple.
Life History and Ecology:
Johnson (1970) remarked that this
species is found living in swift current in

sand bars in large rivers as well as
smaller tributaries. No hostfish are
known for the glochidia of this species
Status:
Williams et al. (1993-:11) listed as
Endangered'. This species is proposed as
State Endangered in South Carolina
(Table 4).
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Elliptio icterina
(Conrad, 1834)
Variable Spike
Plate 2, Figure 10
Synonymy:
Unio icterinus Conrad, 1834; Conrad, 1834:41,
pl. 6, fig. 5

Type Locality: Muddy shore, Savannah
River opposite Augusta [Richmond Co.]
Georgia (Johnson, 1970).
General Distribution: St. Marys River
of Florida north to the Chowan River
system in Virginia (Johnson, 1970;
Table 3).
South Carolina Distribution: This
species is found in from the Savannah
River Basin north to the Pee Dee and
Waccamaw River basins (Johnson,
1970; Table 3).
Description: "Shell oblong, subelliptical
or subrhomboid, convex, solid,
inequilateral; beaks moderately full and
elevated, their sculpture a number of
strong concentric ridges; posterior ridge
prominent, somewhat double, ending
behind in a narrow faint biangulation at
or below the median line; surface nearly
smooth; epidermis greenish yellow to
tawny or tawny brown, usually showing
dark rest marks, scarcely rayed,
shinning; pseudocardinals
subcompressed to solid, rough; laterals
long, curved; muscle scars large,
impressed; nacre white often silvery, a
little thicker in front." (Simpson,
1914:665).
Life History: No hostfish are known for
the glochidia of this species.
Status: Williams et al. (1993:11) listed
as Currently Stable.



Elliptio producta (Conrad, 1836)
Atlantic Spike
Plate 2, Figure 11
Synonymy:
Unioproductus Conrad, 1836; Conrad, 1836:31,
pl. 14, fig.I

Type Locality:
Savannah River, Augusta, [Richmond
Co.] Georgia.
General Distribution:
Wide spread on the Atlantic Coast from
the Savannah River north to the Potomac
River Basin in Maryland and Virginia
(Johnson, 1970).
South Carolina Distribution:
This species is wide spread in South
Carolina ranging from the Savannah
River Basin north to the Pee Dee,
including the Waccamaw River Basin
(Johnson, 1970; Table 3).
Description:
Shell elongate, somewhat compressed,
solid, with a maximum length of nearly
140 mm. Anterior margin is rounded,
posterior margin roundly pointed with
the most posterior point slightly above
the midline of the shell, dorsal and
ventral margin nearly straight. Posterior
ridge low, beaks not elevated and low.
Beak sculpture not reported.
Periostracum has a fine uneven
incremental growth lines, slightly shiny,
dark reddish brown or greenish brown
with out rays.
Left valve with two small short
pseudocardinal teeth and two long lateral
teeth. Right valve with a single small
pseudocardinal tooth and a single lateral
tooth. Nacre is a shade of purple.
Life History:
No hostfish are known for the glochidia
of this species;
Status:
Special Concern (Williams et al.
(1993:11). This species is proposed as

aState Special Concern (Table 4).
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EUiptio roanokensis (Lea, 1838)
Roanoke Slabshell
Plate 2, Figure 12
Synonymy:
Unio roanokensis Lea, 1838; Lea, 1838:27, pl. 8,
fig. 21
Type Locality: Roanoke River, between
Tarboro, North Carolina and Norfolk,
Virginia.
General Distribution: According to
Walter (1954) the Roanoke Slabshell
ranges from the Connecticut River in
Massachusetts to the Savannah River in
Georgia.
South Carolina Distribution: This
species is found in the Cooper-Santee and
Pee Dee River systems and in the
Savannah River Basin (Table 3).
Description: Individual Roanoke
Slabshells grow to greater than 150 mm
total length. In North Carolina it is one
of our largest freshwater mussel species.
Of 13 specimens recently examined from
the Tar River, the height to length ratio
ranged from .458 to .544, and the width
to length ratio ranged from .212 to .283.
The posterior ridge varies from being
well defined to being uniformly rounded.
The periostracum is generally smooth
except near the margins of the shell.
Growth rests are distinct. Color of the
periostracum is usually a yellow reddish
brown, which darkens with age. Narrow
greenish rays are often present from the
anterior end of the shell to the posterior
ridge. The rays are less distinct in larger
individuals. The nacre is usually purple
(Adams et al., 1990).
Life History: Little is known of the life
history and ecology of this species.
Gravid individuals have been observed in
North Carolina during the early spring
months (Alderman, unpubl. data). In the
Tar River, the Roanoke Slabshell is
usually found associated with the deeper
channels near shore in relatively fast

flowing water. The substrate consists of
coarse to medium sized sands and small
gravel (Alderman, unpubl. data) (Adams
et al., 1990).
Status: Williams et al. (1993:11) listed
as Special Concern. This species is
proposed as State Threatened in South
Carolina (Table 4).
Remarks: Johnson (1970) considered the
Roanoke Slabshell to be one of the many
forms of Elliptio complanata found
throughout the southern Atlantic Slope
Region. However, the Roanoke Slabshell
has a centrally plicate shell, certain of the
incurrent papillae being subdivided into
smaller papillae, and irregularly
developed branchial septa. These
characteristics distinguish the Roanoke
Slabshell from Elliptio complanata.
Although live E. roanokensis, F. masoni,
and and U. carolinianus are not easily
confused with one another in the field,
they are often misidentified as other
species. As documented by Fuller for
Uniomerus (Britton and Fuller, 1980),
Clarke (1992) for E.judithae - probable
synonym of E. roanokensis,, and
Fuller(1973) for F. masoni, each of these
species has numerous dendritic papillae
on their incurrent apertures. As
observed by J.M. Alderman during the
past 20 years, these characteristics are
consistent among the various
populations of these taxa in North
Carolina, South Carolina, and Georgia.
Observation of papillae is best
accomplished through patient
observation of siphoning individuals
(placed in shallow water or in a small
aquarium). A "suspect" F. masoni
should not be partially pried open to
observe papillae. Very often, the
anterior adductor muscle is severed, thus
killing the individual. Such an
occurrence in South Carolina would be a
significant loss, since no F. masoni have
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Elliptio waccamawensis
(Lea, 1863)
Waccamaw Spike
Plate 3, Figure 13
Synonymy:
Unio waccamawensis Lea, 1863; Lea, 1863:193

Type Locality: Lake Waccamaw, North
Carolina
General Distribution: This species is
restricted to the Waccamaw River Basin
in North Carolina and South Carolina
(Johnson, 1970; Heard, 1975; Adams et
al., 1990).
South Carolina Distribution: The
Waccamaw Spike is restricted to the
Waccamaw Lake and River in North
Carolina and the Waccamaw River in
South Carolina (Johnson, 1970; Porter
and Horn, 1984a; Adams et al., 1990,
Table 3).
Description: This naiad has a
moderately inflated elliptical shell with a
prominent angular ridge on its posterior
slope. The ventral margin is straight.
The umbo has a trapezoidal beak
sculpture. Pseudocardinal teeth are
present on the hinge and variable in
shape. There is a white to bluish nacre on
the inner shell surface. A light to dark
brown, smooth periostracum covers the
outer shell surface.
"Shell smooth, triangular, inflated,
flattened at the sides, very inequilateral,
subbiangular behind, rounded before;
valves thin; beaks prominent; epidermis
brownish green or olivaceous, obscurely
rayed; cardinal teeth very small,
compressed, oblique, double in both
valves; lateral teeth long, lamellar and
straight; nacre bluish white and
iridescent." (Lea, 1863) (Adams et al.,
1990).
Life History: Glochidia are suboval,
hookless and marginally bilaterally
asymmetrical in shape. Its hinge varies
from straight to slightly concave in

appearance. Dimensions, as reported in
Porter and Horn (1980) are: length =
0.2 10 mm; height = 0.217 mm; hinge
length = 0.144 mm; hinge length/length
ratio = 0.69; height/length ratio = 1.04;
and hinge length/height ratio = 0.66.
This is a short-term breeder (tachytictic).
Time of its reproductive cycle does vary
from season to season. Marsupia have
been observed from April into August.
Glochidia have been found in May
through July. Hostfish for the glochidia
are unknown.
The 1978-1981 survey (Porter, 1985)
found large numbers of E.
waccamawensis throughout the lake
including in the deepest depths where the
substrate is peat. Average density of the
species in the lake was 22.79/m2.
Highest recorded density was 132.3/M 2.
Densities of E. waccamawensis were
positively correlated with light
penetration and pH; densities were
negatively correlated with: sediment
pheo-pigment and mean sediment size.
Elliptio waccamawensis densities were
lower within beds of the emergent plants
Maidencane and Spatterdock than in
areas not containing Maidencane and
Spatterdock (Adams et al., 1990).
Status: Williams et al. (1993:11) listed
as Special Concern. This species is
proposed as State Endangered in South
Carolina (Table 4)..
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Fusconaia masoni (Conrad,
1834)
Atlantic Pigtoe
Plate 3, Figure 14
Synonymy:
Unio masoni Conrad, 1834;, Conrad, 1834:34, pl.
5, fig. 2
Type Locality: Savannah River,
Augusta, [Richmond Co.] Georgia
(Johnson, 1970).
General Distribution: The Atlantic
Pigtoe ranges from the Ogeechee River
Basin, Georgia north to the James
Drainage Basin, Virginia. In North
Carolina, this species was once found in
every Atlantic drainage except the
Cooper- Santee and Waccamaw River
basins (Johnson 1970).
South Carolina Distribution:.
Historically, this species is known from
the Savannah River Basin. It may exist
in the Pee Dee River Basin in South
Carolina, since it is found in this river
basin in North Carolina (Johnson, 1970;
Table 3).
Description: Atlantic Pigtoes are sub-
rhomboidal except in individuals from
headwater areas. Such individuals tend
to be more elongate. The posterior ridge
is very distinct, and the umbos extend
well above the dorsal margin. The
periostracum is yellow to dark brown and
parchment like. The nacre ranges from
an iridescent blue, to salmon, to white, to
orange. Pseudocardinal and lateral teeth
are well developed except for the anterior
pseudocardinal tooth in the right valve,
which is vestigial. All four demibranchs
serve as marsupia in gravid females. As
the glochidia mature, the demibranchs
and adductor muscles develop a bright
orange-red to red color. Additional
species descriptions can be found in
Johnson (1970) and Fuller (1973).
Life History: The preferred habitat for
the Atlantic Pigtoe is a yielding substrate

composed of coarse sands and gravel at
the downstream edge of riffle areas. In
such habitats, which are becoming
increasingly rare since sedimentation
significantly: affects such areas, as many
as five live individuals have been found
in a one-meter square area. This species
is less common in sand, cobble, and
mixed substrates of sand, silt, and
detritus. Little is known about other
aspects of its life history or ecology
(Adams et al., 1990). Gravid individuals
are usually found during late June
(Alderman, unpubl. data). Watters and
O'Dee (1997) and O'Dee and Watters
(2000) identified the Bluegill (Lepomis
macrochirus) and the Shield Darter
(Percinapeltata) as potential fishhosts
for Fusconaia masoni glochidia.
Status: Williams et al. (1993:11) listed
as Threatened- This species is proposed
as State Endangered in South Carolina
(Table 4).
Remarks: See remarks under Elliptio
roanokensis relating to the incurrent
papillae and distinguishing this species.
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Lampsilis cariosa (Say, 1817)
Yellow Lampmussel
Plate 3, Figure 15
Synonymy:
Unio cariosus Say, 1817; Say, 1817:no
pagination, pl. 3, fig. 2
Unio crocatus Lea, 1841; Lea, 1841:31
Type Locality: Delaware and Schuylkill
rivers; [Susquehanna River] Wilkes
Barre; [Luzerne County; all
Pennsylvania] Johnson (1947) restricted
the type locality to Schuylkill River,
near Philadelphia, Pennsylvania.
General Distribution: The Yellow
Lampmussel extends from the Ogeechee
River Basin, Georgia, north to Nova
Scotia and Cape Breton Island, and
westward in the St. Lawrence River
Basin to the lower Ottawa River
drainage and the Madawaska River
(Johnson, 1970).
South Carolina Distribution: This
species is known from the Savannah,
Cooper-Santee, Pee Dee, and
Waccamaw River basins (Johnson,
1970; Table 3).
Description: Shell shape is obovate,
shell thickness begins as thin in juveniles
becoming thicker with age, moderately
inflated, shell length 120 mm. Anterior
margin is rounded, ventral margin
slightly curved, posterior margin bluntly
rounded. Male shells elliptical and
somewhat elongate in outline with the
ventral margin evenly convex. Female
shells are subovate to obovate in outline
with the ventral margin expanded near
the posterior margin, sloping up to a
very bluntly rounded posterior margin.
Posterior ridge is poorly developed and
rounded, posterior slope slightly convex
to flat. Beaks moderately swollen but
not elevated much above the hingeline,
located anterior of the middle of the
shell, beak sculpture consists of about
five poorly defined bars, the first ridge
concentric with the remainder slightly

double-looped. Periostracum is waxy
and shiny.
Left valve with two compressed
pseudocardinal teeth, the posterior tooth
low and immediately under the umbo,
two delicate lateral teeth. Right valve
has a single compressed pseudocardinal
tooth, and a single lamellar lateral tooth.
The pseudocardinal teeth tend to become
more stumpy and ragged with age.
Interdentum is narrow but obvious
compared with Leptodea ochracea. The
beak cavity is open and moderately
deep. Periostracum is waxy yellow,
often with a trace of green in it, rays are
either absent or restricted to the posterior
slope or slightly in front of it. The rays
are variable in width, but usually thin,
sharp and dark green to. black,
contrasting with the yellow of the
background. Older specimens become
brownish and loose much of the luster.
Nacre color bluish white, often tinged
with cream or salmon.
Life History and Ecology: Ortmann
(1919) observed that gravid females
were seen in August, with glochidia
appearing only in late August. In North
Carolina, Alderman (unpubl. data) has
observed gravid females throughout the
year; however, the majority are seen
during the cooler months of the year.
The species is bradytictic, releasing
glochidia in the following spring or early
summer. The Yellow Lampmussel is
found in small creeks up to large rivers
often in sand in bedrock cracks, but also
is found in silt, sand, gravel, and cobble
substrates. Wick and Huryn (2002) have
identified the Yellow Perch (Perca
flavescens) and the White Perch
(Morone americana) as hostfish for the
Yellow Lampmussel in Maine.
Status: Threatened (Williams et al.,
1993:12). This species is proposed as
State Endangered in South Carolina.
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Lampsilis radiata
(Gmelin, 1791)
Eastern Lampmussel
Plate 3, Figure 16
Synonymy:
Mya radiala Gmelin, 1791; Gmelin, 1791:3220
Unio conspicuus Lea, 1872; Lea, 1872:156
Type Locality: Ortmann (1919:296)
reported the locality of Malabar listed by
Gmelin (1791) as incorrect and noted
Lamarck (1819) had listed it from
Saratoga Lake in New York and
recommended "if there should not be
any other earlier record, we might select
this as the type locality." Simpson
(1914) listed Virginia as the type -

locality. Johnson (1970) restricted the
type locality to Potomac River, District
of Columbia (approximately opposite,
Farifax Co., Virginia). We use the
Saratoga Lake, New York as the type
locality.
General Distribution: The Eastern
Lampmussel occurs discontinuously
north from the Pee Dee River of South
Carolina to the St. Lawrence River
Basin, extending west to Lake Ontario
(Johnson, 1970).
South Carolina Distribution: The
Eastern Lampmussel is found in the Pee
Dee, and Cooper-Santee River basins
(Johnson, 1970, Keferl and Shelley,
1988; Table 3).
Description: Shell shape is subelliptical
to subovate in outline, shell valves are
thick and solid, shell valves vary from
hardly inflated to quite inflated, shell
length is often greater than 120 mm.
Anterior end rounded, ventral margin
straight to gently curved, posterior
margin rounded. Male shells elongate
and not expanded posteriorly, while
female shells are expanded in the
postbasal area, but the amount of
swelling is variable and some females
are difficult to distinguish from male

shells. Posterior ridge low to absent, the
posterior slope is broad. Beaks are
rather sharp but are not full or very high,
beak sculpture consists of delicate,
doubly-looped sculpture, periostracum
roughed by close concentric wrinkles.
Left valve has two pseudocardinal teeth,
the posterior one located under the beak,
and two straight lateral teeth. The right
valve has two separate pseudocardinal
teeth, the upper is smaller and
compressed, and has a single straight
lateral tooth. Interdentum is lacking,
beak cavity, is shallow, compressed.
Periostracum is yellowish or brownish
green with dark green or black rays over
the entire surface, rays are not well
defined. Nacre color is white, may be
tinged with pink or salmon or may be
completely pink or salmon.
Life History and Ecology: Ortmann
(1919) reported gravid females with
eggs on 22 August and gravid females
with glochidia on 20 August. He
seemed to think the species is
bradytictic, possibly with overlapping
ends to the breeding season. Ortmann
(1919) reported the Eastern Lampmussel
from the Delaware River in fast current
in gravel substrate, and in a sandy
substrate in the lake like portion of the
lower Delaware River. Strayer and Jirka
(1997:60) recorded this species from
creeks, lakes and rivers. The authors
have found the Eastern Lampmussel in
many different substrates with currents
ranging from none to significant. The
Black Crappie, (Pomoxis
nigromaculatus) Largemouth Bass
(Micropterus salmoides), Pumpkinseed
(Lepomis gibbosus), Rock Bass
(Ambloplites rupestris), Smallmouth
Bass (Micropterus dolomieu), and
Yellow Perch (Percaflavescens) have
been identified as hostfish for the
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glochidia of this mussel (Watters, 1994;
Tedla and Fernando, 1969).
Status: Currently Stable (Williams et
al., 1993:12). This species is proposed
as State Threatened in South Carolina
(Table 4).



Bag mi ........ ......... "0,W ibu dKy .. ..... dic .........e 1 .... sfso,.,.thd ,, ... ..i _35

Lampsilis splendida (Lea, 1838)
Rayed Pink Fatmucket
Plate 3, Figure 17
Synonymy:
Unio splendidus Lea, 1838; Lea, 1838:70, pl. 19,
fig. 61
Type Locality:
Altamaha River, near Darien, [McIntosh
Co.]; Altamaha [River] Liberty [now
Long Co.], both Georgia.
General Distribution:
The Rayed Pink Fatmucket occurs from
the Altamaha and Ogeechee rivers in
Georgia north to the Cape Fear River
Basin in North Carolina (Johnson, 1970;
Table 3).
South Carolina Distribution:
This species occurs in the Savannah
River Basin, the Wateree River and the
Santee River both in the Cooper-Santee
River Basin and the Waccamaw River
of the Pee Dee River Basin (Table 3).
Description: Shell shape is elongate
oval, greatly inflated with a shell length
of 110 mm. Anterior end rounded,
posterior end of the male broader and
bluntly pointed, female shell more
broadly rounded, ventral margin in
males usually vary from slightly concave
to gently rounded, female posterior
ventral margin inflated, dorsal margin
straight. Posterior ridge rather sharp,
often with a secondary ridge, posterior
slope wrinkled. Beaks elevated and very
full, inflated. Beak sculpture consists of
several strong almost straight bars.
Periostracum wrinkled giving the surface
a fuzzy appearance, entire surface
yellowish-green to reddish brown and
the entire surface covered with
numerous wide and narrow green rays,
becoming dark brown with the rays
obscured in old specimens.
Left valve with two compressed
pseudocardinal teeth, slightly in front of
the umbo, with two lateral teeth, the

lower being larger. Right valve with two
pseudocardinal teeth and one lateral
tooth, truncated posteriorly. Beak
cavities deep and open. Nacre color
varies from bluish white but often
pinkish and iridescent ranging to a light
purple.
Life History and Ecology:
Johnson (1970) reports this species
occurring on sandbars and gravelly
substrates in swift water in large rivers
and also in lakes.
Status: Special Concern (Williams et al.,
1993:12). This species is proposed as
State Special Concern (Table 4).
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Lasmigona decorata (Lea, 1852)
Carolina Heelsplitter
Plate 3, Figure 18
Synonymy:
Unio decoratus Lea, 1852; Lea, 1852:257, pl. 13,
fig. 6
Type Locality: Abbeville District,
South Carolina
General Distribution: Historically the
Carolina Heelsplitter was recorded from
the Abbeville District, Savannah River
Basin in South Carolina, and around
Mecklenburg County in North Carolina
(Clarke, 1985). Johnson (1970) assumed
that the records from the Abbeville
District, South Carolina were in the
Savannah River system. Alderman
(1995) documented an extant population
in the Savannah River Basin, thus
increasing the probability that the actual
type locality is within the Savannah River
Basin.
South Carolina Distribution: Keferl
and Shelley (1988) did not find any
evidence of L. decorata in the Saluda
River drainage. Keferl and Shelley
(1988) did find the species in the Lynches
River (Pee Dee River system), Lancaster
and Chesterfield counties, South
Carolina. Alderman (2002) reported two
populations from tributaries to the
Savannah River in the Abbeville District
of South Carolina and one in the Catawba
River Basin (Table 3).
Description: The Carolina Heelsplitter
can reach a length of 118 mm, with a
height of 68 mm and a width of 39 mm.
Based on some specimens collected by
Keferl and Shelley (1988) from three
different streams and rivers, the mean
length is 78 mm, the mean height is 43
mm and the mean width is 27 mm. The
shell is an ovate trapezoid. The dorsal
margin is straight and may end with a
slight wing. The umbo is flattened. The
beaks are depressed and project a little

above the hinge line. The beak sculpture
is double looped.. The unsculptured shell
can have a yellowish, greenish, or
brownish periostracum. The Carolina
Heelsplitter can have greenish or blackish
rays. The lateral teeth may or may not be
well developed, in most cases they are
thin. The pseudocardinal teeth are
lamellar and parallel to the dorsal margin,
and there is a slight interdentum. The
nacre varies from an iridescent white to a
mottled pale orange (Adams et al., 1990).
Life History: Historically the Carolina
Heelsplitter was collected in creeks,
streams, a river, and ponds. The ponds
were probably millponds. Keferl and
Shelley (1988) found L. decorata living
in two small streams and a small river.
All specimens found were in shaded
areas, either in a ponded portion of a
small stream, or in runs along steep banks
with a moderate current. All specimens
were found in less than three feet of water
during low waters of summer and fall.
The substrates included soft mud, sand,
muddy-sand, and sandy-gravel. Almost
nothing is known about the life history
and ecology of Lasmigona decorata.
Living specimens of L. deCorata have
been collected in late June, August, and
late October. Alderman (unpubl data)
has documented one gravid female seen
during October 1996. The fishhost(s) has
not been determined (Adams et al.,
1990).
Status: Williams et al. (1993:13) listed
as Endangered. This species is federally
and state listed as Endangered. The U.S.
Fish and Wildlife Service (1997) has
developed a recovery plan for this
species. The U.S. Fish and Wildlife
Service (2002) has designated critical
habitat for the Carolina Heelsplitter.
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Leptodea ochracea (Say, 1817)
Tidewater Mucket
Plate 4, Figure 19
Synonymy:
Unio ochraceus Say, 1817; Say, 1817: no
pagination, pl. 2, fig. 8
Comment: The generic placement of Unio ochraceus
Say, 1817 is unsettled (see Bereza and Fuller, 1975;
Morrison, 1976; Porter and Horni, 1980; Kat, 1983,
Adams et al. 1990). Stiven and Alderman (1992)
presented an analysis of some populations of
Lampsilis and used Elliptio complanata as the
outgroup. In this study, Leptodea ochracea fell
outside of the Lampsilis and Elliptio clades,
suggesting L. ochracea does not belong in the genus
Lampsil's. Smith (2000) has proposed moving this
species to the genus Ligumia based on anatomical and
larval characters. We (Bogan, unpubl.) have noted
major anatomical differences in anal position and
characters between Ligumia recta (type species of
Ligumia) and Ligumia nasuta, which raise the
question of the monophyly of Ligumia. These data
coupled with the observation of Davis and Fuller
(1981) that L. recta and L nasuta are not closely
related based on their immunological analyses, leads
us to retain L. ochracea in its recent placement in
Leptodea until DNA tests provide a clearer indication
of L. ochracea's generic placement.
Type Locality: Delaware and Schuylkill
Rivers. Johnson (1947) restricted the
type locality to the Schuylkill River,
near Philadelphia, Pennsylvania.
General Distribution: Atlantic Coast
rivers from Cape Breton, Nova Scotia,
Canada south to the Savannah River,
Georgia (Johnson, 1970).
South Carolina Distribution: The
Tidewater Mucket is known from the
Waccamaw and Savannah river basins
(Adams et al., 1990; Table 3).
Description: Shells of the Tidewater
Mucket are usually relatively small,
length at times nearly 100 mm, elliptical
to ovate in outline with a thin to
subsolid, strong, subinflated shell.
Anterior margin rounded, ventral margin
evenly rounded, posterior margin evenly
rounded. Male shells are more elliptical
with the posterior margin somewhat
pointed. Female shells are more ovate
and the posterior margin is truncated.
Posterior ridge is well developed ending

in a blunt point about half way up from
the base on the posterior margin. Beaks
are moderately swollen and raised above
the hingeline, beak sculpture consists of
a few straight, strong ridges with the
later ridges becoming weakly double-
looped. Periostracum is slightly shiny to
mat.
Left valve with two small compressed
pseudocardinal teeth located in front of
the beaks, two thin, distant lateral teeth.
Right valve has two triangular
compressed pseudocardinal teeth, and a
single thin lateral tooth. The
interdentum is virtually nonexistent in
this species. The hingeline is narrow
and rounded in the middle. The beak
cavity is open and moderately deep.
Periostracum is dull, not a bright yellow
but grayish, greenish, or brownish olive
and the rays have a different character.
The rays are sometimes absent but when
present are indistinct and blackish and
grayish or greenish, rather fine and are
found across, the shell or most of the
shell. The rays become obscure on the
posterior slope. Nacre is white to
reddish pink.
Life History and Ecology: The'
Tidewater Mucket is gravid in the
autumn and releases glochidia in the
spring (Ortniann, 1919). Ortmann
(1919) reported L. ochracea as occurring
in estuaries, ponds, and canals with
muddy bottoms. Hostfish unknown. At
least one of the hostfish species is
probably an anadromus species in light
of the Tidewater Mucket's tidewater
distribution.
Status: Special Concern (Williams et
al., 1993:13). This species is proposed
as State Threatened in South Carolina
(Table 4).
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Ligumia nasuta (Say, 1817)
Eastern Pondmussel
Plate 4, Figure 20
Synonymy:
Unio nasuta Say, 1817; Say, 1817: no
pagination, pl. 4 fig. I
Type Locality: Delaware and Schuylkill
[rivers near Philadelphia, Philadelphia
Co. Pennsylvania]
General Distribution: The Eastern
Pondmussel occurs from the Savannah
River Basin, South Carolina, north to the
St. Lawrence River Basin, westward
through the Mohawk River and Erie
Canal and west to Lake Erie in
Pennsylvania, Ohio and Michigan
(Johnson, 1970).
South Carolina Distribution: The
Eastern Pondmussel is known
historically from the Savannah River
Basin and from the Pee Dee, and
Cooper-Santee River basins (Johnson,
1970; Table 3). An extant population in
the Savannah River Basin of Georgia has
been documented (Alderman, unpubl.
data).
Description: Shell shape elongated,
subelliptical, thin to subsolid and is more
or less compressed, shell length 102 mm.
Anterior margin rounded, ventral margin
broadly curved, posterior margin is
rounded and drawn out into a posterior
angle or blunt point near the midline of
the shell. Sexual dimorphism in the
shells is well marked. The posterior
margin of the male shell tapers evenly to
a blunt point, while the ventral margin
has a uniform curve. The female shell
has the ventral margin expanded in the
postbasal region, becoming a broad
rounded projection, behind which the
ventral margin turns upward abruptly.
Posterior ridge well developed, distinct
and angled near the beak, becoming
rounded posteriorly. Posterior slope is
slightly concave near the beaks,

becoming flatter near the posterior 0
margin of the shell. Beaks are low,
hardly raised above the hinge line and
located in the anterior quarter of the
shell, beak sculpture consists of 5 -7 fine
bars, subconcentric becoming double
looped. Periostracum is subshiny with
irregular growth lines and sometimes
marked by a few nearly vertical ribs
below the posterior ridge.
Left valve has one or two compressed,
subtriangular, pseudocardinal teeth, two
delicate, long lateral teeth. Right valve
has one, sometimes two compressed
pseudocardinal teeth and a long lamellar
lateral tooth. The interdentum is lacking
and the beak cavity is shallow.
Periostracum is dark olive green to
brownish and often with faint dark
green, straight and narrow rays present,
especially in juvenile specimens. The
rays may be completely absent. Nacre is
bluish white, some with salmon in the
beak area, iridescent posteriorly.
Life History and Ecology: The Eastern
Pondmussel was reported gravid from
mid-September through early July,
discharging glochidia in June and July
(Ortmann, 1919:272). Ortmann
(19 19:274-275) reported this species
from fine sand substrates, in deep water
with a mud and vegetable debris, at the
edge of a riffle in gravel. He reported it
from Lake Erie at Presque Isle Bay
living in sandy,, gravelly, and muddy
substrates in one to 15 feet of water and
occurring in the beach-pools of Presque
Isle in sandy and sand/mud substrates.
Hostfish are unknown, but its close
relative Ligumia subrostrata has been
documented as using several centrarchid
species as hostfish (Watters, 1994).
Status: Special Concern (Williams et
al., 1993:13). This species is proposed
as State Endangered in South Carolina.
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Pyganodon cataracta (Say, 1817)
Eastern Floater
Plate 4, Figure 21
Synonymy:
Anodonta cataracta Say, 1817; Say, 1817: no
pagination, pl. 3, fig. 4
Type Locality: Deep part of milldam,
Johnson (1970) restricted the locality to:
deep part of milldam [presumably near
Philadelphia, Philadelphia Co.
Pennsylvania].
General Distribution: The Eastern
Floater extends from the Alabama-Coosa
River drainage, the Coctawhatchee and
upper Apalachicola River basins, and on
the Atlantic slope from the Altamaha
River Basin of Georgia north to the
lower St. Lawrence River Basin,
possibly extending west to Michigan
(Johnson, 1970).
South Carolina Distribution: This is a
wide-ranging species and is found in
South Carolina from the Savannah,
Cooper-Santee, Pee Dee, and
Waccamaw River basins (Johnson,
1970; Table 3).
Description: Shell shape is ovate,
subelliptical and elongate, shells of
juveniles not much inflated but much
more inflated in adult shells, shells are
uniformly thin, often with a low post
dorsal wing, shell length 135 mm.
Anterior margin evenly rounded, ventral
margin is broadly rounded and the
posterior margin comes to a tapered
point about in the midline. Posterior
ridge is moderately developed, often
with an indication of being biangulate.
Ortmann (1919) observed that the
female shells of this species may exhibit
swelling of the valves posterior to the
middle, however, not all females exhibit
this character. Beaks are usually full and
elevated above the hingeline, beak
sculpture consists of 5-7 double-looped
ridges without the nodulous point on the

loops as found in Pyganodon grandis.
Periostracum is usually smooth.
The Eastern Floater has no hinge teeth or
any indication of swellings in this area.
The beak cavity is open and relatively
shallow. Periostracum is light to dark
green, rarely becoming brownish or
black, often quite brightly colored, with
concentric light and dark bands and with
dark green rays most distinct on the disc
of the shell, broad green rays on the
posterior slope are often well developed,
giving the area a much darker color.
Nacre is bluish-white.
Life History and Ecology: Ortmann
(1919:155) discussed the variability of
shell thickness and shape in Pyganodon
cataracta and recognized thee
generalized shell forms: "the pond-forms
being generally thinner, while the creek-
forms are thicker... A. cataracta is also
quite variable in the convexity of the
valves; and the inflation, if present, is
restricted to the disk, and does not
extend to the umbos." He (Ortmann,
1919:155) remarked "The various forms
of A. cataracta ... are all connected by
intergrades, and they seem to be special
reactions to special environmental
conditions, although we are not in all
cases sure what are the essential features
of the environment, which are active."
Ortmann (1919:158) reported the
ecology of the various shell forms of the
Eastern Floater as: the pond-form in
small ponds with muddy bottoms, the
creek-form in small rivers and creeks
with gravel substrates, in good current,
including riffles or in quiet pools in
gravel, sand or mud, the short high form
is found in the bigger rivers on muddy
substrates. Ortmann (1919) reported the
Eastern Floater as gravid from early
August through late April, with
glochidia being discharged in April and
no charged females reported for May.
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The Common Carp (Cyprinus carpio),
Bluegill (Lepomis macrochirus),
Pumpkinseed (Lepomis gibbosus),
Threespine Stickleback (Gasterosteus
aculeatus), White Sucker (Catostomus
commersoni), and Yellow Perch (Perca
flavescens) have been listed as potential
hostfish for the glochidia of this species
(Watters, 1994; Gray et al., 1999).
Status: Currently Stable (Williams et
al., 1993:14). This species is considered
Currently Stable.
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Strophitus undulatus (Say, 1817)
Creeper [formerly the squawfoot]
Plate 4, Figure 22
Synonymy:
Anodonta undulata Say, 1817; Say, 1817-pl. 3,
fig. 5
Type Locality: None given for
Anodonta undulata Say, 1817. Johnson
(1970:367) restricted the type locality to
Schuylkill River, near Philadelphia,
Philadelphia Co. Pennsylvania. For
Alasmodonta edentula Say, 1829:
Wabash River, Indiana.
General Distribution: Canadian
Interior Basin in the Red River-Nelson
River system from western Ontario to
eastern Saskatchewan, and throughout
the Great Lakes-St. Lawrence northern
drainage system (Clarke, 1981 a). Entire
Mississippi River drainage from
Minnesota to central Texas,
Pennsylvania to Tennessee; Atlantic
coastal drainage from Nova Scotia to the
upper Savannah River system of South
Carolina (Johnson, 1970).
South Carolina Distribution: The
Creeper is widely distributed in the
Atlantic slope drainages including the
Savannah, Cooper-Santee, and Pee Dee,
River basins (Johnson, 1970; Table 3).
Description: The shell is elliptical,
somewhat rhomboid, solid, compressed,
and thin when young, moderately
inflated and thick in mature and old
individuals. Theanterior end is rounded,
and the posterior end is bluntly pointed
and often obliquely truncated. The
posterior ridge is broadly rounded and
either compressed or quite pronounced
(especially in old shells). Shell length is
usually less than 110 mm. Beaks are
depressed, only slightly elevated above
the hinge line; sculpture consisting of 3-
4 heavy concentric bars, somewhat
oblique to the hinge line, rounded
anteriorly, and angled posteriorly.

:The pseudocardinal tooth in the left
valve is represented by an elongated,
low thickening of the hinge line below
the beak;, the pseudocardinal tooth in the
right valve appears asa low, thick
swelling anterior to the beak. Lateral
teeth are absent or suggested by a
thickened hinge line. The beak cavity is
shallow. The. periostracum is yellowish
or greenish, marked by greenish; oftenwavy rays;, old shells are dark brown or
black and usually rayless. The nacre is
white or bluish white and iridescent
around the margins, the center, and
occasionally along the pallial line where'
it may also be cream-colored or salmon
(Parmalee and Bogan, 1998).
Life History and Ecology: Strophitus
undulatus appears adaptable to a variety
of aquatic habitats, from the
high-gradient small streams to the main
channel-of the upper Allegheny River in
finer sediments to large gravel, usually
deeply buried.,It typically inhabits
depths of no more than three or four feet.
This species appears to spend the
summer and fall buried beneath the
surface and is found up on the surface of
the substrate during the coldest parts of
the year along with Alasmidonta
undulata, Alasmidonta varicosa (AEB
Pers. Obs. and W. Lellis, Pers'. Comm.
January, 1995). It has been shown
experimentally that the' glochidia of this
species may develop on the fins and skin
of the Largemouth Bass (Micropterus
salmoides) and the Creek Chub
(Semotilus atromaculatus) (Baker,
1928), and that the Rio Grande Killifish
(Fundulus zebrinus) and Green Sunfish
(Lepomis cyanellus) may serve as
natural hosts for the glochidia of this
mussel (Fuller, 1978). In addition, Hove
(1995) has identified seven fish as
definite hosts for the glochidia of the
Creeper: Spotfin Shiner (Cyprinella
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spiloptera), Fathead Minnow
(Pimephales promelas), Yellow
Bullhead (Ameiurus natalis), Black
Bullhead (Ameiurus melas), Bluegill
(Lepomis macrochirus), Largemouth
Bass (Micropterus salhmoides), and
Walleye (Stizostedion vitreum). The
Common Shiner (Luxilus cornutus),
Fallfish (Semotilus corporalis), Golden
Shiner (Notemigonus crysolucas),.
Longnose dace (Rhinichthys cataractae),
Slimy Sculpin (Cottus cognatus), and
Yellow Perch (Percaflavescens).have
been added recently as potential hosts
for the Northeastern United States
populations of the Creeper (Wicklow
and Beisheim, 1998; Watters et al.,
1999; Gray et al., 1999). Wicklow and
Beisheim (1998) reported the larvae of
the Northern Two-Lined Salamander
(Eurycea bislineata) served as potential
hosts for the glochidia of the Creeper.
However, the Creeper is one of the few
freshwater mussels able to complete its
life cycle without a fishhost; the
glochidia undergo a complete
development in the female before being
expelled (Lefevre and Curtis, 1910).
Having direct development of the
glochidia, resulting in the elimination of
the parasitic stage- on fish, is probably a
primary factor in the species' wide
distribution and local abundance. It is
bradytictic, the reproductive period
extending from July to April and May
(Baker, 1928). Ortmann (1919) noted
that the interim between breeding
seasons occurs in Pennsylvania from the
end of May to early July.
Status: Currently Stable (Williams et
al., 1993:14). This species is proposed
as State Endangered in South Carolina as
it appears to be declining throughout its
range (Table 4).
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Toxolasmapullus (Conrad, 1838)
Savannah Lilliput
Plate 4, Figure 23
Synonymy:
Uniopullus Conrad, 1838; COnrad, 1838:100, pl. 55, fig.
2
Carunculinapatrickae Bates, 1966; Bates, 1966:1-9
Type Locality: Wateree River, South
Carolina (Johnson, 1970).
General Distribution: The range of the
Savannah Lilliput is from the Altamaha
River Basin in Georgia to the Neuse
River Basin in North Carolina (Johnson,
1970).
South Carolina Distribution: This
species is, known from the Savannah,
Cooper-Santee, and Pee River basins
(Johnson, 1970; Table 3).
Description: Toxolasmapullus has a
small, oval or elliptical shell., A large
specimen would be 30 to 35 mm long,
with a height of 19-20 mm and a width of
15-16 mm. The shell is somewhat
inflated. The shells are sexually
dimorphic. The females have a broader
more truncated posterior end, whereas the
males have a narrower rounded posterior
end and a point below the median line.
The ventral margin is curved in males
and straight in females. The posterior
ridge is double, sometimesbroadly
rounded, but usually angular. The umbos
are prominent. The periostracum is
satiny and coarse because of the
numerous closely spaced growth lines.
The periostracum is most frequently
blackish. Johnson (1970) reports that the
periostracum is sometimes brownish,
greenish or olivish and with obscure very
fine green rays. The left valve has two
triangular pseudocardinal teeth. The right
valve has a fairly large triangular tooth.
The nacre is bluish white with a pink to
purplish iridescence at the posterior end
(Adams et al., 1990).
Life History and Ecology: The
Savannah Lilliput lives in still shallow

water near the banks of streams- and,
ponds in mud or sand (Johnson, 1970). "I
have always found the- Savannah Lilliput
near the shore in less than 6. inches of
water usually in a sandy or silty sand
substrate. They seem to exist in small
colonies. They are easiest to find when
the water is low and still dropping..
Nothing is known about the life. history of
the. Savannah Lilliput." (Adams et al.,
1990).
Status: Williams et al. (1993:14) listed as
Threatened. This species is proposed as
StateEndangered in South Carolina
(Table 4). This species may be extirpated
from Lake Waccamaw (J. Alderman,
Pers. Comm. July 2002).
Remarks: Bates (1966) described
Carunculinapatrickae from the
Savannah River. This taxon is
characterized by very heavy beak
sculpture extending well down onto the
disk of the shell. It is now considered a
synonym of T. pullus.
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Uniomerus carolinianus
(Bosc, 1801)
Florida Pondhorn
Plate 4 Figure 24
Synonymy:
Unio caroliniana Bosc, 1801; Bosc, 1801:142,
pl. 23, fig. 2
TypeLocality: "en Caroline", the
Carolinas.
General Distribution: The Florida
Pondhom ranges along the South
Atlantic Slope from the Ocmulgee River,
Georgia north to the Chowan River
Basin of Virginia (Johnson, 1970).
South Carolina Distribution: This
species is found in all river basins from
the Savannah north to the Pee Dee and
Waccamaw River basins in South
Carolina (Johnson, 1970; Table 3).
Description: "Shell medium to large
reaching 114 mm in length. Outline
rhomboid or long rhomboid., Valves
subinflated or inflated, subsolid.
Anterior end regularly rounded or
slightly truncated, posterior end usually
somewhat produced. Ventral margin
slight incurved. Dorsal margin slightly
curved, generally forming a sharp angle
with the almost straight posterior
margin. Hinge ligament long and
narrow, located posteriorly of the
umbos. Posterior ridge rounded, ending
in a point or feeble biangulation at the
base of the shell, sometimes rendering
older specimens a bit arcuate. Posterior
slope often with two radial sulci. Umbos
low to slightly elevated, located in the
anterior quarter of the shell, their
sculpture consisting of five or six heavy
ridges that form a rounded angle on the
posterior ridge, in front of which they
tend to be corrugated. Periostracum
generally black and slightly roughened,
but with a satiny sheen over most of the
surface. Sometimes the surface is
smooth and shiny, especially in the

umbonal area, and may then be
brownish-yellow or yellowish mixed
with green, not rayed.
Left valve with two ragged subequal
pseudocardinal often with a vestigial,
tooth above it; one lateral tooth. Beak
cavities compressed, but with several
scars deep, posterior ones faint. Pallial
line distinct. Nacre is white, bluish
white or pinkish to lurid purple."
(Johnson, 1970:341).
Life History: Johnson (1970) reported
Uniomerus living in smaller streams and
ponds on buddy bottoms. The hostfish
for this species is unknown.
Status: Williams et al. (1993:14) listed
as Currently Stable.
Remarks: See remarks under Elliptio
roanokensis relating to the incurrent
papillae and. distinguishing this species.
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Utterbackia imbecillis (Say, 1829)
Paper Pondshell
Plate 5, Figure 25
Synonymy:
Anodonta imbecillis Say, 1829; Say, 1829:355
Type Locality: Wabash River.
General Distribution: The Paper
Pondshell is found throughout the
Mississippi River and Great Lakes
drainages, from southern Michigan south
to Georgia and northern Florida (Clench
and Turner, 1956), west to Kansas,
Oklahoma, and Texas, and southwest to
extreme northeastern Mexico. It also
occurs sporadically along the Atlantic
Coast as far-north as Eastern
Pennsylvania (Fuller and Hartenstine,
1960).
South Carolina Distribution: The
Paper Pondshell occurs throughout
South Carolina and has been reported
from the Savannah, Edisto, and Cooper-
Santee River basins (Johnson, 1970;
Hoeh, 1991; Table 3).
Description: The shell is thin, oblong,
and inflated. Juveniles, however, are
greatly compressed. In especially
favorable habitat, individuals may
exceed 100 mm in length and become
extremely inflated, almost circular in
cross section at the beaks. The posterior
ridge is moderately angled; the dorsal
and ventral margins are nearly straight
and parallel. The anterior end is
rounded; the posterior end is rather
pointed. Beaks are flattened and usually
flush with the hinge line; sculpture
consists of 5-6 fine, irregular, often
broken, somewhat concentric ridges,
which are somewhat wavy, forming
indistinct double loops. Rest periods are
usually marked by distinct concentric
ridges, edged with black. Both valves
are edentulous; the hinge line is only
very slightly thickened. The
periostracum is yellowish or greenish

with numerous fine green rays. The
nacre is bluish white or silvery, and the
outside margins and posterior end are
iridescent; the shallow beak cavities are
often cream or light yellowish brown
(Parmalee and Bogan, 1998).
Life History and Ecology: Utterbackia
imbecillis is found in backwaters, ponds
and impoundments and thrives in a mud
and fine sand substrate. Once it
becomes established in a farm pond,
borrow pit, or drainage canal, the Pond
Mussel may become quite numerous.
The species is probably bradytictic;
Ortmann (1909) suggested that it is an
autumn breeder in Pennsylvania, noting
gravid individuals in May and June.
According to Sterki (1898), this species
is hermaphroditic, and Baker (1928)
indicated that the parasitic
developmental stage of glochidia on fish
is often omitted. However, Tucker
(1927) listed the Green Sunfish
(Lepomis cyanellus) as a host for the
Paper Pondshell, and Fuller (1978)
reported the Creek Chub (Semotilus
atromaculatus) as another. Stem and
Felder (1978) also recorded the Western
Mosquitofish (Gambusia affinis),
Warmouth (Lepomis gulosus), Bluegill
(L. macrochirus), and Dollar Sunfish (L.
marginatus) as hostfish for the Paper
Pondshell in Louisiana. Watters (1994),
citing Trdan and Hoeh (1982) and
others, added the Banded Killifish
(Fundulus diaphanus), Largemouth Bass
(Micropterus salmoides), Pumpkinseed
(Lepomis gibbosus), Rockbass
(Ambloplites rupestris), and Yellow
Perch (Percaflavescens) to the list of
hostfish. Hove et al. (1995), based on
laboratory experiments, added the
Spotfin Shiner (Cyprinella spiloptera)
and Black Crappie (Pomoxis
nigromaculatus) to the list of fishes
parasitized by glochidia of the Paper
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Pondshell. Watters (1997) had identified
26 exotic fish species, the tadpoles of the
bullfrog and northern leopard frog, adult
African clawed frogs, and larval tiger
salamanders as surrogate hosts for the
glochidia of Utterbackia imbecillis
(Parmalee and Bogan, 1998).
Status: Currently Stable (Williams et
al., 1993:14). This species is considered
stable in South Carolina.
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Villosa constricta (Conrad, 1838)
Notched Rainbow
Plate 5, Figure 26
Synonymy:
Unio lienosus var. constrictus Conrad, 1838;
Conrad, 1838:91, pl.4 9, fig. 4
Type Locality: North River, Rockbridge
County, Virginia.
General Distribution: The Notched
Rainbow occurs from the Rappahannock
River Basin south to the Cooper-Santee
RiverBasin in South Carolina (H.
Athearn, Museum of Fluviatile
Mollusks, December,2003; Johnson,
1970; Table 3).
South Carolina Distribution: This
species is found in Pee Dee and Cooper-
Santee River basins in South Carolina
(Johnson, 1970; Table 3).
Description: "Shell rather small and
short, subelliptical, subsolid,
subcompressed; beaks not elevated, their
sculpture evenly doubly-looped ridges;
surface nearly smooth or marked with
irregular. concentric growth lines; rather
shining, yellowish-green, or bottle-
green, feebly rayed; hinge somewhat
solid; there are two pseudocardinals in
the left valve and one tooth often with a
faint second in the right; one straight
lateral in the right valve and two in the
left; anterior muscle scars separate,
somewhat impressed; posterior scars
faint; nacre bluish, sometimes purplish
in the center, slightly thicker in front.
The female shell is pointed behind a
little more than midway up form the
base, and between this point and the
small marsupial swelling the outline is
generally a little emarginated. The male
shell is often subrhomboid, the posterior
point being generally less than midway
up for the base." (Simpson, 1914:111).
Life History: The breeding season for
the Notched Rainbow begins in August
and ends in June. The glochidia are

subspatulate in outline. This species is
found in sand in rather good current
(Johnson, 1970). The hostfish for the
glochidia of this species is unknown.
Status: Williams et al. (1993:14) listed
as special concern. This species is
proposed as State Endangered in south
Carolina (Table 4).
Remarks: Separation of the various live
Villosas is often a difficult task while
conducting field surveys. However,
when females are available, careful
examination of the marsupial gill helps
with identifications. Being careful
means using your fingernails to carefully
and slowly pry open the valves just a
few millimeters to allow examination of
the outer rim of the marsupial part of the
outer demibranchs. As observed by J.
M. Alderman during the past 20 years,
V. vaughaniana usually has an ivory
band on the outer rim; V vibex usually
has a darkened, rectangular area at the
end of each.water tube separated from
the next pigmented area by unpigmented
tissues; and usually V constricta and V
delumbis both have black bands. At this
point, separation of live V. constricta
females from live V. delumbis females is
usually accomplished by examination of
periostracum color and ray
characteristics (see shell description
section in each species' account).
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Villosa delumbis (Conrad, 1834)
Eastern Creekshell
Plate 5, Figure 27
Synonymy:
Unio delumbis Conrad, 1834; Conrad, 1834: 35,
pl. 5, fig. 3
Type Locality: Small streams near
Cooper River, South Carolina.
General Distribution: The Eastern
Rainbow is found from the Ocmulgee
River drainage of the Altamaha River
Basin in Georgia north to the Cape Fear
River Basin of North Carolina (Johnson,
1970; Table 3). The record from the
Neuse is probably a new species of
Lampsilis (JI Alderman, Pers. Comm.
July 2002).
South Carolina Distribution: This
species' range in South Carolina
includes the Savannah, Salkehatchee-
Cumbahee, Edisto, Cooper-Santee, Pee
Dee, and Waccamaw River basins
(Johnson, 1970; Table 3).
Description: "Shell long ovate, very
thin and fragile, ventricose; ligament
margin slightly elevated; anterior side
rather narrow; posterior margin rounded;
beaks only moderately full; margin of
the ligament slope rounded, very
oblique; within bluish, highly iridescent;
cardinal teeth lamellar; cavity
capacious." (Simpson, 1914:52). The
female shell is very enlarged on the
posterior end while the male is oval in
shell outline. The periostracum is
yellow marked by numerous green rays,
interrupted by the prominent growth
lines.
Life History: Johnson (1970) reported
this species living in mud or soft sand,
rich in vegetation, in small creeks and
rivers. The hostfish for the glochidia of
this species is unknown.
Status: Williams et al. (1993:14) listed
as currently stable. This species is

proposed as State Special Concern in
South Carolina (Table 4).
Remarks: See the remarks under Villosa
constricta for notes on distinguishing the
gravid female Villosa species.
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Villosa vaughaniana (Lea, 1838)
Carolina Creekshell
Plate 5, Figure 28
Synonymy:
Unio vaughanianus Lea, 1838; Lea, 1838:5,pl. 3,
fig. 5
Type Locality: Sawney's Creek, near
Camden (Kershaw County), South
Carolina.
General Distribution: .The only
published record found for the Carolina
Creekshell is Sawney's Creek (Catawba
River system), near Camden, South
Carolina, its type locality. It is known
from creeks in the Pee Dee River Basin in
North Carolina (Adams et al., 1990).
South Carolina Distribution: The
Carolina Creekshell has been collected
from creeks in the Cooper-Santee River
Basin in North Carolina and the Pee Dee
River Basin (Adams et al., 1990; J.
Alderman, Pers. Comm. July 2002; Table
3).
Description: With the exception of the
original description by Lea in 1838, the
only other description found for V.
vaughaniana was in Simpson (1914).
The description in Simpson (1914) is
accurate, but it was based on two female
specimens. The following description of
the Carolina Creekshell is based upon
twenty specimens (male and female)
from Densons Creek, Montgomery
County, North Carolina.
The somewhat inflated shell is elliptical
in the male and obovate in the female.
The largest male was 60 mm long, 33
mm high and 22 mm wide. The largest
female was 54 mm long, 30 mm high,
and 20 mm wide. The anterior margin of
both sexes is rounded. The posterior end
is pointed about 2/3 of the way from the
ventral margin. In the male, the posterior
margin below the point is a gradual curve
and above the point it is straight in older
males, but a gradual curve that blends

with the dorsal margin in younger
individuals. In the female, there is a
distinct posterior basal swelling. There
can also be a slight constriction between
the basal swelling and the posterior point.
The ventral margin in males is generally
a gentle curve, but in females, itis
usually straight. The beaks extend a little
above the dorsal margin. The shell is
moderately shiny with strong irregular
growth lines. The periostracum is a
greenish yellow to a dark brownish
yellow with numerous, continuous dark
green rays covering most of the shell.
The overall appearance of the shell can
sometimes be a uniform dark brown, but
actual color is a dark brownish yellow
with numerous dark green rays.
The left valve has two moderately large,
triangular, serrated pseudocardinal teeth.
The anterior tooth is more pointed and
directed slightly towards the anterior
end. When the left valve is viewed from
the dorsal side both pseudocardinal teeth
protrude noticeably. The right valve
also has two pseudocardinal teeth. The
larger posterior tooth is either like a
thick blade or is pointed; it is also
usually parallel to the dorsal margin.
There are two well-developed lateral
teeth in the left valve and one in the right
valve. The nacre is shiny, iridescent
white or bluish white, frequently with a
pale salmon shade deepening toward the
ventral margin. Some specimens do not
show any salmon shading (Adams et al.,
1990).
Life History: Most of the Carolina
Creekshells Alderman collected were
found near the bank in the shaded pools
of small streams. They were usually in
muddy or silty gravel and in shallow
water. Gravid females were found on
August 23, 24, and 26, 1987 in Second,
Goose, and Lick creeks of the Pee Dee
River system. In the streams examined
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) this species was not usually associated
with V. constricta, which was usually
found in shallow running water (Adams
et al., 1990).
Status: Williams et al. (1993:14) listed
as Special Concern. This species is
proposed as State Endangered in South
Carolina (Table 4).
Remarks: See the remarks under Villosa
constricta for notes on distinguishing the
gravid female Villosa species.
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Villosa vibex (Conrad, 1834)
Southern Rainbow
Plate 5, Figure 29
Synonymy:
Unio vibex Conrad, 1834; Conrad, 1834:31, pl.
4, fig. 3
Type Locality: Black Warrior River,
south of Blount's Springs [Blount
County], Alabama.
General Distribution: Gulf Coast
drainages from the Pearl River,
Mississippi, east across peninsular
Florida, north to the Savannah River
Basin and up the South Atlantic Coast to
the Cape Fear River Basin of North
Carolina (Johnson, 1970).
South Carolina Distribution: The
Southern Rainbow is found from the
Savannah, Salkehatchee-Cumbahee,
Edisto, Cooper-Santee, and Pee Dee
River basins (Johnson, 1970; Table 3).
Description: Shells vary from thin to
subsolid, being elliptical to elongate
obovate in outline. The anterior and
posterior margins are evenly rounded,
and the ventral margin is straight to
slightly curved in males and often
arcuate in females. The dorsal margin is
straight. The shell varies from slightly
compressed to inflated. Male shells are
often subrhomboid with a bluntly
pointed posterior margin, while female
shells are slightly inflated with a broadly
rounded posterior margin. The posterior
ridge is broadly rounded. Beaks are only
moderately inflated and slightly elevated
above the hinge line; sculpture consists
of a few double-looped ridges. The shell
length of adults averages about 60 mm
but may reach 100 mm.
The left valve has two slightly
compressed pseudocardinal teeth, the
anterior tooth being longer and higher;
the two lateral teeth are rather short and
delicate. The right valve has a single
pseudocardinal tooth, sometimes with a

dorsal vestigial tooth and a single short
lateral tooth. The beak cavity is fairly
shallow and open. Adductor muscle
scars are shallow, not impressed; the
pallial line is lightly impressed. The
periostracum is smooth and shiny, but
interrupted by irregular growth lines.
Color varies from a greenish yellow to
olive brown, the surface covered with
rather broad, unbroken to slightly wavy
dark green rays over the entire surface.
Some individuals have the rays restricted
to the posterior area or are occasionally
rayless. The nacre color is a bluish
white, often becoming iridescent
posteriorly (Parmalee and Bogan, 1998).
Life History and Ecology: Johnson
(1972:238) reported that Villosa vibex
"[1]ives in small rivers, creeks, and
lakes, in mud or soft sand, particularly
where rich in vegetable detritus." In the
Conasauga River in Tennessee, the
Southern Rainbow occurs at depths of
less than three feet, usually in stretches
with moderate current. Haag et al.
(1997) have shown through laboratory
fishhost identification experiments that
the Redeye Bass (Micropterus coosae),
Spotted Bass (M. punctulatus), and
Largemouth Bass (M. salmoides) may
serve as hosts for the glochidia of this
mussel. No information on the breeding
season for this species was encountered,
but it is assumed to be bradytictic,
holding glochidia from September to
May, as is the case in other members of
the genus Villosa (Parmalee and Bogan,
1998).
Status: Currently Stable (Williams et
al., 1993:15). This species is proposed
as State Endangered in South Carolina
(Table 4)
Remarks: See the remarks under Villosa
constricta for notes on distinguishing the
gravid female Villosa species.
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GLOSSARY OF BIVALVE TERMS

Alate - with an extension or wing on the dorsal edge of the shell.
Angular (subangulate) - having either the anterior or posterior margins forming a

relatively acute (sharp) angle.
Anterior - front or forward.
Apophysis - a small pointed shell projection located under the posterior edge of the

anterior adductor muscle plate, for the attachment of a muscle. Found in
Mytilopsis but lacking in Dreissena.

Arcuate - bent in a bow or arched.
Beak - the raised portion of the dorsal margin of a shell; formed by the embryonic shell

around which the rest of the shell develops distally in a concentric manner.
Beak cavity - the cavity on the inside of each valve leading into the beak, under the

interdentum.
Beak sculpture - raised ridges or undulations on the umbo.
Biangulate - having two angles.
Bradytictic - mussels which are long-term breeders; females retain glochidia in their gills

typically over the winter.
Byssus, byssal threads - a bundle of tough threads secreted by the byssal gland in the foot

of a bivalve, used to anchor the bivalve to some hard substrate.
Cardinal teeth - teeth located between the lateral teeth in Corbiculidae and Sphaeriidae.
Chevron - shaped like a wide-angled V.
Clinal variation - the graded variation in morphology exhibited by a species in mollusks

from headwater areas to the mouth of the highest order stream.
Compressed (subcompressed) - flattened out or pressed together.
Concentric - having a common center, such as ridges or loops radiating from the beak of

a mussel valve.
Conspecific - pertaining to individuals or populations of the same species.
Corrugated - marked by wrinkles or ridges and grooves.
Crescentic - shaped like the figure of the crescent moon with a convex and a concave

edge.
Decorticate - to remove the outer covering, in mollusks the epidermis.
Disc - the middle or central portion of the exterior of a valve; distinct from the posterior

slope or other areas immediately adjacent to the margin of the valve.
Discoidal - round and flat like a disc.
Dorsal - the top or back; in mussels, the hinge area.
Edentulous - lacking both pseudocardinal and lateral teeth.
Effuse - spread out broadly.
Elliptical (subelliptical) - elongated, having the form of an ellipse.
Elongate - long or extended.
Emarginate - having a shallow notching at the margin.
Endangered - this status at the state level includes peripheral forms which may be

common in another part of its range, but whose continued existence within the
political boundaries of the state is in danger of extirpation. At the national level,
this status means the organism is in danger of extinction, and included on or being
considered for the U.S. List of Endangered Fauna and Endangered and
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Threatened Plant Species of the'United States, under the Endangered Species Act
of 1973 (Cooper et al•, 1973:x).,

Epidermis - exterior or outside (corneous) layer of the shell.
Extinct - a species which has no living~representatives; all individuals are no longer

extant.
Extirpated - the extinction of a-species within a portion of its range.
Form - an animal with questionable taxonomic status; that is, one exhibiting variation but

the extent or degree is not well enough known to determine whether, it is a.
species, subspecies or simply individual or population variation.

Fusiform - tapering toward each end.
Gills - a thin plate-like paired structure within the mantle cavity, which serves as a

respiratory organ in aquatic mollusks and in female unionids all of the gills or
certain portions of the gills serve as the marsupium.

Globose - globe-like, spherical.
Glochidium (plural - glochidia) - the bivalve larvae of unionids which are generally

parasitic on the gills of fish.
Gravid female - a female that has embryos in the marsupium,
Growth lines - compact lines of temporarily arrested growth or rest periods appearing on

the epidermis of the shell as a raised or darker concentric line.
Hinge ligament - an elastic, elongate, corneous structure that unites the two valves

.dorsally along the hinge plate.
Holotype - single specimen designated as the ".type" by the author in the publication of a

new species level taxon.
Inequilateral - in a bivalve, having the two ends unequal, i.e.ý one endis wider or thicker

than the other.
Inflated (subinflated) - moderately to greatly inflated.
Interdentum - a flattened area of the hinge plate between the pseudocardinal and lateral

teeth.
Iridescent - showing colors like those of a rainbow.
Lachrymose - term describing teardrop-shaped pustules.,
Lateral teeth - the elongated, raised and interlocking structures along the hinge line of the

valve.
Lectotype - one of a series of syntypes that, subsequent to the publication of an original

description.of a species level taxon, is selected (by publication) to serve as the
type specimen for that taxon.

Lunule - depressed area immediately anterior to the umbo.
Marsupial swelling - a section of the posterior ventral margin of the female unionid shell

which is enlarged or inflated to provide space for expansion of the marsupium
with the development of the glochidia.

Marsupium (marsupial pouch) - in unionids, a brood pouch for eggs and developing
glochidia, formed by a restricted portion of the outer gill, the complete outer gill
or all four gills.

Muscle scar - the area of attachment of a muscle to the inside of the shell; e.g., the
anterior adductor muscle scar is the location of attachment for the anterior
adductor muscle.

Nacre - the interior iridescent, thin layer of a mussel shell.
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Naiad - formerly a tribe of Mollusca nearly equivalent taxonomically to the family
Unionidae, often used as a synonym of unionid.

Nodule (subnodulous) - a small rounded mass of irregular shape.
Oblique - slanting; angled, but not horizontal or vertical.
Obovate - (subobovate) - ovate.
Orbicular (suborbiCular) - having the form of an orb; circular or nearly circular in outline.
Oval, Ovate (subovate) - egg-shaped, broadly elliptical.
Pallial line - an indented groove or line approximately parallel with the ventral margin of

a bivalve shell that marks the line of muscles attaching the mantle to the shell.
Paratype - each specimen of a type series other than the holotype designated in the

original publication of the taxon.
Periphery - the external boundary on a surface, edge.
Periostracum - see epidermis.
Plications - parallel ridges on the surface of the shell.
Posterior - hind or rear.
Posterior ridge - a ridge on the exterior of a mussel shell, extending ,from the umbo to the

posterior margin.
Posterior slope - the area across the dorsal portion of the valve extending from the umbo

to the posterior margin, often above the posterior ridge.
Pseudocardinal teeth - triangular-shaped hinge teeth near the anterior-dorsal margin of

the shell.
Pustule - small, raised structure on the external or outside surface of the shell (see also

tubercle).
Quadrate (subquadrate) - square, or nearly square in outline.
Radial furrow - a groove or depression; in naiads a groove running from the umbo area

toward the shell margin.
Radiating - proceeding outward from a central point.
Rare- seldom appearing, occurring widely separated in space; extremely few in number.
Rectangular - a shape with four sides possessing four right-angles.
Rest mark - see growth lines.
Rhomboid (subrhomboid) - having generally four distinct sides, 'two sides being longer

than the others.
Semicircular - a partial or incomplete circle.
Serrated - notched or grooved.
Sexual dimorphism - a condition in which males and females of the same species are

morphologically different, usually indicated by an expanded posterior marsupial
area in the female in contrast to a more pointed or bluntly rounded area in the
male.

Sinus - a character of some unionids that have a depression above or below the posterior
ridge.

Solid (subsolid) - shells that are thick and heavy.
Special Concern - This status covers cases where the organism exists in small populations

over a broad range, may be over exploited which may pose a threat, the organism
are especially vulnerable to specific pressures, or any other •reasons identified by
experienced researchers (Cooper et al., 1973:x).
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Species - group of interbreeding natural populations that are reproductively isolated from
all other such groups.

Striae - impressed or raised lines on a shell.
Striate - having striae.
Subspecies - a geographically defined aggregate of local populations within a species that

differ morphologically and/or physiologically from other aggregations of local
populations within that species.

Sulcus (plural - sulci) - a longitudinal furrow or depression.
Sympatric - pertaining to populations of two or more closely related species that occupy

identical or broadly overlapping geographical areas.
Syntype - one of a series of specimens of the same taxon that formed the material studied

by the original author to describe a new species level taxon, form which no type
specimen (holotype) was designated.

Tachytictic - mussels which are short-term breeders; i.e., glochidia are found in the gills
of the female only during the summer.

Taxon - any formal taxonomic unit or category of an organism; e.g., aspecies or genus.
Threatened - This status at the state level includes forms that are likely to become

Endangered in the foreseeable future if certain conditions are not met. This
includes forms that exhibit a considerable decrease in numbers beyond normal
populations fluctuations or a documented range contraction, but are not yet
considered Endangered. At the national level this applies to the Endangered
Species Act of 1973 (Cooper et al., 19731x).

Trapezoid (subtrapezoid) -,a shape having four distinct sides with two sides parallel.
Triangular (subtriangular) - a shape having three sides and three angles, like a triangle.
Truncate (subtruncate).- having the end squared off.
Tubercle (tuberculate) - small, raised, rounded knob on. the outside of the shell.
Tuberculate - having tubercles on the outside of the shell.
Type - a designated specimen or specimens of an organism that serves as the basis for the

original name and description of any species level taxon.
Umbo/umbone - the dorsally raised, inflated area of the bivalve shell.
Unionids - refers to any member of the freshwater bivalve mollusks that belong to the

superfamily Unionoidea.
Undulation - pattern with waves; raised ridges or bars.
Valve - the right or left half of a mussel (or unionid) shell.
Ventral - the underside or bottom.

The following volumes, in addition to Webster's Unabridged Dictionary, were used to compile the
definitions used in the glossary.

Burch, John B. 1962. How to know the eastern land snails, Pictured Key Nature Series, Win. C. Brown Company
Publishers, Dubuque, Iowa, 214 pp. 519 fig.
Burch, John B. 1975. Freshwater Unionacean Clams (Mollusca: Pelecypoda) of North America. Malacological
Publications, Hamburg, Michigan, 204 pp. 252 fig.
Leonard, A. Byron. 1954. Handbook'ofGastropods in Kansas. University of Kansas
Museum of Natural History.Miseellaneous Publication No. 20, pp. 1-224, 22 pl.'
Murray, Harold D. and A. Byron Leonard. 1962. Handbook of Unionid Mussels in Kansas; University of Kansas
Museum of Natural History Miscellaneous Publication No. 28, pp. 1-184, 45 p1. 42 fig.
Parmalee, Paul W. 1967. The Freshwater Mussels of Illinois. Illinois State Museum, Popular Science Series, Vol. 8,
pp 108, 35 pl. 4 fig.
Pennak, Robert W. 1964. Collegiate dictionary of zoology, The Ronald Press Company, New York. 583 pp.
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Websites for Freshwater Mollusks of North America

North Carolina Atlas of freshwater mussels and endangered fish
hltp://www.ncwildlife.org/pg07 WildlifeSpeciesCon/pg7b 1 .htm
Website with pictures and information on the status of the federal and state listed
freshwater bivalves of North Carolina. Constructed by John Alderman and Judith
Johnson, NC Wildlife Resources Commission

G. Thomas Watters Electric Elliptio Land
http://www.biosci.ohio-state.edu/-molluscs/OSUM2/elliptio land.htm
This is part of the website for the Ohio State University Museum of Zoology, Mollusk
Collection, this is the only website with a variety of pictures of some of the Elliptio.

Freshwater Mollusk Conservation Society
http://ellipse.inhs.uiuc.edu/fmcs/
Society formed for the conservation of freshwater mollusks with good links to other sites.

Illinois Natural History Mollusk Collection
http://www.inhs.uiuc.edu/cbd/collections/mollusk.html
This site has a lot of information on mollusk collections around the world, curators of
those collections, and links to the freshwater mollusk bibliography.
Compiled by Kevin Cummings and Chris Mayer.

Freshwater Mollusk Bibliography
http://ellipse.inhs.uiuc.edu:591/mollusk/biblio.html!
This website is a searchable database of over 10,000 articles, book chapters, theses,
dissertations and gray literature reports dealing with freshwater mollusks. Compiled by
Kevin Cummings, Arthur Bogan, G. Thomas Watters, and Chris Mayer.

USGS Florida Caribbean Science Center/ Non-indigenous species
http://cars.er.us-as. gov/Nonindigenous Species/nonindigenous species.html
This site has great pictures, distribution maps and information on the major aquatic
invasive species.

USGS zebra Mussel Information
http://nas.er.usgs.gov/zebra.mussel/
Good source of maps showing the invasion of North America by both the zebra and
quagga mussels.

Conchologists of America
http://coa.acnatsci.org/conchnet/
Amateur shell collectors website with loads of good information and links.

If these websites do not answer your questions go to the web browser www.google.com
and type in a key word with great results. These sites are active at this time, January 31
2004.
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Fig. I Alasmidonta undulata Fig. 2 Alasmidonta varicosa

Fig. 3 Anodonta couperiana Fig. 4 Anodonta implicata

Fig. 5 Elliptio angustata Fig. 6 Elliptio complanata
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Fig. 7 Elliptio congaraea
Fig. 8 Elliptio folliculata

Fig. 9 Elliptiofraterna Fig. 10 Elliptio icterina

Fig. I11 Elliptio producta Fig. 12 Elliptio roanokensis
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Fig. 13 Elliptio uccaumsis
Fig. 14 ffsconaia asoni
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Fig. 15 hpqilis cariosa Fig. 16 4ptilis radiata

Fig. 17 hpyilis splendida Fig. 18 &sigona decorata
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Fig. 19 Leptodea ochracea Fig. 20 Ligumia nasuta

Fig. 21 Pyganodon cataracta Fig. 22 Strophitus undulatus

Fig. 23 Toxolasmapullus Fig. 24 Uniomerus carolinianus
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Fig. 25 Utterbackia imbecillis Fig. 26 Villosa constricta

Fig. 27 Villosa delumbis Fig. 28 Villosa vaughaniana

Fig. 30 Corbiculafluminea
Fig. 29 Villosa vibex

Fig. 31 Dreisse~na polymorpha Fig. 32 Mytilopsis leucophaeta
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STATE: Suth: Camlina PROJECT No.: E-63-14

PROJECT TITLE: - District IV Fisheries Investigations in Lakes and: Streams

STUDY: Survey and: Inventory StudyTitle: Fisheries Surveys-

JOB NO.: 1 JOB TITLE: Fisheries Sureys-

PERIOD COVERED: July L 1995 through June 30-1996

Summu

Survey and inventory of freshwater fisheries resources was conducted in the seven county

central piedmont area of South Carolina that comprises Freshwater Fisheries District IV. S'pring

* electrofishing was conducted in lakes Wylie, Wateree and Monticello to evaluate largemouth bass

population parameters. Cove rotenone sampling and fall trap netting for crappie were conducted

in Lake Monticello, and an age and growth study of largemouth bass was initiated. Stream

survey was conducted in selected tributaries of the Catawba River in York, Lancaster and Chester

counties. A study of fish distribution and abundance was begun in the Catawba River.

Tflroductin

The routine survey, inventory and assessment of selected fishery data is an integral part of

managing the fishery resources of District IV. Stocking recommendations, creel limits, size limits

and other management approaches must be based on accurate and up-to-date information.

Standardized sampling techniques have been previously used to collect fisheries data in the

District. Specific data needs and sampling schedules are based on Departmental priorities

3



I
established by management goals.

Materials and Methods

[Study area]

Lake Monticello is a 2,753 hectare (6,000 acre) pump-back reservoir located adjacent to

the Broad River 45' kilometers north-northwest of Columbia. The reservoir is used for direct

cooling of a single unit nuclear power station. The reservoir was constructed in 1978 and is

totally dependent upon pumped water from the Broad River to maintain its water level. Daily

fluctuations are approximately 1.5 - 2.5 meters and low water periods occur during the afternoon

and at night. This reservoir is the least fertile reservoir in the District.

Lake Wateree is a 5,500 hectare (13,704 acre) reservoir located on the Wateree River 12

kilometers west-northwest of Camden. The impoundment is relatively fertile with a retention tim

of 27 days. Water levels are comparatively stable and seasonal fluctuations rarely exceed 1I

Lake Wylie is located on the Catawba River and is bordered by. both North Carolina and

South Carolina. The impoundment is 9 kilometers north of Rock Hill and 2,613 hectares (6,456

acre) of its total 5,043 hectares (12,500 acre) are in South Carolina. The proximity of Lake Wy

to the large population centers of Charlotte, North Carolina and Rock Hill have resulted in a

highly developed shoreline with increased levels of non-point siltation. Retention time is 32 da5

The free flowing section of the Catawba River between the Lake Wylie dam and the

Highway 9 bridge was sampled during the project year. This 32 mile stretch of river is highly

regulated by the Lake Wylie hydro station.

Stream surveys were initiated in York, Chester and Lancaster counties to update a hist4

data base. Tributaries to the Catawba River were sampled to complement the Catawba Ri.
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fisheries study. A multiple-pass depletion electrofishing technique was used.

[Methods]

[Relative Condition Factor]

During April and May, largemouth bass were collected using standard electrofishing

techniques from Lake Monticello. A sample of bass was kept to conduct age and growth

assessments. Data from bass captured electrofishing in lakes Wateree and Wylie were provided by

Duke Power Company (DPC). Total length (mm) and weights (g) weretaken from all fish. Data

were utilized to calculate Kn using the formula:
A

Kn = W/W

where

Kn = relative condition factor

W = measured weight of fish of a specific length
A

W = computed weight of fish of a specific length
A

Values of W were taken from Tables for Computing Relative Condition Factors of

Some of South Carolina's Common Freshwater Fishes (May 1984), and from ITabls.for

Computing Relative Condition of Some Common Freshwater Fishes (Swingle 1971).

[Cove Rotenone]

Cove rotenone sampling was used to assess standing stocks of fish in Lake Monticello in

August of 1995. Three coves totaling 1.84 hectares (4.54 acres) were sampled at Lake

Monticello. These coves were the same coves used in sampling conducted in 1987 and 1988.

Surface acreage and depths were determined for all coves. Coves were blocked with 9.5 mm

mesh netting to prevent the passage of fish to and from the sample area. A gasoline powered

pump was used to disburse diluted 5% emulsifiable rotenone at a concentration of I mg/&. On the

5



first day, allAfsh coUlected were identified, sorted into inch groups, counted and weighed. 0

second day, fish were picked up, sorted to species and inch groups, and counted. Weights for fish

picked up on the second day were calculated from the first day weights by finding the average

weight of each species by inch group and multiplying the average weight by the number of fish

counted on the second day. If a new species was collected the second day, weights were derived

from length-weight relationships of common South Carolina freshwater fish (May 1984). If a

species could not be located in a length-weight table or from historic data, a weight from a similar

species was used for the calculations. All data were presented in English units to aid in

comparisons with previous data collections. Computer analysis of the data were accomplished

with a personal compalar-using SAS software for data analysis (1985).

[Trap Netting]

Trap nets following specifications recommended by Colvin and Vasey (1986) were J i

Lake Monticello to collect crappie for this study. Trap nets consisted of two rectangular (3' x 6f

steel frames with center braces and four hoops (2.5' diameter). Rectangular frames were spaced

30 inches apart. The first hoop was 32 inches from the second rectangular frame, and the hoop,,

were spaced 24 inches apart. One-half-inch square treated nylon was used for netting. Netting

covering the first and second 3' x 6' frames was slit to provide an opening. The cod end of the i

had a draw string closure. The 85' leads were constructed of IA' square knotless nylon hung or

treated nylon twine. Leads were 2.5' deep with cork floats spaced at 3-foot intervals and 1.5

ounce weights spaced at 2-foot intervals. Also, due to previous inefficiency with trap nets in L

Monticello presumably due to the daily changes in water level, wire baskets were used to samn

crappie. Two baskets constructed of one-inch square mesh chicken wire and measuring

approximately 48 inches long, 48 inches wide and 24 inches high and two baskets measuring

6



baskets-mesiring 36 inches by 36 inches'by 24 inches were fished over- eight nights, ,Forty-onc

crappie were captured in the baskets for a mean catch rate of 1.41 crappie per basket night.

Black crappie were captured in the 3 through 12 inch size groups, with the highest

frequencies occurring in the 7 and 9 inch groups (Figure 9). Of 64 crappie examined, males

comprised 27% (N=17) of the sample and females comprised 41% (QN=26) of the catch. Twenty-

one fish (33%) were sexually immature.

Examination of 62 otoliths revealed 1+ year-old individuals comprised 79% of the

population. Two year old fish comprised 5%. There were no fish older than 2+ years of age.

Ten young-of-the-year fish were captured. Mean length at capture for age I fish was 109 nun

(Table 1). Growth of crappie in Lake Monticello appears to be slower than growth observed in

more fertile reservoirs (Table 2).

Due to the poor success of using trap nets in Lake Monticello, trap netting will be

discontinued. Efforts will continue to collect crappie with baskets in the fall of 1996.

[Cove Rotenone]

In 1995, standing stocks of fish in the three coves ranged from 112 lbs/acre to 182

lbs/acre. Standing stocks averaged 136 lbs/acre for the three coves sampled. Twenty-seven

species of fish were captured (Table 3). Only nine ofth twenty-seven species cole-)

contributed more than one pound per acre. Gizzard shad (3 1%), channel catfish (22%), white

bass (20%) and bluegill (12%) comprised 84% of the total standing stocks (Table 4.)

Standing stocks were lower in 1995 (138 lbs/acre) than in 1987 (274 lbs/acre) or in 1988

(251 lbs/acre). Large declines in standing stocks were observed between the 1988 and the 1995

studies for bluegill (50 to 16 lbs/acre), channel catfish (68 to 32 lbs/acre), and white catfish f

0.3 lbs/acre).

14



ý Table 3. Standing stocks (pounds) of fish collected from summer cove rotenone sampling in

Lake Monticello, South Carolina,-for 1987, 1988,-and 1995. '
6

Year

Species 1987 1988 1995

Gizzard shad 75.4 33.0 41.8
Threadfin shad 14.7 9.5 1.53
Silvery minnow - 0.3 0.01
Golden shiner T
Whitefin shiner 0.5 0.1 0.13
Swallowtail shiner - -- 0.04
River carpsucker 11.6 1.6 1.06
V-lip redhorse 13.0 6.0 0.86
Snail bullhead .. 0.1 0.07
White catfish 22.9 49.6 0.34
Blue catfish - -- 6.85
Brown bullhead -- T
Flat bullhead 0.3 T 0.37
Channel catfish 56.0 67.8 32.2
Mosquitofish T T
Brook silverside T
White perch - - 0.45
White bass 0.6 0.3 26.8
Redbreast sunfish 0.3 0.1 0.03
Green sunfish -- - 0.05
Pumpkinseed 3.1 4.9 0.77
Warmouth 1.3 0.8 0.01
Bluegill 51.2 49.9 16.5
Redear sunfish 0.9 1.9 0.77
Largemouth bass 4.1 5.7 3.74
White crappie -- 1.0 -
Black crappie 7.8 5.5 0.01
Tessellated darter T T T
Yellow perch 9.8 13.2

Total standing stock 273.5 251.1 137.8

T= trace = <1%

0
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0. - Table 4. - - Standing stocks offish by-perpent composition (E values), collected during
summer cove rotenone sampling in Lake Monticello. - .

Year

1987 1988 1995

Gizzard shad 27.5 13.1 30.3
Threadfin shad 5.4 3.8 1.11
Silvery minnow - 0.1 0.01
Golden shiner - T
Whitefin shiner 0.02 T 0.09
Swallowtail shiner - 0.03
River carpsucker 4.2 0.6 0.77
V-lip redhorse 4.8 2.4 0.63
Snail bullhead - - T 0.05

White catfish 8.4 19.7 0.25
Blue catfish - 4.97
Brown bullhead --- T.

Flat bullhead. 0.1 T 0.27
Channel catfish 20.5 27.0 23.4
Mosquitofish T T
Brook silverside T
White perch - - 0.33

White bass 0.2 0.1 19.4
Redbreast sunfish 0.1 T 0.02
Green sunfish - - 0.04
Pumpkinseed 1.1 2.0 0.56
Warmouth 0.5 0.3 0.01
Bluegill 18.7 19.9 12.0
Redear sunfish 0.3 0.8 0.56
Largemouth bass 1.5 2.3 2.72
White crappie - 0.4 -

Black crappie 2.9 2.2 0.01
Tessellated darter T T T
Yellow perch 3.6 5.3 2.54

100.0% 100.0% 100.0%

T= trace value (0.001)
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Out of the 27 species observed in the 1995 study, brown bullhead, blue catfish, brook

silverside, green sunfish, swallowtail shiner, and white perch were species that had been

previously unrecorded in the 1987 and 1988 studies. Golden shiner, which was present in the

previous studies, was not recovered in the 1995 survey.

The presence of blue catfish in the Lake Monticello fishery is a concern. The lake has a

relatively low prey base and it would not be a likely candidate for the introduction of any

additional piscivorous species, including striped or hybrid bass or blue catfish.. The unfortunate

introduction of blue catfish may lead to competition for forage between white bass or white or

channel catfish -species.

[Stream Survey]

Stream survey was conducted in eight tributaries to the Catawba River in York, Chester

and Lancaster counties. Multiple passes with a back-pack electrofisher were used to sample

stream fisheries. All fish were identified to species and measured (total length, mm). Selected

physical and chemical measurements were taken at all the sampling locations. Data were filed in

the District IV fisheries office.

[Catawba River Sampling]

A cooperative river sampling initiative between Clemson University and Duke Power

Company began during the project segment. The objectives were to determine species

composition and relative abundance of fish in the river. Three 300 meter longitudinal transects

were established at six primary sampling stations located in the 32 mile stretch between the Lake

Wylie tailrace and the Highway 9 bridge. Stations were located in the tailrace, at a private access

approximately one mile above 1-77, at Manchester wastewater treatment plant, Highway 5,

Landsford Canal and Highway 9. Boat electrofishing, hoop-netting, and egg-netting were

19



conducted in the spring (April and-May) during the study period. Selected water quality

parameters were measured at each primary site. Secondary sites were established between

primary sites at areas where boat access was lacking. Fish were sampled at secondary sites with a

backpack electrofisher and a blocknet. Selected physical and chemical parameters were

measured.

Field work for the Catawba River sampling was not completed during the project

segment. Results will be reported in a future report.

Recommendations

1. Continue using the survey techniques described in this report to evaluate fish

populations.
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Due to the poor success of using trap nets in Lake Monticello, trap netting will be

I discontinued. Future efforts to collect crappie for population analysis will rely on wire baskets

and electrofishing.

[Cove Rotenone]

In 1996, standing stocks of fish in the three coves ranged from 148 lbs/acre to 663

lbs/acre. Standing stocks averaged 431 lbs/acre for the three coves sampled. Twenty-seven

species of fish were captured (Table 3). Only eleven of the twenty-seven species collected
21.4. 24

contributed more than one pound per acre. Gizzard shad (26.1%), channel catfish (24.1%), blue

catfish (12.8%), bluegill (12%) and white catfish (11.9%) comprised almost 87% of the total

standing stocks (Table 4.) bt.

Standing stocks were higher in 1996 (431 lbs/acre) than in any of the previous years. The

high standing stocks in 1996 were attributed to increases in blue catfish, gizzard shad, white

catfish, channel catfish, white perch and bluegill. Catfish species comprised 56 percent of the

standing stocks in the reservoir and contributed about 240 pounds per acre, followed by gizzard

shad (21.4%) and bluegill (11.6%).

Of the 27 species observed in the 1996 study, gar was the only species previously

unrecorded. Brown bullheads, brook silversides and white crappie were not found in this study

but were recovered in previous studies.

The presence of blue catfish in the-Lake Monticello fishery remains a concern. Blue

catfish populations exploded from about 7 pounds per acre in 1995 to 110 pounds per acre in

1996. Species such as black crappie and white bass appeared to decline during that period, based

on cove rotenone sampling. However, the ineffectiveness of cove sampling for those two species

D
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Table 4. Standing stocks of fish by percent composition (E values), collected during
summer cove rotenone sampling in Lake Monticello.

Year

Species 1987 1988 1995 1996

Gar
Gizzard shad
Threadfin shad
Silvery minnow
Golden shiner

Whitefin shiner
Swallowtail shiner
River carpsucker
V-Hp redhorse
Snail bullhead
White catfish
Blue catfish
Brown bullhead
Flat bullhead
Channel catfish
Mosquitofish
Brook silverside
White perch
White bass
Redbreast sunfish
Green sunfish
Pumpkinseed
Warmouth
Bluegill
Redear sunfish
Largemouth bass
White crappie
Black crappie
Tessellated darter
Yellow perch

27.5
5.4

13.1
3.8
0.1
T

.02

4.2
4.8

8.4

0.1
20.5

T
30.3 21.4
1.11 0.6
0.01 0.1

T 0.09
- 0.03
0.6 0.77
2.4 0.63

T 0.05
19.7 0.25

4.97
- T

T 0.27
27.0 23.4

T T
T

- 0.33
0.1 19.4

T 0.02,..
- 0.04

2.0 0.56
0.3 0.01

19.9 12.0
0.8 0.56
2.3 2.72
0.4
2.2 0.01

T T
5.3 2.54

1.0
T
T

0.5
T

10.0
25.6

T
20.4

T

5.0
T
T

0.3

0.6
0.1

11.6
0.2
1.3

0.1
T

0.9

0.2
0.1

1.1
0.5

18.7
0.3
1.5

2.9
T

3.6

100.0% 100.0% 100.0% 100.0%

T= trace value (0.001)
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sunirn=

All reporting for work conducted under this section was conducted as needed and

is reflected in this report except where noted.

Materials and Methods",. ...

All report writing and data analysis was conducted at the Fisheries District IV office

located in Rock iUll, South Carolina. Data analysis was conducted using personal

computers.

Results

All reporting for work conducted under this section was conducted as needed and is

reflected except where noted.
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Due to the poor success of using trap nets in Lake Monticello, trap netting will be

discontinued. Future efforts to collect crappie for population analysis will rely on wire baskets

and electrofishing.

[Cove Rotenone]

In 1996, standing stocks of fish in the three coves ranged from 148 lbs/acre to 663

lbs/acre. Standing stocks averaged 431 lbs/acre for the three coves sampled. Twenty-seven

species of fish were captured (Table 3). Only eleven of the twenty-seven species collected
214 20,.

contributed more than one pound per acre. Gizzard shad (26.1%), channel catfish (24.1%), blue
21;. & IV,&

catfish (12.8%), bluegill (12%) and white catfish (11.9%) comprised almost 87% of the total

standing stocks (Table 4.) b'

Standing stocks were higher in 1996 (431 lbs/acre) than in any of the previous years. The

high standing stocks in 1996 were attributed to increases in blue catfish, gizzard shad, white

catfish, channel catfish, white perch and bluegill. Catfish species comprised 56 percent of the

standing stocks in the reservoir and contributed about 240 pounds per acre, followed by gizzard

shad (21.4%) and bluegill (11.6%).

Of the 27 species observed in the 1996 study, gar was the only species previously

unrecorded. Brown bullheads, brook silversides and white crappie were not found in this study

but were recovered in previous studies.

The presence of blue catfish in the Lake Monticello fishery remains a concern. Blue

catfish populations exploded from about 7 pounds per acre in 1995 to 110 pounds per acre in

1996. Species such as black crappie and white bass appeared to decline during that period, based

on cove rotenone sampling. However, the ineffectiveness of cove sampling for those two species
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Table 4. Standing stocks of fish by percent composition (E values), collected during
summer cove rotenone sampling in Lake Monticello.

t1

Year

Species 1987 1988 1995 1996

Gar .
Gizzard shad
Threadfin shad
Silvery minnow
Golden shiner

Whitefin shiner
Swallowtail shiner
River carpsucker
V-lip redhorse
Snail bullhead
White catfish
Blue catfish
Brown bullhead
Flat bullhead
Channel catfish
Mosquitofish
Brook silverside
White perch
White bass
Redbreast sunfish
Green sunfish
Pumpkinseed
Warmouth
BluegiU
Redear sunfish
Largemouth bass
White crappie
Black crappie
Tessellated darter
Yelow perch

27.5
5.4

13.1
3.8
0.1

T
.02

4.2
4.8

8.4

0.1
20.5

0.2
0.1

1.1

0.5
18.7
0.3
1.5

2.9
T

3.6

30.3

1.11

0.01

T

0.6
2.4

T
19.7

T
27.0
T

0.1
T

2.0
0.3

19.9
0.8
2.3
0.4
2.2

T
5.3

0.0
0.0
0.7
0.6
0.0
0.2
4.S

0.:
23

0.
is
0.
0.
0
0
1
0
2

T
21.4
0.6

.0.1
T

9 1.0
3 T
7 T
'3 0.5
'5 T
!5 10.0
}7 25.6
T "

V T
.4 20.4
T T
T -

33 5.0
•.4 T

02,. T
.04 0.3
.56 0.6
.01 0.1
2.0 11.6
).56 0.2
.72 1.3

0.01 0.1
T T

2.54 0.9

100.0% 100.0% 100.00/. 100.0%

T= trace value (0.001)

27



JOB PROGRESS RE-PORT

STATE: South Cnrina PROJECT NO.: E-j3

PROJECT TITLE: Fisheries Investigations in Lakes and Streams

SECTION: Reservoir and Stream Survey and Inventory - Fisheries District IV

JOB NO..,: Data Analysis and Report Writing

PERIOD COVERED: July 1- 1996 through June 30. 1997

All reporting for work conducted under this section was conducted as needed and

is reflected in this report except where noted.

Materials and Methods

All report writing and data analysis was conducted at the Fisheries District IV office

located in Rock Hill, South Carolina. Data analysis was conducted using personal

computers.

All reporting for work conducted under this section was conducted as needed and is

reflected except where noted.
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the Fraser-Lee method as developed by Morrow (1990).

[Sport fish creel survey]

A roving creel survey was conducted on Lake Monticello from June, 1997 through May,

1998. A seasonal temporal stratification and four daily time periods were used. Each of the four

daily time periods was assigned a non-uniform probability (Table 1).

Five weekdays and four weekend days were sampled during the summer (June-August)

for 3.5 hours each. During fall (September-November) seven weekdays and six weekend days

were sampled and the first and last time periods (one and four) were adjusted as needed to

accommodate daylight hours for creel clerk safety. In winter (December-February) four

weekdays and four weekend days were sampled for 2.5 hours each. For spring (March-May)

five weekdays and five weekend days were sampled for 3.5 hours each.-

Sampling days for each month within a given season were selected randomly as were the

time periods to be sampled within each day. At the start of each sample day, a coin toss was

made to determine if the instantaneous counts or interviews would be conducted at the beginning

or the end of the, sample period. A coin toss was also used to determine if the counting or

interview circuit would be made to the right or left as the clerk faced upstream. The creel clerk

was able to make an entire circuit around the lake and complete an instantaneous count in about

one hour. During late fall and winter, the instantaneous count and interviews were

simultaneously conducted as the clerk proceeded around the lake. Estimates of seasonal effort,

catch-per-unit effort (CPUE), harvest, species specific length frequencies and other system

specific information were completed as in Malvestuto et al. (1978). Data were analyzed using a

SAS program written by. Malvestuto.
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Table 1. Lake Monticello creel survey sampling design.

Sample Days
Season Season Starts Weekday Weekend

Time Period
From To Probabilities

Summer 6-1-1997 5 4 1. 6:00 am
2. 9:30 am
3. 1:00 pm
4.4:30 pm

* 1. 6:30 am
**2. 9:30 am

3. 1:00 pm
4. 4:30 pm

9:30 am
1:00 pm
4:30 pm
8:00 pm

.9:30 pm
1:00 pm
4:30 pm
8:00 prn

.20
.25
.25
.30

.20

.25

.25
.30

Fall 9-1-1997 7 6

Winter 12-1-1997 4 4 1. 7:00 am 9:30 am.20
2. 9:30 am 12:00 noon .25
3. 12:00 noon 2:30 pm -.25
4. 2:30 pm 5:00 pm .30

Spring 3-1-1998 5 5 1. 6:00 am
2. 9:30 am
3. 1:00 pm
4. 4:30 pm

9:30 am
1:00 pm
4:30 pm
8:00 pm

.20

.25

.25
.30

*One half hour deleted as necessary mid September-October for time periodl and 4
**One hour deleted as necessary in November for time period for time period 1 and 4
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port fish creel survey]

From June, 1997, through May, 1998, fishermen expended an estimated 117,520 hours

(17.8 hours/acre) of fishing effort on Lake Monticello. Relative standard error over the study

period was 12.7. Bank fishermen expended an estimated 30,068 hours (25.6%), dock fishermen

expended 7,130 hours (6.1%), and boat fishermen expended 80,321 hours (68.3%) of the total

effort. Fishing pressure was highest in spring, 1998, when fishermen expended a total of 43,259

hours of effort (6.4 hours/acre) and lowest during winter when only 12,102 hours of effort (1.8

hours/acre) were expended (Table 2).

Forty-four percent of all fishing effort was directed at catfish species. Of this total, 5%

was directed toward channel catfish and 5% was directed toward blue catfish. Black crappie and

largemouth bass received 19% and 11% of the total effort, respectively (Table 3).

Fishing success (harvest + catch and release) was .66 fish/hour during the study period.

Fishermen caught and released .21 fish/hour during the period and harvested .45 fish weighing

.29 pounds/hour. Fishing success varied seasonally throughout the study period, ranging from a

high of 3 fish/hour in summer to .7 fish/hour caught in fall (Table 4).

Estimates of harvest indicated that 154,681 fish (22.7 fish/acre) were harvested weighing

73,642 pounds (10.8 pounds/acre). A total of 225,398 fish were caught during the year.

Harvest was dominated numerically by blue catfish, channel catfish, and white perch (Table 5).

Over the study period, an estimated 60,434 blue catfish; 52,673 channel catfish; 14,409

white perch and 11,410 bluegill were harvested from Lake Monticello. Only 1,244 largemouth

bass were harvested over the study period. Fishermen harvested more catfish during the spring

and summer while largemouth bass, white bass, and white perch harvest was best during winter.

Harvest by weight was dominated by blue catfish, channel catfish, and white bass (Table 6).
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Table 2. Fishing effort from Lake Monticello, by season, expressed on a per angler-hour and on a per surface area basis.
Relative standard errors (RSE) are included for angler-hour efforts.

Bank

Year Hours RSE

Dock -

Hours RSE

Boat

Hours RSE

Total

Hours RSESeason Effort/acre

Summer

Fall

Winter

Spring

1997

1997

1997-98

1998

10418 27.5

4898 29.8

1750 37.4

13002 14.9

2139 61.3

1979 29.2

535 43.5

2478 64.9

26983 27.4

15741 23.8

9817 28.4

27779 28.6

39540 24.2

22618 21.1

12102 27.8

43259 23.1

5.8

3.3

1.8

6.4
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Table 3. Annual estimates of fishing effort by target species on Lake Monticello, June,
1997-May, 1998. Estimates are expressed in angler-hours and percent
contribution to total effort for the entire lake.

Species Fish For Hours Percent

Any 19447 18

Blue Catfish 5557 .5

Black crappie 20604 19

Bluegill 4443 4

Catfish 38133 34

Channel catfish 5494 5

Carp 223 0

Largemouth bass 12111 1I

White bass 3707 3

White perch 669 1

0

16



Table 4; Fishing success in numbers of fish caught per hour by all fishermen on Lake
Monticello, Summer 1997-Spring 1998.

Season Year Success (No./hour)

Summer 1997 3

Fall 1997 0.7

Winter: 1997-98 3

Spring 1998. 1.3

17



Table 5. Number of fish harvested, by species, from Lake Monticello, Summer 1997-
Spring 1998.

Season

Summer Fail Winter Spring Total

Blue catfish 49258 2390 - 8786 60434

Black crappie 1707 415 - 2122

Bluegill 11010 - - 399 11410

Channel catfish 15647 683 - 36344 52673

Largemouth bass - - 1244 1244

Redear sunfish 580 - 799 1378

White catfish. 5216 399 5614

White bass 3317 3317

White crappie - 341 341

White perch 580 5121 8708 14409

Yellow bullhead 1738 1738
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Table 6. Number of fish harvested, by weight (pounds), from Lake Monticello, Summer
1997-Spring 1998.

Season

Summer Fall Winter Spring Total,

Blue catfish 25138 5906 - 2202 33246

Black crappie - t24 224 - 348

Bluegill 816 - 37 853

Channel catfish 5939 249 - 24003 30191

Largemouth bass - - 1286 - 1286

Redea" -sunfish 92 - - 433 525

White catfish 903 - - 219 1122

White bass - - 2925 - 2925

White crappie - 17 - 17

White perch 47 199 1798 - 2044

Yellow bullhead 1086 - -- 1086
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Monetary expenditres by fishermen on Lake Monticello totaled $369,768.00 over the

study period (Table 7). Most money was spent on gasoline, followed by food, lodging, and bait.

Fishermen were willing to spend an additional $251,000 to fish Lake Monticello.

Initial results of a planned two year roving creel survey on Lake Monticello reveal a

substantial increase in fishing effort over a previous access point survey conducted in the late

1980. (Table 8).
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Table 7. Total annual angler expenditures for Lake Monticello for gas, bait, food, lodging
and the total of these categories. Also given is the total willingness to pay.

Gas Bait Food Lodging Total Willing

190978 80597 84029 1840 369768 251343

Table 8. Comparison of total fishing effort and effort per acre for a previous creel survey
conducted on Lake Monticello from Winter 1987-Summer 1989 and the present
survey Summer 1997-Spring 1998.,

1987-1988 1988-1989 1997-1998

Total Effort Effort/acre Total Effort Effort/acre Total Effort Effort/acre

Summer 8049 1.2 17043 2.5 39540 5.8

Fall 22618 3.3

Winter * 1920 .3 12102 1.8

Spring 11196 1.6 10609 1.6 43259 6.4

*no interviews were conducted for Winter 1987-1988 and Fall 1988.
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Recommendations

1. Continue using the survey techniques described in this report to evaluate fish

populations.

2. Continue annual management of lakes Long, Oliphant, Cherokee, Thicketty,

Jonesville Reservoir, Mt. Lakes and the Lake Monticello Sub-impoundment.

3. Apply appropriate and acceptable management strategies necessary to maintain

optimal sport fishing opportunities in each impoundment.
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JOB PROGRESS REPORT

.O ' STATE: South Carolina 1-ROJE-T-o-F:6-3

GRANT TITLE: Fisheries Investigations in Lakes and Streams

SECTION: Reservoir and Stream Survey and Inventory - Fisheries District IV

JOB NO. :3 Data Analysis and Report Writing

PERIOD COVERED: July L. 1997 through June 30, 1998

Summary.

All reporting for work conducted under this section was completed as needed and is

reflected in this report except where noted.

Materials and Methods

All report writing and data analysis was conducted at the Fisheries District IV office

located in Rock Hill, South Carolina. Data analysis was conducted using personal computers.

. Results

All reporting and data analysis of work conducted under this section was conducted as

needed and is reflected in this report except where noted.
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stored in envelopes. The otoliths were sectioned following methods described by Secor et al.

(1992). Sectioned otoliths were aged under a microscope and distances between annuli were

measured using a Ken-A-Vision microprojector. Length at age was determined by back

calculating using the Fraser-Lee method as developed by Morrow (1990).

[Sport fish creel survey]

A roving creel survey was conducted on Lake Monticello from June, 1997 through May,

1999. A seasonal temporal stratification and four daily time periods were used. Each of the four

daily time periods was assigned a non-uniform probability (Table 1).

Five weekdays and four weekend days were sampled during the summer (June-August)

for 3.5 hours each. During fall (September-November) seven weekdays and six weekend days

were sampled and the first and last time periods (one and four) were adjusted as needed to

accommodate daylight hours for creel clerk safety. In winter (December-February) four'

weekdays and four weekend days were sampled for 2.5 hours each. For spring (March-May)

five weekdays and five weekend days were sampled for 3.5 hours each.

Sampling days for each month within a given season were selected randomly as were the

time periods to be sampled within each day. At the start of each sample day, a coin toss was

made to determine if the instantaneous counts or interviews would be conducted at the beginning

or the end of the sample period. A coin toss was also used to determine if the counting or

interview circuit would be made to the right or left as the clerk faced upstream. The creel clerk

was able to make an entire circuit around the lake and complete an instantaneous count in about

one hour. During late fall and winter, the instantaneous count and interviews were

simultaneously conducted as the clerk proceeded around the lake. Estimates of seasonal effort,

6



Table 1. Lake Monticello creel survey sampling design.

Sample Days Time Period
Season Season Starts Weekday Weekend From To Probabilities

Summer 6-1-1997 5 .4 1. 6:00 am 9:30 am .20
2.9:30 am 1:00pm .25
3. 1:00 pm 4:30 pm .25
4. 4:30 pm 8:00 pm .30

Fall 9-1-1997 7 6 * 1. 6:30 am 9:30 pm .20
**2.9:30 am 1:00 pm .25

3. 1:00 pm 4:30 pm .25
4.4:30 pm 8:00 pm .30

Winter 12-1-1997 4 4 1. 7:00 am 9:30 am.20
2. 9:30 am, 12:00 noon .25
3. 12:00 noon 2:30 pm .25
4. 2:30 pm 5:00 pm .30

Spring 3-1-1998 5 5 1.6:00 am 9:30 am .20
2. 9:30 am 1:00 pm .25
3. 1:00 pm 4:30 pm .25
4.4:30 pm 8:00 pm .30

*One half hour deleted as necessary mid September-October for time period 1 and 4
"*One hour deleted as necessary in November for time period for time period 1 and 4
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[Age and Growth]

Age and growth studies of Iargemouth bass in Lake Wateree continued during the- study

period. Otoliths from 285 bass were aged and measured. Mean lengths of age 1, II and III year

old bass were 198 mm, 284 mi, and 362 mm, respectively (Table 2). The oldest bass captured

was eleven years old. Growth rates of largemouth bass in Lake Wateree compare favorably

when compared to other State reservoirs (Table 3).

[Sport fish creel survey]

1997-1998 - From June, 1997, through May, 1998, interviews were conducted with 251

fishing parties on Lake Monticello. Anglers expended an estimated 115,973 hours (17.8

hours/acre) of fishing effort on Lake Monticello. Relative standard error over the study period

was 12.6. Bank anglers expended an estimated 28,746 hours (25.6%), dock anglers expended

7,221 hours (6. 1%), and boat anglers expended 80,006 hours (68.3%) of the total effort. Fishing

pressure was highest in spring, 1998, when anglers expended a total of 41,531 hours of effort

(6.1 hours/acre) and lowest during winter when only 12,788 hours of effort (1.8 hours/acre) were

expended (Table 4).

(percen~tf all fishing effort was directed at catfish species. Of this total, 5%

was directed toward channel catfish and 5% was directed toward blue catfish. Black crappie and

largemouth bass received lanc 2y of the total effort, respectively (Table 5).

Fishing success (harvest + catch and release) was .88 fish/hour during the study period.

Anglers caught and released .21 fish/hour during the period and harvested .67 fish weighing .49

pounds/hour. Fishing success varied seasonally throughout the study period, ranging from a

high of 3 fish/hour in summer to .8 fish/hour caught in fall (Table 6).

Estimates of harvest indicated that 150,284 fish (22.7 fish/acre) were harvested weighing

71,956 pounds (10.8 pounds/acre). A total of 220,947 fish were caught during the year.

Harvest was dominated numerically by blue catfish, channel catfish, and white perch (Table 7).
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S

Fishing effort from Lake Monticello, by season, expressed on a per angler-hour and on a per surface area basis.
Relative standard errors (RSE) are included for angler-hour efforits.

Table 4.

Bank

Year Hours RSE

Dock

Hours RSE

Boat

Hours RSE

Total

Hours RSESeason Effort/acre

Summer 1997 10,365 27

Fall 1997 4,848 29

Winter 1997-98 2,293 28.

Spring 1998 11,239 19

Total 28,746 14

2,130 61

1,976 29

753 30

2,361 50

7,221 26

26,755 27

15,579 23

9,742 28

27,930 26

80,006 14

39,250 24

22,403 21

12,788 27

41,531 22

115,973 12

5.7

3.3

1.8

6.1

17.8



Table 5. Annual estimates of fishing effort by target species on Lake Monticello, June, 1997-
May, 1998. Estimates are expressed in angler-hours and percent contribution to total
effort for the entire lake.

Species Fish For Hours Percent

Any 14,489 13

Blue Catfish 5,186 5

Black crappie 15,961 15

Bluegill 7,308 7

Catfish 45,026 41

Channel catfish 5,421 5

Carp 39 1

Largemouth bass 12,507 12

White bass 1,816 2

White perch 999 1

24



Table 6. Fishing success in numbers of fish caught per hour by all anglers on Lake Monticello,
Summer 1997-Spring 1998.

Season Year Success (No./hour)

Summer 1997 3.0

Fall 1997 0.8

Winter 1997-98 2.9

Spring 1998 1.0

I .
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Table 7. Number of fish harvested, by species, from Lake Monticello, Summer 1997-Spring
1998.

Season

Summer Fall Winter Spring Total

Blue catfish 49,989 3,504 - 6,709 60,202

Black crappie - 2,503 434 - 2,973

Bluegill. 11,174 - - 305 11,479

Channel catfish 15,879 1001 - 27,750 44,630

Largemouth bass - 1,301 - 1,301

Redear sunfish 538 610 1,198

White catfish 5,293 305 5,598

White bass - 3,470 - 3,470

White crappie - 500 500

White perch 588 7,508 9,108 17,205

Yellow bullhead 1,764 1,764

I.
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Over the study period, an estimated 60,202 blue catfish; 44,630 channel catfish; 17,205

white perch and 11,479 bluegill were harvested from Lake Monticello. Only 1,301 largemouth

bass were, harvested over the study period. Anglers harvested more catfish during the spring

and summer while largemouth bass, white bass, and white perch harvest was. best during winter.

Harvest by weight was dominated by blue catfish, channel catfish, and white bass (Table 8).

Monetary expenditures by anglers on Lake Monticello totaled $338,989.00 over the-study

period (Table 9). Most money was spent on gasoline, followed by food and bait. Anglers were

willing to spend an additional $235,000 to fish Lake Monticello.

1998-1999 - From June, 1998, through May, 1999, interviews were conducted with 217

fishing parties on Lake Monticello. Anglers expended an estimated 119,757 hours (176

hours/acre) of fishing effort on Lake Monticello. Relative standard error over the study period

was 17.4. Bank anglers expended an estimated 34,037 hours (25.6%), dock anglers expended

6,684 hours (6.1%), and boat anglers expended 79,036 hours (68.3%) of the total effort. Fishing

pressure was highest in spring, 1999, when anglers expended a total of 51,736 hours of effort

(7.6 hours/acre) and lowest during winter when only 11,828 hours of effort (1.7 hours/acre) were

expended (Table 10).

Forty-two percent of all fishing effort was directed at catfish species. Black crappie and

largemouth bass. received 5% and 10% of the total effort, respectively (Table 11).

Fishing success (harvest + catch and release) was .84 fish/hour during the study period.

Anglers caught and released .31 fish/hour during the period and harvested .53 fish weighing .45

pounds/hour. Fishing success varied seasonally throughout the study period, ranging from a

high of 4.8 fish/hour in winter to .7 fish/hour caught in fall (Table 12).

Estimates of harvest indicated that 104,114 fish (15 fish,/acre) were harvested weighing
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Table 8. Weight (pounds) of fish harvested, by species, from Lake Monticello, Summer
1997-Spring 1998.

Season

Summer Fall Winter Spring Total

Blue catfish 25,304 10,179 1,636 37,119

Black crappie - 214 235 - 448

Bluegill 821 - - 27 849

Channel catfish 5,979 428 - 17,841 24,248

Largemouth bass - 1,348 - 1,348

Redear sunfish 92 - - 322 414

White catfish 909 - 163 1,071

White bass - 3,064 - 3,064

White crappie - 29 - - 29

White perch 48 342 1,883 - 2,273

Yellow bullhead 1,093 - - - 1,093

Table 9. Total annual angler expenditures in dollars for Lake Monticello for gas, bait,
food, lodging and the total of these categories. Also given is the total willingness
to pay.

Gas Bait Food Lodging Total Willing

182,538 77,183 79,397 0 338,989 234,630
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Table 10. Fishing effort from Lake Monticello, by season, expressed on a per angler-hour and on a per surface area basis.
Relative standard errors (RSE) are included for angler-hour efforts.

Bank Dock Boat Total

Season Year Hours RSE Hours RSE Hours RSE Hours RSE Effort/acre

Summer 1998 10,899 15 2,483 38 23,606 15 36,989 14 5.4

Fall 1998 4,617 19 968 37 13,619 20 1,204 16 2.8

Winter 1998-99 2,044 52 216 87 9,567 30 11,828 34 1.7

Spring 1999 16,476 19 3,016 37 32,244 33 51,736 38 7.6

Total 34,037 29 6,684 23 79,035 15 119,757 17 17.6



Table 1 I. Annual estimates of fishing effort by target species on Lake Monticello, June,
1998-May, 1999. Estimates are expressed in angler-hours and percent
contribution to total effort for the entire lake.

Species Fish For Hours Percent

Any 19,486 16

Blue Catfish 13,717 12

Black crappie 5,645 5

Bluegill 24,919 21

Catfish 35,329 29

Channel catfish 580 1

Carp 7,439 6

Largemouth bass 11,790 10

White perch 231 1

0
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Table 12. Fishing success in numbers of fish caught per hour by all anglers on Lake
Monticello, Summer 1998-Spring 1999.

Season Year Success (No./hour)

Summer 1998 1.6

Fall 1998 0.7

Winter 1998-99 4.8

Spring 1999 1.1

0.
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76,765 pounds (11 pounds/acre). A total of 104,114 fish were caught during the year. Harvest

was dominated numerically by blue catfish, channel catfish, and white perch (Table 13).

Over the study period, an estimated 21,250 blue catfish; 48,255 channel catfish; 7,812

white perch and 5,578 bluegill were harvested from Lake Monticello. Only 1,005 largemouth

bass were harvested during the study period. Anglers harvested more catfish during the spring

and summer while largemouth bass, white bass, and white perch harvest was highest during

winter. Harvest by weight was dominated by channel catfish, blue catfish, and white

catfish (Table. 14).

Monetary expenditures by anglers on Lake Monticello totaled $329,823 over the

study period (Table 15). Most money was spent on gasoline, followed by food and bait. Anglers

were willing to spend an additional $240,000 to fish Lake Monticello.

The results of this two year roving creel survey on Lake Monticello reveal that fishing

effort has increased substantially over a previous access point survey conducted in the late 1980s

(Table 16). Also, fishing pressure on Lake Monticello is much lower than for other reservoirs in

upstate South Carolina (Table 17).

[Meter nettingl

Meter netting was conducted in Lake Monticello during the project year. Threadfin shad

continued to dominate the forage base (Table 18). This trend is consistent with results from

1990, 1991 and 1992 (Christie and Stroud 1990, 1991 and 1992). Of the three stations sampled

on Lake Wateree, the Wateree Dam site produced the highest percentage of gizzard shad.

Threadfin shad densities were highest at the Taylor Creek and June Creek sampling locations

(Table 19). Densities of age 0 threadfin shad were highest in the 10-19 mm size group (Figure

17), and no significant differences between the densities of shad captured in 1999 with densities

in previous years sampled were detected (p=.05) (Figure 18).
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Table 13. Number of fish harvested, by species, from Lake Monticello, Summer 1998-Spring
1999.

Season

Summer Fall Winter Spring Total

Blue catfish 12,036 889 2,604 5,721 21,250

Black crappie - 1,956 - 147 2,102

Bluegill 2,519 711 - 2,347 5,578

Channel catfish 15,395 2,134 9,896 20,831 48,255

Largemouth bass - 711 - 293 1,005

Redear sunfish 280 - - - 280

Redbreast sunfish - 1,423 - 1,423

White catfish 9,517 2,490 - 2,934 14,940

White bass . - -.

White crappie -

White perch - 7,812 7,812

Yellow bullhead 279 - 280

Yellow perch - 1,042 147 1,188
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Table 14. Weight (pounds) of fish harvested by species, from Lake Monticello, Summer
1998-Spring 1999.

Season

Summer Fall Winter Spring Total

Blue catfish 15,739 4,673 4,673 6,636 32,390

Black crappie - 816 816 89 905

Bluegill 1.12 29 .29 181 323

Channel catfish 6,076 734 11,703 16,099 34,613

Largemouth bass - 953 - 453 1,406

Redear sunfish 112 - - 113

Redbreast sunfish - 42 - 42

White catfish 2,061 1,403 1,111 4,575

White bass -

White crappie - -

White perch - 199 2,115 2,115

Yellow bullhead 16 - 16

Yellow perch - 12 263
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Table 15. Total annual angler expenditures in dollars for Lake Monticello for gas, bait, food,
lodging and the total of these categories in 1998-99. Also given is the total
willingness to pay.

Gas Bait Food Lodging Total Willing

188,776 126,470 127,524 0 329,823 240,260

Table 16. Comparison of total fishing effort and effort per acre for a previous creel survey
conducted on Lake Monticello from" Winter 1987-Summer 1989 and the present
survey Summer 1997-Spring 1998.

1987-1988 1988-1989 1997-1998

Total Effort Effort/acre Total Effort Effort/acre Total Effort Effort/acre

Summer 8,049 1.2 17,043 2.5 39,540 5.8

Fall * 22,618 3.3

Winter * 1,920 .3 12,102 1.8

Spring 11,196 1.6 10,609 1.6 43,259 6.4

*•no interviews were conducted for Winter 1987-1988 and Fall 1988.
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Table 17. A comparison of fishing effort on a per-acre basis of some of South Carolina's
reservoirs.

Lake Effort (h/a) Year Source

Murray 25 1988-89 Hayes & Penny 1991
24 1989-90 " Ann. Rpt.
27 1990-91

(F-18-17)

Greenwood 50 1985-86 Hayes & Penny 1989
43 1986-87 (F-18 Completion Rpt.)
88 1988-89

Thurmond 23 1990-91 Self 1991
(F-15-22)

Russell 26 1990-91 Self 1991
(F- 11-22)

Moultrie 11 1988-89 White & Lamprecht 1989

Wateree 50 1990-91 Christie & Stroud 1993
51 1991-92
41 1992-93

Wylie 49 1993-94 Christie & Stroud, 1994

37 1994-95 Christie & Stroud, 1995

Monticello 18 1997-98 Christie & Stroud, 1998

Monticello 18 1998-99 (Present study)

['0

0
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SUMMARY

The V.C. Summer Nuclear Station (VCSNS) environmental monitoring

programs were designed to meet the licensing requirements of the

Nuclear Regulatory Commission (NRC) and the requirements of the

National Pollutant Discharge Elimination System (NPDES) permit issued

by the South Carolina Department of Health and Environmental Control

(SCDHEC). The purpose of the operational environmental monitoring

program was to assess the thermal effects of VCSNS on the biota in

Monticello Reservoir. Power testing of the VCSNS began in October 1982

and waste heat was discharged to the reservoir throughout the period of

January 1983 through December 1984.

The report includes a summary of data for aquatic biology, surface

water chemistry, and terrestrial data collected during the study period

and compares this operational information with pre-0perational data. A

detailed description of the history of the reservoirs, collecting

stations, and other pertinent information has been previously reported.

in the Environmental Monitoring Report, June through December 1978

(Dames & Moore, 1978).

Water temperatures exceeded the 32.2°C standard set forth by SCDHEC for

Class A-waters only once, in August 1983, when a temperature of 34.2"C

was observed at Station 14 in Monticello Reservoir. Mean monthly water

temperatures did not exceed the 32.2°C plume limit established in the

NPDES permit.

Dissolved oxygen (DO) concentrations followed seasonal trends. Higher

DO values occurred during the colder months and lower values during the

warmer months. At the Parr Reservoir and Broad River stations

(including Neal Shoals), DO was found throughout the water column in a

sufficient concentration to support aquatic life. In Monticello

Reservoir, DO concentrations observed at most stations and depths were

greater than the minimum statutory limit (4.0 mg/liter). However, as



expected, concentrations at or near the bottom in the deeper portions

of the reservoir were often below 4.0 mg/liter during the July through

September period during both the operational and pre-operational phases

of this study.

The pH of water in the Broad River and Parr Reservoir was within the

state standards for these waters (6.0 to 8.5 units) at most locations

and dates sampled. On seven occasions values below 6.0 were observed,

and five times values above 8.5 were recorded. In Monticello

Reservoir, the pH fell below the minimum state standard at or near the

bottom at Station 20 on 16 of the 24 monthly operational surveys, and

at several other stations on other dates. Increased frequency of low

pH began in 1982 prior to st artup of VCSNS and is probably not

attributable to the operation of the plant.

Nitrate concentrations were highest at the Neal Shoals control station

(mean: 1.95 mg/liter) and lowest in the subimpoundment and Monticello

Reservoirs (mean: 1.24 mg/liter). Total phosphorus levels were

considerably higher at Neal Shoals (mean: 0.30 mg/liter) and Parr

Reservoir/Broad River stations (mean: 0.23 mg/liter) than in the

subimpoundment (mean: 0.04 mg/liter) and Monticello Reservoir (mean:

0.07 mg/liter). The Broad River stations are strongly influenced by

upstream agricultural practices, while the two reservoir stations with

forested watersheds are largely unaffected by agricultural runoff.

Mean ammonia-values were 0.25 mg/liter in Broad River/Parr Reservoir

stations and Monticello Reservoir. The mean ammonia value in the

subimpoundment was higher, 0.34 mg/liter, due to the on-going fertili-

zation program.

Zinc and iron were the only heavy metals detected in water samples

during the 2-year operational survey. Zinc was found five times in

Broad River/Parr Reservoir samples at detectable levels and four times

in Neal Shoals samples. Zinc was not found in Monticello Reservoir in
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concentrations above 0.01 mg/liter, the lower limit of detection.

Total iron concentrations. were highest at Neal Shoals (2.91 mg/liter)

and lowest in Monticello Reservoir (0.31 mg/liter)'. Iron 'is a

constituent of the soils in the region and as expected, the highest

concentrations of this metal occur during periods of run-off following

heavy rainfall. In. the subimpoundment, cadmium, chromium, copper,

lead, and mercury, were not measured at levels above the detection

limits of the analytical procedures used.

A station-to-station statistical comparison of pre-operational and

operational results using the Student's t-test (at the 95 percent

confidence interval) revealed that there were significant differences

in the concentrations (between pre-operational and operational years)

of 13 of the 27 chemical parameters analyzed. In ten cases, values

were greater under pre-operational conditions and, in three, the

concentrations were greater after VCSNS began operation.

The vascular hydrophyte community surveyed in Parr Reservoir was

abundant and contains the greatest diversity of the water bodies

studied. Much of the vegetation was located in the backwater areas of

the reservoir. The heterogeneous substrate, and the presence of

extensive low-lying shorelines and islands combined to promote the

growth of a diverse community. The Cannons Creek area in particular

continued to support a rich littoral zone with dense vegetation. The

community of hydrophytes at the Neal Shoals Dam control station has

shown little change during the: pre-operational and operational study

periods. A total of five species have been identified in this area.

The growth of hydrophytes at this location' is limited by steep banks

that were shaded by a dense overhead canopy., Fluctuating water levels

and high turbidity also limited hydrophyte development. The subim-

poundment contains a relatively diverse and abundant community of

hydrophytes. The composition of the hydrophyte community in the

subimpoundment showed substantial increase in species diversity since

1982. The rich assemblage of flora may be attributed to the
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fertilization program being carried out at this location. In

Monticello Reservoir, vegetative associations, especially within the

coves, are continuing to show development. Communities of cattails,

rushes, and willows dominated the coves; in these areas the substrate

appeared to be high in organic content, probably- associated with the-

development of this vegetation. The development of hydrophyte

communities should continue to occur as Monticello Reservoir matures.

Phytoplankton density and species composition in Parr Reservoir have

been relatively stable since 1979 with the exception of 1.981 when a

large diatom bloom occurred throughout the reservoir. This diatom

bloom caused the phytoplankton densities to greatly exceed previous

levels. There was variation in species composition and density during

.1983 and 1984. During this period the annual mean diversity fluctuated

and the number of taxa increased at the. stations in Parr Reservoir. At

the Neal Shoals dam sampling area phytoplankton densities have been

variable over the 1978-84 study period. Taxa counts, diversity values,

biomass. estimates, and population density fluctuated, at times dramati-

cally, during the course of the study. Since this area is not affected

by the operation of VCSNS and Fairfield Pumped Storage Facility (FPSF)

changes in phytoplankton abundance and population structure must be the

result of climatological . (temperature, rainfall) and/or human influ-

ences such as agricultural run-off. In the subimpQundment an increase

in phytoplankton density occurred during the 1978 through 1982 period

and declined during the next 2 years. This density fluctuation is

attributed to the fertilization program that has occurred in the

subimpoundment since 1978; this water body is not influenced by the

heated effluent from the VCSNS. The phytoplankton community in

Monticello Reservoir showed typical development for a new reservoir.

Low densities occurred during 1978 and increased to higher. densities in

following years. The highest densities occurred during 1981 at most

stations in the reservoir and then decreased between 1983 and 1984.

This development would be anticipated in a warm water reservoir; a

gradual increase in phytoplankton density as the nutrients are leached

from the soil, followed by population peaks. The populations will
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always be affected by seasonal temperatures, and will be influenced by

the water that is pumped up from the Broad River and enters Monticello

Reservoir via the FPSF.

The zooplankton communities observed during the pre-operational and

operational investigations did not indicate-any unusual trends. Based

on assessments of taxonomic composition, densities, distribution among

the stations, and species diversity, these zooplankton communities

appeared to be progressing through normal seasonal changes. The

species composition of zooplankton at the twelve stations in the study

area was similar during 1983 and 1984 to that reported. during earlier

investigations. Rotifers, characteristic of limnetic habitats, were

the dominant organisms collected. The distribution of taxa indicate

that generally stable zooplankton communities exist. The frequency of.

zooplankton occurrence at all of the other stations indicated that few

differences occurred within each major study area, with Parr and

Monticello Reservoirs having more stable communities. Overall

taxonomic diversities at the stations for, all areas did not appear, to

change appreciably from the pre-operational to operational periods.

The benthic macroinvertebrate data recorded in 1983 and 1984 were

similar to those recorded during earlier surveys of the four major

study areas. Transect B in Parr Reservoir continued to show a lower

ecological stability and complexity than any other transect in Parr or

Monticello Reservoirs (excluding the subimpoundment), due to the

transect's proximity to the FPSF. The remaining transects in Parr

Reservoir continued to have diverse benthic macroinvertebrate

communities, illustrative of ecological stability and complexity. The

data from the benthic community at Neal Shoals showed that a relatively

stable population existed through 1982 followed by a general decline

during the following 2 years. These trends may be attributed to

natural causes since the area is not affected by the VCSNS. The

m acroinvertebrate communities in Monticello Reservoir exhibited an

increasing trend in density during the years after the, reservoir was

formed, and then a slight decrease during the last year of study. This
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trend is typical for new water bodies and the decrease was probably due

to natural occurrences. The benthic community in the subimpoundment

continues to be strongly influenced by the nutrient enrichment program,

which has generated a relatively eutrophic, unstable habitat in the

.subimpoundment. The subimpoundment is the Only area sampled to date in

which the Asiatic clam has not been reported.

A typical succession of larval fish species was observed in all

stations in Monticello Reservoir during 1983. Perca flavescens, then

Morone were the first taxa to appear in March, and Pomoxis spp. were

the first to occur in noticeable abundance in April. Clupeids appeared

in late April, and centrarchids (Lepomis spp.) appeared in May. In

Monticello Reservoir a different seasonal order of succession of fish

larvae was observed in 1984; and the dates of spawning appeared to be

about 1 month earlier than historical data. The heated water from the

nuclear plant seemed to have a direct effect on the spawning dates of

adult fish. Preferred spawning temperatures were reached earlier in

1984 than in previous years. Morone, the first taxa to appear in

February, were followed by Percidae in March. Cyprinidae,

Catostomidae, and Pomoxis spp. appeared in April; Cyprinus carpio,

Notropis spp., and Lepomis spp. first appeared in May. For Parr

Reservoir, ichthyoplankton densities for the operational years were

much lower than for the pre-operational years, while the diversity

values for the pre-operational and operational years were similar.

Since the VCSNS had no effect on the subimpoundment, the only trend

between the two time periods was the increase in density and diversity

associated with maturing of the reservoir. Since the VCSNS had no

effect on Neal Shoals, there were no related trends in density or

diversity between the pre-operational and operational years.

Monticello Reservoir did not show any dramatic changes in mean annual

density associated with the operational years, only changes in some

stations that were associated with natural successional events rather

than VCSNS operation. There were also increases in diversity at a few

stations near the areas affected by the heated effluent.
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The results of the adult fish sampling efforts indicated that the fish

community of the water bodies in the study area was dominated by two

groups, the clupeids (shad) and centrarchids (bream, bass, and

crappie). The clupeid family was represented by two species - gizzard

and threadfin shad. The centrarchid family was represented by eight

species, of which bluegill was the most common followed by the

pumpkinseed. Overall, the species composition of Parr Reservoir has

remained virtually the same throughout the past 2 years. The groups

that have been most abundant, such as the sunfish, shad, gar, carp,

shiners, carpsuckers, and some species of catfish, have been found in
collections every year since 1978. Other, groups such as bullheads,

madtoms, yellow perch, and darters, had relatively low population

densities and occurred sporadically from year to year. At the Neal

Shoals Dam sampling station, the bluegill and gizzard shad were the

codominant species captured. The black crappie was second in abundance

of the centrarchids collected. Growth of bluegill and black crappie

was somewhat slower when compared to historical data from similar

habitats in the southeastern United States.. In the subimpoundment, the

bluegill was the most abundant species collected, followed by the

gizzard shad. Growth of the gizzard shad and black crappie was average

in the subimpoundment when compared to other habitats., Growth of the

largemouth bass in this reservoir was somewhat slower compared to

previous years and slower than that reported from historical data for

similar areas. In Monticello Reservoir, a total of 34 species were

collected during 1983 and 1984, which was the highest number during the

entire study period. Ten species of sunfish were identified with

bluegill being the most abundant. Growth of bluegill and gizzard shad

was slower than for other populations in similar habitats. Since

fishery information from Neal Shoals and the subimpoundment indicated

generally slower growth rates, data from Parr and Monticello Reservoirs

suggests that impacts on growth of fish due to VCSNS operation are

minimal.
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Bird populations along both the control and test auto survey routes

were similar in both density and diversity when compared to the

pre-1983 findings. The auto survey test route was higher in avian

density than the control route, a situation which has existed since

1973. The somewhat lower numbers of birds along the control route

apparently relates to the greater degree of urbanization along this

route than along the test route. The habitat along the test route is

more uniform and is less subject to human disturbance, thus accounting

for the higher population levels. The surveys demonstrated that

northern bobwhite quail populations along both routes are similar in

size and have remained relatively stable since 1978. The mourning dove

populations tend to fluctuate more than the quail, due mainly to the

migratory nature of mourning doves. In 1983, much higher mourning dove

densities were found than during most previous surveys. The recent

nesting of bald eagles near the Monticello-Parr Reservoir systems

demonstrates the importance of the reservoir system to eagles and other

waterbirds.

Waterfowl surveys indicate that Monticello Reservoir has become an

important sanctuary for ducks and other aquatic bird species. Parr

Reservoir was utilized heavily by migrant species during the fall and

winter, but few summer resident species were found. The fluctuating

water levels and other habitat changes in both Parr and Monticello

Reservoirs may have caused a decline in some resident breeding

populations. Species such as gulls, killdeer, and loons, which first

appeared after construction was completed, were still. present. The

efforts to establish a resident population of Canada geese seems to

have been successful, with a resident breeding flock of approximately

600 geese.

Analysis of false color infrared aerial photography between 1978 and

1984 of the Monticello Reservoir showed limited changes in land use

patterns. Forestry remains the predominant land use in the study area

and observed land cover changes were primarily the result of forest
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management practices.. A comparison of photographs taken throughout the

last 8 years did not indicate any change in, or loss of vigor by, the

vegetation, excluding some 2000 acres which were clear cut or damaged

by a 1984 tornado.

Conclusions

The discharge of heated water during operation of VCSNS has had few

statistically significant effects on the aquatic biota. Temperature

elevations within the reservoir were localized and ephemeral during the

study period. During the 2-year 'operational period, the thermal ef-

fluent from VCSNS appeared to have no effect on the temperature. of the

intake water at the FPSF. Additionally, the high natural variability

of the reservoir ecosystem may have masked subtle temperature effects.

One observed effect was a depressed oxygen percent saturation level in

the surface waters at Station N during the summer, which may have been

the result of decreased, photosynthetic rates caused by the thermal

discharge. A significant correlation was noted during February 1984,

between benthic density and distance from the discharge.

The comprehensive results of the pre-operational and operational

studies that have been conducted during the past 7 years indicate

several trends in the waterbodies studied. The data from Monticello

Reservoir, impounded in 1978, show that the biota is undergoing a typi-

cal successional pattern for a new warmwater reservoir. Since 1978 the

biota has been colonizing the reservoir and increasing in number. The

plankton, which form the food web base, have shown dramatic fluctua-

tions over the years; these fluctuations are due to natural occurrences

and are a result of seasonal variations. The benthic community has

colonized all of Monticello Reservoir, which now has a rich and diverse

assemblage of fauna. Benthic biomass is highest at those locations

where the Asiatic clam is most abundant. The clam is an important

forage species for several species of sunfish. The fish fauna of

Monticello Reservoir is comprised of nearly 40 species. The largest
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numbers making up the fish community belong to the bream-bass and shad

families.

Parr Reservoir has a high silt load and a relatively high flow rate.

In the Cannon's Creek cove, more lentic conditions prevail and higher

aquatic productivity is seen. In the tailrace canal the scouring

currents and fluctuating water levels, caused by the operation of the

FPSF have negatively impacted the benthic invertebrates and fish

community.

The subimpoundment has been managed as a recreational fishery since

1978. Several species of fish including bream, largemouth bass, and

catfish' were stocked in the subimpoundment during December 1977.

Nutrients are added regularly and have stimulated aquatic productivity.

The biota of this water body is not affected by the operation of the

generating stations.

The biota at Neal Shoals has not been affected by generating plant

operations. The fluctuations in density and species composition that

have occurred during the past 7 years were due to natural occurrences

or man's influence upstream of the study area.

The total land area controlled by SCE&G for the FPSF and the VCSNS

consists of approximately 11,000 acres. The most significant land use

impacts occurred during the construction phase of the project. The

impacts associated with land use changes during the operational phase

of the study have been due to timbering activities, and are not related

to operation of the generating stations.

The creation of Monticello Reservoir and the enlargement of Parr

Reservoir have been beneficial to a variety of waterfowl, wading birds,

and at least two large birds of prey, the osprey (listed as

"threatened" by the state of South Carolina) and the bald eagle, a

federally endangered species. Monticello Reservoir and Parr Reservoir
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support thriving populations of game fish and are growing. in popularity

as fishing lakes. Monticello Reservoir was opened' to duck hunting for

the first time in 1984, and is expected to provide quality waterfowl

hunting for many years to come. The Monticello Reservoir subimpound-

ment also provides state and local residents with a we'alth of
"non-consumptive" recreational. opportunities, such as boating,

swimming, and birdwatching.

Concluding Statement

The overall results of the operational phase of the monitoring program

indicate that the discharge of heated water from the VCSNS has had few

statistically significant effects on the aquatic life; where, effects

did occur they were very localized and ephemeral.
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1.0 INTRODUCTION

As part of the licensing requirements stipulated by the Nuclear Regula-

tory Commission (NRC) and the South Carolina Department of Health and

Environmental Control (SCDREC) an environmental monitoring program has

been carried out'on the water bodies and adjacent lands in the vicinity

of the Virgil C. Summer Nuclear Station (VCSNS), since 197i. Baseline

characteristics of the aquatic biota and water quality on Parr

Reservoir and the Broad River were established during 1971 through

1973 prior to any construction in the area. During the period 1974

through 1977, these same stations were sampled to assess the effects of

construction activities on the biota 'and water quality in the site

vicinity. During the spring of 1978, the biological sampling program

was greatly expanded with sampling stations established on the newly

created Monticello Reservoir. A control station was also added on the

p Broad River above the Neal Shoals Dam.'

Monticello Reservoir was established to serve as the cooling reservoir

for the VCSNS and also as the upper reservoir for the Fairfield Pumped

Storage Facility (FPSF). Monticello Reservoir received water from the

Frees Creek watershed and, later, attained final volume by pumping

water from the Broad River through the penstocks of the FPSF. The full

level of Monticello Reservoir (Elevation mean sea level 426 ft) was

reached during February 1978.

The regulatory requirements for the FPSF and the VCSNS included areas

of overlap in monitoring requirements. Therefore, when the FPSF began

operation in 1978, the various monitoring studies were combined. The

specific requirements met by this joint investigation included:

° Post-operational study for FPSF, required by Federal Energy

Regulatory Commission (FERC).
° NPDES permit requirements for VCSNS, required by SCDHEC.

° Five-year operational study for FPSF, required by FERC (Dames &

Moore, 1982).
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Final pre-operational report for VCSNS, required by SCDMEC and

the Nuclear Regulatory Commission.

The purpose of this report is to: 1) summarize and analyze the data

collected during the period January 1, 1983, through December 1984;

2) to provide a historical trend of data from previous years; and 3) to

evaluate the effects of thermal additions of the VCSNS on the biota in

Monticello Reservoir. This 2-year study will satisfy the operational

monitoring requirements for the SCDHEC NPDES permit.

This report provides the .analysis of the 2-year operational program by

biological component, with supporting technical data in the Appen-

diceS.

The components that were included in this analysis were:

o Water Quality

o Vascular Bydrophytes
Phytoplankton

" Zooplankton
o Ichthyoplankton
° Benthos

o Fish
Land Use

° Birds

These parameters have been sampled for several years,. in addition to

the 2 years required by the NPDES permit, and are considered' as indi-

cators of the ecological -conditions in the aquatic and terrestrial

environment likely to be affected by the VCSNS.
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2.0 AQUATIC SURVEY

2.1 SAMPLING LOCATIONS AND FREQUENCY

In addition, to the. three- sampling stations previously established on.

Parr Reservoir, during the baseline and construction phases of the

project, seven sampling stations were established on Monticello

Reservoir, one in the subimpoundment of Monticello Reservoir, one

upstream of Neal Shoals Dam, and two surface water quality stations in

the "Broad River, Note that. biological stations are referenced by

alphabetic letters Whereas water quality stations are numerical. Each

of, these stations is identified on Figure 2.1.1.. The biological and

water quality samples were taken at the sampling stations with the

exception of benthic macroinvertebrates, fish, and. vascular hydro-

phytes. Benthic macroinvertebrates were taken at three locations in

the vicinity of each sampling station during 1978 through the July 1983

quarterly sampling. Samples taken at the marker buoy were designated

number one, those taken in the sublittoral zone, number two; and those

taken in the littoral zone were designated as number three.. Commencing
with the October 1983 quarterly sampling period four benthic inverte-

brate samples were collected: two each in the profundal and littoral

zones near the sampling locations. Electrofishing was conducted along

the shoreline in the vicinity of the stations and rotenoning was done

in coves near Stations C, I, K, and P. Vascular hydrophytes were sam-

pled along the shorelines of the reservoirs. A summary of biological

collecting activities is shown in Figure 2.1.2 and surface water sam-

pling activities in Tables A-i through A-3. To assess the potential

thermal effects on the biota in Monticello Reservoir from the waste

heat discharged from the VCSNS, eight additional sampling locations

were established in Monticello Reservoir. These are identified as Q

through X and are also shown on Figure 2.1.1. The sampling schedule

for these stations was:

2.1-1



Parameter

Benthic macroinvertebrate (grab)
(Stations Q, R, S, T, X)

Benthic macroinvertebrate (plate)
(All stations)

Ichthyoplankton (quadruplicate 50 meter
tows) (All stations)

Adult fish (electroshocking)
(Stations Q, R, S, T)

Frequency

Quar-terly

Quarterly

Weekly - late February
through June

Biweekly - July
through September

Monthly - October
through January

Quarterly

The first collections were made during February 1984. The results are

presented in the thermal analysis section of this report.
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2.2 WATER QUALITY

2.2.1 Introduction

Water quality samples and physical measurements were obtained once a

month at a series of stations in the Broad River, Parr Reservoir, and

Monticello Reservoir beginning in 1978 and continuing through 1982, as

part of the pre-operational program,, and from January 1983 through

December 1984, as part of the operational phase of the water quality

program. The sampling schedule and procedures for this study are

described in Appendix A (Tables A-I to A-4).

This study was designed to develop baseline data' and to assess the

effects on water quality, if any, resulting from discharge of the

condenser cooling water from VCSNS. These data were also used to

determine if the existing water quality in the river and reservoirs met

the standards set by the SCDHEC, as well as the criteria suggested by

the United States Environmental Protection Agency (USEPA). The

information was also used in evaluating changes in the populations of

aquatic organisms in these water bodies.

2.2.2 Findings and Discussion

A summary of the results of the in situ measurements of physical

parameters (water temperature, dissolved oxygen, pH, conductivity, and

Secchi disk transparency) made during the operational phase (1983-1984)

is given by station and month in Table 2.2.1. Bottom depth and approx-

imate location of the thermocline are also indicated in this table.

Figures 2.2.1 through 2.2.6 illustrate the seasonal patterns of water

temperature, and Figures 2.2.7 through 2.2.12 illustrate changes in

dissolved oxygen for several stations in 'Monticello Reservoir under

both operational and pre-operational conditions. Table A-5

(Appendix A) contains a summary of the water temperature, dissolved
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oxygen, pH, and conductivity data collected during the pre-operational

phase of the study (1978-1982).

Summaries of the results of the pre-operational water chemistry anal-

yses are given in Table A-6. Results of the analyses for the opera-

tional surveys are summarized in Table 2.2.2 and Table A-7. The

results of a statistical, station-to-station comparison of the water

chemistry data for the operational phase to that of the pre-operational

phase are shown in Table 2.2.3 and Table A-8. It should be noted that,

in those cases where the results of the laboratory analyses were nega-

tive but the detection limit of the test was greater than zero, the

mean value and other statistics for the parameter were calculated using

the numerical value of the detection limit of the analytical pro-

cedure.

Table 2.2.4 contains a summary of additional data (water temperature,

pH, dissolved oxygen, and conductivity:) recorded during the operati6nal

phase survey period by the United States Geological Survey (USGS) con-

tinuous water quality monitor located at the FPSF intake on Monticello

Reservoir.

The results of the 24 months of operational water quality surveys

(1983-84) are discussed below for each of the principal water bodies:

Parr Reservoir and Broad River

Neal Shoals (Broad River)
° Subimpoundment
o Monticello Reservoir

2.2.2.1 Parr Reservoir and Broad River (Stations 1, 2, 2W, 5A)

Stations 1, 2, and 5A were sampled monthly for both physical parameters

and water chemistry, while Station 2W was sampled monthly only for

temperature, pH, dissolved oxygen, and conductivity.
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Physical Measurements - During the 24-month sampling period, water

temperatures in the Parr Reservoir and the Broad River ranged from

5.1°C, at Station 1 in December 1984, to 29.7°C, at Station 5A in

August 1983. Examination of these data revealed a normal seasonal

temperature pattern at all stations, with the higher water temperatures

occurring during the summer and lower values being observed in the

winter. All temperatures taken at these stations were below the maxi-

mum state standard of 32.20C for Class A water set by the SCDHEC

(1981). No thermocline was observed at any of the stations sampled,

apparently due to the shallow depths and turbulence created by the

water current.

Dissolved oxygen (Do) concentrations also, followed the expected

seasonal trends, with higher levels generally occurring during the

colder months and lower levels occurring during warmer periods. The

maximum value observed was 13.3 mg/liter, recorded at Station 1 in

January 1984. The minimum concentration, recorded at the bottom of

Station 2W in June 1983, was 5.3 mg/liter. Most DO values fell within

a range of 7.0 to 12.0 mg/liter and none were below, the SCDHEC (1981)

minimum standard for dissolved oxygen (4.0 mg/liter).

The pH values at Stations 1, 2,. 2W, and 5A ranged from 4.7 to 9.2

units. The minimum value was recorded at Station 2 in March 1984. The

maximum value occurred at Station 5A in January 1984. Most pH values

fell within the range of 6.0 to 8.5 units set by the SCDHEC (1981);

however, on four occasions measurements- were above this range, at

Stations 2, 2W, and 5A, and on five other dates, at Stations 1, 2, and

2W, they were below 6.0.

Conductivity values, ranged from 50 to 100 -mhos/cm. Transparency, as

measured with a Secchi disc, was lowest (0.1 meters) at several dif-.

ferent stations on three occasions during 1983. The highest trans-

parency value was 1.7 meters recorded at Station 2 in October and

November of 1983.
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In general, the physical values recorded between January 1983 and

December 1984 at the Parr Reservoir and Broad River stations were

consistent with other data collected since June 1978 under the present

environmental monitoring program (Dames & Moore 1978, 1979, 1979a,

1981, 1983). Water temperature and dissolved oxygen values conformed

to the expected seasonal regime, with low water temperature and high

dissolved oxygen concentrations recorded during the colder months of

the period, and maximum water temperatures and minimum DO values

occurring during the warmer months. The pH values during this period

were generally within the range recorded during the pre-operational

study program from 1978 through 1982. The range of conductivity and

transparency values were also similar to those recorded during corres-

ponding periods in earlier years of this study.

Chemical Analyses - Ammonia values at Stations 1, 2, and 5A averaged

about 0.2 mg/liter for the 2-year operational study period. The

highest ammonia concentration (2.0 mg/liter) was observed at Station 5A

in April 1983. Mean nitrate concentrations ranged from 1.6 mg/liter at

Station 2 to 1.9 mg/liter at Station 1. The maximum nitrate value

recorded was 4.8 mg/liter at Station 1 in June 1984. Mean concentra-

tions of total phosphorous ranged from 0.13 to 0.32 mg/liter, with a

minimum value of less than 0.01 mg/liter at Stations I and 5A in April

1984, and a maximum of 1.30 mg/liter at Stations 1 and 5A in December

1983 during a period of very high runoff.

Biochemical oxygen demand (BOD) was low at all Broad River and Parr

Reservoir locations. Maximum values among these three stations ranged

from 4 to 6 mg/liter and the means for each station over the 2-year

period were all 1.63 mg/liter. COD ranged from a mean of 10.8 mg/liter

at Station 2 to a mean of 12.8 mg/liter at Station 5A.
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The highest value for total hardness recorded among Stations 1, 2, and

5A was 24 mg/liter (at Station 2), which fell within the 0 to

75 mg/liter classification defining soft water (USEPA, 1976).

Cadmium, chromium, copper, lead, and mercury were not detected in any

water samples collected from Parr Reservoir and the Broad River (see

Table. A-4 for the detection limits of the analytical procedures used).

Although zinc was detected occasionally, these concentrations were all

very low. Levels in excess of the analytical limit of 0.01 mg/liter

were recorded only in February 1983 (Stations 1, 5A), December 1983

(Station 5A), and February and August 1984 (Station 1), when values

reached 0.02 mg/liter. The mean values for all three stations was less

than 0.01 mg/liter.

The USEPA (1976) criterion for total iron, to protect freshwater

aquatic life, is 1.0 mg/liter. The concentration of this, parameter

routinely equalled or exceeded this value at Station I during 16 of the

24 months of the operational study program. The mean total iron

concentration over this period was 2.52 mg/liter.. At the other two

stations, exceedances were much l-ess common, occurring only four times

at Station 2 and five at Station 5A. Means for iron at these stations

were 0.79 mg/liter (Station 2) and 2.14 mg/liter (Station 5A). The

highest total iron value recorded among these three stations was

13 mg/liter at Station 1 in February 1984 and at Station 5A in February

and December of 1983. As was observed in previous years of this study,

the high iron concentrations in Parr Reservoir and Broad River were

often coincidental with high suspended solids values. Because iron is

a constituent of clay soils, such as those found in the study area, it

is believed that these values were caused by runoff from heavy rainfall

preceding sampling. Total iron concentrations in Monticello Reservoir

and the sub-impoundment (Station 18)-were much lower (see below).

Mean turbidity values in Broad River and Parr Reservoir were moderately

high, 20.4 to 45.3 NTU. Maximum levels were observed at Station 1 in
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December 1983 (240 NTU), at Station 2 in April 1983 (150 NTU), and at

Station 5A in December 1983 (200 NTU). These high values were due to

sediment carried into the river by runoff following heavy rainfall.

A statistical comparison of pre-operational (1979-1982) and operational

(1983-1984) water quality data using Student's t-test (at the 95 per-

cent confidence level) revealed that there were significant differences

between the concentrations of 9 of the 27 parameters for which analyses

were performed at stations 1, 2, and 5A (Table 2.2.3 and Table A-8).

For six of these parameters (calcium, magnesium, ammonia, total

hardness, silica, zinc), the concentrations were significantly higher

at some stations during the pre-operational phase. Therefore, the

differences were not due to operation of VCSNS. For the remaining

three parameters (BOD, COD, C02), the values were greater during the

operational surveys. However, none of these differences. were

attributed to operation of the VCSNS. COD and CO 2 showed differences

upstream of the FPSF tailrace (the point at which any effects of VCSNS

would reach Broad River) as well as downstream. The cause of 'these

changes, therefore, must be upriver of Station 1. BOD showed statis-

tically significant differences only in the area of the tailrace

(Station 2), and at Stations 12 and 14 in Monticello Reservoir.

However, there was no mechanism by which the operation of VCSNS itself

could directly affect BOD. The discharge from the sewage treatment

plant on-site was small (about 50,000 gallons-per-day) and the BOD of

the waste stream was typically about 3 mg/liter. Itis unlikely, given

the dilution provided by Monticello, that this source of organic

material could account for the differences in BOD observed. In any

case, the potential impact on Broad River was minimal since the BOD

levels at Station 2 were very low (mean: 1.6 mg/liter) and no signifi-

cant differences between pre-operational and operational samples were

found downstream at Station 5A, where the operational mean was also

1.6 mg/liter.
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Calcium concentrations were significantly higher at Station 2 during

pre-operational surveys. However, this was the only location where

this condition was observed and it was unlikely that VCSNS influenced

the concentration of this parameter at this station.

2.2.2.2 Neal Shoals Dam (Station 11)

This was one of the two upstream control stations (Stations 1 and 11)

which, provided a basis for comparison of data collected within the

area of potential influence within Parr Reservoir (Stations 2 and 2W)

and Broad River below Parr Dam (Station 5A).

Physical Measurements - Water temperatures at this station ranged from

5.2%C (December. 1984) to 29.3 0 C (July 1984). Dissolved oxygen

concentrations varied from 12.6 mg/liter in January 1984 to 6.6

mg/liter in-August and September 1983. These DO values were all above

the minimum standard of 4.0 mg/liter established by the SCDHEC (1981).

Values of pH ranged from 4.5 in October 1983 to 8.9 in January 1984.

The values at this station were outside the DHEC standard (6.0 to 8.5)

on three of the twenty-four months sampled: October 1983, February

1984 (both below 6.0), and January 1984 (above 8.5). Conductivity

ranged between 50 and 110 Vmhos/cm. Secchi disc readings ranged from

0.1 to about 1.0 meters.

Chemical Analyses - Mean concentrations of ammonia, nitrate, and total

phosphorous at Station 11 during the 24 month sampling period were

about 0.23 mg/liter, 1.95 mg/liter, and 0.30 mg/liter, respectively.

The highest total phosphorous concentrations observed at this station

was 1.50 mg/liter in February 1984, followed by 1.10 mg/liter in

December 1983. These high concentrations were believed to be caused by

suspended materials in the water column at the time of sampling.
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) .The mean BOD and COD values recorded during the survey period were-

1.8 mg/liter and 11.3 mg/liter, respectively. The average total

hardness was about 14 mg/liter, a value representative of soft, water

(USEPA, 1976).

Of those heavy metals analyzed in samples from Neal Shoals, only zinc

and total iron occurred in concentrations above the lower limit Of

sensitivity of the analytical methods. Zinc was detected in four

samples: two at 0.02 mg/liter (February and December 1983), one at

0.03 mg/liter (February 1984), and one at 0.04 mg/liter (June 1984).

Concentrations of total iron exceeded the 1.0 mg/liter criterion

recommended by the USEPA (1976) on 12 of the 24 collection dates (five

in 1983 and seven in 1984). The highest individual value observed was

20.0 mg/liter in February 1984. The average concentration of total

iron at this station for the period was 2.9 mg/liter. In the previous

years of study (1978 through 1982) it was observed that the iron con-

centration in the vicinity of Neal Shoals Dam was often greater than

that recommended by the USEPA (1976) (Dames & Moore, 1978, 1979, 1981,

1982, 1983, 1984). As with the other stations located in the Broad

River and in Parr Reservoir, the elevated concentrations were believed

to have resulted from leaching of iron from the soils in the region.

'A

Turbidity at Station 11 was similar to values observed in other parts

of the Broad River. Highest values (240 to 250 NTU) were recorded in

December 1983 and February 1984 following heavy precipitation. During

other months, turbidity was moderate to low.

The statistical comparison of pre-operational and operational phase

results showed that there were significant differences (at the 95 per-

cent confidence level) in the mean concentrations of 6 of the 27 param-

eters (Table 2.2.3 and Table A-8). Magnesium, ammonia, total hardness,

and silica were found in higher concentrations in the pre-operational

surveys, i.e., before VCSNS began operation; while COD and 002 showed

greater concentrations during the operational phase. As Station 11 is
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upstream of any influence' by VCSNS,. these values were not likely a

result of operation of the plant.

2.2.2.3 Subimpoundment (Station 18)-

The subimpoundment was sampled quarterly for selected water chemistry

analyses; however, routine physical measurements (i.e., pa, DO,

temperature, and conductivity) were not made at this station.

Chemical Analyses - Ammonia concentrations from the eight sampling

dates -during the operational phase ranged from less than 0.i to

to 1.1mg/liter (mean: 0.34 mg/liter). The range of nitrate values

was from less than 0.1 to 3.0 mg/liter, with a mean of 1.24 mg/liter.

Total phosphorous concentrations were low ranging from: less than 0.01

to 0.08 mg/liter (mean: 0.04 mg/liter).

The BOD values recorded averaged about 1.8 mg/liter. Total hardness

concentrations ranged from 16 to 24 mg/liter and were within the range

characteristic of soft water.

As with the pre-operational surveys, the concentrations of heavy metals

measured during the 2-year reporting period (i.e., cadmium, total

chromium, copper, lead, mercury) were below the level -of sensitivity of

the analytical procedures.

Statistical analysis of the water chemistry data collected at this

station (Table 2.2.3) indicated the concentrations of MO-alkalinity

(i.e., methyl orange alkalinity), total hardness, and total phosphorous

were significantly higher during the 1979-1982 sampling period than

after VCSNS operation (1983-1984). The subimpoundment was isolated

from Monticello Reservoir and, therefore, these differences were not

likely due to operation of VCSNS. The lower phosphorous values may be

due to the decreased amount of fertilizer applied to the subimpoundment

during 1983-84. -
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2.2.2.4 Monticello Reservoir (Stations 12-17 and 20)

All seven stations were sampled monthly for physical parameters, while

water chemistry analyses were obtained only for Stations 12,..14, 15,

and 16.

Physical Measurements The VCSNS was generating electricity for most

of the operational sampling period (Figures 4.1.1 to 4.1.8). During

1983, the plant was not operating during the March, April, and May

field surveys, and was only generating at about 8 to 15 percent

capacity during the February an& December sampling and at, about

50 percent in January. In 1984, VCSN9 was off-line during the April,

October, November, and December surveys. The thermal. plume was

detected at the surface of Station 14 (the sampling point closest to

the discharge canal) on twelve of the twenty-four field surveys. It

was Jess evident on three other dates: January .1983 and June and

July 1984. No plume was found at this location in February, March,

April, May, and December 1983, nor -April, October, November, February,

and December 1994. These elevated temperatures were observed at the

1-foot depth, with a temperature rise also found occasionally at

1 meter. Below this depth, the influence of the thermal plume. was not

detected.

The highest temperature observed in Monticello Reservoir was 34.20C at

the surface of Station 14 in August 1983; a temperature of 32.2*C was

observed in August 1984 at the same location. This station was within

the area influenced by the heated discharge from' VCSNS (see above).

The lowest temperature recorded at- the surface was 7.8% in February

1983 for Stations 12 and 13i The lowest temperature at the bottom was

7.2% in February 1983 for Station' 12 at a depth of 28 meters. Týe

seasonal patterns of water temperatures at six stations in Monticello

Reservoir are shown in Figures 2.2.1 through 2.2.6. These figures
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compare the water quality patterns observed under operational condi-

tions with those recorded during the pre-operational study.

Mean temperature ranges recorded during the January 1983 through,

December 1984 period by the USGS monitor are generally similar to the

temperature ranges measured at other stations in.the reservoir during

this study. This monitor is located in Monticello Reservoir at a depth

of about 6 m at the FPSF intake. The highest hourly temperature

recorded was 33.0C in July 1983, while the highest daily mean tempera-

ture was 30.1°C recorded in August 1983.

Dissolved oxygen concentrations recorded at the surface (30 cm) of

Monticello Reservoir ranged between 4.8 and 11.2 mg/liter. The maximum

surface DO level occurred at Station 12 in January and February of

1983; the minimum value was recorded at Station 15 in September 1983.

All surface values were greater than the 4.0 mg/liter minimum standard

set by the SCDHEC (1981). Concentrations at or near the bottom of the

deeper portions of the reservoir were often below 4.0 mg/liter during

the June to November period during both the operational and pre-opera-

tional phases of this study. Low dissolved oxygen concentrations are

considered typical of waters below the thermocline in deep fresh water

lakes (Knight, 1965). Moreover, in reservoirs, the decay. of organic

material on the bottom results in depletion of oxygen in the water

column. Typically, this decay process reaches peak rates several years

after a reservoir has been created (Hutchinson, 1957). Accordingly,

lowered dissolved oxygen concentrations in Monticello Reservoir were

expected during warmer months when the water body was thermally

stratified. However, the results of the present study indicated that,

once the stratification was broken up in the autumn, bottom DO levels

increased considerably. For example, at Station 20, concentrations

were below 1.5 mg/liter from July through November 1984, but reached

8.7 mg/liter at the same location in December. Low oxygen levels were

not as common at the bottom of Station 12, where. depths were comparable
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* -to Station 20, because the pumping and generating activities of nearby

~~~~FPSft pevented strati.fihation. .____ ____ -

The seasonal pattern of dissolved oxygen concentrations at several

locations in Monticello Reservoir is shown in Figure 2.2.7 through

2.2.12. Operational and pre-operational conditions are compared for

six stations.

The hourly DO measurements provided by the USGS monitor fell below the

minimum standard (4.0 mg/liter) during July (on 1 day), August

(12 days), and September (7 days) 1983. Low DO concentrations occurred

most frequently during the night, the period when FPSF was in the

pumping mode. However, low Values also were recorded during' other

times of the day when FPSF was in the generating or slack modes.

The pH standard for Class A waters, as set by South Carolina (SCDHEC,

1981), is 6.0 to 8.5 units. The pH values recorded in Monticello

Reservoir during the operational study period ranged from 3.2 units at

the bottom of Station 20 in July 1983 to 8.4 units at the bottom of

Station 15 in January 1984. The pH values were below the minimum state

standard on 16 of the 24 monthly operational sampling dates at Sta-

tion 20, on six dates at Station 14, four at Station 12 and one date

each at Stations 13 and 16. These low values were all recorded near

the bottom of the reservoir and were likely a result of decaying

organic material. During the pre-operational phase, pH values below

4.0 were observed at the bottom less frequently at all locations: at

Station 20 on 19 of 48. sampling dates (8 of which were in 1982), at

Station 12 on 6 dates (including 4 in 1982), and at Stations 14 and 15

on one date each. This apparent increase in the frequency of occur-

rence of low pH values at greater depths was apparently not caused by

VCSNS, as these lower values were found in 1982, prior to operation.

Hourly pH values recorded at the USGS monitor were occasionally above

the state standard of 8.0 units during May, June, and July 1983; and
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May, June, October, and December 1984. The most common pattern was an

elevated pr during the late morning to evening hours, when photo-

synthesis was usually at its peak. This was also the period when FPSF

was usually in the generating mode. Some high pH values were recorded

at other hours as well, but these instances did not appear to follow a

specific pattern. Recorded pH values were below 6.0 during three

months in 1984: June, August, and September. In general, pH values

recorded by this monitor appeared to be consistent with those observed

during the water quality study.

Conductivity values observed in Monticello Reservoir during the

operational survey period ranged between 60 and 180 imhos/cm. This

range was similar to that at most locations during the pre-operational

study. Hourly conductivity values recorded at the USGS monitoring

station in Monticello Reservoir ranged from about 30 to 115 •mhos/cm,

and were consistent with field measurements made during the water

quality study.

Water transparency (as Secchi disc depth) in the Monticello Reservoir

during 1983 and 1984 ranged from 0.4 meters, at Station 12 in July

1984, to 3.2 meters, at Station 17 in December 1984, the mean Secchi

disc depth was about 1.4 meters. These values were comparable to those

found during the pre-operational surveys.

Chemical Analyses - The mean ammonia values observed among the four

stations analyzed for water chemistry parameters in the Monticello

Reservoir (i.e., Stations 12, 14, 15, and 16) during this 2-year period

ranged from about 0.2 to 0.3 mg/liter. A maximum ammonia concentration

of 2.3 mg/liter was recorded at Station 14 in October 1983. Mean total

phosphorous levels were within the range of 0.06 to 0.08 mg/liter. The

highest individual value was 0.20 mg/liter, at Stations 12 and 14,in

April 1983, and at Station 12- in September 1984. Mean values for

nitrate ranged from about 1.2 to 1.3 mg/liter. The maximum individual
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) nitrate concentration observed was 2.4 mg/liter (Station 12, March

1983).

Biochemical oxygen demand in Monticello Reservoir was low, with a mean

for all stations of 1.5 mg/liter. The range of mean COD levels was

between 6.4 and 8.4 mg/liter. Total hardness values among the four

stations ranged from 4 to 18 mg/liter, with a mean of 13.4 to

14.0 mg/liter; these values were characteristic of soft water.

Of the heavy metals measured in Monticello Reservoir during the 2-year

operational study, only total iron and copper were found in concentra-

tions that exceeded the level of sensitivity of the analytical pro-

cedures. However, concentrations of total iron did not exceed the

USEPA (1976) recommended criteria of 1.0 mg/liter and copper levels

were very low (no EPA criterion has been set for this metal). Mean

total iron values ranged from 0.25 to 0.37 mg/liter, with a maximum

concentration of 0.95 mg/liter observed at Station 14 in February 1983..

Iron is a natural constituent of the clay soils in the area; therefore,

periodic increases in the concentration of this metal were not unusual.

The only copper concentration that was found to be above the analytical

threshold level of less than 0.02 mg/liter, was a value of 0.03 mg/

liter observed at Station 16 in April 1984. Because this observation

was a single occurrence at a point more than 4 miles north of VCSNS, it

was highly unlikely that it was related to the operation of the plant.

The turbidity of Monticello Reservoir during this period was generally

much lower than in the Broad River or Parr Reservoir. Individual

values ranged from 2 to 20 NTU. The range of means was from 5.8 to

7.8 NTU.

The results of the statistical comparison of pre-operational and

operational water chemistry data for the four stations in Monticello

Reservoir are summarized in Table 2.2.3 (see also Table A-8). A total

of 10 parameters showed significant differences; however, none of these
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appeared to be related to operation of VCSNS. Magnesium, total

hardness, and total phosphorous concentrations were significantly

greater under pre-operational conditions at all four locations sampled.

Ammonia levels were also higher during this period at Stations 12 and

16. MO-alkalinity and nitrate concentrations were also significantly

higher at Station 12 before VCSNS began operation. In contrast, the.

concentrations of carbon dioxide at all four stations were signifi-

cantly higher during the operational sampling. However, as this

condition was observed at all stations sampled, (Broad River, Parr

Reservoir, and Monticello Reservoir), it was not likely related to the

operation of the VCSNS. Kjeldhal nitrogen values were significantly

higher at Stations 15 and 16 after operations began. Also, BOD levels

were significantly greater at Stations 12 and 14 during the operational

surveys, an effect also found in the FPSF tailrace (Station 2).

However, as in the tailrace, the actual BOD levels at Stations 12 and

14. during VCSNS operation were very low, with mean concentrations of

1.5 and 1.8 mg/liter, respectively.

2.2.3 Summary

The observations of water temperatures made during the 2-year opera-

tional sampling period exceeded the 32.2°C standard only once, in

August 1983 when a temperature of 34.2°C was observed at Station 14

near the VCSNS discharge. This, and many of the other temperature

readings at this location, reflected the influence of heated effluent

water from VCSNS, which was in operation during most of the study

period. The thermal plume was detected at Station 14 on 15 of the

24 monthly surveys, but it was not detected below a depth of about

1 meter. At the times the plume was not observed, the plant was either

not generating or was operating at a very low capacity.

The dissolved oxygen (DO) concentrations, along with temperature,

followed seasonal trends: higher DO values occurred during the colder

months and lower values during the warmer months. At the Parr
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Reservoir and Broad River stations (including Neal Shoals), DO was

found throughout the water column in a sufficient concentration to

support aquatic life. In Monticello Reservoir, DO concentrations

observed at most stations and depths were greater than the minimum

statutory limit (4.0 mg/liter). However, typical for deep lakes,

concentrations at, or near the bottom in the deeper portions of the

reservoir were often below 4.0 mg/liter from June through November

during both the operational and pre-operational phases of this study.

The pH of water in Broad River and Parr Reservoir. was within the state

standards for these waters (6.0 to 8.5 units) at most locations and

dates sampled. On seven occasions, values below 6.0 were. observed and

on five dates concentrations above 8.5 were recorded. In Monticello

Reservoir, the pH fell below the minimum standard at, or near, the

bottom of Station 20 on 16 of the 24 monthly operational surveys, and

at several other stations on other dates. A trend can be seen in an

increased frequency of low pH values at, or near, the bottom in this

water body. However, since this trend began in 1982, prior to startup

of VCSNS, it was not likely related to the operation of the plant. The

maximum pH standard (8.0 for this water body) was exceeded several

times at the surface and bottom, with a maximum pH of 8.4.

The water clarity was much greater in Monticello Reservoir than in

either the Parr Reservoir or the Broad River stations. This increased

transparency was due to settling of suspended particles in the upper

reservoir as compared to the more turbid conditions that exist in the

lotic systems of the Broad River and Parr Reservoir.

Nitrate values observed in Parr Reservoir and Broad River during the

operational period ranged from 0.7 to 4.8 mg/liter (mean: 1.74 mg/

liter). At the Neal Shoals Dam station, nitrate concentrations

averaged 1.95 mg/liter. In Monticello Reservoir, the range of nitrate

values was from 0.2 to 2.4 mg/liter and the mean was 1.24 mg/liter.
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Concentrations of nitrate in the subimpoundment ranged from 0.1 to

3.0 mg/liter (mean: 1.24 mg/liter).

Total phosphorous levels in Parr Reservoir and Broad River ranged from

0.01 to 1.30 mg/liter. The mean value among these three -stations was

0.23 mg/liter. - At Neal Shoals, the concentrations were slightly

higher, with a mean of 0.30 mg/liter. The total phosphorus content in

water analyzed from Monticello Reservoir ranged from 0.01 to

0.20 mg/liter, with a mean value of 0.07 mg/liter. The concentrations

in the, subimpoundment were also low, ranging from 0.01 to 0.08 mg/

liter (mean: 0.04 mg/liter).

Ammonia values at the Broad River, Parr Reservoir, and the Neal Shoals

stations all averaged 0.24' mg/liter. In Monticello Reservoir, the

concentrations of this nutrient also averaged 0..24 mg/liter and ranged

from 0.1 to 2.3 mg/liter. The mean of the values found in the

subimpoundment was 0.34 mg/liter.

With the exception of zinc, iron, and copper, no heavy metals were

detected in the water samples collected at any location during the

2-year operational survey period. Zinc was detected five times in

the Broad River and Parr Reservoir system at concentrations of 0.02

mg/liter, slightly in excess of the analytical detection limit of 0.01

mg/liter. Zinc was also detected four times at Neal Shoals (twice at

0.02 mg/liter and once each at 0.03 mg/liter and 0.04 mg/liter).. This

metal was not detected above concentrations of 0.01 mg/liter in

Monticello Reservoir and none was detected at any other location.

Total iron concentrations ranged from 0.02 to 13.0 mg/liter in Parr

Reservoir and Broad River, and from 0.54 to 20.0 mg/liter at Neal

Shoals. The corresponding mean values were: 1.81 mg/liter and 2.91

mg/liter, respectively. In Monticello Reservoir, iron concentrations

were lower than at other locations, ranging from 0.07 to 0.95 mg/liter

(mean: 0.31 mg/liter). Iron was a constituent of the soils in this

area and highest concentrations of this metal occurred during periods
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of runoff following heavy rainfall. Copper was detected once, in

Monticello Reservoir, at a concentration of 0.03 mg/liter (the analyti-

cal threshold value was 0.02 mg/liter). However, this sample was taken

in the north-central portion of the reservoir, about 4 miles from the

VCSNS discharge, and was not likely related to plant operation.

In the subimpoundment, none of the heavy metals, for which analyses

were performed (i.e., cadmium, chromium, copper, lead, and mercury),

were found at levels above the detection limits of the analytical

procedures used.

A station-to-station statistical comparison of pre-operational with

operational results, using Student's t-test (at the 95 percent con-

fidence level), revealed that there were significant differences in the

concentrations of 13 of the 27 chemical parameters analyzed. In ten

cases, values were greater under pre-operational conditions and, in

three, the concentrations were greater after VCSNS began operation.

None of these differences is related to* operation of the nuclear

station.
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Table 2.2.1 Physical measurements (water. temperature, dissolved oxygen, pH, conductivity, Secchi
disc transparency) made during the operational phase surveys during the month indicated.
Bottom depth and approximate depth of the thermocline are also given.

January 1983

Dissolved Conductivity Approximate Secchi-
Temperature (°C) Oxygen (mg/1) pH (micromhos/cm) Thermocline Bottom Disc

station Surface Bottom Surface Bottom Surface Bottom Surface Bottom Depth (m) Depth (m) Depth (m)

I-
'-0

1

2

2W

5A

11

12

13

14

15

16

17

20

6.8

10.5

12.0

8.0

7.1

10.2

10.1

10.7

10.4

10.3

10.3

10.1

6.8

9.5

12.8

a

7.1

9.2

10.1

10.5

10.,3

10.2

10.1

9.4

11.3

10.0

8.8

11.3

11.7

9.0

9.9

9.2

9.8

9.4

9.4

* 11.4

10.2

8.9

a

11.6

10.1

10.0

9.2

10.2

9.4

9.4

6.1

7.0

6.5

6.2

6.4

7.3

7.2

7.4

7.4

7.3

7.0.

7.6

6.1

6.6

6.0

a

6.3

5.4

7.2

7.5

7.4

7.2

7.2

6.2

75

80

80

80

80

60

b

80

80

80

80

60

80

80

80

a

00

60

b

00

. 80

80

80

NP

NP

NP

NP

NP

NP

NP"

NP

NP

NP

NP

NP

3.5

4.0

3.0

1.0

1.0

527.

5.0

13.0

4.5

13.5

12.5

29.0

0.7

1.0

0.4

0.6

0.8

0.9

0.9

0.9

1.2

1.3

.1.5

9.2 8.8 60

NP.- None present
a - Water depth at this station was less than one meter; only a surface measurement was made.
b - Instrument malfuntion; no data obtained.



Table 2.2.1 (continued)
Page 2 -of 24•

February 1983

Temperature ( C)
Station Surface Bottom

Dissolved
Oxygen (mg/1) pH

Surface Bottom Surface Bottom

Conductivity
(micromhos/cm)

Surface Bottom

Approximate Secchi
Thermocline Bottom Disc

Depth (m) Depth (m) Depth (in)

1

2

2W

5A

11

12

13

14

15

16

17

20

5.4

9.2

5.6

7.7

5.7

7.8

7.8

8.9

10.0

9.4

9.0

9.1

5.4
7.1

5.6

a

5.7

7.2

7.6

7.7

8.6

7.7

7.7

7.5

12.0

8.1

9.7

11.4

12.3

10.6

10.2

11.0

10.7

10.4

10.6.

10.4

11.8

8.8

9.4

a

12.3

10.6

10.2

11.0

10.8

10.6

10.6

10.2

7.7

7.0

8.2

7.4

6.4

7.2

7.2

7.7

7.4

7.4

7.3

7.2

7.8

6.9

7.5

a

6.6

5.8

7.0

8.0

7.4

7.2

7.2

5.8

60

80

60

60

60

80

80

80

80

80

80

80

60

65

60

a

60

80

80

90,

80

80

80

90

NP
NP

NP

NP

NP

NP

NP

NP

NP

NP

NP
"NP

6.0
5;0

4.0

1.0

2.0

28.0

12.0

16.0

4.0

.12.0

.12.0

28.0

0.1

0.6

0.]

0.1

0.1

0.7

0.(

0.

0.

0.
I.

0•.

C:3

"3

('
0

NP - None present

a - Water depth at this station was less than one meter; only a surface measurement was made.

6I
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Table 2.2.1 (continued) Page 3 of .24

March 1983

Dissolved Conductivity Approximate
Temperature ( C)

Station Surface Bottom
Oxygen

Surface
(mg/l) pH (micromhos/cm) Tiermocline
Bottom Surface Bottom Surface Bottom pepth (m)

Secchi
Bottom Disc

Depth (m) Depth M)
*1.-

I'o

"3

$3

1

2

2W

5A

11

12

13

14

15

16

17

20

10.8

15.3

12.5

11.8

10.9

11.0

10.8

11.1

11.3

11.6

11.8

10.6

10.8

10.8

11.9

a

10.8

9.6

10.4

10.7

11.1

10.7

11.1

9.4

9.9

7.0

8.5

9.6

9.6

9.8

9.2

9.2

9.4

9.4

9.4

10.0

6.8

8.6

a

9.6

9.5

9.0

8.6

'9. 2

8.3

9.5

6.7

7.4

7.3

8.7

7.9

7.6

7.4

7.6

7.7

7.6

7.5

7.5

6.7

7.6

7.5

a

8.2

6.9

7.2

7.2

7.7

7.4

7.6

5.6

70

80

70

70

70

70

70

*80

80

80

80

70

70

80

70

a

60

60

70

80

80

80

80

70

I.

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

1.5

4.0

2.5

1.0

1.5

27.5

11.5

14.0

4.5

14.5

11.5

28.0

0.,

0.1

0.:

0.1

0.!

0.

0.

1.

1.i

1.

0.
8.7 7.7

NP - None present

a - Water depth at this station was less than one meter; only a surface measurement was made.



Table 2.2. 1 (continued) Page 4 of 24

April 1983

Temperature (°C)
Station Surface Bottom

Dissolved
Oxygen (mg/1)

Conductivity
(micromhos/cm)

Approximate
ThermoclinepH Bottom

Depth (m)

Secchi
Disc
DepthSurface Bottom Surface Bottom Surface Bottom Depth (M) m)

1

.2

2W

5A
11

12

13

14

15

16

17

20

14.4

16.5

16.2

15.7

14.8

13.0

12.9

13.1

14.3

15.7

16.6

15.3

14.4

13.1

16.0

a

14.9

10.4

11.2

10.9

14.0

11.5

11.4

9.4

9.8

9.0

7.6

9.2

9.6

9.9

9.8

10.9

9.9

10.2

10.2

9.8

10.0

9.3

7.6

a

9.6

9.5

9.5

9.9

9.4

9.8

9.2

8.8

7.4

7.8

7.3

7.9

7.8

7.5

7.4

6.6

7.4

7.4

7.5

8.0

7.4

8.0

7.5

a

7.8

5.4

7.1

5.8

7.4

7.2

7.2

6.0

60

70

65

60

60

80

80

80

80

80

80

80

60

70

60

a

60

80

80

80

80

80

80

80

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

6.0

4.5

3.5

i.0

1.5

29.0

13.5

14.5

4.0

11.0

12.0

28.0

0.

0.

0.

0.,

0.:

0.'

0.

1.

1.

1.

1.

NO
N
N
No

L

3

NP - None present

a - Water depth at this station was less than one meter; only a surface measurement was made.

IF



Table 2.2.1 (continued) Page 5 of 24

May 1983

Temperature ( C)
Dissolved

Oxygen (mg/1)
Conductivity
(micromhos/cm)

Approximate
ThermoclinepH

Surface Bottom

Secchi
Bottom Disc

Depth (m) Depth (iStation Surface Bottom Surface Bottom Surface Bottom Depth (m) a)

I

I'.

I'.)

2

2W

5A

11

12

13

14

15

16

17

20

18.7

21.4

20.4

19.5

18.7
19.4

18.8

20.0

21.3

20.7

21.4

20.4

18.7

16.4

18.6

a

18.6

11.4

15.7

14.8

17.9

16.0

15.9

10.5

8.7

8.0

8.4

8.4

8.6

9.4

9.4

10.0

9.8

9.8

10.0

9.0

8.6

8.6

7.4

a

8.4

8.0

8.7

8.8

8.6

8.6

8.6

7.5

7.7

7.5

7.1

7.6

8.2

7.7

7.4

7.7

8.0

8.1

8.3

7.8

7.9

7.7

6.9

a

7.3

6.9

7.2

7.0

7.7

7.4

7.4

6.4

80

80

80

80

80

80

80

80

80.

90

80

80

80

80

80

a

80

70

80

80

80

80

80

70

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

3.0

5.0

4.0

1.0

1.0

27.5

11.5

15.0

4.0

10.0

11.0

28.0

0.7

0.5

0.7

0.7

0.6

1.8

1.6

1.3

1.5

1.4

1.2

1..6

NP - None present

a - Water depth at this station was less than one meter; only a surface measurement was made.



Table 2.2.1 (continued) Page 6 of 24

June 1983

Temperature ( C)
Station Surface Bottom

Dissolved
Oxygen (mg/1)

Conductivity
(micromhos/cm)

Approximate
Thermocline Bottom

Secchi
DiscPH

Surface Bottom Surface Bottom Surface Bottom Depth (m) Depth (m) Depth (ia)

1

2

2W
5A

12

13

14

15

16

17

20

22.6

21.9

24.3

23.1

23.2

25.7

24.8

29.4

27.1

25.5

25.3

24.2

22.6

22.0

22.4

a

22.9

13.3

22.0

19.7

23.3

19.4

20.6

10.9

7.8

7.6

7.6

7.6

8.0

8.9

9.0

8.2

8.7

9.2

8.9

8.8

7.8

7.6

5.3

a

8.2

6.6

7.6

7.0

8.0

5.4

6.4

5.2

.7.6

7.6

7.2

8.0

8.2

8.2

8.0

7.8

8.1

7.8

8.0

8.1

7.6

7.8

7.3

a

8.3

7.0

7.3

7.2

7.6

7.3

7.4

4.2

80

80

80

80

80

80

80

80

70

80

70

80

80

80

80

a

80

80

80

80

70

70

70

70

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

20-22

2.0

5.0

3.5

1.0

1.0

27.5

8.0

14.5

5.0

13.5

11.5

29.0

0.7

1.2

0.5

0.6

0.6

1.6

1.7

1.3

1.7

1.8

2.0

l.A

"3

NP - None present

a - Water depth at this station was less than one meter; only a surface measurement was made.



Table 2.2.1 (continued) Page 7 of 24

July 1983

Temperature ( C)
Station Surface Bottom

. Dissolved
Oxygen (mg/l)

Conductivity
(micromhos/cm)

Approximate
Thermocline Bottom

Secchi
DiscpH

Surface Bottom Surface' Bottom Surface Bottom Depth (m) Depth (m) Depth (1)

PI)

vi

1

2

2W

5A

11

12

13

14

is

16'

17

20

27.7

24.7

28.7

27.3

28.8

28.4

27.7

30.6

29.3

29.5

30.0

29.1

27.8

25.0

27.2

a

a

16.0

25.4

24.0

26.3

24.2

24.4

11.3

7.6

6.6

7.2

5.4

7.2

7.9

7.6

6.4

7.8

9.1

8.8

8.5

7

6.

5,

4.

5.

4.

5.

3.

3.

33.

.4 7.8

.8 7.0

.6 7.0

a .6.3

a 7.3

.6 7.9

.4 7.4

8 6.8

6 7.2

.9 8.1

9 8.2

0 8.2

8

7.

6.

6.

7.

5.

7.

7.

7.

3.

.0 75

.2 75

.4 75

a 75

a 65

8 70

2 70

9 75

0 70

0 75

0 70

2 80

75

75

75

a

a

80

70

75

70

75

70

70

NP

NP

NP

NP

NP

21-24

NP

NP

NP

4-5

NP

23-25

1.0

5.0

3.0

1.0,

1.0

28.0

11.0

16.0

4.0

13.0

11.0

28.0

0.4

0.6

0.5

0.4

0.5

1.2

1.0

1.0

1.5

1.5

1.5

1.3

NP - None present

a - Water depth at this station was less than one meter; only a surface measurement was made.



Table 2.2.1 (continued) Page 8 of, 24

August 1983

Temperatur
Station Surface

Dissolved
:e (°C) Oxygen (mg/1)
Bottom Surface Bottom

Conductivity
(micromhos/cm)

Approximate
Thermocline Bottom

Secchi
DiscpH

Surface Bottom Surface Bottom Depth (m) Depth (m) Depth M)
I.

1

2

2W

5A

11

12

13

14

15

16

17

20

28.1

28.4

29.3

29.7

28.4

29.4

29.0

34.2

31.5

29.6

29.9

29.1

28.0

28.4

28.5

a

a

22.3

28.0

27.2

28.0

27.4

27.2

11.9

6.9

5.9

5.8

6.2

6.6

7.1

7.2

6.6

8.0

8.0

8.2

7.2

6.9

5.8

5.6

a

a

2.0

5.2

3.5

4.5

3.7

1.8

1.6

7.1

7.5

6.6

7.6

8.3

7.1

7.0

7.2

7.6

7.4

7.4

7.2

7.1

7.8

6.4

a

a

6.3

6.8

6.6

7.3

6.9

6.6

4.2

80

80

80

80

80

80

85

80

80

80

75

80

80

80

80

a

a

80

80

80

80

80

75

80

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

24-26

1.5

4.5

3.0

0.4

1.0

28.0

10.0

16.0

5.0

13.5

12.0

29.0

0.:

0.

0.,

0.:

1.1

0.
1.•

1.

2.

2.

1.•

a')

NP - None present

a - Water depth at this station was less than one meter; only a surface measurement was made.

0



Table 2.2.1 (continued) Page 9 of 24

September 1983

0
Temperature ( C)

Station Surface Bottom

Dissolved
Oxygen (mg/1)

Surface Bottom

Conductivity
(micromhos/cm)

Approximate
Thermocline Bottom

Secchi
Disc

Surface
pH

Bottom Surface Bottom Depth (m) Depth (m) Depth M)

1

2

2W

5A
11

12

13

14

15

16

17

26.9

27.8

28.2

27.9

28.1

28.3

28.2

28.5

27.7

28.2

27.9

28.1

26.8

27.8

28.2

a

28.1

26.7

28.1

27.9

27.7

27.7

27.8

18.8

7.2

5.5

5.6

6.0

6.7

8.8

6.9

6.4

4.8

7.2

5.0

9.0

7.4

5.4

5.8

a

6.6

4.4

6.5

5.4

4.8

3.0

3.7

1.7

7.6

7.6,

7.4

7.8

7.8

6.9

6.7

7.4

7.2

6.9

6.9

7.2

7.7

7.7

7.4

a

8.0

6.5

6.3

7.7

7.3

6.6

6.4

5.0

80

80

80

80

90

90

90

80

80

80

80

85

80

80

70

a

90

90

.90

80

80

80

75

100

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

1.5

3.5

2.5

0.4

1.5

28.0

9.0

13.0

5.0

14.5

10. 0

28.0

0.]

0a.

0."

1.

1.

1.

2.

2.

1.•

I--)

20

NP - None present

a - Water depth at this station was less than one meter; only a surface measurement was made.



Table 2.2.1 (continued)
Page 10 of 24•

October 1983

Temperature ( C)
Dissolved

Oxygen (mg/1)
Conductivity
(micromhos/cm)

Approximate Secchi
pH Thermocline Bottom Disk

Station Surface Bottom Surface Bottom Surface Bottom Surface Bottom Depth (m) Depth (m) Depth (m)

1

2

2W

5A

12

13

14

"3

"3o

19.4

23.2

21.6

21.5

19.0

23.8

23.5

26.7

25.0

23.0

22.8

23.8

19.2

21.3

21.5

b

19.0

23.1

23.2

23.4

24.8

22.9

22.6

18.0

8.2

7.8

7.0

7.8

8.4

7.3

7.1

7.1

7.0

7.2

6.9

7.2

8.2

7.3

6.4

b

8.3

6.6

6.6

7.2

7.0

7.2

6.9

0.7

5.6

6.8

6.9

7.4

4.5

7.2

7.3

6.7

7.0

7.1

7.0

7.2

a

6.6

6.4

b

4.5

6.5

6.8

5.7

6.9

6.6

6.5

4.9

90

100

80

90

110

80

80

80

80

80

80

85

90

100

80

b

110

90

80

85

80

80

75

100

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

4.5

0.3

1.0

27.5

12.5

14.5

2.5

8.5

10.0

27.0

1.,

0.

0.1

2.

I.

2.0

4.5

0.!

i. *

15

16

17

20

1.

2.

1.*

2.P

NP - Not present
a - Instrument malfunction; no data obtained.
b - Water depth at this station was less than one meter; only a surface measurement was made.



Table 2.2.1 (continued) Page I I of 24$

November 1983

Temperature ( C)
Dissolved

Oxygen (mg/i)
Conductivity Approximate Secchi
(micromhos/cm) Thermocline Bottom DiskpH

Station Surface Bottom Surface Bottom Surface Bottom Surface Bottom Depth (m) Depth (m) Depth :M)

1

2

2W

5A

11

12

13

14

15

16

17

20

10.0

17.4

14.5

15.0

9.4

17.3

17.2

18.4

17.5

17.2

16.7

17.4

9.5

17.1

14.3

a

9.3

14.4

17.1

17.4

17.5

17.0

16.4

15.0

10.9

8.6

8.9

8.6

11.3

8.7

8.7

7.9

8.1

8.5

8.9

8.7

11.2

8.7

8.8

a

11.2

9.4

8.7

7.8

8.1

8.4

8.7

4.2

7.1

7.1

6.6

7.4

7.0

7.5

7.6

7.6

7.5

7.7

7.8

7.5

7.0

7.1

6.6

a

6.8

7.6

7.6

7.7

7.7

7.8

7.8

7.1

90

80

90

85

80

80

80

110

90.

80

80

85

90

80

90

a

80

80

80

110

90

80

80

85

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

4.0

5.0

4.5

0.6

1.0

28.0

11.0

15.5

3.5

12.5

11.5

28.0

1.0

1.7

1.1

0.6

1.0

1.9

1.9

2.0

1.7

1.8

1.8

1.8

NP - None present
a - Water depth at this station was less than one meter; only a surface measurement was made.



Table 2.2.1 (continued)
Page 12 of

December 1983

Temperature ( C)
Dissolved

Oxygen (mg/i)

Conductivity
(mioromhos/cm)

Approximate
Thermocline Bottom

pH

Station Surface Bottom Surface Bottom Surface Bottom Surface Bottom Depth (m) Depth (m)

1

2

2W

5A

11

12

13

14

15

16

17

20

10.0

13.5

9.7

10.7

9.6

13.3

13.3

13.4

13.5

13.5

13.6

13.3

a

11.0

9.6

a

9.6

11.7

13.0

13.3

13.5

13.5

13.6

13.3

11.6

9.5

9.9

10.4

11.2

9.5

9.6

9.6

9.6

9.5

9.4

9.6

a

10.4

10.0

a

11.2

10.0

9.6

9.6

9.6

9.4

9.4

8.9

7.0

6.6

6.0

6.9

6.7

6.1

6.2

6.8

7.0

7.1

7..0

6.0

a

6.4

5.4

a

6.8

5.2

5.6

5.9

6.9

6.6

6.6

5.6

50

80

60

60

60

80

75

85

75

75

90

80

a

70

60

a

60

80

75

85

75

80

90

90

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

a

4.0

3.0

0.1

2.0

28.0

12.5

16.0

3.0

9.5

12.5

21.5

1L-
N

tC

24

Secchi
Disk
Depth (m)

0.1

0.8

0.2

0.1

0.1

0.9

1.0.

1.1

1.2

1.7

1 .7

1.1

p

NP - None present
a - Water depth at this station was less than one meter; only a surface measurement was made.



Table 2.2.1 (continued) Page 13 of 24'

January 1984

Temperature ( C)
Station Surface Bottom

Dissolved
Oxygen (mg/i)

Surface Bottom

Conductivity
(micromhos/cm)

Approximate Secchi
Thermocline Bottom DiskPH

Surface Bottom Surface Bottom Depth (m) Depth (M) Depth iA)
.4-

1

2

2W

SA

11

12

13

14

15

16

17

20

5.8

8.6

5.7

6.2

5.9

9.0

8.5

12.7

10.3

9.7

8.9

9.1

5.8

6.0

5.7

a

5.9

8.2

8.4

8.5

8.8

8.2

8.3

8.3

13.3

11.7,

11.8

12.4

12.6

11.2

11.0

10.6

10.5

10.8

10.8

10.9

13.2

12.6

11.6

a

12.6

11.1

11.0

10.8

10.4

10.6

10.4

10.0

8.0

8.3

8.2

9.2

8.7

7.2

6.9

7.0

8.1

7.6

7.4

7.1

8.2

8.7

8.7

a

8.9

7.0

6.5

6.6

8.4

7.5

6.9

6.2

70

80

60

70

70

85

80

80

85

80

75

80

70

75

60

a

70

80

80

80

85

80

75

80

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

3.0

4.5

4.5

0.2

1.0

27.0

13.0

13.5

4.5

14.0

11.5

29.0

0.4

0.7

0.2

0.2

0.3

1.2

1.0

1.1

1.2

1.2

1.3

1.2

L
I

t•
p-J

NP - None present
a - Water depth at this station was less than one meter; only a surface measurement was made.



Table 2.2.1 (continued) Page 14 of 2t

February 1984

Disi
Temperature ( C) Oxygi

Station Surface Bottom Surface

solved
en (mg/i) pH

Bottom Surface Bottom

Conductivity
(micromhos/cm)

Surface Bottom

Approximate Secchi
Thermocline Bottom Disk
Depth (m) Depth (m) Depth

l
(Im)

1....~
1

2

2W

5A

11

12

13

14

15

16

17

20

11.3

11.4

12.2

10.8

11.3

10.6

10.5

13.7

13.5

10.4

10.8

12.4

a

9.4

10.7

a

11.4

8.1

8.6

9.0

10.6

9.3

8.7

7.7

10.8

10.2

10.3

11.1

10.6

11.2

11.0

10.8

10.3

10.7

10.8

10.9

a

11.2

10.8

a

11.0

9.9

11.9

10.3

10.8

11.1

9.0

9.4

8.2

7.0

6.7

6.1

5.6

7.5

7.8

7.8

6.8

7.4

7.6

7.7

a

6.8

6.5

a

5.3

6.7

7.3

7.2

6.4

7.0

7.2

7.0

80

65

95

60

50

85

80

90

85

80

90

90

a

65

90

a

.50

90

80

90

85

80

90

90

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

a

4.5

3.5

0.2

2.0

27.0

12.0

14.0

4.0

7.0

11.5

27.5

0.2

0.2

0.3

0.2

0.1

1.2

1.2

1.2

1.3

1.4

1.4

1.2

N
N

NP - None present
a - Water depth at this station was less than one meter; only a surface measurement was made.

1.2



Table 2.2.1 (continued)
Page: 15 of 24

March 1984

Temperature ( C)
Disso:

Oxygen
Lved. Conductivity

(mg/i) pH (micromhos/cm)
Bottom Surface Bottom Surface Bottom

Approximate
Thermocline

Depth (m)
Bottom

Depth (m)

Secchi
Disk
Depth

Station Surface Bottom Surface
(m)

4-

r..

2

5

2(

1!

1.

1.

1'

17

1 8.8

2 10.6

W 10.0

A 9.4

1 9.1

2 11.2

3 11.4

4 14.8

8.8

8.7

9.8

a

9.1

9.1

11.1

10.9

11.7

10.5

10.6

8.7

11.4

11.1

10.6

11.3

11.5

10.2

10.6

10.3

10.2

10.6

10.0

10.6

11.4

11.4

10.8

a

11.4

9.7

10.5

10.6

10.2

10.3

9.7

9.4

7.2

7.3

7.1

7.8

6.9

7.4

7.4

7.3

7.4

7.4

7.4

7.4

6.8

4.7

7.0

a

6.7

4.5

6.9

5.6

7.3

7.0

6.6

4.4

70

80

70

75

65

80

75

80

80

80

80

70

70

70

a

65

80

75

80

80

80

80

NP

NP

NP

NP

NP

NP

NP

NP.

NP

NP

NP

NP

3.0

5.5

5.0

0.6

1.0

28.0

8.0

11.5

4.5

7.0

10.0

-3-3.0

0.3

0.7

0.3

0.6

0.4

1.1

1.1

1.0

0.9

1.2

1.2

1.0

5

6

7

13.4.

11.5

12.8

11.5
80 80

NP - None present

a - Water 0epth at this station was less than one meter; only a surface measurement was made.



Table 2.2.1 (continued) Page 16 of 24

April 1984

Temperature (°C)
Dissolved

Oxygen (mg/1)
Conductivity
(micromhos/cm)

Approximate Secchi
Thermocline Bottom DiscpH

Station Surface Bottom Surface Bottom Surface Bottom Surface Bottom Depth (m) Depth (m) Depth ( 1)

1

N

N

I.~)

2

2W

5A

11

12

13

14

15

16

17

20

11.8

13.1

13.7

12.4

10.6

12.8

13.0

13.0

13.2

13.6

13.0

13.3

11.8

13.1

13.4

a

10.6

11.3

12.8

12.7

12.8

12.9

12.4

9.5

10.5

9.9

9.2

9.7

10.8

10.1

10.0

9.9

9.8

9.8

9.3

10.2

10.8

9.9

9.5

a

10.8

9.8

10.0

10.0

9.8

9.6

8.8

8.0

7.1

7.3

7.2

7.7

6.2

7.2

7.6

7.2

7.2

7.2

7.0

7.;4

7.2

7.4

6.9

a

6.0.

6.2

7.4

6.6

7.3

6.8

6.9

5.0

75

85

70

75

70

80

70

80

75

80

80

80

75

80

75

a

70

80

70

80

75

80

75

100

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

NP

4.0

6.0

4.0

0.2

2.0

27.0

9.0

11.0

3.5

9.0O

9.0

33.0

0.3

0.9

0.4

0.2

0.2

0.7

0.8

1.1

1.2

1.3

1.3

1.0

NP - None present
a - Water depth at this station was less than one meter; only a surface measurement was made.

0



Table 2.2.1 (continued) Page ,17 of 24

May 1984

Temperature (°C)
Dissolved

Oxygen (mg/1)
Conductivity
(micromhos/cm)

Approximate
ThermoclinepH

Secchi
Bottom Disc

Depth (m) Depth (iStation Surface Bottom Surface Bottom Surface Bottom Surface Bottom Depth (m) 1)

r'

U'

1

2

2W

5A

11

12

13

14

15

16

17

20

19.8

23.0

20.7

20.7

19.9

20.5

20.5

23.3

20.7

20.3

19.9

20.2

19.7

19.7

19.8

a

19.8

13.5

20.4

17.2

19.1

16.9

16.8

10.7

8.4

7.9

7.9

7.4

8.0

8.8

8.7

8.4

8.3

8.7

8.4

8.9

8.3

7.2

7.5

a

8.0

7.6

8.6

8.0

7.8

7.6

7.5

6.0

7.6

7.1

7.2

7.5

6.8

7.4

7.5

7.4

7.3

7.3

7.1

7,3

7.4

7.2

6.9

a

6.4

7.2

6.8

7.2

6.6

6.6

4.7

70

80

75

80

80

85

80

80

75

85

80

80

70

80

75

a

80

80

80

80

75

75

75

80

NP

NP

NP

NP

NP

11

NP

6

NP

NP

NP

11

3.0

4.0

3.5

0.6

1.0

27.5

6.0

11.0

4.5

9.5

9.5

30.0

0.. 4

0.8

.0.4

0.6

0.6

1.1

I..0

0.9

0,8

0.9

1.0

1.1

NP - None present
a - Water depth at this station was less than one meter; only a surface measurement was made.



Table 2.2.1 (continued) Page 18 of }P6k

June 1984

Dissolved
Temperature (°C) Oxygen (mg/1)

Station Surface Bottom Surface Bottom

Conductivity
(micromhos/cm)

Approximate
Thermocline BottompH

SFcchi
Disc
lepthSurface Bottom Surface Bottom Depth (m) Depth (m) ( 1)

N•

I

(A)

1

2

2W

5A

11

12

13

14

15

16

17

20

26.8

23.3

27.1

27.6

26.3

27.3

25.4

27.7

28.8

29.3

30.4

28.4

26.8

23.3

25.7

a

26.3

16.5

23.5

21.7

23.1

21.9

21.4

11.4

7.4

7.9

6.9

7.3

7.8

8.8

7.9

7.1

8.8

8.0

7.1

8.6

7.4

7.9

6.3

a

7.7

5.9

6.9

6.3

6.6

5.6

5.0

4.4

6.5

6.5

7.2

6.8

6.1

7.4

7.2

6.6

7.6

8.0

7.8

7.6

6.5

6.4

7.4

a

6.0

6.0

7.2

5.8

6.8

7.0

6.2

4.7

80

80

80.

80

75

75

75

75

80

80

80

75

80

75

80

.a

75

70

75

75

80

80

80

75

NP

NP

NP

NP

NP

NP

NP

3

2

4

4

4 & 25

2.0

4.0

2.0

0.4

1.0

29.0

7.5.

14.0

4.5

10.0

11.5

31.0

0.5

0.7

-0.4

0.4

0.6

1.1

0.6

0;.7'

1.2

1.2

1.1

1.3

NP - None present
a - Water depth at this station was less than one meter; only a surface measurement was made.

0



Table 2.2.1 (continued) 
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July 1984

Dissolved Conductivity Approximate S~cchi

Temperature (°C) Oxygen (mg/i) pH (micromhos/cm) Thermocline Bottom Disc

Station Surface Bottom Surface Bottom Surface Bottom Surface Bottom Depth (m) Depth (m) 6epth ()

1 27.6 27.5 6.8 6.7 6.2 6.6 90 85 NP 1.5 0.5

2 26.4 26.4 7.0 7.2 6.6 6.0 90 90 NP 4.0 0.5

2W 28.3 27.4 6.0 5.8 7.6 7.6 80 80 NP 3.0 0.5

5A 28.0 a 7.4 a ' 6.8 a 85 a NP '0.3 0.3

11 29.3 27.9 7.9 7.4 7.4 7.4 90 90 NP 1.0 0.8

12 27.8 22.3 8.2 3.5 7.0 6.0 80 80 NP 30.5 0.4

13 26.7 25.3 7.0 5.4 6.9 6.2 80 80 NP 13.0 0.9

14 29.3 24.7 8.0 4.5 7.4 6.7 80 80 NP 17.0 1.2

15 28.3 28.2 8.0 7.5 7.0 7.2 80 80 NP 4.0 1.4

16 29.1 24.9 8.5 4.4 7.4 6.9 80 90 NP 13.0 1.5

17 29.5 25.1 8.7 4.0 7.5 6.5 85 85 6 10.5 1.4

20 28.1 12.5 8.6 1.5 7.0 4.8 80 75 27 32.0 1.4

NP - None present
a - Water depth at this station was less than one meter; only a surface measurement was made.



Table 2.2.1 (continued) Page 20 of K4
August 1984

Temperature (°C)
Dissolved

Oxygen (mg/i) PH
Conductivity
(micromhos/cm)

Surface Bottom

Approximate Sgcchi.
Thermocline Bottom DjiscStation Surface Bottom Surface Bottom Surface Bottom Depth (m) Depth ((m) Oepth (ai)

1

2

L0
00

2W

5A

11

12

13

14

15

16

17

20

24.7

27.2

27.8

27.0

24.0

29.0

28.8

32.2

31.3

29.4

29.6

27.8

24.7

25.5

27.5

a

24.0

24.7

26.4

25.9

27.3

26.4

26.6

13.3

7.4

7.3

8.8

6.1

7.3

8.7

8.3

8.2

8.6

9.6

9.6

9.8

7.2

6.8

8.6

a

7.3

2.8

6.6

3.9

3.8

4.2

4.2

0.5

6.7

7.0

6.6

7.0

7.0

7.1

7.4

7.0

7.6

8.0

8.2

7.6

6.7

6.8

6.5

a

7.0

6.2

6.7

6.6

7.1

6.9

7.2

4.0

70

80

70"

80

50

80

80

80

80

70

70

80

70

80

70

a

60

80

80

80

70

70

70

NP 3.0

NP 4.5

NP 3.5

NP 0.5

NP 2.0

NP 28.0

NP 13.0

3 15.0

3 4.0

NP 12.0

4 10.0

5 &25 32.0

0.2

0.3

0.7

0.5

0.1

1. 4

0.8

1.0

1.2

1.7

1.490

NP - None present
a - Water depth at this station was less than one meter; only a surface measurement was made.



2.3 VASCULAR HYDROPHYTES

2.3.1 Introduction

The term vascular hydrophytes, as used in this study, includes those

non-woody plants with specialized vascular tissues that represent adap-

tations to hydric habitats. Vegetation occupying xeric or mesic habi-

tats (generally located above the high water level) was considered ter-

restrial. Thus, vegetation occurring near the shoreline was included

as aquatic if it was an integral part of the littoral zone.

Woody species growing alongý the banks or partially submerged were not

included as hydrophytes. These species were black willow (Salix

nigra), sycamore (Platanus occidentalis), red maple (Acer rubrum),

sweetgum (Liquidambar styraciflua), tag alder (Alnus serrulata), bald

cypress (Taxodium distichum), and button bush (Cephalanthus occiden-

talis). Of these species, black willow was the most frequently en-

countered.

The objective of this study was to qualitatively assess long-term (year

to year) changes in. the abundance and species distribution of. vascular

hydrophytes in the study area. Prior to 1982' surveys of the entire

reservoir shorelines were conducted to list species present and' note

relative abundance. The purpose was to sample as much of the habitat

as possible to document hydrophyte development in the new reservoirs.

During 1982, and in subsequent years, sampling of vascular hydrophytes

has been limited to the littoral zones of the shoreline 'closest to each

benthic macroinvertebrate sampling station. Also, data collected

during 1982 and subsequent years was more detailed than that collected

previously. Therefore, the following comparison of pre-operational and

operational vascular hydrophyte communities is based solely upon data

collected since 1982. A complete list of vascular hydrophytes found in

the study area since 1978, along with indications of growth form,

location, and distribution is presented in Appendix B, Table B-I.

2.3-1



2.3.2 Findings

During 1983 and 1984 a total of 69 hydrophyte species were identified

in the study area (Table-2.3.1). Monticello Reservoir had 36 species;

Neal Shoals Dam, 6; subimpoundment, 33; and Parr Reservoir had 39

(including adjacent inundated habitats and the Cannons Creek area), as

compared with 9, 2, 11, and 22, respectively, for each reservoir in

1982 (Table 2.3.2).

Stand densities, referred to as abundant, moderately abundant, and

sparse, were in part determined by the growth form of the species. For

example, broad-leaved cattail (Typha latifolia) and soft rush (Juncus

effusus) occasionally grew in large monotypic stands described as
"abundant," while many forbs such as leafy beggar's tick (Bidens

frondosa) and yerba-de-tajo (Eclipta alba), generally occurred as small.

populations or as individuals, described as "moderate" or "sparse."

The large monotypic stands described as "abundant" were generally the

result of rapid vegetative (asexual) reproduction. The most prominent

of these species throughout the study area were the broad-leaved

cattail, soft rush, and woolgrass bulrush (Scirpus cyperinus).

The dominant vegetation form throughout the littoral zone of the study

area was emergent, with all other growth forms rare. Deeper water

usually supported no vegetation, although the fertile subimpoundment

was dominated by pondweed (Potamogeton diversifolius). Most hydro-

phytic vegetation was .confined to areas with shallow water, gentle

slopes, soft substrates, and non-shaded banks. The most extensive

hydrophyte communities occurred in Parr Reservoir, either in backwater

areas or on the islands. Littoral vegetation was sparse in areas

exposed to wave action and in areas with hard substrate, steep banks,

or dense canopy.

2.3-2



2ý.3.2ý1 Parr Reservoir

Parr Reservoir supported the most extensive pl~ant community of the

water' bodies included in this investigation. Species diversity was.

highest in this reservoir. The heterogeneous substrate and the

presence of extensive, low-lying, shorelines and islands combined to

promote the growth of a relatively diverse community of hydrophytes

throughout much of Parr Reservoir. However,; of the three locations

sampled in the Parr Reservoir, only. Station C in Cannons Creek had a

well developed hydrophyte community (Tables 2.3.1 and 2.3.2).

The hydrophyte, communities at Stations B and D were poorly developed

because the substrates consisted of very steep, bedrock banks (Tables

2.3.1' and 2.3.2). The harsh environmental conditions at Stations B and

D limit hydrophyte development to very sparse stands of annuals; as a

result, species similarity between years generally remains low because

the community is recolonized each growing season. The differences

observed at these two stations between 1982 and 1984 are. solely the

result of annual recolonization.

The littoral zone at Station C on Cannons Creek was gently sloping with

a substrate consisting of a mixture of sand and hardpan clay. The

environmental conditions at this location were much more favorable for

development of a hydrophytic plant community, than at Stations B or D.

The composition of this hydrophytic plant community was fairly similar

in 1983 to that of 1982 (Tables 2.3.1 and 2.3.2) with a high index of

species similarity (0.53). There were changes in the relative abun-

dances of individual plant species, and there were areas where new

species had entered the community, while other, previously reported

species were no longer found in 1983.

There was a greater amount of change. in the hydrophyte community

between 1983 and 1984 as indicated by an index of species similarity
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value of 0.28, approximately half of the 1982/1983 value. The changes

in species composition in 1983/1984 were generally restricted to

those species of sparse abundance.

2.3.2.2 Neal Shoals Dam

The Neal Shoals Dam Reservoir supported the least diverse vascular

hydrophyte community (Tables 2.3.1 and 2.3.2). Hydrophyte growth at

this location was limited by steep clay banks that were shaded by a

dense overhead canopy. Additional limiting factors included high

turbidity and severely fluctuating water levels. The vegetation

present was predominantly a component of the adjacent floodplain forest

rather than of the littoral zone, hydrophyte community.

The composition of the hydrophyte community at Station P changed little

between 1982' and 1984. The four new species of plants identified at

this location since 1982 may have become established during the long

drawdown (coinciding with dam and powerhouse repair) of this reservoir

during July and August of 1982. All hydrophytes observed at Station P

have been isolated individuals.

2.3.2.3 Subimpoundment

The subimpoundment contained a relatively diverse and abundant com-

munity-of vascular hydrophytes for the years -1982-1984. As a result of

the fertilization program, nutrient enrichment and accelerated eutroph-

ication have been occurring in this reservoir. This high productivity

has resulted in rapid development of the littoral zone vegetation,

particularly in the coves which are abundantly populated by woolgrass

bulrush, soft rush, and cattail. Further evidence of the enrichment

was the extreme abundance of- pondweed.

The composition of the hydrophyte community at Station H has shown a

continual increase in numbers of species between 1982 and 1984 (Tables
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2.3.A and 2.3.2). in 1982 eleven species were identified at Station H.

Only two of the 1982 species were not present in 1983. An additional

twelve new species were found in 1983 to increase the number of species

identified at Station H to twenty-one. This increase in species number

resulted in a somewhat lower index, of species similarity (0.42) than

the other well established hydrophyte community within, the study area

at Station C. This trend of increasing. community diversity continued

in 1984. The index of species .similarity for 1983/1984 was 0.67.

Between 1983 and 1984, five species disappeared from Station H and

thirteen new species were found.

The littoral zone at Station H is gently sloping and. the substrate

consisted primarily of sand. These characteristics-, "combined with

limited variation in water levels and, the nutrient enriched water

appeared to be the most, conducive to establishment of hydrophyte

communities among the sampling stations. This station, although

slightly exposed to wave action, also maintained a relatively

well-developed littoral community.

2.3.2.4 Monticello Reservoir

Vascular hydrophyte growth has been primarily restricted' to the coves

of Monticello Reservoir, where, these vegetative associations have

continued to develop. In contrast to the coves, the 'points on

Monticello Reservoir were exposed to the strong, erosive forces of wind

driven waves and had sparse hydrophyte communities.

Two sampling locations in Monticello Reservoir, Stations K and M, were

sufficiently sheltered from erosion for substantive development of a

hydrophytic plant community. The remaining sampling locations (I, J,

L, N, 0), all at points affected by wave action, supported relatively

sparse associations of vascular hydrophytes with no more than seven

species occurring in 1983 and 1984, and one during 1982, at any station

(Table 2.3.1 and 2.3.2). Since 1982, there has been a tendency for

higher numbers of species to be found at each location each succeeding
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2.3.1 and 2.3.2). In 1982 eleven species were identified at Station H.

Only two of the 1982 species were not present in 1983.ý An additional

twelve new species were found in 1983 to increase the number of species

identified at Station H to twenty-one. This increase in species number

resulted in a somewhat lower index of species similarity (0.42) than

the other well- established hydrophyte community within the study area

at Station C. This trend of increasing community diversity continued

in 1984. The index of species similarity for 1983/1984 was 0.67.

Between 1983 and '1984, five species disappeared from Station H and

thirteen new species were found,.

The littoral zone, at Station H is gently sloping and the substrate

consisted primarily of sand. These characteristics, combined with

limited variation in water levels and the nutrient enriched water

appeared to be the most conducive to establishment of hydrophyte

communities among the sampling stations. This station, although

slightly exposed to wave action, also maintained a relatively

well-developed -littoral community.

2.3.2.4 Monticello Reservoir

Vascular hydrophyte growth has been primarily restricted to the coves

of Monticello Reservoir, where these vegetative associations have

continued to develop. In contrast to the coves, the points on

Monticello Reservoir were exposed to the strong, erosive forces of wind

driven waves and had sparse hydrophyte communities.

Two sampling locations in Monticello Reservoir, Stations K and M, were

sufficiently sheltered from erosion for substantive development of a

hydrophytic plant community. The remaining sampling locations (I, J,

L, N, 0), all at points affected by wave action,. supported relatively

sparse associations of vascular hydrophytes with no more than seven

species occurring in 1983 and 1984, and one during 1982, at any station

(Table 2.3.1 and 2.3.2). Since 1982, there has been a tendency for

higher numbers of species to be found at each location each succeeding
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year. Those species encountered at the five exposed stations have

generally been represented by single individuals at each location.

Also, while the number of species has tended. to increase, the hydro-

phyte communities can be Characterized by severe changes in species

composition because of annual recolonization.. The severe environmental

conditions at most of the sampling stations on Monticello Reservoir

will continue to limit the rate of development of the hydrophyte

community. However, the addition of new species to these hydrophyte

communities can be expected to occur.

The gradual increase in number of species at sampling locations has

also occurred at Stations K and M. The more protected situation of

these stations has encouraged development of more complex hydrophyte

communities. The 1982/1983. and 1983/1984 index of species similarity

for locations K and M have been 0,52/0.57, and 0.31/0.40, respectively.

At these two locations few, species have disappeared and generally new

* species have become established in the hydrophyte communities. This

gradual development of the hydrophyte communities will continue to

occur, as Monticello Reservoir matures.

2.3.3 Discussion

The overall, controlling factors in the distribution and abundance of

hydrophytes in the study area appeared to be substrate type, shoreline

morphology, and wave action. Thus, the major associations of hydro-

phytes were usually restricted to shallow areas, protected coves, and

backwater areas. Changes in the hydrophyte communities studied between

1982 and 1984 reflected the different physical and management char-

acteristics of the four reservoirs. No changes in the hydrophyte

communities could be attributed to operational effects of the V.C.

Summer Station. The variations observed in the Parr and Neal Shoals

Reservoirs were attributed to natural changes in plant community com-

position. The trend of greater community complexity found in Monti-

cello Reservoir will continue until the vascular hydrophyte communities
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6
mature and stabilize. Maturation of hydrophyte communities ii Monti-

cello Reservoir will take longer than in the subimpoundment because of

the continued disturbance from erosional forces and low nutrient

levels. The smaller size of the subimpoundment limits, to some extent,

the damage to vascular hydrophyte communities due to wind driven waves.

When combined with the higher nutrient levels, this area will continue

to encourage an abundant and diverse vascular hydrophyte community in

the subimpoundment. Vascular hydrophyte communities in the subimpound-

ment have developed and matured more quickly than those in Monticello

Reservoir and they should soon become reasonably stable.

2.3.4 Summary

Since 1982 a total of 75 species of vascular hydrophytes were recorded

growing in the study area. Some increases in diversity were noted over

previous surveys, and the abundance of several species has continued to

increase. Dominant. species which increased in abundance from 1982

through 1984 included soft rush, broad-leaved cattail, woolgrass

bulrush, and grasses. The subimpoundment continued to show eutrophic

conditions, with the pondweed population increasing in abundance.

Major factors limiting growth of the littoral vegetation along all

banks appeared to be wave action, deep water, turbidity, substrate

type, shading by canopy vegetation, and steep banks which did not

provide a suitable area for colonization.
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Table 2.3.1 Vascular hydrophyte communities near the V.C. Summer Nuclear. Station In 1983 and 1984 (operational).
Stand Densitlesa

Page of 4

4.

C
Sublm-

poundment

Scientific Name Common Name Disi

R
Alopecurus carolinianum Foxtall grass

Parr Reservo

Bc Cc

b 83 4 83 84

-- S

- 5'-

- SS

Ammanla coccinea

Anellema kelsak

Aster sp.

Bidens frondosa

B. tripartite

Bidens sp.

Boltonla asteroides

Boltonla sp.

Carex albolutescens

C. lurlda

Carex sp.

Clcuta maculata

Cyperus haspan
C. odoratos

C.. pseudovegetus
C. retrorous

C. virens

Cyperus sp.

Dlodla virginlana

E. crusgaill

Eclipta alba

Eleocharls obtuse

E. quadrangulata

Eleocharls sp.

Elymus virglnlcus

Marsh day flower R

Kelsak R

Aster
Leafy beggars ticks 0

Three-parted R
beggar's ticks

Beggar's ticks -

Boltonla 0

Boltonla --

White-yellow sedge R

Caric sedge 0

Sedge
Spotted water R

hemlock

Umbrella sedge R

Fragrant sedge 0

Flat-top sedge R

Recurved sedge R

Greenish sedge R

Sedge
Virginia button weed C

Barnyard grass R

Yerba-de-tajo R

Blunt spikerush 0

Four-angled spike- R

rush

Spikerush
Virginia ryegrass R

DC Hc

63 84 83 84

S S

S
5---

C .

83 84

Jc Kc

83 84 83 84

S ,S

L.

83 84

Ir C C
Mont IcelIlIo Reser voi r

- S

S M

S

S S

-- S

-- S
M M

M S
-- S

M--

M

S M
S
S

5

S

M SN---

S

M--

M M

MC

83 84

--" S

--"S

-S

-S

S S

S

S S

-- S

NC,

83 84

S

-- S

0*

83 8

NealI
Shoa Is

83 84,

.S S

- S------ -- S



Table 2.3.1 (Continued).
Page 21of 4

Stand DensiTisa
Sub I in-
Sublm-

Parr Reservoir poundment

Bc Cc DC HC

Monticello Reservoir

Scientific Name Common Name

Erlocaulon sp. Pipewort
Eupator um hyssopi- Joe-pye-weed

Sfol lum-

Eupatorlum sp. Throughwort

Fimbrlstylls autumnalls Autumn fimbristylls

Fuerina squarrosa Recurved umbrella
grass

Dist.b 83 84 .83 84

R

R

R --

R

R S--

R S------

.83 84 83 84

S

M4 N

S S

IC

83 84

8 c

83 84

Kc

83 84

S

LO - C NC 0C

83 84 83 84 83 84 83 84

Nea I
Shoa I s

PC

83 84

Gallum tinctorlum

Gallum sp.

Helenlum autumnale

Hypericum gentlanoides

H. hypericoldes
H. multi lum

Hypericum sp.

Impatiens capensis

Juncus acuminatus

J. biflorus

J. corlaceus

J. effusus
J. platyphyllus
Juncus sp.

Justicla americana

Lepidlum virglnicum

Lespedeza strlata

Ludwigia alfernifolia

L. decurrens

Dry bedstraw
Bedstraw
Autumn sneezeweed

Orange grass

St. Andrew's cross

Common St. John's
wort

St. John's wort

Spoiled touch-me-
not

Tufted rush

Two-flowered rush

Leathery rush

Sof+ rush

Flat-leaved rush

Rush

Water-willow
Poor-man's pepper

Japanese clover

Seedbox
Linear false

Ioosestrife

S S

-- S

S

-- S

-- S•
S S
S S

- S

S

R

R
R
R

C
R

R
R

R
R

--- -- -- -- --- -S-----------

S--

- S
- S

-- S

A M

S M

S

A

S

S

S

S

S

M

14

M--

SN-
S S

S

M M

-S

S

'S

S

M-4 N
S S

s S

S S

-S

S --

S S

R 
S---



Table 2.3.1 (Continued) Page I of 4

Stand Densitiesa
+C C

poundmentParr Reservoir MonticelloReservoir
- ~--

Scientific Name

1. glandulosa

1. leptocarpa
1. palustris

Ludwigla sp.
Lycopus virglnicus

Mecardonla accuminata
Mlkanla scandens

Mimulus sp.
Panicum agrostoides

P. dichotomum
P. hians

Panicum sp.

P. ,laeve

Paspalum sp.

Pluchea camphorata
Poa sylvestris
Polygonum cespitosum

P. lapathifolilum

P. punctatum

P. sagittatum

Polygonum sp.

Common Name

Glandular false
1oosestrife

False loosestrife
Water purselane
False loosestrife
Virginia water

horehound
Mecardonla,
Climbing hempweed
Monkey-flower
Bentgrass
Forking panic grass

Gaping panic grass
Panic grass

Smooth paspalum
Paspalum
Marsh fleabone.
Blue grass
Tufted smartweed
Dock-leaved

smartweed
Water smartweed
Tearthumb

Smartweed

B . C C O

Dist.b 83 84 83 84 83 84

R "S- -. S

,,Subim-
poundment

HC

.83 .84

M M

S--

83 84

J.C

83 84

0
0

R

0
R

R
R
R

R

C
R
0

0

0

R

- S

-- S

Ss

sss

S S

M

S S

S .

-- S

-S

- S

-- S

S S

S S

S

5--

5--

KC

83 84

S

-- S

--- S

S
5 -

S

S
S

Lc *Mc

83 84 83 84

NC

83- 84

S

-S

-- S

S

0 c

83 8-

Nea .
Shoa Is

PC

83 84

S



Table 2.3.1 (Continued)
R 

re4o

Stand Densitiesa

Scientific Name

Pontederia-cordata,Potamnog turn

diverstfollas
Rhynchospora

€orniculata

R. glomerata

Saururus cernus

Scirpus cyperinus

S. validus

Scirpus sp.
Solanum cardinense

Typhi lati-folIa

Vallsinarla sp.
Verbena urticifolla

Number of Species

.Common Name Dis

Pickerelweed R
Pondweed R

Horned rush R

Beak rush R

-Llzards-taill R

Woolgrass bulrush C

Soft-stem bulrush 0

Bulrush
Carolina nightshade R

Broad-leaved cattail C

Eel grass

VervaIn R

Subim-
Parr Reservoir poundment

Bc Cc DC Hc ic

t..b 83 84 83 84 83 84 *3 84 83 84

--- A A -

5-- - - - - -

Monticello Reservoir

jc Kc

83 84 83 84

LC MC

83 84 83 84

Nc

83 84 83

Neal
Shoals

pC

83 84

S

M S
A M

M
M

S

S S M

. . SM

-- S

A -- S

-- S

-S

A A

-- 1 M

A--

-- S

S 1

-- M

M A

* S

-- S

6 16 19 16 0 4 21 27 4 0 23 11 20 0 2 .3 16 3 7 2 6 5 4

a a Symbols for stand densities are as follows:
A Abundant (dense monotypic populations)
M1 Moderately Abundant (scattered -frequent populations)

b S Sparse (one or two Individuals)
Symbols for distribution are as follows: C = Common (found at most stations), 0= Occasional (found at several stations), R= Rare (found at on

two stations).
Letters denote stations and match to Table 2.3.2.

y one1 or



Table 2.3.2 Vascular hydrophyte communitles near the V.C. Summer Nuclear Station, In 1982 (pro-operational).

Stand Densitiesa

Pageji of 2

+Sub im- Neal

Scientific Name

Ammanla coccinea

Anellema kelsak

Aster sp.

Bidens frondosa

Bidens sp.
Boltonla asteroldes

Carex sp.
Cyperus vlrens

Cyperus sp.
Diodla virginiana

Echlnocloa colonum

Eclipta alba

Eleocharls obtuse

Hypericum gentlanoides

Juncus effusus
J. polycephalus
Juncus sp.

LudwIgla glandulosa

1. palustris

Ludwigla sp.

Mecardonia accuminata
Mikanla scandens

Mimulus rlngens
Panicum sp.

Paspalum dilltatum
Pluchea camphorate

Polygon cespitosum
Polygon sp.

Common Name Dist.b

Marsh day flower R
Kelsak R

Aster -

Leafy beggar's ticks 0
Beggar's ticks --

Boltonla 0

Sedge --

Greenish sedge R

Sedge

Virginia button weed C

Barnyard millet R

Yerba-de-tajo R

Blunt spikerush 0

Orange grass R

Soft rush C
Many-leaved rush R
Rush
Glandular false R

loosestrife
Water purselane 0
False loosestrife -

Mecardonla 0

Climbing hempweed R

Gaping monkey flower 0

Panic grass --

Dallis grass R
Marsh fleabone C
Tufted smartweed 0

Parr Reservoir

Bc Cc Dc

82 82 82

- S

S - -

S - --

S~S

S M-

- - S

s S S
S M -

- - S

-~ ~M

S --

-- S

Sublm-
poundmant

Hc

82

S

S

S

M

S

A

M

S

ic

82

S

jc

82
L

Monticello Reservoir

82

S

S

S

S
S

S

82 82

S

82

Lc Mc Nc Oc

82

Nea IShoa I sý
pC

62

S
Se

S

S

M

M

M

N
M

Smartweed - S S -- S



Table Z.3.2 (Continued) Page 2 ý

Stand Densitiesa
Sub im-

Parr Reservoir

Bc Cc DC

Scientific Name

Pontederia cordata

Potamogetum
dlversifollas

Ptillmnlum capIllaceum

Sagittarla latlfolla

Saururus cernus

Scirpus cyperinus

Typha latifolla

Number of Species

Common Name

Pickerelweed
Pondweed

Dlst. b

R
R

Subint-
poundment

Hc

82

A

82 * 82

S

82

Ic

82

Monticello Reservoir
jc

82

Kc

82

L Mc c Nc

82 82 82

OC"

82

Neal
Shoa Is

PC

82

Mock Bishops Weed R

Broad-leaved R
arrowhead

Lizards tail R

Woolgrass bulrush C

Broad-leaved cattail C

-- 4M

--- S

-M

- A
-- S

8 19 2

M

S

i1 0

S

S

0

M

2 0 2

a Symbols for stand densities are as follows:

A - Abundant (dense monotypIc populations)
M - Moderately Abundant (scattered frequent populations)

b S - Sparse (one or two individuals)
Symbols for distribution are as follows: C - Common (found at most stations), 0 Occasional (found at several stations), R Rare (found at onIl

c two stations)..
Letters denote stations and match to Table 2.3.1.

0 0

one or



2.7 BENTHOS

2.7.1 Introduction

Benthic macroinvertebrates are bottom-dwelling organisms which inhabit

underwater sub strates during part or all of their life cycle. By defi-

nition, these organisms are large enough to be retained by a 0.595 mm

sieve and may be seen by the unaided eye (USEPA, 1973). Many species

are important biological indicators of the physical and chemical

quality of aquatic ecosystems. The benthic macroinvertebrate community

may also provide. an indication of important trophic or food web

relationships within the aquatic environment.

The purpose of this section is to discuss and compare the benthic data

collected for the VCSNS in the pre-operational period (1978 through

1982) and the operational period (1983 and 1984), and to identify

important ecological trends and relationships which have occurred.

Evaluation and comparison of the benthic macroinvertebrate data on mean

seasonal values were calculated from composite quarterly survey data

(Tables 2.7.1 and 2.7.2, respectively). Mean seasonal values were

calculated from triplicate samples which were collected at each

transect in the winter, spring, summer, and autumn. The evaluation of

trends and relationships which have occurred in and among the benthic

communities sampled was based on an analysis of the 7 years of data.

Benthic data for the period 1978 through January 1984 are contained in

the respective Environmental Monitoring reports (Dames & Moore, 1978,

1979, 1979a, 1980, 1981, 1982, 1983, 1984) and are summarized in

Appendix F, Tables F-i and F-2,

Quantitative benthic macroinvertebrate samples were collected from

twelve transects in the study area (Figure 2.1.1) and analyzed for

species presence and density. Biomass, number of taxa, diversity, and

equitability (a measure of evenness in the apportionment of individuals

among species) were also determined. Each of these data sources
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provided valuable information about- the well-being of the benthic

community and the aquatic ecosystem at the transects sampled. The

component of density provided. information on the upper and lower ranges

of the number of organisms, of a particular taxon or community, per

square meter. Biomass data supplemented density measurements with

weight per square meter measurements, and also described upper and

lower limits for these communities. The indices of diversity and

equitability provided evaluations of taxonomic richness, while evenness

described the apportionment of individuals among the taxa represented.

Higher diversity and equitability values are widely considered to

indicate more complex food webs (numerous functional feeding groups

present at different trophic levels) and increased community stability

(reduced oscillations or moderation from extreme variations of density,

biomass; and taxonomic makeup).

2.7.2 Findings

2.7.2.1 Parr Reservoir

The general trend in annual benthic macroinvertebrate density for Parr

Reservoir was an increase in numbers from 1978 through 1980. From 1980

through 1984, the benthic density fluctuated at all transects with no

definite trends. In Parr Reservoir, density, biomass, number of taxa,

and diversity were observed to have the greatest fluctuations at

Transect B. Also, the diversity values calculated were always lowest

at Transect B, and the index of equitability was generally lower at

this station. However, there were no apparent trends or differences

among any of the three transects when comparing the pre-operational

with the operational data.

2.7.2.2 Neal Shoals

The benthic macroinvertebrate annual density increased sharply from

1978 (2 8 6/m2) through the 1979 collections (2087/mr2). Densities
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from 1979 through 1.982 fluctuated, after which another sharp increase

was observed in 1983 (from 2050/m 2 to 3328/m 2 ). Numbers then

dropped in 1984 to 1207/m 2 . Biomass figures were relatively con-

sistent between the pre-operational and operational years except for

highs in 1978 and 1982. The calculated annual values for number of

taxa and diversity, also increased from 1978 through 1979, but then

were relatively consistent between 1979 and 1982. The equitability

index fluctuated slightly during these same 5 years- However, during

the two operational years, the density increased substantially, and the.

numbers of taxa identified both years were higher than in pre-opera-

tional years. The diversity and the equitability values fluctuated

nominally during these 2 years.

2.7.2.3 Sub-impoundment

The annual trends in benthic macroinvertebrate density in the subim-

poundment showed a relatively consistent marked increase in numbers

from 1978 through 1983, before dropping slightly in 1984. Annual

densities have fluctuated from a low of 347/m 2 in 1978 to a high of

8472/m 2 in 1983. Mean annual biomass values. were highest in 1978,

lowest in 1979, and demonstrated no particular trend throughout either

phase of the study. Lowest numbers of taxa, density, and diversity

occurred- in 1978, while the lowest equitability was calculated in 1984.

Although the values for most of the benthic parameters declined

slightly from 1983 to 1984, it was not apparent that this was indica-

tive of a trend or that a difference existed between the pre-opera-

tional and operational periods. In fact, the numbers of taxa were

higher during these two operational years than for any previous years,

and the diversity index increased from 1983 through 1984.

2.7.2.4 Monticello Reservoir

The annual data for the benthic macroinvertebrates collected from the

Monticello Reservoir transects indicated a trend of increasing
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densities from 1978 through 1983, with a slight decrease in total

numbers of organisms in 1984. Highest annual densities occurred in

1983 at all transects except J, L, and M; at these locations the

highest densities were reported in 1979, 1984, and 1981, respectively.

The fewest numbers of taxa were reported in 1978, with one exception in

1979 at Station K, and the highest numbers of taxa were reported during

the operational years of 1983 and 1984, with another single exception,

Station M, in 1981. There was no apparent distributional pattern for

either diversity or equitability.

The mean annual biomass values dropped sharply after 1978 to lowest

overall values in 1979. From 1979 through 1982, however, these values

increased consistently for all stations, and continued to increase in

1983 to the highest biomass estimate for the study program for all but

one location. This exception, Station I, decreased slightly in 1983

but increased again in 1984. Highest biomass estimates for all

stations, following the first year of the study, was at Station M.

A comparison of pre-operational with operational benthic data indicates

that, with few exceptions, the first year of VCSNS operation (1983)

followed t~he pre-operational pattern of density and biomass increases

during these early years following reservoir completion. The slight

decrease in these parameters in the second year of operation appeared

to be a nominal fluctuation, typical for most natural communities.

Other estimates of community characteristics (i.e., number of taxa,

diversity, and equitability) increased during the first 2 years of

reservoir studies, fluctuated slightly for the remaining pre-opera-

tional years, and then generally increased during the two operational

years of study.
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The data. for Monticello Reservoir indicated no overall trend that might

be related specifically to the operation of the VCSNS.

The asiatic clam, Corbicula fluminea is now ubiquitous in Monticello

Reservoir and has reached densities as high as 1905/m 2 at Transect L

in April 1984. The populations of Corbicula may be expected to exhibit

fluctuation as they reach their carrying capacity.. Since areas with

'moving water (e.g., the intake area for the VCSNS) can support higher

numbers of filter feeders (i.e., Corbicula) than areas without water

circulation it is likely the intake area may exhibit greater densities

of Corbicula than the rest of the reservoir.

2.7.3 Discussion

The following observations discuss the overall characteristics of the

aquatic environment in which the' benthic communities have been

developing since the construction of Monticello Reservoir and the

subimpoundment, and following the' operation of the VCSNS.

General trends. were apparent for the benthic macroinvertebrate data

collected from Parr and Monticello Reservoirs, the subimpoundment, and

the control station at Neal Shoals. These trends may be characterized

as: 1) typically lower densities, numbers of taxa, and diversity and

equitability values at Transect B as compared to other transects in

Parr Reservoir; 2) maintenance of a relatively stable benthic" component

at Neal Shoals Dam and Transects C and D in Parr Reservoir; 3) increas-

ing density, number of taxa, diversity, and equitability in Monticello

*Reservoir in the 3 to 4 years since 1978, followed by nominal fluctua-

tions in these parameters thereafter; 4) very high densities throughout

the study program at Transect H, 5) and substantial increases in

biomass, attributed to increases in the bivalve,, Corbicula, at all

stations where this organism has become established (Parr and

Monticello Reservoirs).
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Transect B in Parr Reservoir has typically shown considerably lower

community stability since 1979 than any of the other transects sampled.

This characteristic has been recognized in previous Dames & Moore

reports (1978, 1979, 1979a, 1980, 1981, 1982, 1983, 1984), and was

evidenced by lower diversity and equitability and fewer taxa as

compared to other stations in this reservoir. The'benthic community in

the vicinity of Station B was subjected to several environmental

stresses, including rapid changes in current, temperature, dissolved

oxygen concentration, and other physico-chemical factors caused by the

operation of the FPSF.

A trend towards continued maintenance of community stability and com-

plexity was apparent at Neal Shoals Dam and Parr Reservoir, Transects C

and D. Benthic communities at. these locations have long been estab-

lished and, therefore, the variations observed throughout the seasons

over the study years were considered natural population fluctuations.

Although there has been a reduction in diversity at these three

stations since 1982, it is doubtful that this is a long-term trend.

For two or three years after reaching and maintaining pool elevation in
1978, the benthic community in Monticello Reservoir.has tended towards

higher densities, numbers of taxa, diversity, and equitability.

However, in 1983 the diversity of the benthic community declined but

then increased to former levels during 1984. These changes are likely

due to the natural growth characteristics that a community exhibits as

it progresses towards the carrying capacity of a habitat. It is

anticipated that the current conditions may be indicative of a

maturing, more stable benthic community.

Transect N in Monticello Reservoir is located in the vicinity of the

VCSNS discharge canal. Although these thermal additions may have been

a factor in the reduction of the benthic density at this transect (from
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1492/m 2 in 1983 to 478/m 2 in 1984) the diversity and equitability

indices have at this location increased to the highest value for all

stations. In addition, all but one station in this reservoir (Station

L) showed similar declines in density from 1984 through 1984.

The effects of fertilization on the subimpoundment were evident from

the benthic data obtained from this area. The density has increased

sharply at Transect H since 1978. Diversity was highest during 1980

at this station, and then fluctuated over the next 4 years. The

highest density recorded in the subimpoundment (20,714/m 2 ) occurred

in the fall of 1983, and was nearly three times greater than the

highest density recorded elsewhere during this study. The high

densities of benthic macroinvertebrates in the subiMpoundment are due

largely to the occurrence, in high numbers, of two taxa, larvae of the

dipteran, Chaoborus punctipennis, and worms of the family Naididae.

Chaoborus punctipennis is one of the few macroinvertebrates adapted for

living under very low oxygen conditions and accordingly are found in

the profundal region of the subimpoundment, where the dissolved oxygen

levels are near 0 mg/liter. Under these conditions they are able to

thrive in high numbers with minimal competition and predation.

Chaoliorus typically migrate to the surface at night to feed and

replenish their oxygen. This nighttime migration limits predation and

thus helps to insure high densities (Wetzel, 1978).

The high densities of Naididae are due to the availability of preferred

habitat in the littoral zone, which may be characterized as being sandy

substrate, with moderate to heavy growths of aquatic vegetation "with a

thick growth habit, a highly dissected form, and well-developed peri-

phyton..." (Bringham, 1982). The fertilization program has contributed

to the densities of Chaoborus by providing. eutrophic conditions with a

non-oxygenated profundal area. The Naididae have responded to the

increase of both food and cover provided by the fertilization program.

These data, together with the species composition at this transect,

indicate that the nutrient enrichment program in the subimpoundment
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(which began in April 1978) has resulted in relatively eutrophic

conditions at Transect H.

2.7.4 Summary

The benthic macroinvertebrate data recorded in 1983 and 1984 were

similar in many respects to that recorded during earlier surveys of the

four major study areas. Transect B in Parr Reservoir continued to show

a lower community diversity than any other transect in Parr or Monti-

cello Reservoirs (excluding the subimpoundment), due to the transect's

proximity to the FPSF. The remaining transects in Parr Reservoir (C

and D) continued to have diverse benthic macroinvertebrate communities,

illustrative of ecological stability and complexity.

The benthic community at. Transect H continued to be strongly influenced

by the nutrient enrichment program, which generated a relatively

eutrophic, unstable community in the subimpoundment. The subimpound-

ment was the only area sampled to date in which the Asiatic clam was

not reported.

The benthic data from Monticello Reservoir indicated a trend of

increasing density from 1978 through 1.983, and then a slight decrease

during 1984. The increase in density during the early years of the

reservoir was expected since organisms were colonizing a new area.

During 1984 the densities of organisms increased to former levels.

These changes were probably due to the natural growth characteristics

that a community exhibits as it reaches its carrying capacity. A

comparison of pre-operational with operational information shows that,

with few exceptions, the pattern of benthic development (density and

biomass) was quite similar during the first year of VCSNS -operation.

During the second year of operation the nominal decreases were due to

natural occurrences.
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Table 2.7.1 Summary of mean annual values for benthic macroInvertebrates obtained during the 1983 and 1984 monitoring program.

Area

-Station

Parr Reservoir
Neal Sub-

Shoals Impoundment
P H

Monticello Reservoir
a C D I J K L

1868 1702 2556 .1678
999 1085 1222 3058

M

2050
1644

N

149Z
478

0

2324
1074

1983 703 1253 1583
1984 1580 1007 1321

1983 41.40 33.64 24.26
1984 188.98 40.64 22.13

B I omass

g/m2

Number
of Taxa

1983 11.0

1984 9.5

13.5 14.2
11.5 16.0

3328
1207

0.90
0.71

17.2
17.0

2.24

3.00

0.64
0.62

8472
5701

1.14
0.91

20.8
20.0

2.08

2.57

0.66
0.45

30.15
33.20

15.0 14.8 16.2
18.0 19.2 15.2

10.0
16.2

9.5. 15.8
13.5 14.8

15.1
14 *1

77.72 52.88 103.36 171.56 74.47

44.01 54.49 76.90 102.25 27.21

88.14
73.143

Species
DIversity.(d)

1983 1.95 2.13
1984 '2.05 2.40

2.02
2.92

2.33 2.38
3.12 3.11

2.09 1.57 1.78 2.34

2.70 2.21 2.15 3.30

2.1l
2.67

Equita-

bilIty (e)

1984 0.83 0.80 0.66

Jan 0.60 0.70 0.68

0.78
0.72

'0.84 0.73 0.71 0.78 .0.86 0.8'

0.63 0.64 0.44 0.46 0.99 0.6



Table 2.7.2 Summary of mean annual values for
through 1982.

benthic macroInvertebrates obtained during the pro-operational monitoring programs from 1978

Area Parr Reservoir

Density

No/rm
2

B i omass

g/m
2

Station 8

19 78 a 407
1979 395
1980 871
1981 882
1982 1814

19 78 a 52.02

1979 3.92
1980 27.99
1981 44.49
1982 133.18

19788 10
1979 5
1980 4
1981 7
1982 9

C D

IC
0

Number
of Taxa

354
1724
1985
1817
1070

6.28
2.75
1.54

12.78
6.46

14
19
16
12
13

2.73
3.07
2.54
1.99
2.53

0.78
0.76
0.65
0.58
0.73

384
1609
1630
1204
1211

81.51
11.71
17.87
26.94
27.18

15
15
13
17
12

3.05
2.70
2.56
3.35
2.61

0.79
0.69
0.69
0.83
0.73

Nea I
Shoa I s

P

286
2087
1572
1786
2050

5.70
0.32

.0.90
0.89
2.22

7
16
17
14
15

Sub-
Impoundment

H

347
3343
5833
8201
7632

1.71
0.34
0.92

1.26
0.58

8
14
19
15
10

'I

255
415
640
917

1401

1.37
0.05
0.36
1•39

30.42

6
11
II
14
15

1.53
3.02
2.81
2.79
3.06

0.61
0.91
0.82
0.78
0.81

J K L N

920
1750
1,175
1182
1390

13.64
0.20
0.22
4.43

28.96

9
1l

10
15
15

1.58
2.34
2.46
2.76
3.02

0.50
0.72
0.77
0.72
0.80

458
1373
1228
1770
1459

2.10
0.06
0.09

10.67
26.70

10
10
11
16
13

124
732
967

2180
2692

1.40
0.43
2.45'

37.96
58.66

6
i1
10
15
13

1.77
2.55
2.18
2.88
2.26

0.57
0.76
0.70
0.74
0.64

76
982

1034
2084,
2012

1.40
2.69

42.30
68.84

141.16

5
12
8

15
12

257
545

1200
1460
1462

2.65
0.04
0.28
7.94

28.27

8
I0
10
13
12

2.13
2.66
2.13
2.61
2.32

.0.73
0.89
0.67
0.71
0.65

14.2
236
867
111t
187ý

1.21
0.0•

4.44
6.4

41.2

N 0

Monticello Reservoir

Mean Species
Diversity

Equita-
bi lI ly-

19 7 8 a
1979
1980
1981
1982

1978a
1979
1980
1981
1982

2.49
1.37
0.96
1.31
1.81

0.76
0.65
0.50
0.48
0.60

1.90
2.77
3.16
2.61
3.07

0.65
0.69
0.78
0.69
0.80

1.84
2.59
2.98
2.15
1.85

0.60
0.70
0.70
0.54
0.59

2.26
2.37
2.36
2.75
2.47

0.74
0.69
0.71
0.69
0.67

1.81
2.79
i.*70
2.58
2.16

0.85
0.80
0.58
0.67
0.61

1.49
2.45
2.72
.2.86
2.63

0.86
0.75
0.77
0.74

a Samples collected during June, July, and October.
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2.8 FISH

2.8..1 Introduction

Fish are important and visible components of the aquatic ecosystem and

rank high as a source of food and recreation for man. Species that are

not of special interest as a recreational or food source serve as food

for other, more valuable fish species. Also, because of their sensi-

tivity to changes in their environment, many species may be useful

indicators of stress in the aquatic ecosystem.

This investigation characterizes the fish community in the water bodies-

of the study area according to species composition and relative abun-

dance, growth, condition factor, a.nd age distribution. Relative abun-

dance for a species is expressed as the percent of the total annual

fish catch from all of the stations inma particular reservoir.

Mean condition factors and fish lengths at annulus formation were cal-

culated for dominant species (those that comprised 5 percent or more of

the total 1983-1984 catch). The condition factor (K) is a means of

comparing the relative well *being of a fish. The heavier a fish is for

a given length, the larger the factor and, by implication, the better

the "condition" of the fish. The factor is expressed in the form K =

W x 105 /L 3 , where W is the weight of the fish in grams, L is the

total length of the fish in mm, and 105 is a factor to bring the

value of K near unity.

For growth determinations, the scale or spine radius and fish length

data were fitted by linear regression using raw data and log-trans-

formed (log1 0 ) data. The particular relationship used for back-

calculation was determined by the goodness of fit based on the regres-

sion correlation coefficient (r); the higher the r value, the better

the fit. The Lee Method (Lagler, 1969) on back-calculation was used to

estimate total body length at each annulus for species in which the
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higher r value was obtained using raw data. The Monastyrsky Method

(Lagler, 1969) was used for species in which the higher r value was

obtained using log-transformed data. For the Lee Method, fish body

lengths were estimated according to the formula L = mS +. b, where L

represents the length of the fish in mm and S represents the scale or

spine radius; m and b are constants derived from the data. The formula

for the back-calculation of lengths using the Monastyrsky Method is L =

b Sm.

2.8.2 Findings and Discussion

A total of 34 species were collected from all of the stations during

1983-1984, utilizing gill nets and a boat-mounted electrofisher. This

compares with 35 species collected in 1982. The most numerous group of

fish in all impoundments was the centrarchid (sunfish) family, repre-

sented by 10 species, among them bluegill, largemouth bass, and crap-

pie. Next in abundance was the clupeid (shad) family, represented by

gizzard shad, which occurred in all of the impoundments, and threadfin

shad, which occurred in all of the waterbodies except the subimpound-

ment. Ictalurids (catfish) and cyprinids (minnows), were found in all

of the impoundments in varying degrees of abundance.

Species composition of 1983-84 collections was similar to previous

years (Dames & Moore, 1978, 1979, 1979a, 1980, 1981, 1982) with minor

exceptions. Bowfin, which appeared in 1982 samples, was not collected

in 1983-1984 and two species, threadfin shad and striped jumprock were

collected for the first time during the 1983-84 sampling schedule.

However, there appeared to be no major changes in the composition of

fish communities or relative abundance of major species in any of the

four sampling stations.

A detailed description of the adult fish investigation follows and is

presented by water body. Species composition, relative abundance, con-

dition factors, growth, and age distribution are described for the com-

bined 1983-84 sampling periods.
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2.8.2.1 Parr Reservoir

Species Composition and Relative Abundance. A total of 27 species were

collected from Parr Reservoir with gillnets and a boat-mounted electro-

fisher during the 1983-1984 sampling period. The centrarchid (sunfish)

was the dominant group collected in 1983-84, comprising 44 percent of

the total catch and was represented by eight species. Of the cen-

trarchids collected, bluegill were the most numerous (24 percent of the

total catch). The next most abundant group was the clupeid (shad) I
family, making up 43 percent of the total catch. Clupeids were repre-

sented by two species, gizzard shad (which comprised 40 percent of the

total catch and was the most abundant species collected) and threadfin

shad.

Other groups of fish obtained in these collections, along with percent-

age of the catch, included: 5 members of the lepisosteid (gar) family

(0.2 percent); 21 members of the cyprinid (minnow) family (0.9 per-

cent); 1 member of the esocid (pike) family (0.02 percent); 80 members

of the catostomid (sucker) family (3.3 percent); 158 members of the

ictalurid (catfish) family (6.5 percent); 22 members of the percich-

thyid (temperate bass) family (0.9 percent); and 16 members of the

percid (perch) family (0.7 percent) (Table 2.8.1 and Figure 2.8.1).

Eighteen of these 27 species have been captured in every year of the

study (Table 2.8.2). Two species of fish, threadfin shad and redfin

pickerel, were collected in Parr ýReservoir for the first time during

the 1983-84 study period.

Several other species, such as creek chubsucker, tadpole madtom, and

swamp darter, have not been collected since 1978. White bass, first

collected from Parr Reservoir in 1981, was present in small numbers in

1982 and again in 1983-84.
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Condition Factors and Growth. Condition factors and lengths at annulus

formation for dominant species in the 1983-84 collections, were:

Mean Mean Length (mm)
Condition at Annulus Formation

Species Factor 1 2 3 "4 5 6 7

Gizzard shad 0.882 106 219 235 267 253
Bluegill .1.556 55 104 123 139 147 141 163
Pumpkinseed 1.702 74 103 109 121 124
Largemouth bass 1.354 131 204 269 288 290 346 462

Gizzard shad in Parr Reservoir did not grow as fast as gizzard shad in

other, southeastern waters (Carlander, 1969). The gizzard shad condi-

tion factor was lower than that reported by Jester and Jensen (1971)

and Carlander (1969) for other southern populations. The gizzard shad

growth pattern was essentially the same in 1982, but. growth rates in

both 1982 and 1983-84 were much slower than those observed in earlier

years of the study (Dames & Moore, 1980, 1981). Diminished growth and

poor condition of gizzard shad in 1982 and 1983 suggest an expanding

population which has begun to outstrip its food supply. Gizzard shad

in 1983/1984 were not attaining sizes observed in previous years

(Dames & Moore, 1980, 1981). This should not be viewed negatively,

however,- because a gizzard shad population composed of larger, faster

growing individuals would not favor growth and survival of native sport

fish in Parr Reservoir. Gizzard shad compete with young-of-the-year

centrarchids for food, and quickly grow too large to be eaten by

piscivorous predators, such as black crappie and largemouth bass.

Parr Reservoir bluegill growth was also generally slower when compared

with bluegill growth in other southeastern lakes and impoundments

(Carlander, 1977). The mean condition factor of bluegill was slightly

below average when compared to data from other bluegill populations

(Carlander, 1977). Growth of Parr Reservoir largemouth bass was
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relatively slow, with the average bass recruited into the sport fishery

at age five or ssix. This assumes a minimum harvestable length of

12 inches (305 mm). The mean condition factor was average when com-

pared to other largemouth bass populations in the southeast (Carlander,

1977). Mean condition factors of bluegill and largemouth bass were

lower in 1983-84 than 1982, and while the condition factors were not

compared statistically it seems unlikely that the differences are

significant.

Food habits of the dominant species were analyzed by examination of

stomach contents. Bluegills were found to prefer diptera (midges and

flies), but also consumed other insects, clams, algae, and fish.

Pumpkinseeds fed predominantly on clams and diptera while largemouth

bass. preyed most heavily on fish. Gizzard shad stomachs were not

analyzed due to their planktivorous diet.

Standing Crop Estimate. The standing crop is the weight of fish

present in a body of water at any given time. Standing crop estimates

at Station C were made by block netting an area of 0.12 hectare (ha)

and applying liquid rotenone. The combined results for 1983-84 are

shown in Table 2.8.3. The 1983 and 1984 standing crop for Parr Reser-

voir stations averaged a total of 34.13 kg/ha of fish, represented by

16 species, as compared to 142.8 kg/ha and 17 species in 1978; 11.3

kg/ha and 4 species in 1979; 54.9 kg/ha and 15 species in 1980; 5.3

kg/ha, and 3 species in 1981; and 19.0 kg/ha and 7 species in 1982

(Dames & Moore; 1978, 1979, 1979a, 1980, 1981, 1982). Gizzard shad and

bluegill accounted for the greatest biomass, with 20.89 and 3.4 kg/ha,

respectively. The Parr Reservoir standing crop estimate was much

higher than that obtained in 1981 and 1982, and was comparable with

estimates from previous years.

2.8.2.2 Neal Shoals Dam

Species Composition and Relative Abundance. Sixteen fish species were

collected from the Neal Shoals Dam station with an electrofisher during
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the eight 1983-84 collecting periods (Table- 2.8.1 and Figure 2.8.2).

The centrarchid family has historically dominated Neal Shoals Dam fish

collections, and the trend continued in 1983-1984 (Dames & Moore, 1978,

1979, 1980, 1981, 1982, 1983). Sunfish made up 75 percent of all fish

collected and were represented by seven species. Bluegill was the most

abundant centrarchid (43 percent of the total catch) followed by black

crappie (19 percent) and redear sunfish (5 percent). The clupeid

family, represented by gizzard and threadfin shad, was the next most

numerous group, making up 19 percent of the total catch.

The species composition of the Neal Shoals fishery has varied little

since 1978 (Table 2.8.2). Eight of 27 species collected since 1978
have been captured in every year of the study. Four others have been

collected in either 5 or 6 of the 7 years of the study. These twelve
species constitute a surprisingly stable fish community, considering
the fluctuating nature of' the near-riverine habitat. Three game

species (bluegill, black crappie, and redear sunfish) and one forage

species (gizzard shad) have dominated Neal Shoals Dam collections since

the beginning of the study. Several species (shorthead redhorse, river

carpsucker, creek chubsucker, white catfish, and pumpkinseed) have been

collected infrequently. Six species, including silver redhorse, yellow

and black bullhead, mosquitofish, redbreast, and yellow perch, have not

been collected since 1978. Bowfin and quillback were only collected in

1982.

Condition Factors and Growth. Condition factors and mean fish lengths

at annulus formation for dominant species in 1983/1984 collections are

presented below:

Mean Mean.Length (mm)
Condition at Annulus Formation

Species Factor 1 2 3 4 5 6 7

Gizzard shad 0.900 137 186 222 283
Bluegill 1.706 54 106 119 139 155
Black crappie 1.154 78 139 170 224 187
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Gizzard shad growth in Neal Shoals was slow compared to other popula-

tions in the southeast (Carlander, 1969), but similar to that observed

in previous years (Dames & Moore, 1980, 1981, 1982). The mean condi-

tion factor of gizzard shad im Neal Shoals was slightly higher in

1983-84 than 1982 and comparable to numbers reported for other southern

populations (Carlander, 1969). Growth of bluegill in Neal Shoals

also was slow, especially at early' ages, but was improved over 1982.

Typically, bluegill from the southeast reach a harvestable size of 152

mm (6 inches) by their fourth growing season (Carlander, 1977), a year

earlier than those in Neal Shoals. The mean condition factor for

bluegill was average when compared to other southeastern populations

(Carlander, 1977). Growth and condition of black crappie' in Neal

Shoals improved in 1983-84, but were still slightly lower than regional

averages (Carlander, 1977). The reduced growth at age 5 is probably

not valid since only one 5-year-old fish was obtained for age

.-analysis.

Bluegill in Neal Shoals Reservoir were found to prefer diptera

(midges), mayflies, and algae. Black crappie favored fish but also

consumed insects (e.g., dragonflies, mayflies, and midges) to a large

degree.

Standing Crop Estimate. The standing crop estimates from Neal Shoals

were made by block netting an area of 0.12 ha and applying rotenone. A

complete kill was assumed and the combined results for 1983-84 are

presented in Table 2.8.3. A 2-year average of 45.7 kg/ha of fish was

obtained, represented by 16 species. Carp made up the bulk of the,

biomass (16.9 kg/ha) and bluegill were second in biomass (11.9 kg/ha).

Standing crop estimates were higher than those obtained in 1980, 1981,

and 1982 but lower than 1979.
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27.8.2.3 Subimpoundment

Species Composition and Relative Abundance. A total of twelve fish

species were collected in the subimpoundment during 1983 and 1984

(Table 2.8.1 and Figure 2.8.3). The centrarchid family, which made up

74 percent of all fish collected in the subimpoundment, was clearly the

dominant group. This family was represented by seven species, with

bluegill most abundant (37 percent of all fish collected).

The clupeid family, represented by gizzard shad, was second in number

making up 18 percent of the total.. Brown and yellow bullheads

accounted for 4 percent, and golden shiner, the only cyprinid,- also

made up 4 percent of the total number.

Species composition has changed very little since 1982. Ten of eleven

species collected in 1982 were present in. the 1983-84 samples. A

single creek chubsucker was collected in 1982, but none was captured in

1983-84. Eight of twelve species collected in 1983-84 have been

collected in every. year of the study (Table 2.8.2). A number of spe-

cies, including yellow bullhead, black bullhead, and flier, have been

collected infrequently since 1978 and are probably present (if at all)

in very small numbers. Three species, redfin pickerel, lake chub-

sucker, and white catfish, have not been collected since 1978. Yellow

perch was collected for the first time in 1983-84 and may have been

introduced by fishermen who sometimes use yellow perch for bait.

Black crappie, a highly sought after gamefish, was previously collected

in small numbers; however in 1983 this species became a significant

part of the fish community.

Condition Factors and Growth. Mean condition factors and estimated

fish lengths at annulus formation for the dominant species in 1983-84

samples are presented below:
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Mean Mean Length (mm)
Condition at Annulus Formation

Species Factor 1 2 3 4 5 6 7

Gizzard shad 0.952 237 287 297 297 339 323
Warmouth 1.647 50 103 108 158 141 158 167
Bluegill 1.672 53 110 `153 145 147 152
Redear 1.650 72 156 149 174 232
Largemouth bass 1.112 88 159 258 273 305
Black crappie 1.244 63 205 200 240 320

Gizzard shad growth was more rapid than that described by Jester and

Jensen (1971) for southwestern U.S. populations and above average for

other locations (Carlander, 1969). Bluegill in the subimpoundment

exhibited average growth during their first 3 to 4 years but exhibited

very slow growth afterwards, reaching a length of only 152 mm in

6 years. Bluegill growth was similar to the previous years of the

study, and slower than that reported in the literature for bluegill in

other southeastern lakes and reservoirs (Carlander, 1977).

The mean condition factor for subimpoundment 'gizzard shad in 1983-1984

was higher than that of gizzard shad in Parr Reservoir, Monticello

Reservoir, and Neal Shoals, and about average when compared to gizzard

shad in other locations (Carlander, 1969; Jester and Jensen, 1971).

The relatively high condition factor for gizzard shad in the subim-

poundment may be attributed to the previous fertilization program being

carried out by the SCWMRD, and continued at the present time by SCE&G.

Primary productivity is stimulated by the infusion of nutrients; this

has a direct effect on growth and condition of the planktivorous

gizzard shad. The mean condition factor of bluegill was within the

range of typical values reported for bluegill from similar habitats

(Carlander, 1977). Condition factors for both gizzard shad and blue-

gill were quite close to those obtained in 1982 (Dames & Moore, 1982).

The occurrence of slow growth and low ýcondition factor for largemouth

bass in the subimpoundment was unexpected. As discussed earlier, the
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subimpoundment has been fertilized to stimulate invertebrate production

and gamefish growth. Largemouth bass reached a harvestable size (>12

inches) at the end of their fifth growing season, a year or two later

than largemouth bass from other southeastern ponds (Carlander, 1977).

Growth rates of largemouth bass- were comparable to those seen in

earlier years of the study (1979-1981), but were not as high as those

measured in 1982 (Dames & Moore, 1979, 1979a, 1980, 1981, 1982). The

mean condition factor of largemouth bass in the subimpoundment was also

lower in 1983-84 than 1982.

Growth rates and condition factors of black crappie were average when

compared to other southern populations (Carlander, 1977).

The diet of bluegills in the subimpoundment consisted primarily of

diptera (midges) and dragonflies, but mayflies, beetles, snails, clams,

fish, and algae were all eaten regularly. Redear sunfish preferred

dragonflies and mussels with snails, midges, and algae being consumed

to a lesser degree. Adult largemouth bass favored fish and large

insects (i.e., dragonflies) while smaller individuals consumed large

numbers of midges and other insects. Warmouth ate mostly dragonflies

and fish. Black crappie, which generally prefer fish, were found to

feed almost entirely on insects with no fish being noted in any of the

specimens examined.

2.8.2.4 Monticello Reservoir

Species Composition and Relative Abundance. A total of 33 species were

collected from Monticello Reservoir during 1983-84, using gill nets and

a boat-mounted electrofisher (Table 2.8.1). The centrarchid family was

the dominant group and was represented by ten species comprising

55 percent of the fish captured. Bluegill was the most abundant

centrarchid species, making up 42 percent of the fish captured. The

clupeid family, represented by gizzard and threadfin shad (28 percent),

was the next most abundant group. Other groups collected, along with
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percent of total catch, included:, six members of the ictalurid

(catfish) family (7 percent); six members of the catostomid (sucker)

family (5 percent); and five members of the cyprinid (minnow) family

(2 percent) (Figure 2.8.4). The percid family, represented, by yellow

perch and tesselated darter,.made up 3 percent of the fish collection.

White bass, *of the family Percichthyidae, and gar, of the family

Lepisosteidae, appeared infrequently in samples, and each represented

less than 1 percent of the total.

The fish composition of Monticello Reservoir has changed little since

1978 (Table 2.8.2). Nineteen of 38 species collected since 1978 have

been collected in every year of the investigation. Four other species

have been collected in at least 5 of the 7 sampling years..

There 'were striking similarities in relative abundance between 1982 and

1983-84. Catfish and suckers made up the same percentage of the total

catch in Monticello Reservoir during 1982 and 1983. Relative abundance

of minnows and perch changed little from 1982 through 1984. Centrar-

chids and clupeids combined to make up 84 percent of the total catch in

1982, and 83 percent of the total catch in 1983-84. Centrarchids

increased from 45 to 55 percent of the total, catch, while clupeids

declined from 39 to 28 percent of the catch.

In every year of the study, centrarchids have ranked first and clupeids

second in numbers of fish collected from Monticello Reservoir. There

was a slight shift in relative abundance in 1982, when gizzard shad

became more common relative to the centrarchids, but 1983-84 data

suggest a return has occurred to the type of community structure seen

in 1979, 1980, and 1981 (Dames & Moore, 1979, 1979a, 1980, 1981).

Condition Factors and Growth. Condition factors and lengths at annulus

formation for gizzard shad, bluegill, and black crappie in 1983-84

samples were:
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Mean Mean Length (mm) at
Condition Annulus Formation

Species Factor 1 2 3 4 5 6 7

Gizzard'shad 0.883 177 200 231 246
Bluegill 1.544 54 101 127 138 148 158 182
Black crappie 1.273 107 179 189

Growth of Monticello Reservoir gizzard shad was slow relative to other
.southeastern populations (Carlander, 1969), but comparable to gizzard

shad growth in Parr Reservoir and Neal Shoals. Though data were not

tested statistically, differences between estimated gizzard shad growth

rates in 1982 and 1983-84 appear to be small, if not insignificant..

The mean condition factor for 1983-84 (0.883) was higher than that in

1982 (0.791), but was still low compared to other southeastern popula-

t ions.

Bluegill growth rates were little changed from 1982 and slightly lower

than the southeastern average (Carlander, 1977).

Black crappie growth was relatively high during the first and second

years but was low for the third year. The overall growth of the black

crappie was slightly below average for southeastern populations.

(Carlander, 1977) and the new condition factor was average when

compared to similar habitats.

The favored foods of bluegill in Monticello Reservoir were diptera

(midges) and other insects, with algae, clams, and fish being consumed

in lesser quantities. Black crappie preferred fish but utilized

insects to a lesser degree.

Standing_ Crop Estimate. Standing crop estimates from coves near

Stations I and K were made by block netting areas of 0.12 ha and

applying rotenone. The combined 1983-84 results are presented in

Table 2.8.3. A total of 74.4 kg/ha was obtained at the cove near

Station I and 30..8 kg/ha at the cove near Station K. Bluegill,
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gizzard shad, and pumpkinseed ranked first, second, and third in bio-

mass at Station I; at Station K gizzard shad, bluegill, and largemouth

bass ranked first, second, and third.

Standing crop estimates for 1983-84 were considerably higher than those

obtained in 1981, and biomass at Station I approached that of 1978,

when Station I produced 83.5 kg/ha. Biomass, at Station K was less than

that of 1982 but was considerably higher than that of 1981. The

1983-84 data indicate that fish are using the littoral zone more than

in previous years, as was suggested in 1982 (Dames & Moore; 1978, 1979,

1979a, 1980, 1981, 1982).

2.8.3 Summary

The fish community of Parr Reservoir was primarily composed of gizzard

shad and members of the centrarchid family. Gizzard shad was the most

abundant species overall, with bluegill second and pumpkinseed third in

number. Although seven age classes of bluegill were found, most fish

were 2 to 5 years old. A similar age structure was observed in pump-

kinseed. Growth of all important species in Parr Reservoir, determined

from back calculations, was relatively slow.

Centrarchids and clupeids were also the numerically dominant groups at

the Neal Shoals Dam station. Bluegill was the most abundant of seven

centrarchid species, with black crappie second in number. Gizzard shad

was the third most abundant species. Five year classes of bluegill and

black crappie were present in samples., but age structure of the two

species was quite different. Each of the five bluegill year classes

was well represented in the aged samnle; there was a preponderance of

2- and 3-year-old fish among black crappies that were aged. Growth of

bluegill, black crappie, and gizzard shad was slow compared to other

southeastern populations (Carlander, 1969, 1977).
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The fish community of the subimpoundment was dominated by centrarchid

species and gizzard shad. Bluegill was the most numerous of seven

centrarchid species collected. Largemouth bass growth was poor rela-

tive to 1982 and when compared to populations in other parts of the

southeast (Carlander, 1977). Gizzard shad and black crappie growth

were average compared to other southern populations (Carlander, 1969,

1977).

Monticello Reservoir's fish community was also composed largely of

centrarchids and gizzard shad. Bluegill was the most abundant of ten

centrarchid species present. Gizzard shad ranked second to bluegill in

abundance among all species. Seven year classes of bluegill were

represented, but most aged fish were 1 to 5 years old. Only four year

classes of gizzard shad were found, with 2 and 3-year-olds most numer-

ous by far. Growth of bluegill and gizzard shad was slow when compared

to other populations in the southeast (Carlander, 1969, 1977).
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Table 2.8.1 Numbers of fish and their percent (%) abundance collected during the 1983-84 sampling program.

9

Page1 I of 3.

Area Parr R

Station B

Neal
eservoir Shoals

C D P

Sub-¸
impoundment

H

Monticello Reservoir
4

I J K L M I' 0

Common Name

Gar
Longnose gar

Scientific Name

Lepisosteldee
Lepisosteus osseus

1 2 2
(W) (0.2) (0.3) (0.2)

112 152 707
(%) (17.5) (21.6) (64.3)

(--) (0.2) (-) (0.2) (-) C--) C--

Shad. Clupeldae
Gizzard shad 71- Dorosoma cepedlanum

Threadfln shad D. petenense

Pickerel dl Esocidae
Redfin pickerel Esox americanus

Minnows * CyprInldae
Carp Cyprinus carplo

Silvery minnow f Hybognathus nuchalls

Golden shiner V,2 Notemigonus crysoleucas

Spottall shiner R Notropis hudsonlus

Whitefin shiner Y N. niveus

Sucker Catostomidae
Qulllback carp- 1(4 Carpiodes cyprlnus

sucker

Hlghfin carpsucker C. vellfer

Creek chubsucker i Erlmyzon oblongus

Silver redhorse ai Moxostoma anisurum

157
(.16.2)

27
(2.8)

188 - 286 99 147 86 232 948

(18.1) 1122.3) (24.2) (24.0) (5.4) (13.0) (77.

-- 50 15 116 22 30 23
(-- •(3.9) (3.7) (18.9) (1.4) (1.7) (1.9

(--)

122:

(12.3

(0.116 13
(%) (2.5) (1.8)

61
(5.6)

1 -- - -
(-) (-) (-Z)

C--) /(-- (-3

(r--) (---) -) C--)

1 5
(•) -- ) (0.1) (0.5)

1. 14
W• C--) (0.1) (1.5)

- 8 .3
(%) (--) (1.1) (0.3)

20
(2.1)

(-)

12
(1.3)

(--)

(--)

(--) (--) . (--3 (0.

2(0.2)

37 4

0.6) -(0.9)

(--) C-.) (-)
27 --

(0.4) -

(%)
3 - -

(0.2) - - -

14 17 25
(%) (2.2) (2.4) (2.3)

-- 40 10 13 10 16 19

(-) i(3.1) (2.4) (2.1) (0.6) (0.9) (I.

-- ,~(2..34-- (-4'(2.7)
30

(7.3)
85 12 116 12

(13.9) (0.8) (6.5) (1.

(0.1

(--)

10
( 0.0

6
(0.6

C.--)

4
,(0.4

(%) (--)
2 4. --

(0.3) (0.4) (--)
(--) C-)1 1_-1 C--) (--m) C---)

6 1 8 -

(%) (0.9) (0.1) (0.7) -

(.- 1)

-- 2 2
- (0.2) (0.5)

12 3 39
(2.0) (0.2) (2.2)

C--)

4
(0.3
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Table 2.8.1 (Continued) Pagý 2 of

Neal Sub-
Area Parr Reservoir Shoals Impoundment Monticello Reservoir

+

Common Name

Shorthead redhorse

Striped Jumprock

Catfish

White catfish

Yellow bullhead

Brown bullhead

Channel catfish

Flat bullhead

Snail bullhead

Temperate bass

White bass

Sunfish

Flier

Redbreast v

Scientific Name

W.- macrolepidotum

M. rupiscartes 1$

Ictaluridae
Ictalurus catus ,•

I. natalls

I. nebulosus 1.

I. punctatus 11

I. platycephalus ¶

I. brunneus

Perclchthyldae
Morone chrysops 10

'entrarchidae
Centrarchus macropterus

Lepomls auritus

Station B

2
(%) (0.3)

(%) C--)

15

t%) (2.3)

(%) (-.-)

(%) (0.2)

15
(%) (2.3)

14
(%) (0.6)

() (0.2)

16

(%) (2.5)

(%) C--)

(

C-

(I

(C

(a

C-

C D P

i - 5

0.1) C--) (0.5)

-- ) (--) C--)

23 7 1

3.3) (0.6) (0.1)

-- ) (C.) . (-)

1 3 5
0.1) (0.3) (0.5)

57 50 4

5.2) (4.6) (0.4)

1.1I) C--) (--)

.-- ) C---) (C--)

3 3 --

).4) (0.3) C--)

-) C--) C--)

1 i -

H

C--)

C-)

7
(0.7)

34
(3.3)

C-)

(-)

C--)

C-)

C-)

6
(0.6)

I

/Or2
(0.2)

I
AW10.1)

<C4.1)

1.2)

4

'/Yi(. 3)

(0.2)

1---1

J K

I
(0.2)

C--)

20

(4.9)

(C-)

6
(1.5)

13

(3.2)

C -- )

.6

(1.5)

(--)

2

(0.3)

C--)

14
(2.3)

C-)

14
(2.3)

12
(2.0)

C--)

C-)

2

(0.3)

C--)

C-)

(-)

20
(1 '3)

(-)

3
(0.2)

41
(2.6)

24
(1.5)

3
(0.2)

(--)

4

(0.2)

(0.1)

83
(4.6)

5

(0.3)

12
(0.7)

64
(3.6)

20
(1.1)

15
(0.8)

12
(0.7)

8

(0.5)

(0.1

.()

12
(:1.

15
(I.:

14

3
(0.

C---

C--;

)

L M 0

U--

11

(!.

3
(0..

2
(0.:

27
(2.

8
.(0.1

(0.'

35
2 1 36 93

(0.5) (0.2) (2.3) (5.2) (-]

27
(2.:

(%) (5.5) (0.1) (0.1). I C--)
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Table 2.8.1 (Continued)

Page

NHal Sub-

Area Parr Reservoir Shoals Impoundment Monticello Reservoir

Station B C D

Common Name

Warmouth

Bluegill

Hybrid sunfish

Pumpklnseed

Redear sunfish

Largemouth bass

White crappie

Black crappie

Perch
Yellow perch

Tesselated darter

Scientific Name

L. gulosus ,,

L. macrochlrus ,.

Lepoinis ~

L.gibbosus .

L. microlophus

Mi cropterus salmoldes%ý

Pomoxis annularis -i

P. nigromaculatus 1

Percidae
Perca flavescens

Etheostoina olmstedi I

(U)

(U)

(%)

(0)

(%)

(%)

(0)

(%)

12
(1.9)

200
(31.2)

C--)

76

(11.8)

21

(3.3)

66

(10.3)

(0.2)

22

(3.4)

2
(0.3)

4
(0.6)

256
(36.3)

(--)

52

(7.4)

43

(6.1)

40

(5.7)

10

(1.4)

27
(3.8)

9
(1.3)

(-)

129
(11.7)

(C-)

28
(2.5)

21
(1.9)

26

(2.4)

2
(0.2)

9
(0.8)

5

(0.5)

P

4
(0.4)

416
(43.0)

(--)

9
(0.9)

44

(4.6)

37

(3.8)

29

(3.0)

184
(19.0)

(-3

58
(5.6)

382
(36.8)

(--)

13
(1.3)

79

(7.6)

135

(13.0)

(-)

94
(9.1)

4

(0.4)

(--)

13 1 - 45

0.0) (0.2) (-) (2.8)

442 127 89 1150
(34.5) (31.0) (14.5) (72.0)

2 _7.•(0.2) -) () ()

41-62 21 19 ".71

(4.8) (5.1) (3.1) (4.4)

.22 5 2 8

(1.7) (1.2) (0.3) (0.5)

- 104 20 21 56

(8.1) (4.9) (3.4) (3.5)

~10.31 C-) (-1 (1

16 7

(0.5) (0.2) C-m) (0.4)

81 31 62 1

(6.3) (7.6) (10.1) (0.1)

C--(_) (C-) (--) --.)

36
(2.0)

762
(42.6)

4
(0.2)

38
(2.1)

19
(0.1)

120
(6.7)

5
(0.3)

5
(0.3)

15
(0.8)

H J K L M N 0

(-1

102
.(8.,

25
(2.

(0.

.22

(1.

(--9

19

(1. 3

64
(6.4

631
(63.5:

(--3

24
(2.4

7
(0.7.

42
(4.2.

1

(0. :

(0. 1:

994

(U)

(-3) C--)

Total Number Captured
642 705 1099 968 1037 1281 410 613 1598 1790 1222



Table 2.8.2 Fish species collected in 1978, 1979, 1980, 1981, 1982, and 1983-84. Page I of 3

Area
Parr

Reservoir
Monticello
ReservoirNeal Shoals Dam SubImpoundment

Year 78 79 80 81 82 83/84 78 79 80 81 82 83/84 .78. 79 80 81 82 83/84 78 79 80 81 82 8 5/84
common Name Scientific Name

Par
Longnose gar

3owfin
Bowfin

ihad

Gizzard shad

Threadfln shad

'ickerel
Redfin pickerel

41nnows

Carp

Silvery minnow

Golden shiner

Whitefin shiner

Sandbar shiner

Spottall shiner

;ucker

White sucker

Quillback carp-
sucker

River carpsucker

-Leplsosteldae
Lepisosteus osseus x x x x

Amildae
Amla calva

Clupeidae

Dorosoma cepedlanum x x x x

D. petenense

Esocidae
Esox americanus

Cyprinidae
Cyprinus carplo x x x x

Hybognathus nuchalls x x x

Notemigonus crysoleucas x x x x

NotropIs niveus x

N. scepticus

N. hudsonlus

Catostomldae

X X X x X x Ix

X.

X X - X x x X X X Xr Xx x

x

X X X" X X X

X

K

x

x - X X

x

x

x

x

K

x

X x K K X

K XK. X K K K"

K

x x x x K

X ) X K

K K x K x

K )( K K K

x K K

x

x

x

X

xX x

)

Carplodes cyprinus

C carplo

X x x X

X K X

K K

X X

x K

K x X X X K

X x X X X X x

Highfin carpsucker C. velifer

Silver redhorse Moxostoma anisurum

Shorthead redhorse M. macrolepidotum

Lake chubsucker Erimyzon sucetta

Creek chubsucker E. oblongus0

K

x

X

K

K X

x x x

X

K K K

X x

X x

x x x x x xx X X X X X
x
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Table 2.8.2 (Continued) Pa

Parr
Reservoir Neal Shoals Dam Subimpoundment

78 79 80 81 82 83/84 78 79 80 81 82 83/84 78, 79 80 81 82 83/84

go 2 of 3

Mont ice

83/84

Common Name

Striped Jumprock

Catfish
White catfish

Yellow bullhead

Brown bullhead

Channel catfish

Flat bullhead

Snail bullhead

Black bullhead

Margined madtom

Tadpole madtom

Live bearer
Mosquitofish

Temperate Bass
White bass

Sunfish
Fioer

Redbreast

Warmouth

Bluegill

Pumpkinseed.

Redear sunfish

Longear sunfish

Green sunfish

Hybrid sunfish

Scientific Name

x

IctaIurIdae
Ictalurus catus x x x x x x

I. natal is x x

I. nebulosus x x x x x x

I. punctatus x x x x x x

I. platycephalus x x x x

I. brunneus x x x

I. melas

Noturus Insignis

N. gyrinus x

Poeci Ildae
Gambusla affinis

Perc I chthy i dee
Morone chrysops x x x

Centrarch i dee

Centrarchus macropterus x x

Lepomis auritus x x x x x x

L.gulosus x x x x x x

L. macroch rus x x x x x x

L. gibbosus x x x x. x x

L. mlcrolophus x x x x x x

L. megalotls

L. cyanel us

Lomssp.

K K K X K K

K X X X K

x

x X X X

x x X x X x

X X X X

K X X X

X K X K

X X X XK x x x

X x x X,

X X X

X X X

x

x

X

XK

x x

x

x

x x X Ix K

x X X X X

K X K K K X

x X X K X x

x X X X X

x X X X

x x X X X X

x X X X K .X

X X K X K X

K *X X X K X

X X X X X

x

x

x

x

X X

X x

X Xi

x x

x

X

x

x

x

X IX X

X X

X X

X

x

K

x
x

X

x

x X x Ix X



Table 2.8.2 (Continued)
Page 3 of 3

Parr
Reservoir Neal Shoals Dam

Mont icelol1
Reservol-Subimpoundment

78 79 80 81 82 83/84 78 79 80 81 82 83/84 78 79 80 81 82 83/84 78 79 80 81 f 2 83/84

Common Name

Largemouth bass

White crappie

Black crappie

Percidae
Yellow perch

Swamp darter

Tessellated darter

Scientific Name

Micropterus salmoldes

Pomoxis annularls

P. nigromaculatus

Percidae
Perca flavescens

Etheostoma fusiforme

E. olmstedl

K K x~ x K x

K X X K K X

X K

X x x X X X

X X X X X X

X X X X X x

X X X X X x x x x x PC

x X X x

X X x X X x X

x x K X

x

X

34
x x

28 22 20 22 29 27

K

19 14 161216 16 15 1313. 1311t 27 31 25 30
Total Number of Species



Table 2.8.3 Standing crop (kg/ha) estimates of fishes from Parr and
Monticello Reservoirs and the Neal Shoals Dam, 1 9 8 3 - 8 4 a.

Parr Reservoir
C.

Neal
Shoals

P

Monticello
Reservoir
I KStations

Common Name

Gizzard shad

Threadfin shad

Whitefin shiner

Carp

Golden shiner

Silvery minnow

Silver redhorse

White catfish

Brown bullhead

Channel catfish

Flat bullhead

White bass

Warmouth

Redbreast

Ift luegills

Pumpkinseed -

Redear sunfish

Largemouth bass

White crappie

Black crappie

Yellow perch

Swamp darter

Tesselated darter

Mosquito fish

JM0*.87I

0.46

0.01

0.02

1.94

1.75

0.01

0.05

1.16

2.67

0.98

0.05

0.28

0.47

0.03

5.49

0.43

16.93

0.44

0.15

J

0.21

1.24

2.20

0.55

11.86

0.06

0.50

0.48

0.54

4.56

8.36

0.14

0.13

0.01

0.02

0.20

1.62

4.02

5.80

0.23

1.57

2.54

0.15

36.35

7.15

0.94

3.62

0.25

1.08

0.17

0.03

21.97

0.70

0.27

0.47

0.50

0.05

2.49

1.01

0.67

1.32

1.23

0.07

0.01

45.65Totals 34.13 74.38 30.75

a Fish collections obtained by rotenone.
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RESTRICTED FISHES

Restricted Fishes and Aquatic Fauna

Bighead Carp Bony-tongue fish Dorados FW stingrays .

[Grass Carp Nile Perches Silver Carp nailBlack Carp
[Tilapia Walking Catfish Redclaw Crayfish]I

Red Swamp Crayfish Fish Anatomy PROHIBITED [[Statutes (PDF)
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The FWC uses well-defined criteria to determine where a species should
appear on the list. The most current list is available by checking the statutes
(See 68A-23.008). Species that were included on the list as of July 2003 aredescribed on this page. I.

tIN er t xetions are made by permit for

viewing at large public aquaria or for research, provided Commission-
approved maximum security requirements are met. No exceptions are made
for certain prohibited species, such as piranha. Research permits for
prohibited aquatic species are also very stringent.

>4ip

Mdirector. Prior to the
issuance of such permit, the facilities where the restricted aquatic species are
to be kept and waters where their use is intended may be inspected by
Commission personnel to assure that adequate safeguards exist to prevent
escape or accidental release into the waters of the state.

Note that much of the information on this page was taken from Fish base and
"Living Fishes of the World," by Herald, or from the "Identification Guide
to the Restricted and Prohibited Exotic Fishes," which was edited by Lt. Tom
Quinn for FWC.
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Common Names - red claw crayfish
I

Description -

Species -

Range -

Habitat -

Spawning Habits -

Feeding Habits -

Age and Growth -

Potential Concerns - This is the only species of Australian crayfish allowed in
Florida and it is restricted to tank culture only.

BLUE CATFISH

(Ictalurus
furcatus)

Common

channel cat,
hump-back
blue, forktail
cat, great blue cat, silver cat, chucklehead cat, blue fulton

Description - Adult fish have stout bodies with prominently humped backs in
front of the dorsal fin. They resemble channel catfish by having deeply
forked tails, but are dissimilar because they are unspotted and have a long,
straight-edged anal fin with 30 to 35 rays. The back and upper sides are blue
to slate gray, and the lower sides and belly are white. The internal air bladder
has a constriction in the middle, giving it a two-chambered appearance.

Species - Only the single species is restricted.

Range - Originally found in the Escainbia and Yellow rivers in northwest
Florida, they are now also in the Apalachicola and Suwannee. Blues were
first officially recorded in 1990 by Florida Game and Fresh Water
Commission biologists despite reports that anglers had been catching blues
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for many years.

Habitat - Blues occur in big rivers and in the lower reaches of major
tributaries. They prefer clearer, swifter water than other catfish, and are
usually found over sand, gravel or rock bottoms. Their preferred water
temperature is 77 to 82 degrees.

Spawning Habits - Spawning and nesting behavior is similar to others of its
family. In late spring, males commonly choose and clear a nest site, usually in
drift piles, logs, root systems or other dark, secluded areas near the bank.
The eggs hatch in about a week, and males guard the fry in the nest until they
swim away a week or so later.

Feeding Habits - Young blues eat aquatic insects and small fish while larger
blues prefer crayfish, mussels and other fish. They feed primarily at night.

Age and Growth - Blue catfish grow faster and live longer than channel
catfish. They are the largest member of the catfish family. Blues may grow to
lengths of over 55 inches and may weigh more than 100 pounds. Maximum
life span for blues is unknown but is probably 20-25 years.

Po ncerns - ue catfish are restricted as being poten yran w r o . "current

RED SWAMP and WHITE RIVER CRAYFISH

(Procambarus clarkii, P.
acutus (zonangulas))

Common Names - Red Swamp
crayfish and White River or
crawfish

Description - Crayfish are
small lobster-like freshwater
crustaceans that have a hard
outer skeleton or carapace,
which protects the body and
makes it rigid. On the Red Swamp crayfish, the carapace is dark red
bordering on black, and there is with a wedge-shaped stripe on the abdomen.
Juveniles are gray, sometimes overlain by dark wavy lines, but without spots.
Pincers are narrow and long. The carapace is not separated by areola. The
carapace is rough in adults. The rostrum (spike like protrusion over the
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Home. Captive Wildlife Regulations Introduction of Non-Native Aquatic Species in.the Waters of the State

CAPTIVE WILDLIFE REGULATIONS

Introduction of Non-Native Aquatic Species in the Waters of the State; Provisions for Sal(
Inspection of Fish for Bait or Propagation Purpose; Diseased Fish

(1) No person shall transport into the state, introduce, or possess for any purpose that might be reasonably expected tc
liberation into the waters of the state, any aquatic species not native to the state, without having secured a permit frorr

Commission, except:

(a) Fathead or tuffy minnow (Pimephales promelas).

(b) Variable platy (Xiphophorus variatus).

(2) Restricted non-native aquatic species:

(a) The following aquatic species or hybrids thereof may be possessed only under permit from the executive direc*

1. Bighead carp (Aristichthys nobilis).

2. Bony-tongue fishes [family Osteoglossidae, all species except Silver arowana (Osteoglossum bicirrhosum)].

3. Dorados (genus Salminus, all species).

4. Freshwater stingrays (family Potamotrygonidaee, all species).

5. Grass carp (Ctenopharyngodon idella); restrictions and requirements described in Rule 68A-23.088, F.A.C.

6. Nile perches (genus Lates, all species).

7. Silver carp (Hypophthalmichthys molitrix).

8. Snail or black carp (Mylopharyngodon piceus).

9. Tilapias [Tilapia (Oreochromis) aurea, T. (0.) hornorum, T. (0.) mossambica and Tilapia. (0.) nilotica]. T. (0.) aurE

possessed, cultured, and transported without permit in the following areas: North Central Region, Citrus and Hernandi
only; Northeast Region, all counties, except Duval and Nassau; South and Southwest regions.

10. Walking catfish (Clarias batrachus).

11. Australian red claw crayfish (Cherax quadricarinatus_; tank culture systems only).

12.. Blue catfish (Ictalurus furcatus), except north and west of the Suwannee River blue catfish may be possessed witl
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13. Red swamp crayfish (Procambarus clarkii) and white river crayfish (Procambarus zonangulas), except that- pond aqui.
prohibited. Red swamp crayfish and white river crayfish may be possessed west of the Apalachicola River or imported f.or
sale to food wholesalers and food retailers for re-sale to consumers without permit.

(b) Prior to the issuance of such permit, the facilities where the restricted aquatic species are to be. kept and waters, whe
use is intended may be inspected by Commission personnel to assure- that adequate safeguards exist to prevent escape
accidental release into the waters of the state. Permits for restricted aquatic species may be issued by the Commission s
the following:

1. Res~tricted aquatic species held outdoors may only be held in a water body that has the lowest point of the top edge o
dike, bank, or tank at an elevation of at least one foot above the 100-year flood elevation determined by reference to elý
maps issued by the National Flood Insurance Program, U.S. Department of Housing and Urban Development. Such wate
shall have no water discharge or shall be constructed with a fish barrier system designed to prevent escape of adult fish
fish and fish eggs in the water effluent discharged from the permittee's property. Such water body also shall be inacces-
public.

2; Restricted aquatic species held indoors may only be held in culture systems having no Water discharge, having a watf
discharge through a closed drain system, or other system designed to prevent discharge of water containing adult and j
fish, and fish eggs from the permittee's property.

(c) Permits may be granted for research or to commercial import or export facilities or public aquaria involved in educat
efforts, Permits shall not be issued for display in private aquaria.

. (d).Any personengaged in aquaculture who possesses a valid certificate of registration from the Department of Agricult
Consumer Services issued pursuant to Chapter 597, F.S., and who is authorized to possess restricted aquatic species in
accordance with such chapter is exempt from the permit requirement in paragraph-68A-23.008(2)(a), F.A.C.

(3) Prohibited non-native aquatic species:

(a) No person shall import, sell, possess or transport in state any of the following live aquatic species or hybrids thereod

1. African electric catfishes (family Malapteruridae, all species).
2i African tigerfishes (subfamily Hydrocyninae, all species).
3. Airbreathing catfishes' (family Clariidae, all species except Clarias batrachus).
4. Candifu catfishes (family Trichomycteridae, all species).
5. Freshwater electric eels (family Electrophoridae, all species).

61. Lampreys (family Petromyzonidae, all species).
7. Piianhas and pirambebas (subfamily Serrasalminae, all species).
8: Snakeheads (family Channidae, all species).
9. Tilapias [(Tilapia, Sarotherodon and Oreochromis genera) all species except Tilapia (Oreochromis) aurea, T. (0.) hor
(0.) mossambica and Tilapia (0.) nilotica].
10. Trahiras or tigerfishes (family Erythrinidae, all species).
11. Airsac catfishes (family Heteropneustidae, all species).
12. Green sunfish (Lepomis cyanellus).
13. Australian crayfish (Genus Cheraxx, except for tank aquaculture of Cherax quardricarinatus).
14. Zebra mussels (Dreissena polymorpha).. 15. Mitten crabs (genus Eriocheir), or any part thereof.

(b) Limited exceptions to this subsection may be made by permit for viewing at large public aquaria or for research, pDr
Commission-approved maximum security requirements are met. Research permits for prohibited'aquatic species shall
tO the following:
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1. The research permit shall expire 12 months from the date of issuance..

2. A detailed research proposal shall accompany the application for the research permit. Such proposal shall state with
particularity the research objectives, methodology and study duration, and outline planned safeguards that shall assure
containment of the species.

3. A detailed annual report of research findings, which shall include a description of activities undertaken in the permit p
progress toward research project objectives and proposed activities to be undertaken in the ensuing months, shail be su
prior to renewal of the research permit. Receipt and approval by the Commission is a condition precedent to renewal of'
research permit. This information shall be available for public dissemination.

4. All research on prohibited fishes shall be conducted in indoor facilities in containers or tanks having no water discharc
having a water discharge througha closed drain system that terminates in a. dry-bed, wastewater pond.

5. No research, or viewing at large public aquaria, permits shall be granted for piranhas and pirambebas (subfamily
Serrasalminae, all species).

(4) No person shall allow or permit any freshwater aquatic organism not native to the state to remain in the waters of a
propagating pool or pond which is no longer maintained or operated for the production of such non-native species.

(5) The presence of any species designated in subsection (2) or (3) in any propagating pool or pond shall constitute po!
the owner or operator of the pool or pond.

(6) Hatcheries shall maintain written records such as shipping tickets, invoices, bills of lading, or other-records of£s,
or transfers showing numbers of organisms in the shipment; source of supply or disposition of imported freshwater fish
records shall be maintained until December 31 of the following year.

(7) Any representative of the Commission may inspect all records, ponds, pools, vehicles and other facilities used to pr
grow, store or transport freshwater fish. Inspection may be made of such facilities wherein foreign or non-native specie
freshwater fish are propagated, for any commercial purpose so as to determine that such species or their eggs are not
escape into the waters of the state or to determine whether freshwater aquatic organisms are infected or diseased. In
that an epizootic aquatic disease among cultured aquatic organisms presents a threat to public health or to the fish or
resources, freshwater aquatic organisms exposed or exhibiting such disease may be quarantined, 'confiscated or destrc
public nuisance without compensation to anyone having a financial interest in such organisms.

(8) Any fish or aquatic organism which may be discovered in ponds, pools, vehicles or other facilities and which in the
determination of the executive director would be detrimental to freshwater fish if released or placed in the waters of ti
shall be confiscated and destroyed as a public nuisance.

Specific Authority Art. IV, Sec. 9, Fla. Const. Law Implemented Art. IV, Sec. 9, Fla. Const. History-New 8-1-79, Amen(
6-21-82, 7-1-84, Formerly 39-23.08, Amended 4-13-88, 7-1-89, 10-30-89, 7-1-92, 7-1-94, 4-12-98, Formerly 39-23,
Amended 10-10-00, 7-1-01, 7-1-02.

Back to Top I Home

For More Information
Contact the Division of Law Enforcement's Investigation Section
620 S. Meridian Street
Tallahassee, FL 32399-1600
(850) 488-6253
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MANAGEMENT PLAN

PARR SHOALS RESERVOIR

FRESHWATER FISHERIES DISTRICT Ill

LOCATION

The Broad River was dammed in 1914 at Parr, South Carolina to form Parr

Shoals Reservoir. The Broad River is one of five major water courses of the Santee

River Basin (Beasley, et al. 1988). In South Carolina, five other run-of-the-river

impoundments occur upstream of Parr Reservoir. The reservoirs are used primarily

for hydroelectric power production.

Parr Shoals Reservoir is bordered on the east by Fairfield County and on the.

* west by Newberry County (Figure 1). Parr Reservoir exists in the Broad River sub-

basin which is wholly within the Piedmont physiographic province and has three

large tributaries, the Pacolet, Tyger and Enoree Rivers (Beasley, et al. 1988). The

Parr Dam is located at coordinates latitude 340 16 '00" N and longitude 81° 20' 30"

W (SCDHPT 1971).

PHYSIOGRAPHY

The Parr Shoals watershed consists primarily of the Broad River and its

tributaries from the Tyger River. The watershed comprises 156,544 acres (4,750 sq

mi) of the Piedmont region of North and South Carolina (SCDHEC 1998). Tributaries

entering directly into the system include, on the west side, Cannons Creek, Hellers

Creek and the Enoree River; and, on the east side, Frees Creek and Terrible Creek.

S Both of these eastern tributaries are now flooded and part of the 7,100 acre



Monticello Reservoir (Dames & Moore 1974).



Figure 1. Parr Shoals Reservoir and Lake Monticello.
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is 15' (SCDHEC 1998).
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' LAND USE

The predominant soil types of the area consist of an association of the Cecil-

Pacolet-Wilkes series. Slope of the terrain averages 15% with a range of 2-40%.

Land use/land cover in the watershed includes: 0.73% Urban, 11.17% agricultural,

3.86% shrub, 0.34% barren, 76.86% forested, and 7.03% water (SCDHEC 1998).

DEMOGRAPHICS

Data provided by the two surrounding rural counties showed a total

population of 56,531 as of 1997. Specific demographics regarding the racial, ethnic,

sexual and age composition of the population was unavailable from either Newberry

or Fairfield Counties.

There is a low to moderate potential for population and industrial growth in

, this watershed primarily associated with residential development around the

reservoir, the Town of Jenkinsville, and the City of Newberry. The upper portion of

Parr Shoals Reservoir is effectively excluded from development by'the Sumter

National Forest, and the overall lack of adequate utilities to serve the remaining area

will limit growth (SCDHEC 1998).

CLIMATE

The climate of South Carolina is classified as humid, subtropical. This

climatic region is characterized by hot, humid summers and mild winters. For the

Parr Reservoir area, the average annual temperature was 63.30 F (SCDC 1998). The

average annual high temperature is 75.31F, while the average annual low

temperature is 51.2 0F. The warmest temperatures were typically found during the

month of July, while the coldest temperatures were in January, The Parr Shoals area

4



receives an average of 49.1" of yearly precipitation. Precipitation'falls primarily in

the form of rain and rarely in the form of snow.

PHYSICAL AND CHEMICAL WATER QUALITY

From its two established sampling sites, SCDHEC (1996) has categorized Parr

Reservoir as being eutrophic in character (Kimsey, et al. 1982). The main stem of

Broad River and all run-of-the-river impoundments along its course, including Parr

Reservoir, have been classified by SCDHEC (1990) as Class B freshwaters. Class

B waters are by definition:

Freshwaters suitable for secondary contact recreation and as a source

for drinking water supply after conventional treatment in accordance

with the requirements of the Department. Suitable for fishing and the

survival and propagation of a balanced indigenous aquatic community

of fauna and flora. Suitable also for industrial and agricultural uses.

With the Class B rating, SCDHEC (1994) appraised Parr Shoals Reservoir and

its tributaries as Water Quality Category II (Index Value 250-325). This describes a

waterbody with "intermediate water quality, may be susceptible to further

degradation; protection recommended."

In 1994, the Broad River watershed and its impoundments were placed under

a fish consumption advisory for mercury by SCDHEC (1998). Mean concentration

levels of 0.41 ppm mercury were detected in largemouth bass collected in the Parr

Shoals area. The advisory recommends maximum consumption of no :more than

3.25 lbs of largemouth bass per month.

Two comprehensive environmental studies of Parr Shoals Reservoir have

5



been completed by Dames & Moore (1974; 1985) under contract to SCE&G. The first

baseline study was done prior to construction of the VC Summer Nuclear Station

and its cooling reservoir, Lake Monticello. This was also before construction of the

Fairfield Pumped Storage Facility. The latter monitoring study was mandated by

State and Federal regulatory agencies following operational start-up of the

abovementioned facilities. Thewater quality data presented here are from those two

studies. Also, this database was supplemented by data collected at the permanent

SCDHEC (1998) monitoring stations on Parr Reservoir.

Transparency

Secchi disk transparency in Parr Shoals is considered low, due to silt and clay

turbidity. The short retention time and pumped storage operations promote turbid

conditions, Which severely limit light penetration (Stecker & Crocker 1991). These

conditions prevent the establishment of significant phytoplankton communities,

though nutrient levels are intermediate.

Temperature

Seasonal surface temperatures based on data collected from 1971 to 1973

were as follows:

Winter (January &-February) - 7.0 - 12.00 C

Early spring (March) - 12.5 - 17.0°C

Late spring (May) - 20.0ýC

Early summer (June) 27.0- 31.5 0 C

* Early fall (September) 22.0 - 27.50C

6



Late fall (November) 14.5-15.OOC

Differences did occur between surface and bottom temperatures. However, true

'thermal stratification does not develop on Parr Reservoir.

Dissolved Oxygen

Dissolved oxygen (DO) concentrations follow seasonal trends. Higher Do

values occur during the colder months, and lower values during the warmer months.

Due to the significant flow (i.e. short retention time), DO concentrations are high

throughout the year with no oxygen depletion even in the bottom waters (Kimsey,

et al. 1982; SCDHEC 1998), thus supporting all aquatic life. Seasonal Do

concentrations were near or above saturation during the 1971 - 1972 sampling

period.

pH

The pH of water in Parr Reservoir and the Broad River was within the State

standards for these Class B waters (6.0 - 8.5 units). Mean pH values range from 7.0

to 7.2 when surface and bottom measurements are combined. Differences in

surface and bottom pH values in early summer and early fall in open water areas, are

probably related to increased photosynthetic activity near the surface and bottom

sediment C02 production. Phosphorus

Phosphorus is a nutrient required for the growth of plants in terrestrial and

aquatic systems. Aquatic plants, including algae, are necessary-for the survival of

other aquatic life, including fish.

Soils, weathered minerals, and decomposing material are natural sources of

7



phosphorus. Wastewater discharges, as well as fertilizers applied to land that wash

into streams with rain, increase phosphorus income to streams and lakes. If high

concentrations of phosphorus enter a lake or other waters, plants can be over

fertilized, and nuisance algal blooms can occur. Oxygen depletion in the water can

result when the

8



algae die, possibly causing a fish kill, A decrease in the supply of phosphorus can

limit the algal growth in the lake (SCDHEC 1995).

In the Dames & Moore (1985) study, phosphorus input was strongly influenced

by upstream agricultural practices. Kimsey, et al. (1982) found phosphorus

limitation at its collection site located at Parr Shoals Dam during summer sampling.

During winter, phosphorus was limiting throughout the impoundment.

Nitrogen

Ammonia is the chief decomposition product from plant and animal protein.

Nitrite is formed by the denitrification of nitrate and oxidation of ammonia. Nitrate

is formed by the oxidation of nitrite. It is in this form that nitrogen is most easily

taken up by green plants and, therefore, is an extremely important nutrient for

nitrogen protein synthesis (Ruttner 1964).

Nitrogen limitation was observed during fall and spring samples throughout

Parr Reservoir. During summer, nitrogen was limiting in the headwaters of the

impoundment. Mean ammonia values were 0.25 mg/I in Parr and the Broad River.

AQUATIC BIOLOGICAL COMMUNITIES

PHYTOPLANKTON

Chlorophyll a

Determination of chlorophyll a is often used to estimate phytoplankton

density, which is in turn used as an index of lake productivity (Boyd 1979). The

Carlson trophic state index for chlorophyll a was 42. This low index value may have

resulted from often turbid (sediment-related) conditions in Parr Reservoir and the

9



* considerable velocity during high water events (Kimsey, et a. 1982).

Algal Communities

A total of 102 phytoplankton taxa were collected by Dames & Moore (1974) in

the Parr Shoals/Broad River study area. Densities and species composition were

relatively stable through the 1985 monitoring study. The number of species in each

major taxonomic group was Chlorophyta, 37; Chrysophyta, 42; Cyanophyta, 15;

Euglenophyta, 5; and Pyrrhophyta, 3.

Diatoms predominated both quantitatively and qualitatively, though all species

were low in abundance. The planktonic genera Asterionella, Fragilaria, Melosira,

and Tabellaria species found in the study area are common in many river systems.

Several common benthic alga are found in Parr Shoals, but only in low numbers.

Desmids, common in soft waters, are represented in the reservoir by several

species whose densities are also low.

The zooplankton communities observed during the pre-operational and

operational investigations did not indicate any unusual trends. A total of 35

zooplankton species were collected during the 1971 and 1973 sample efforts (Dames

& Moore 1974). The species composition by major taxonomic groups was as

follows: Protozoa, 4; Rotifera, 21; Copepoda, 2; and Cladocera, 8. Composition,

densities, distribution and species diversity showed normal seasonal patterns.

Rotifers, characteristic of limnetic habitats, were the dominant organisms.

Crustaceans, normally dominant in reservoirs, were only of secondary importance.

5 Crustacean abundance is undoubtedly limited by the high flow rates and low

storage ratio of Parr Reservoir, as well as the high silt turbidity.
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Distribution of zooplankton within the impoundment reflect the influence of 0
water velocity on population levels. The more lenthic areas (i.e. Hellers Creek arm

and Cannons

I1



Creek arm) had' higher zooplankton densities. Also, zooplankton abundance

appears to be directly related to the abundance of phytoplankton.

Densities- of all zooplankters was much lower than. those reported in other

river systems. These low population levels are probably due mainly to the high silt

turbidity.

Aquatic Macrophytes

The vascular hydrophyte community surveyed in Parr Reservoir by Dames &

Moore (1974; 1985) showed the greatest diversity as compared to Monticello Lake

or other areas of the Broad River. Eighteen species of macrophytes were identified

with emergent types predominating in the extensive low-lying shoreline and island

areas. Cattail was the most common species identified. The Cannons Creek area,

in particular, supports a rich littoral zone with dense stands of macrophyte

vegetation. Three species of submergent aquatic macrophytes were found growing

in areas of limited flow. A list of the aquatic plants found in Parr Shoals Reservoir

were listed in Appendix A.

BENTHIC MACROINVERTEBRATES

In the early 1970's, 66 benthic insect taxa were identified from the Parr Shoals/

Broad River study area. Diptera and Ephemeroptera species predominated samples

during all seasons. The numerically dominant insect species were chironomid

larvae, phantom midges (Chaoborus punctipennis), and burrowing mayflies

(Hexagenia limbata). Benthic insect density ranged from a minimum of 0 m2 to a

maximum of 3,763 M 2 . Insect densities were highest in June and November.

12



Oligochaetes and moliuscs were also important components of the benthic

fauna. Although the species composition of oligochaetes was not examined in

detail, Branchiura sowerbyi was notably dominant. The predominant pelecypod

molluscs were Asian clams, Corbicula manilensis, and fingernail clams, Sphaerium

sp.

Qualitative sampling was also conducted by Dames & Moore (1974) to assess

the macroinvertebrate community of the littoral zone. Ekman dredge sampling

collected 2,190 specimens representing 186 species. Insects dominated the species

list, with lesser quantities of crustaceans, mollusks, annelids and vertebrates

represented. Since these species contribute significantly to the food web of the

ecosystem, their identity and abundance are important. Species were related to

stream flow velocity, depth, substrate and vegetation. Each factor or combination

of factors defines the habitat in which a particular species can survive.

FISH COMMUNITIES

The fish community of Parr Shoals Reservoir has received the most attention

from the baseline and monitoring studies conducted by Dames & Moore (1974;

1985). Additionally, Hayes and Penny (1992; 1993) evaluated largemouth bass

population dynamics for S.C. Department of Natural Resources (SCDNR)

management programs. As part of the statewide survey and classification of lotic

waters, May (1977) collected fish from two major tributaries of Parr Shoals Reservoir,

Cannons Creek and Hellers Creek.

The impoundment's fish community was dominated by clupeids and

13



centrarchids (Dames & Moore 1985). A total of 42 species representing 11 families

have been documented in the reservoir since 1971 (Dames & Moore 1974) and are

presented in Appendix B. In both the pre- and post-operational monitoring surveys,

Dames & Moore (1974; 1985) calculated length-weight relationships, growth rates,

standing crop estimates,

14



fecundity indices, and condition factors for many selected species encountered in

Parr Reservoir. These data and food habits analysis are found in the respective

publications.

Standing crop of fishes measured in the Cannons Creek arm equal 183 lbs/ac.

This estimate is lower than the South Carolina mean standing crop, and also lower

than the standing stock estimates reported by Jenkins (1967) for Piedmont

reservoirs having moderately high sediment loads and low storage ratios. Preyfish

populations were dominated by bluegill and gizzard shad. In the early 1970's these

two species contributed the greatest abundance and biomass within the reservoir.

However, gizzard shad comprised less than one quarter of the total standing crop

of Parr Reservoir. Principle predator species were the largemouth bass and white

bass.

No creel survey has ever been conducted on Parr Reservoir to quantify angler

effort, harvest and success. Anecdotal reports and casual interviews of fishermen

suggest that catfish, crappie and largemouth bass are the most often targeted

species. The extreme fluctuations in water level negatively impact fishing on Parr

Reservoir. These fluctuations make navigation on the lake difficult at times. This,

in turn, appears to limit the amount of fishing pressure on the reservoir (Hayes and

Penny 1995).

Due to the economical and ecological importance that select fish species

have on any sportfishery, including Parr Shoals Reservoir, a brief narrative follows:

Threadfin shad

15



In the baseline study of Parr Reservoir, threadfin shad were not collected from

1971 through 1973 (Dames & Moore 1974). This clupeid was first confirmed in

rotenone samples taken in 1983-84 (Dames & Moore 1985), yet in small numbers.

Hayes. and Penny (1992; 1993) observed threadfin shad while conducting a

largemouth bass inventory study. Again, observed numbers were low. It is believed

that since high flow regimes and significant turbidity limit plankton community

development, it is unlikely that this planktivore will ever be a major component of the

Parr Shoals fish community.

Gizzard shad

In the 1983-84 sampling period, gizzard shad comprised 40% of the total catch.

and was the most abundant species collected. Gizzard shad in Parr Reservoir did

not grow as fast as in other Southeastern waters (Carlander 1969). Mean condition

factor of the clupeid was 0.88 and was lower than that reported by Turner (1953) for

other populations. Likewise, growth rates for Parr Shoals gizzard shad were also

slow. Here again, the limited phytoplankton community likely impacted the gizzard

shad population with slower growth. Parr Shoals gizzard shad fed on a variety of

planktonic organisms. Diatoms were by far the most numerically abundant food

item. Other prevalent items included species of Cyanophyta, Chrysophyta,

Chlorophyta, and Rotifera. Rotifers and filamentous green algae generally

comprised the majority of the biomass consumed by gizzard shad. Filamentous

green algae composed the bulk of the biomass in fish larger than 12 inches in total

,aft length.

16



Bluegill

Throughout the period of the two environmental studies, bluegill dominated

in the total fish species composition. This centrarchid comprised 24% of the total

catch. Parr Reservoir bluegill growth was generally slower when compared with

bluegill growth in other Southeastern lakes and impoundments. Mean condition

factor of bluegill was also below the average observed in other populations

(Carlander 1977).

0
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In food habits studies, a total of 147 stomachs were analyzed (Dames & Moore

1974). Seasonal variation was detected in the feeding habits of bluegill, with late

spring having the highest numbers of ingested food organisms. May was the only

month in which fish eggs were observed. Bluegills were found to prefer diptera

(midges and flies), but also consumed other insects, clams, algae and fish.

Crappie

Both black and white crappie have been documented in Parr Shoals

Reservoir. Dames & Moore (1974) found white crappie to be more numerous and,

in fact, ranked third in overall relative abundance.

Growth rates were slower than observed in lakes of the Santee-Cooper

system (Stevens 1959). As with many fish species present in the system, the highly

stressful environment appears to restrict the reproduction and subsequent growth

of both black and white crappies. Rapidly changing water levels during spawning

periods can have a negative effect on reproductive success of thisand other littoral

spawning species. This appears to be the reason that crappie densities in Parr

Reservoir are relatively low as compared to other reservoirs (Hayes and Penny

1995). This assumption demands further investigation.

In the early 1970's (Dames & Moore 1974) mean condition of white and black

crappie was 1.3 and 1.2, respectively. Sex ratios of males and females were nearly

equal. Food habits of 54 white crappie revealed that smaller fish fed primarily on

zooplankton. intermediate sized fish fed on insects and there was a conversion to

piscivory in larger individuals. Piscivorous crappie fed primarily on gizzard shad.

18



Seasonal changes in food habits were also evident.

Information on crappie fishing on Parr Reservoir is based on reports from

SCDNR conservation officers and local residents. Apparently, the limited directed

fishery is centered around the spring spawningseason.

Largqemouth bass

Fishery management efforts by SCDNR have been limited to assessment of

the largemouth bass fishery. Over a two-year period, Hayes and Penny (1992; 1993)

conducted standardized sprinq electrofishing to determine size structure, relative

condition and growth characteristLc S so, When

compared to electrofishing data from Lake Greenwood and Lake Murray, it was

found that Parr Shoals largemouth bass exhibited lower densities, lower PSD values,

and lower mean length and weight. Dames & Moore (1985) stated that the growth

of Parr Reservoir largemouth bass was relatively slow with the average bass

recruiting into the sportfishery at Age V or VI. In 1992 and 1993 Hayes and Penny

(1993) found better growth rates with fish reaching a minimum harvestable size of

12 inches in three years. This, still, was slower growth than was observed in the

other two District III reservoirs. Hayes and Penny (1993) observed that young fish

(s280 mm) exhibitedft6w reliave condition. Dames & Moore (1985) ranked the mean

condition as average compared to other Southeastern reservoirs.

For all sizes of largemouth bass, fish was the primary food item. Identifiable

species included black crappie, gizzard shad and bluegill. There appeared to be no

seasonal changes in food consumption.
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S This portion of the Broad River is included in the SCDHEC (1998) mercury fish

consumption advisory. Largemouth bass was the selected species whose

consumption should be restricted by the public.

White bass

There are no records of how or when white bass were introduced into Parr

Shoals Reservoir or the Broad River. However, a viable self-sustaining population

exists. In fact, the state record white bass, weighing 5 lbs 4 oz, was caught in the

Parr Reservoir tailrace in 1997 by a Newberry County angler. This is the only

temperate bass known to. exist in this impoundment.

Catfish

Nine species of catfish are known to exist in Parr Reservoir, of which five

have economic value. The white and channel catfish predominate in abundance.

Food habit studies conducted in the early 1970's (Dames & Moore 1974)

revealed the omnivorous, opportunistic nature of these two ictalurids. There did

appear to be a shift to more of a piscivorous diet in larger individiuals (i.e. >17

inches).

In casual discussions with anglers, it appears that catfish are one of the most

sought-after groups targeted by fishermen. Information suggests that most are

taken with non-game fishing gear (i.e. traps, trotlines and set hooks).

DESCRIPTION OF HISTORIC ACTIVITIES

The database of information that has been collected on Parr Shoals Reservoir
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by SCDNR is limited. Inventory of the largemouth bass population was initiated by

Hayes and Penny (1992). Collection of data using standardized spring electrofishing

provided information on largemouth bass population dynamics, including density,

age/growth, length-weight relationship, relative condition and size structure.

The large pre- and post-operational environmental studies conducted by

Dames & Moore (1974; 1985) provided a large comprehensive database on all

physical, chemical and biological aspects of Parr Reservoir. This large-scale

collection effort was mandated by SCDHEC and NRC to evaluate the impacts of

pump storage and nuclear generation of electricity. Techniques used to gather

fisheries data included cove rotenone sampling, electrofishing, gill netting, and hoop

netting. These environmental studies have been previously cited and are listed in

the Literature Review.

There are no records of sportfish stockings directly into Parr Shoals

Reservoir. However, on occasion there have been "political stockings" in the Broad

River watershed. Such stockings may contribute to some degree to the fisheries

observed in Parr Reservoir. The only significant development activity initiated by

Freshwater Fisheries District IIl has been the production of a fishermen map and

guide of the reservoir (Hayes and Penny 1995). The brochure guide contained

information on Department programs onthe reservoir and available facilities on Parr

Reservoir. The map depicted depths, underwater relief and access sites. This

publication, entitled Parr Reservoir Fishermen's Guide, was well received by the

fishing public.
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S No fish kills from natural or pollution related causes have been reported or

investigated by Freshwater Fisheries District I11 personnel.

LIST OF FUTURE ACTIVITIES AND MANAGEMENT RECOMMENDATIONS

1. Continue to conduct routine, standardized spring electrofishing for

largemouth bass to detect changing trends in size structure, growth or

relative condition. This will be done on a rotational basis with other District

III reservoirs.

2. Initiate monitoring of crappie populations using standardized fall trap netting to document

population dynamics.

3. Distribute as needed the Parr Reservoir Fishermen's Guide to the general public.
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List of Common and scientific names of aquatic plants found in Parr Shoals
Reservoir.

COMMON NAME SCIENTIFIC NAME

leafy pondweed Potamogeton foliosus

arrowhead .Sagittaria latifolia
variable-leaf pondweed Potamogeton diversifolius

common cattail Typha latifolia

hopsedge Carex lupulina

nutgrass Cyperus erythrorhizos

woolgrass bulrush Scirpus cyperinus

arrow arum Peltandra virginica

pickerelweed Pontederia cordata

soft rush Juncus effusus

bog rush Juncas pelocarpus

lizard's tail Saururus cernuus

black willow Salix nigra

nodding smartweed Polygonum lapathifolium

St. John's wort Hypericum sp.

parrot-feather Myriophyllum aquaticum

march pennywort Hydrocotyle umbellata

water willow Justicia americana
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Fish species reported from Parr Shoals Reservoir, South Carolina (Dames & Moore

1974; 1985).

LEPISOSTEIDAE - GARS

Spotted gar

Longnose gar

Lepisosteus oculatus

Lepisosteus osseus

ANGUILLIDAE

American eel Anguilla rostrata

CLUPEIDAE 7- HERRINGS

Gizzard shad

Threadfin shad

Dorosoma cepedianum

Dorosoma petenense

ESOCIDAE - PIKES

Redfin pickerel

CYPRINIDAE - CARPS AND

Satinfin shiner

Common carp

Eastern silvery minnow

Chub

Golden shiner

Pallid shiner

Spottail shiner

Esox americanus

MINNOWS

Cyprinella analostana

Cyprinus carpio

Hybognathus regius

Hybopsis sp,

Notemigonus crysoleucas

Notropis amnis

Notropis hudsonius



CATOSTOMIDAE - SUCKERS

River carpsucker Carpiodes carpio

Quillback Carpiodes cyprinus

White sucker Catostomas commersoni

Creek chubsucker Erimyzon oblongus

Spotted sucker Minytrema melanops

Silver redhorse Moxostoma anisurum

Shorthead redhorse Moxostoma macrolepidotum

Redhorse Moxostoma sp.

ICTALURIDAE - BULLHEAD

Snail bullhead

White catfish

Black bullhead

Yellow bullhead

Brown bullhead

Flat bullhead

Channel catfish

Tadpole madtom

Speckled madtom

CATFISHES

Ameiurus brunneus

Ameiurus catus

Ameiurus melas

Ameiurus natalis

Ameiurus nebulosus

Amelurus platycephalus

Ictalurus punctatus

Noturus gyrinus

Noturus Ieptocanthus

POECILIIDAE - LIVERBEARERS

Mosquitofish Gambusia affinis



PERCICHTHYIDAE - TEMPERATE BASSES

White bass Morone chrysops

CENTRARCHIDAE - SUNFISHES

Redbreast sunfish Lepomis auritus

Green sunfish Lepomis cyanellus

Pumpkinseed Lepomis gibbosus

Warmouth Lepomis gulosus

Bluegill Lepomis macrochirus

Longear sunfish Lepomis megalotis

Redear sunfish Lepomis microlophus

Largemouth bass Micropterus salmoides

White crappie Pomoxis annularis

Black crappie Pomoxis nigromaculatus

PERCIDAE - PERCHES

Swamp darter Etheostoma fusiforme

Yellow perch Perca flavescens
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In intermittent streams, hydrological variation is probably the single-most

important factor affecting fish assemblage structure. While the response of

aquatic assemblages to seasonal or annual variation in hydrology is well-known,

less attention has been devoted to how assemblages respond to natural,

intraseasonal drought. To explore this question, I conducted summer surveys of

fish and aquatic insect assemblages occupying pool refugia in first to third order,

intermittent streams in the Saline river drainage in the Ouachita highlands (central

Arkansas, U.S.A.)(2001-2003). The goals of this project were: 1) to relate

assemblage variability of fishes and aquatic insects to environmental gradients

during summer drying of streams; 2) to characterize the variability of fish

assemblages occupying pool refugia, which differed in quality along a spatial



gradient; and, 3) to determine the population genetic structure of five fish species

across the intermittent landscape.

Hydrological variables explained significant variation in assemblage

variability for fishes. In contrast, variability in aquatic insect assemblages was

related to water quality variables. These patterns are similar to those observed at

larger scales of space and time. As pools dried, neither fish species richness nor

the slope of the species-area relationship changed. However, the structure of

many assemblages was variable over time. Pools with a relatively stable

hydrology were sources of reproduction and high population growth, low

extinction and high immigration. Sites that exhibited a more variable hydrology

(drying completely or nearly-so) were sinks characterized by population declines.

The majority of sites had minimal population growth, and intermediate

immigration and extinction rates, and were dubbed metapopulations. Immigration

and extinction dynamics had impo.rtant effects on population genetics for common

fish species. Two common species had relatively high immigration rates and

showed no population differentiation. Populations of three species showed

differentiation that was not related to geographic distance among sites. Instead,

local extinction of rare haplotypes and evidence of recent bottlenecks suggested

that ecological attributes associated with summer drought affected population

differentiation. It is clear that retaining the natural hydrology of stream systems



contributes to the maintenance of biodiversity, and the conservation of complex

demographic processes and genetic patterns.
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years for a given dependent variable. These results support the hypothesis that local
abiotic factors are important in structuring fish assemblages in harsh environments,
but the importance of those factors varies temporally, and regional influences appear
to override local abiotic conditions as factors structuring fish assemblages in drying
stream pools. Predation by terrestrial vertebrates may also be an important factor
structuring these fish assemblages that has been largely overlooked.
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potential impact of refugia on fish population and
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quality parameters. These conditions are linked with biotic
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Drought in aquatic systems leads to shifts in refugia
spacing and connectance at multiple spatial and temporal
scales. Refuge size, disturbance intensity, and mobility of
organisms is predicted to play a large role in population
persistence. We expectthat refuge.habitatjswill
experience net immigration during drying and net
emig.ratnio n .. a..er rew~ttigwith the opposite occurring in
s'urro-undinghabitatpatches. Population dynamics of
fishes using refugia during drought are best modelled by
modified source-sink dynamics, but dynamics are likely to
change with spatial scale.

Fish and Wildlife Research Unit,
Departrmient of Biological
Sciences, University of
Arkansas, Fayetteville, AR,
U.S.A.tDepartment of Biological
Sciences, Florida International
University, Miami, FL,
U.S.A.Present address: Robert
M. Kobza, USGS, Everglades
N.P. Field Station, 40001 State
Road 9336, Homestead, FL
33034, U.S.A.

Correspondence

References Fu~llTex4 Article, PDF [272K5]1

This article is cited by the following articles in Blackwell Synergy and CrossRef

*Orjan Ostman, Jamie M Kneitel and Jonathan M Chase,. (2006) Disturbance alters
habitat isolation's effect on biodiversity in aquatic microcosms. Oikos 114:2, 360-
366

Abstract Roferences: Full Text Aitci P0J '

E. Amilhat and K. Lorenzen
. (2005) Habitat use, migration pattern and population dynamics of chevron
snakehead Channa striata in a rainfed rice farming landscape. Journal of Fish
Biology 67:sb, 23-34

Abslract, QRean'nC'4' Fu Tx AtF

* N. R. Bond, P. S. Lake. (2005) Ecological Restoration and Large-Scale Ecological,
Disturbance: The Effects of Drought on the Response by Fish to a Habitat
Restoration Experiment. Restoration Ecology 13:1, 39-48

~2Abstract KRaef. ries< Full Text~iMi iPDF'
,; .1 :X..1..- 1 . I4 ý 4 ý

Daniel D. Magoulick, USGS,
Arkansas Cooperative Fish and
Wildlife Research Unit,
Department of Biological
Sciences, University of
Arkansas, Fayetteville, AR
72701, U.S.A. E-mail:
danmag @ uark.ed u

To cite this article
Magoulick, Daniel D. & Kobza,
Robert M. (2003)
The role of refugia for fishes
during drought: a review and
synthesis.
Freshwater Biology 48 (7), 1186-
1198.
doi: 10.1046/
j.1 365-2427.2003.01089.x

Angela H. Arthington, Stephen R. Balcombe, Glenn A. Wilson, Martin C. Thoms,
Jon Marshall. (2005) Spatial and temporal variation in fish-assemblage structure in.
isolated waterholes during the 2001 dry season of an arid-zone floodplain river,
Cooper Creek, Australia. Marine and Freshwater Research 56:1, 25

Tetsuo Suemoto, Koichiro Kawai, Hiromichi Imabayashi. (2005) Dried-up zone as a
temporal stock of chironomid larvae: survival periods and density in a reservoir
bank. Hydrobiologia 545:1,145

Joel C. Trexler, William F. Loftus, Sue Perry. (2005) Disturbance frequency and
community structure in a twenty-five year intervention study. Oecologia'145:1, 140

Nicole Lair. (2005) Abiotic vs. Biotic Factors: Lessons Drawn From Rotifers in the
Middle Loire,a Meandering River Monitored From 1995 to 2002, During Low Flow
Periods. Hydrobiologia 546:1, 457

Christian Wolter, Ronald Menzel. (2005) Using commercial catch statistics to detect
habitat bottlenecks in large lowland rivers. River Research and Applications 21:2-3,
245

M. A. Brock, Daryl L. Nielsen, Russell j. Shiel, John D. Green and John D.
Langley. (2003) Drought and aquatic community resilience: the role of eggs and
seeds in sediments of temporary wetlands. Freshwater Biology 48:7, 1207-1218

11ltnl ni, . NAr-xPl Il-cvvnP.rcrv rnm/linloz/clni/1 0 1046/i 1365-2427_2003.01089.x R/7/9.0,



Blackwell Synergy:. Freshwater Biol, Vol 48, Issue 7, pp. 1186-1198: The role of refugia for fishes d... Page 3 of 3

AbaCt f:... ran , Full T.xt Arficte PD,

Paul Humphries and Darren S. Baldwin. (2003) Drought and aquatic ecosystems:
an introduction. Freshwater Biology 48:7, 1141-1146

A trac t Ratfarn ces .Fu I I ex tA riic1.< F PDF,

William J. Matthews and Edie Marsh-Matthews. (2003) Effects of drought on fish
across axes of space, time and ecological complexity. Freshwater Biology 48:7,
1232-1253

stat References rfu11 Text Article POF»I

P. S. Lake. (2003) Ecological effects of perturbation by drought in flowing waters.
Freshwater Biology 48:7, 1161-1172

Al~ira' Rifi&rýnc.. FullN T ext Artil 136F•, .

Blackwell Synergy® is a Blackwell Publishing, Inc. registered trademark
More information about Blackwell Synergy - online journals from www.blackwellpublishing.com.
we welcome your Feedback. See our Privacy Statement and Terms and Conditions.
Technology Partner - Atypon Systems, Inc.

[ef r•.r i .PuBlackwell
:.E EO ~ foPublishing

httrv//Ivx;,,, hi ~n--x•u.11-,vn-.rcrv r.cnm/linkg/(/ni/ 0_1 0n46/i.1365-2427.2003.01089.x 8/7/20(



S S(066

•~~ .... .• .._. .-. .. Jt

.8





laIll.

ii

U~~~ I -lV) j I J i

•~~~~ ~ ~~i:l:•ii••="-- 
•



CE~

species

0





Transg enic

44? .. f

4447 A ';>4 4 4 44 4441 >444.4~
¶4> '4' '-¶4 A:-

4 4> 4. 4~44-4 4~4 K-

4~~~~~~~ 4407
4

'K t A A - 4.

44 ,'*t/ '~ 1 C'Žt LN(" '4Jl-
4-44 444

'K 4

-' 444 4 444 44

44 4 4

*44 44- 4 444

444 414.. 4 44 44~4'-'.4- -A4. 4 ~ 4444 4

<44 -,~ 4 - '4~ 4 4, '4--4-4'~>~'444'~.4 ''4'-'''> 4-444-4444'- '4 ""' :>.~:~' >4 4474-~ 5- 44
''444.4- 444'A 444 4 4 44.,'~... 4 A; 444. 1 '----. 44

7-4.'

A' 44 4j-~j -
j 44 4 -.4 -;'4 r>

4 -- ~'4' 44

-1.-
-~ 4>444444 '4. 4.>-

------------,¶-K'-4,~~,'4
-44' ~'-4> 4>4'4 4 ~ ;;- 444

444/ ~ -

44 4, 5'

4 4 4 4 4~ 4~"44



PFrohibate bipes
o Aslan swaai.p

on-.,%,atiq. eonative uati Specie
Snee Pro iie r~7
S.anspor..W..iti i ta

:A-.

Tbý 
v¢ IC

Mar Cik Ca

.... :'+"' :. •:A • ' +

:f" ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ _ ej+...,.,... ,:+++ +l •,•• P )ec +eth++, have c• ol)(-o .... ll+, C++:
Ih'lall lin. ! r Ih, dýýva!;J

SWn+•k"g entallish+
Z ebra MUSSea_~,A

Ni tiJ -igCt N ;pcc ivc F. i h!" , !; ree'
H- ieC '. o1" CO Uicerti I isltd liv ihe !fedc-r;.il A q! t .. {i t ic N itkii! ..•

. ltci+ l'as For Fore
-Sece ()I Coiei listed by divai e.5CIC 1 fcdoOIICCIima NVit

SSp..i i Ii .a + ii . sive: ;lSpecies (io l vlil I

,1-•S•ci- Iislted as iljirhius 1 wildlif'e I.'m U.S. .Fi Ih awl'd Wild i

Service tiii!eler h.'e Lacey A.ct

>U.S. [:ish all. a Vihdldil S•rv. c" ice, has prioposed !is-0ii o as
iij uriot.s wvildlif, lndcder IOl le.aeev V.c

f I,



"lassified Species Pro''hi~b ted

Asian Swamp Eel Bighead Carp Candiru
Black Carp

Eurasian River Ruffe Grass Carp
Chinese Mitten Crab

Quagga Mussel

Silver Carp

Walking Catfish Zebra Mussel

Round Goby

Giant Salvinia

0
Green Caulerpa Seaweed



Species Prohibte from Tran Only

Blue Catfish Flathead Catfish Green Crab

;:I-

Virile Crayfish

Japanese Shore Crab Red. Swamp

Hydrilla

ORCONECTES RUi'iRICU-S

Rusty Crayfish
Water Chestnut



I



I!! i :•• ? r ••i



.~ I. ! f u

D3~ ~U;1

r r ~i r L
~.- .~--

r~lf r



Maryland DNR's Fisheries Service Home Page Page 1 of 4

VEnergy ObzenAlerts Maryland.gov State Agendes Online Services Phone Dir

ASeMARYLAND
-:3jAý_NAL_ RESOURCE

Fishenies Servic

DNR Home I Tide Predictor I Striped Bass Seasons I License Information Spring Trout Stocking Fisheries Service Cont

Fishing Report

Overview

Chesapeake Report

Freshwater Report

Ocean Report

Archives

Maps and Ramp Guide

News

Fish Kill Information

Public Notices

Legislative Update

Fish Consumption
Advisories

Code of Maryland
Regulations

Striped Bass
Program

Juvenile Striped Bass
Seine Survey

Circle Hook Study

Spring 2002
S. Bass Survey

Recreational Fishing

Recreational
Home Page

Regulations

Various Maryland
Tagged Fish Studies

Maryland Sport
Fishing Tournament

My 1st Fish

Where To Fish

Conservation And
Stewardship

Striped Bass
Cooperative Survey

Summer Flounder
Cooperative Survey

Recreational Fishing
License Information

License Requirements

License Application

Fisheries News
>2006 Million Dollar 5- 1-•4 !Z

Fishing Challenge Has Begun
)DNR Submits Terrapin

Conservation Proposal

)Sportfishing Guidebook

)Striped Bass Summer
Season Begins

>Potential Proposal To
Address Specific Nonnative Species

>My 1st Fish

)Dam Removal Benefits
Spawning Runs

)Shad School Program

)>Environmental Impact Statement
(EIS) For Non-Native Oyster

)Get your license now!
1-800-918-2870

)Menhaden Management . ...

Diamond Jim Is Back...
The 2nd Annual Maryland Million Dollar Fishing Challenge is back -- and so is
"Diamond Jim!" In a nostalgic flashback to DNR's popular fishing tournament of the
late 1950s featuring a single prize rockfish worth $25,000, this year's Diamond Jim is
back and bigger than ever! The tournament began June 3 and runs through
September 4.

Not only will there be a rockfish with a special Diamond Jim tag worth an instant
$25,000, but hundreds of other tagged fish will be released into waterways around
the state, from the mountains to the Eastern Shore. With an additional $1 million at
stake along with fabulous prizes such as boats and pick-up trucks, you never know
what you'll find at the end of your line! The best part: there's no registration or age
limit! The Maryland Million Dollar Fishing Challenge & Diamond Jim - you're sure to
be hooked!

Go to the tournaments web site for further information and updates at
http://www.dnr.state.md.us/fish4cash/ or email Martin Gary at
mlgary@dnr.state.md.us
DNR Submits Regulatory Proposal For Conservation Measures Of
The Diamondback Terrapin

The Department of Natural Resources has submitted an• -. ,
emergency regulatory proposal to the Administrative, .
Executive, and Legislative Review Committee (AELR) to ,. .-

Manage

Manage
Home

Sport Fish AdN
Commi

Coastal
Fisheries Ad,

Tida
Advisory Comm!

Fish

Keyword

dnr.marylanc

Commercial Fi

Comrr
Home

Regul

Notification of F
Mangement A

Annual Cyst
Fall Survey R

Shellfish Ck
RewvE

Live Sti
Commercial Li

Inforr
Stripei

Apprenticeship Pi

Oyster
MD Pro%

Charterboat

Fisheries Pro

Hat'
BIlu

Dredge

Harver

Stripe
Harvest Infoi

Harvest D
All 1

- I 0 /n I '/"1 t



Maryland DNR's Fisheries Service Home Page Page 2 of 4

Locate A
Locate A
License Agent.

Useful Links
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Free Bay Fishing!

Tide Finder

Weather

enhance conservation management of the diamondback terrapin commercial fishery
under the authority of Natural Resources Article, §4-903, Annotated Code of
Maryland. The proposal is based on the findings and recommendations of the
Maryland Diamondback Terrapin Task Force Report, and is consistent with
requirements specified in House Bill 980 of 2006.

For complete coverage of this subject go to our news page
http://www.dnr.state.md.us/dnrnews/pressrelease2006/080206.html concerning
terrapin regulation.

Sportfishing Guidebook

The 2006 spring trout schedule is here, as well
as the latest stocking information regarding the
pre-season. To get to the stocking information,
begin by clicking here.

DNR now has a digital version of "Maryland's
2006 Sportfishing Guide", it is in Abode Acrobat
Format (pdf). The tide tables have been
removed in order to save on downloading
delays, if you'd like a digital version of the tide
table please email customer service.

A freshwater license and trout stamp are
required to possess trout in Maryland and to
fish in special trout management areas. A
license may be obtained through our toll-free
telephone line at 1-800-918-2870. Also, we are
now selling fishing and hunting licenses online
at www.wildlifelicense.com/md/.
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The Striped Bass Summer/Fall Season Runs June 1 Through December 15

The creel limit and size for this time period is: Two striped bass per person per
day - 18 inches to 28 inches total length OR 1 striped bass per person per day - 18
inches to 28 inches and 1 striped bass larger than 28 inches.

Fishing location: Maryland's Chesapeake Bay and its tributaries.

A map showing the general areas described above can be viewed through this link.

Potential Proposal To Address Specific Nonnative Species

General Regulatory Information Brief - April 25, 2006: Competition from nonnative
invasive species is the second leading cause of biodiversity reduction in the United
States. Only development produces a greater loss [of reduction] of species.

MD DNR Fisheries Service is working on potential future regulatory measures
relating to nonnative nuisance species under the authority granted in several laws
enacted since 2001.

Regulations addressing snakehead fish are already in place and would not change
as part of this regulatory proposal. The potential proposal would address specific
nonnative species by listing them in one of two lists.

One list would include nonnative nuisance species that are not yet established in
State waters and are undesirable here because of their documented harmful impact
in other ecosystems around the world. These species would be completely prohibited
in the State.

0
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The second list of species would be nonnative species that have become 'established
in the State, but scientists are concerned about their effects o.n native species. In
order to keep these species from further spreading within the State, they wo uld only
be prohibited from being transported from one body of water within the State to
another. However, these species could be caught, bought, sold and possessed.

Permits for scientific, educational and eradication activities could be issued for
species on either list.

A summary of the regulation and species affected by the regulation can be seen on
this link.

The Fisheries Services 'My 1st Fish' Program

DNR's 'My 1st Fish' Program recognizes new anglers achievements of catching their
first fish, regardless of age. Any fish that is caught in Maryland waters is eligible. All
fish that do not comply with Maryland law or regulations must be immediately
returned to the water. A certificate with the angler's name, date, species caught,
length, and fishing buddy or Captain will be awarded to commemorate the event. If a
photograph is taken and included with the entry, it will be placed on the certificate.
Other citations for outstanding catches of most species of fish in Maryland waters,
whether the angler chooses to keep their catch or practice Catch & Release, are also
available.

Click on this link to access forms and a list of citation centers throughout the state.

Removal Of Dam Opens Spawning Habitat

The Maryland DNR Fish Passage Program, the U.S. Fish & Wildlife Service and
other partners oversaw the demolition of the Octoraro Creek Dam near Rising Sun,
Maryland. The dam which had been a barrier to herring and shad for over 100 years
was completely removed in less than a weeks time, opening 19 miles of historic
habitat and restoring the stream to a free-flowing condition...

Click on this link to read entire article.

Shad School Program For The Classroom

Shad School is a new and innovative program initiated in 2005 by the Fisheries
Service and Susquehanna River Basin Commission (SRBC) to equip teachers and
students to raise American shad from eggs or fry in the classroom and teach the
cultural, historical and economic importance of these fish. Five hundred students
were involved in three schools, releasing more than 5,000 American shad at two
locations.

To Learn more about "Shad School", click this link.
State Continues Preparing Environmental Impact Statement (EIS)
Concerning Non-Native Oyster

The States of Maryland and Virginia, are working with the Army Corps of Engineers
on an EIS to study and review options for oyster restoration, including introducing a
strain of asian oyster that has been raised on the west coast of.the United States.
The State has funded almost $2 million in new research on non-native oysters in
addition to the continuing native oyster restoration and research efforts, in
cooperation with the State of Virginia, federal agencies, and the Oyster Recovery
Partnership.

For more information on continuing oyster activities at DNR click here.

Get Your License Online or Call 1-800-918-2870

In our continuing efforts to improve customer service and comply with Maryland's
eGovernment service goals, DNR is expanding opportunities for citizens and visitors
to purchase hunting and fishing licenses. Beginning immediately, hunting and fishing

I . I I I - I . . I 0 IC, I/,% r
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licenses are available for purchase via a toll-free telephone call at 1-800-918-2870.
Also, we are now selling fishing and hunting licenses online at
www.wildlifelicense.com/md/. Although customers have been asking us to offer these
additional purchase methods as an added convenience for several years our network
of license agents remains our primary distribution channel. You can find one in your
area by visiting our online service center.

Menhaden Management Statement

InAugust 2005, the Atlantic States Marine Fisheries Commission Atlantic Menhaden
Management Board approved Addendum 11 to Amendment 1 to the Interstate Fishery
Management Plan for Atlantic Menhaden, The Addendum establishes a five-year
annual cap on reduction fishery landings in Chesapeake Bay based on the mean
landings over the last five years. The cap would be implemented beginning in 2006.
Over-harvest in any given year wou.1d be deducted from the next year's quota. Any
amount of under-harvest would not be transferred to the next year.

May 2006 Update: The Atlantic Menhaden Management Board reviewed the
implementation of Addendum 11 by the Commonwealth of Virginia. The
Commonwealth has until July 1, 2006 to implement the regulations included in
Addendum 1. At this time, Virginia has yet to implement these regulations. The Board
will revisit this issue at the August Management Board Meeting.

Read more about it.

I - I DIA111n
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President's Message
Loe Rose

Dear Colleagues,

I am pleased and honored that you have selected me for the
responsibility of president of the South Carolina Chapter of
the American Fisheries Society. I would like to thank Chris
Thomason as the outgoing president for his hard work. While
he was in office he was successful in revivi'ng the Palmetto
Pisciforum from its years on hiatus. Also, he successfully
carried out the duties of organizing the fall workshops and the
joint annual meetings. Additionally, he represented us at the
Southern Division meetings and sat on a number of
committees during his time as president. Thanks, Chris for all
your hard work. I look forward to carrying on with your
efforts. So far this has been an active year for the SCAFS and
we look forward to more exciting things in the future.

Our 2003 fall workshop on "Technology in Fisheries" was a
success with many participants learning about new GIS tools
and the latest and greatest in fish catching, tracking and
observing technology. Our 2004 annual meeting was again a
joint affair with the South Carolina Fishery Workers
Association (SCFWA). For those of you who missed the fun
at the Belle Baruch Institute, I have plenty of incriminating

Columbia Dam gets a
new Fishway

Jason Moak

Within the next-year, South Carolina Electric and Gas
Company (SCE&G) will begin constructing a fishway at
the Columbia Diversion Dam (Dam) on the Broad River

Lut nsuwdy will pruviuc spawimng access to an aoomonai
23 miles of the Broad River for American shad and

Cor.tirtned ormao 2 6,nainidnp~ ~rO5

2002 Bayless Award
Winner

Steve Leach was announced as the winner of the 2003
,Bayless Award at ou -r Annual Meeting on February 2,
2004 at the 'Baruch institute. The award was for

(:onFilfd a, a~ 3
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Calendar of Events connued from page 2 SEA.FWA connued from page 2

management and research community, will present
information on that species; and a special half-day
session on interdisciplinary management will be offered
with experts presenting information on such topics as the
intertwining of fisheries, wildlife, and land-use
management practices. Additionally, 18 p6sters on a
diverse array of fisheries related topics will be presented,
and a specified time will be scheduled when the
audience may speak with poster presenters for Q&A.

A detailed agenda will be available soon. This and other
conference details can be found at
http://ww\wA,.dnr.state.sc.usiseafw•,a/index.htrn'. For firther
information on fisheries sessions, contact Steve Leach or
Scott Lamprechit of SCDNR at (843) 825-3388.

SCAFS 2004 Annual
Meeting Wrap-Up

The 2004 Annual Meeting of the South Carolina Chapter
(Chapter) wasl;held at the Belle W. Baruch Institute at
Hobcaw Barofny near Georgetown, South Carolina on
the 2nd and 3 'd of February. As has become customary,
the meeting was held jointly with the South Carolina
Fishery Workers Association (SCFWA). The meeting
was well-attended, with over 60 individual registrants.

The meeting began at noon on Monday, February 2 d

with presentations in the
Conference Center. At the conclusion of Monday's
presentations, the Chapter and
SCFWA each held their respective annual business
meetings. At the Chapter's annual business meeting,
Steve Leach was announced as the winner of the 2003
Bayless Award for his presentation, Beneficial effects
of increased river flow and upstream fish passage on
anadromous alosid stocks, given at the 2003 Annual
Meeting at Hickory Knob.

In the absence of outgoing chapter. presideni Chris
Thomasonj who missed the meeting to be with his
expecting wife, Leo Rose, president-elect, convened the
chapter business meeting. Leo promptly began his
term as chapter president and elections were held.
Marcel Reichert was voted president-elect and Jason
Moak was reelected as secretary/treasurer.

Leo gave a brief summary of the Chapter's 2003 Fall
Workshop on Technology in Fisheries at Saluda Shoals
Park, and encouraged attendees to submit suggestions

Conting:f on Page 5

BA YLESS co ued from page 1

Steve's presentation, Beneficial effects of increased river
flow and upstream fish passage on anadromous alosid stocks,
which he gave on February 3, 2003.

The Bayless Award was created in honor of Jack W. Bayless,
to recognize the best South Carolina presentation/paper given
at each annual chapter meeting. Each year, volunteer judges
evaluate presentations in the following categories:

" Significance to aquaculture and fisheries,
* Experimental design and analysis,
* Organization,
* Presentation, and
* Quality of visual aids.

Presenters are scored on a scale of one to four, four being
excellent, for each category. The presenter with the highest
total score receives the award. Any members interested in
volunteering as judges for the next annual meeting, or
joining the Awards Committee, should contact Chris
Thomason or Leo Rose.

Q Joe Tomelleri

Palmnetto Pisaforum 3



'Book Announ.ce ment ;< ¼' J
FISHES OF THE MIDDLE SAVANNAH RIVER BASIN: WITH

EMPHASIS ON THE SAVANNAH RIVER SITE

* Barton C. Marcy, Jr.,
Dean E. Fletcher,
F. Douglas Martin,
Michael H. Paller,

and
Marcel J. M. Reichert

Photographs by David E. Scott

2005 - University of Georgia Press

This book provides the first comprehensive
assessment of the fishes of the Middle
Savannah River Basin (MSRB) and is unique
in its detail and area coverage of both South
Carolina and Georgia fishes. The MSRB
represents all of the Savannah River drainage
area in the upper coastal plain plus edges of the
lower coastal plain. The book focuses on
species collected in fisheries studies from 1879
to present based on distribution data from 756
state agency, museum, and university
collections, and 50 years of fisheries research
studies by the University of Georgia,
University of South Carolina, Savannah River
Ecology Laboratory, and U. S. Department of
Energy Savannah River Site (SRS) scientists.
It covers studies within the unique 300 square
mile area of the SRS that contain both highly
altered aquatic habitats from previous nuclear
reactor operations and habitats that remain
relatively undisturbed and well preserved since
1951 compared to off-site water bodies.

The book addresses 24 fish families and
includes 98 native or introduced fish species
collected in the MSRB. It discusses the
Savannah River, tributary streams, reservoirs,
and ponds from the 1950's to present showing
ecological changes, detailed habitat

descriptions, and associated fish assemblages
within the region. It presents fish family
descriptions and species accounts. Each
account includes a species description with
notes on similar species, distribution (including
a color map of the distribution within the
MSRB), and information on size, conservation
status, habitat, and the biology of the species.
Over 170 color photos illustrate each species
(mostly live specimens of differing ages and
sex, many in spawning colors) and the diverse
habitats. A taxonomic field key for the
identification of the families and individual
species is uniquely illustrated with 180 black
and white plates. The extensive reference list
includes close to one thousand cited works.
Book is 8 2 x 11 and has 462 pp., 112 maps,
173 color photos, and 180 B&W plates. The
expected publication date is February 2005.

Please send an e-mail to:
fishesMSRB(ayahoo.com if you are interested
in receiving future information about this
publication or if you are interested in
purchasing a copy of the book.

Palmetto Pisdformm 4



Fishway coninuedfrompage 1
migrating out of the power canal.

blueback herring.

Plans for the fishway were developed during the Federal
Energy Regulatory Commission (FERC) relicensing
process in consultation with the SCE&G, Soiath Carolina
DNR, U.S. Fish and Wildlife Service, NOAA Fisheries
(formerly N'MFS), and Kleinschmidt (SCE&G's
consultant). During the relicensing process, participants
dbcumented the presence of blueback herring and
American~shad downstream of the Dam.

The Dam was originally built by the State of South
Carolina in 1824, and was modified in 1893 to generate
electricity. The Dam now diverts flows from the Broad
River into a 3.5 mile long canal that conveys water to the
project powerhouse, located adjacent to the South Carolina
State Museum on Gervais Street. The canial also serves as
a municipal water supply source for the City of Columbia.
The Broad River joins the Saluda River approximately two
miles downstream of the Dam to form the Congaree River.

- 1* ~. -

Once construction is completed and the upstream fishway is
operational, SC E&G may perform surveys to determine its
effectiveness. Details of the monitoring efforts will be
developed in consultation with state and federal resource
agency personnel.

Annua Meeting coninued from page 3

for topics for the 2004 workshop. Larry Connor, Vice-president
of the Southern Division of AFS, highlighted some of the
Southern Division's recent activities. After the business
meetings, attendees feasted on steamed oysters and low country
boil.

On Tuesday, the meeting was resumed with a full morning of
presentations. Over the course of the two-day meeting, over 20
presentations were given. The meeting was adjourned just after
noon on Tuesday.

Meet Your New Officers!

Leo Rose was born and raised in Victoria, Australia. He
moved to the United States in 1995 where he graduated from
the University of South Carolina with a degree in Marine
Science. Leo initially worked at the Riverbanks Zoo Aquarium
as an aquarist before he began work with the Department of
Natural Resources (DNR) in 1998. At that time he joined the
SCAFS and was elected President for the 2004 - 2006 term.
He recently concluded a three-year research project in the
Congaree National Park focusing on the fish community
structure. Currently Leo works in SCDNR's Environmental
Programs office where he works as an Environmental Program
Coordinator. In this capacity he provides advice and comments
on DOT projects, wetlands permitting and FERC licensing
issues.

Marcel Reichert was born and grew up in Haarlem, The
Netherlands. He graduated from the University of Amsterdam
and later received his Ph.D. at the University of Groningen. He
worked at the Netherlands Institute for Sea Research at Texel
on zooplankton-phytoplankton interactions in the North Sea
until he moved to the US in 1992. Here, he worked for 12 years
at the University of South Carolina as research faculty in the
Baruch Institute and the Department of BiologicalSciences.
His research concentrated on fish ecology, especially in
estuarine and freshwater stream environments. Much of his
recent research was conducted at the Savannah River Site,
where he studied the structure of fish communities in
collaboration With students and colleagues at USC and the
SRS. One of the products of these collaborations is the book

Connp'd 1,: Page 7

Construction of the fishway is slated to begin in April of
2005 and is expected to take six to eight months. The
fishway will be a vertical slot, pool and weir design, with
12 pools that will allow fish to negotiate the 14 ft high
Dam. Attraction flows ranging from 50 to 200 cfs will be
provided at the fishway to help upstream migrants locate
the fishway entrances. The fishway was designed to
accommodate the upstream passage of up to 250,000
American shad and 2,500,000 blueback herring annually.

Once construction is completed, the upstream fishway will
be operated from February 1 st through May 15th each year.
The new operating license for the project also requires the
release of minimum flows at the Dam, ranging from 550
cfs to 900 cfs, depending on the season of year.

As part of the fishway requirement, SCE&G will also
modify an existing, unused intake structure at the
powerhouse to provide downstream passage for fish

Palmett Pisaforum 5
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Fishes of the Middle Savannah River Basin, which
will be published early 2005. His salt water t • fy .~,.• .

investigations include the study of recruitment I.:,

processes, reproduction, and age and growth of a I

variety of species including a SC flatfishes, wahoo,
tuna, lane snapper, and bass. Marcel also taught U
several courses at USC, including Ichthyology. In July
of this year he accepted a position at the Marine
Resources Division at the South Carolina Department
of Natural Resoirces in Charleston, where he is now
working on life history and fisheries aspects of hard
bottom fishes.

Jason Moak has been a SCAFS member since

1998, and Secretary-Treasurer since 1999. Jason
earned a his BS in Biology from Augusta State...........................................
University in 1997. Jason lives in Augusta, Georgia
and has worked for Kleinschmid, an energy and water M em bershi
resources consulting firrn in Columbia, for six years as
a biologist. Jason also serves as the webmaster for the Interested in becoming a member of SCAFS? Contact the

SCAFS website. chapter president, Leo Rosc 1ll out the form below, or
<0{ {f{>< download the.membership form and send it in, along with

your $5 annual dues, to:

Jason Moak
Kleinschmidt Associates
101 Trade Zone Drive Suite 21A

CLEMSON GRADUATES West Columbia, SC 29170

Congratulations to these members that have recently Name
graduated with a B.S. in Fisheries and Wildlife Sciences.

* Caroline Clarkson Address
* Jason Shirley
" John Swaim

* Patrick Ely City, State ZIP
<o{><

Phone

NOMINATIONS NEEDED I ....... ........

Email

Fishery Conservationist of the Year
Title

The SCAFS presents, annually, the Fishery Conservationist
of the Year award to an individual or organization for
outstanding contributions to the conservation of South Employer
Carolina's fishery resources. We are currently soliciting
nominations for this year's (2003) award. Submit your
nomination, along with a brief biographical sketch FflDues enclosed
outlining why that person or organization deserves the
award, to any SCAFS officer by November 1, 2004. ne iid through Parent Sccierv

...............= .....................................................................................

Palmetto Piscifoum 7



/ /c
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INVESTIGATIONS IN

LAKES AND. STREAMS
DISTRICT IV

ANNUAL PROGRESS REPORT
F-11 -25

July 1, 1989 to June 30, 1990

Val S. Nash
Cý Project Leader
C,

Cn Richard W. Christie
Assistant Project Leader

Robert M. Stroud
Fishery Biologist

I AD 0

S.C. Wildifte and Marine Resources Department •
Division of Wildlife and Freshwater Fisheries

W. Brock Conrad, Jr., Director

acs

The South Carolina Wildlife and Marine Resources
Department prohibits discrimination on the basis

of sex, race, co'or, national origin, handicap or
age. Direct all Inquiries to the Office of Personnel

P.O. box 167, Columbia, S.C. 29202



bullhead, Ictalurus natalis (Lesueur); flat bullhead, Ictalurus

platycephalus (Girrard); channel catfish, Ictalurus punctatus

(Rafinesque); white bass, Morone chrysops (Rafinesque); redbreast,

Lenomis auritus (Linnaeus); pumpkinseed, Lepomis gibbosus

Linnaeus); warmouth, Lepomis crulosus (Curier); bluegill, Lepomis

macrochirus (Rafinesque); largemouth bass, white crappie, Pomoxis

annularis (Rafinesque); black crappie, Pomoxis nigromaculatus

(Lesueur); yellow perch, Perca flavescens (Mitchill).

As reported in the Tables, catfish species refers to white,

blue, yellow bullhead, flat bullhead, and channel catfish. Crappie

species refers to white crappie and black crappie. The "other"

category which appears in the Tables refers to the following

species: pumpkinseed, redbreast, redear, warmouth, and yellow

perch.

[Cove Rotenone]

During August, three coves totaling 1.84 hectares were sampled

in Lake Monticello. All coves were blocked with 9.5 mm mesh netting

to prevent the passage of fish to and from the sample area. Uniform

applications of 5% emulsifiable rotenone were made at a

concentration of 1 mg/l. All fish collected were identified,

counted and weighed by 2.54 cm (inch) groups. Second day pick-up

weights were acquired from first day weights. All data are

presented in English units to facilitate comparison with historic

bdata.
Computer analysis of the cove rotenone data was accomplishedI

I



the bass population and utilize the available prey base for the

larger fish.

Data collected from Lake Wylie represent the first effort in

ten years to document the condition, size distribution or age-growth

of largemouth bass in the impoundment. Therefore, these data are

considered to be a base line of information to develop a trend for

selected paramenters. The relative condition of the largemouth bass

- from Lake Wylie reflects a population in which those fish less than

18 inches (457 mm) are below the mean average condition while those

greater than 19 inches (484 mm) are in better than average condition

I. (Figure 5.) The relative abundance establishes that the recruitment

of age I fish is at a less than desirable level. These data also

indicate a size distribution for the population which has an

appropriate number of older fish (Figure 6). Age distribution and

growth of largemouth bass collected from Lake Wylie are considered

I within desirable ranges (Figure 7 and Figure 8).

I [(Creel Survey]

From winter 1987, through spring 1990, 619 interviews were

conducted over 118 sample periods and 1358 fishermen provided

I information about their fishing trips.

The average estimated annual fishing effort on Lake Monticello

was 45,818 fishermen hours, or 6.7 hours per acre (Table B).

Seasonal effort was highest during the spring when fishermen

expended 17,010 hours, or 2.5 hours/acre. The similar effort and



I

lbs/acre (Table E). Highest harvest (numbers and pounds) estimates

Ioccurred during the spring when 1.74 fish/acre were caught weighing

1i 1.03 lbs/acre. For the summer season, fishermen harvested 1.57

fish/acre that weighed .91 pounds per acre.

I Fish harvest was dominated numerically by catish sp., followed

by crappie sp., largemouth bass, bluegill, white bass, and "other"

species (Table F). By weight, the harvest was dominated by

catfish, largemouth bass, crappie, white bass, bluegill, and "other"

species. Harvested fish ranged from a 3 inch bluegill to a 24 inch

5 largemouth bass (Table G).

Estimates of success by season for the creel survey are

presented in Table H. Annual CPUE estimates for Lake Monticello

are .65 fish/hour and .44 lbs/hour. Greatest fishing success

(number and pounds per hour) occurred during the summer when

5 fishermen caught .97 fish and .56 pounds per hour. Seasonally,

fishing success was highest in the summer, followed by spring, fall

and winter.

Anglers fishing for "other" species were most successful,

harvesting 2.2 fish/hour. Bluegill fishermen caught 1.56 fish/hour,

white bass fishermen caught 1.23 fish/hour and catfish

fishermen caught 1.12 fish/hour. Crappie fishermen caught .39

fish/hour, and largemouth bass fishermen caught .20 fish/hour (Table

I).

The results of estimated average seasonal spending over the

study period revealed that fishermen spent $123,411.00 at Lake



Twenty-three of South Carolina's forty-six counties were represented

by fishermen visiting the lake. The highest percentage of fishermen

represented at Lake Monticello were from Union, Richland',

Spartanburg, Newberry, and Lexington counties. Approximately 3.7%

of fishermen interviewed at Lake Monticello were from North

Carolina. These fishermen originated their trips from Gaston,

Iredell, Rutherford, Davidson, Polk, Cabarrus, Henderson, Hyde,

lMecklenburg, and Rowan counties. Two fishermen, representing .1% of

those at Lake Monticello, were from Tennessee.

[Cove'Rotenone]I "~v
Cove rotenone sampling in Lake Monticilo collected 24 species

of fish with a total average-standing stock of 183 pounds per acre

during this project segment (Table L). Of those species collected,

I gizzard shad, channel catfish, Ictalurus punctatus (Rafinesque),

bluegill, Lepomis macrochirus (Rafinesque), and white catfish,

I Ictalurus catus (Linnaeus), dominated the stock with average E

values of 12.3, 15.4, and 34.7, respectively. Threadfin shad,

I largemouth bass, yellow perch Perca flavescens (Mitchill) and

I black crappie, had a three year (1987 - 1989) mean E value of

4.8, 1.9, 3.9 and 1.8, respectively (Table M).

I The average available prey-predator ratio for Lake Monticello

indicates an availability of prey for all size groups of predators

I (Figure 9).

* From those data collected during 1989 and those collected in

1987 and 1988, it is evident that the major prey species are



1989).

The population density of threadfin shad from Lake Monticello

is judged to be relatively low, particularly when compared to the

Catawba-Wateree populations (Nash et al., 1986). Of the two

sample stations used on Lake Monticello, the station nearest the dam

(station A) produced the lowest densities of threadfin shad and the

higher percntages of gizzard shad (Tables N and 0). Despite major

differences in water source and exchange rates, this trend is

similar to that found in lakes Wateree and Wylie (Nash 1980).

Population densities of age 0 threadfin shad are greatest at the

10-19 mm size group with mortalities being their highest between 19

and 30 mm (Figure 16). Figure 16 also indicates that the population

density of the 1989 threadfin shad was higher than 1988 or 1987;

however, statistical comparisons (analysis of covariance) suggest

that there are no significant differences betweeen three years

sampled (95% level of confidence).

The survey and inventory of the Lake Monticello sport and prey

fisheries describes a reservoir which is of medium productivity.

The physical configuration of the impoundment suggests the main

component of its fertility is allochthonous in nature. The

relatively low gizzard shad E values and their size distribution

are possibly attributed to this evaluation.

Due to the gizzard shad size distribution, its importance as a

prey species is diminished allowing bluegill, threadfin shad and

yellow perch to become the major elements of the prey base. Their
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* Table B. Average estimated seasonal and annual fishing effort and
effort per acre for winter 1987 - spring 1990, Lake
Monticello, S.C. Number in () equals number of seasons
sampled.

Season Effort Effort/Acre

Winter (3) 7,662 1.1

Spring (3) 17,010 2.5

Summer (2) 11,049 1.6

Fall (2) 10,097 1.5

Annual 45,818 6.7

22



Table D. Seasonal estimates of percent of average effort by
species from Lake Monticello, S.C., winter 1987 -

spring, 1990.

Percent of Average Hours by Season

Winter Sprinct Summer Fall

Catfish (sp.) 6 23 44 27

White bass 70 22 8 0

Bluegill 3 27 46 23

Largemouth bass 21 36 18 25

Crappie (sp.) 23 63 1 13

Other 0 37 63 0t 0

2.4



Table F. Average estimated annual harvest (numbers and pounds) of
sportfish creeled from Lake Monticello, S.C., winter 1987
- spring 1990.

Harvest

species Number Pounds

Catfish (sp.) 18,277 11,864

White bass 1,206 986

Bluegill 2,198 373

Largemouth bass 3,183 4,753

Crappie (sp.) 4'256 1,842

Other 877 198

I

I



Table G (continued). Size range, mean length (inches) and mean
weight (pounds) of species harvested by year from Lake
Monticello, S.C., winter 1987 - spring 1990.

Year Species Size Range XL X Weight
(Inches) (Inches) (Pounds)

1987-1988 Bluegill 4-8 5.8 .14
1988-1989 3-15 6.6 .25
1989-1990 5-7 6.7 .20

1987-1988 Redear 5-10 8.0 .36
1988-1989 6-11 8.9 .46
1989-1990 7 7.0 .20

1987-1988 Largemouth bass 10-22 14.5 1.6
1988-1989 9-24 14.9 1.9
1989-1990 12-23 14.9 1.8

1987-1988 White crappie no harvest -
1988-1989 6-17 9.8 .53
1989-1990 11-14 12.3 .98

1987-1988 Black crappie 5-15 9.2 .53
1988-1989 6-13 9.7 .62
1989-1990 7-13 10.6 .78

1987-1988 Yellow perch 5-10 7..8 .19
1988-1989 6-14 8.5 .26
1989-1990 5-11 7.9 .19

0



Table I. Estimates of average annual CPUE (number and pounds/hour)
for sportfish creeled from Lake Monticello, S.C. winter
1987 - spring 1990.

Number/hour Pounds/hour

Catfish (sp.) 1.12 .72

White bass 1.23 1.00O

I Bluegill 1.56 .26

Largemouth bass .20 .30

Crappie (sp.) .39 .17

Other 2.22 .54

I
I
I
I



Table K. Angler responses (as percent and number () ) to being
asked to set a minimum length limit for largemouth bass
at Lake Monticello, S.C., winter 1987 - spring 1990.

Minimum Size Limit

Limit

511

611

71,

8"

9"

011

12"

13"

14"

15"

136"

17"

18"

Percent

.3

1.4

.3

5.0

.3

3.6

58.5

.3

22.0

2.5

3.0

.2

2.0

Number

(4)

(16)

(4)

(57)

(4)

(42)

(688)

(4)

(259)

(29)

(35)

(2)

(24)

0

22" .2 (2)



Table M: E values from cove rotenone studies, Lake Monticello
August 1987, 1988, 1989.

1987 1988 1989

Longnose gar TR
Gizzard Shad* 27.5 13.1 12.3
Threadfin shad 5.4 3.8 5.0
Silvery minnow .1 TR
Golden shiner TR .2
Whitefin shiner .2 TR .5
River Carpsucker 4.2 .16 1.4
Silver redhorse 4.8 2.4 .1
Shorthead redhorse .8
Snail bullhead TR TR
White catfish 8.4 19.7 14.9
Blue catfish 2.4
Flat bullhead .1 TR
Channel catfish 20.5 27.0 15.4
Gambusia., TR
White bass .2 .1 .5
Redbreast sunfish .1 TR- TR
Pumpkinseed 1.1 2.0 2.3
Warmouth .5 .3 .5
'Bluegill 18.7 19.9 34.7

;Redear sunfish .3 .8 2.1
Largemouth bass 1.5 2.3 1.9
White crappie .4
Black crappie 2.9 2.2 .2
Tessellated darter TR TR TR
Yellow perch 3.6 5,.3 4.8

Total standing stock 100.0% 100.0% 100.0%

TR = trace value
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The scenery and natural heritage of the Broad River Basin have captivated tourists

,Jand ecologists alike. Hollywood even memorialized some of these places on the

big screen, most recently in battke scenes filmed for the 1992 movie "Last of the
Mohicans" at the 404-foot Hickory Nut Falls.

CD

Cl)

Bug rutwLe

The Broad River originates in the mountains of
western North Carolina and flows southeast

through the foothills and Piedmont before
entering South Carolina. Major tributaries

include the Green, First Broad and Second Broad
rivers and Buffalo Creek. There also are five manmade lakes,

including the popular tourist destination LakeLure, whichwas built in

1926 to supply electricity. Other reservoirs include Lakes Adger, Summit

and Montonia and Kings Mountain Reservoir, also known as Moss Lake.

Municipalities in the basin include Forest City, Kings Mountain, Chim-

ney Rock Village, Lake Lure, Rutherfordton, Shelby and Spindale.

Some of the best-known natural beauties of the basin are Hickory Nut
Gorge, Chimney Rock Park and Lake Lure. Perhaps lesser known is

the diversity of flora and fauna. The Broad River Basin shelters 97 rare
SADAM animal and plant species, including two animals

state-listed as threatened: the bog turtle and
the creeper, a freshwater mussel. The green sal-

amander, a federally listed endangered species;
mole salamander; and crevice salamander also
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ý7' are among the basin's rare residents The peregrine falcon, a federally .. .. ,, -,, &ern b~wrFlisted threatened species, lives here too. The Broad Rivet spiny cray-
Chimney Rock Park fish, a state species of special concern, is a new discovery in the basin. TAYLOR,.%MLDLFE DAAGES

The upward-jutting rock Plant species on the federally endangered species list include the white
'chimney" is lhe show- irisette and rock gnome lichen.
piece Of Chn~mney KocK

Park, a privately oper-

ated natural heriloge

park with trails and a
nature center. Tower-

ing 900 feet above the

Brood River, the natu-

ral overlook may be

climbed via trails or

reached by a 26-story

elevator inside the

mountain. The chim-

ney--mnode of gneissic
rock-was separated

from the rest of the
mountain by move-

ment of water and

ice through cracks
.ir the 'rock. Vistas of

up to 75 miles include

a view of Lake Lure.

The headwaters of the First Broad River trickle down the south side
of the rugged South Mountains. With peaks as high as 3,000 feet
and valleys thick with rhododendron and hemlock, these woodlands
were saved from, logging by citizens in the basin, state government
officials and The Nature Conservancy. Without this intervention,
erosion caused by logging could have impaired water quality in a
watershed that supplies drinking water for the City of Shelby and
upper Cleveland County. The N.C. Wildlife Resources Commission
now manages the 17,829 acres of the "Rollins tract" as the South
WYNEVN A&%!• Mountains Game Land. Another recent public-

land ipurchase in the

basin is a 5,702-
acre tract of wil-

derness area around
crevsr "the headwaters of the

Green River. The commission
manages it as the Green River Game Land.

lInide 13.a C':Ve (ab~v_);

rare irdiana bar (be!taw)

An unusual geologic feature in the basin is Bat'Cave, the largest
known granite fissure cave in North America. With a cathedral
entrance room 300 feet long and 85 feet high, Bat Cave has more

than a mile of passageways. Most caves are carved as water dissolves



limestone; however, Bat Cave was formed by
the splitting and shifting of rock. The Nature
Conservancy manages the cave (which is closed
to the public) and surrounding preserve. Through
the cave, the Conservancy hopes to restore the
rare Indiana bat to its former range. Federally
listed as an endangered species, the Indiana bat T oR.•, E AO

is imperiled due to its habit of living in large num- Rurmblitig BAUl ris nns ce Lake Lure.:

bers in only a few caves. The bat is extremely
sensitive to human disturbance. Also,, the crevice salamander, a geographical variant of
the large, distinctive Yonahlossee salamander, dwells in crevices among the cave walls.

About 30 percent of streams in the basin are classified as trout waters, which means the state
prohibits activities that would harm the fishery. The pristine headwaters of the Green River are
classified as Outstanding Resource Waters and given special protection by the state. The North
Fork First Broad River also has excellent water quality.

Water quality in the basin is generally good. Some areas, however, are affected by point source
pollution (wastewater discharge) and nonpoint source pollution (polluted runoff from land
such as eroded soil, fertilizer, pesticides and human and animal wastes). Specific concerns about
water quality in the basin's streams include discoloration from treated industrial wastewater
and elevated levels of fecal coliform bacteria (an indicator of pathogens found in the wastes of
warm-blooded animals, including humans). Wood-chipping mills make up a growing industry
in the area that may accelerate timber harvesting and accompanying erosion. Also, as property
development for vacation and retirement continues to rise, runoff will increase.

0

You mr66 noti6e -broad

ier Bi.as~n signs posted
'along higtiways th6ugh-

.V *'

out the basin The signs

ar6 parlOf a stdtewide';

e-du .cational progr6rm to

raise public awareness-

t•ht we"all live in a river

basin and that our individ-

ual actions affect the

quality. ofits wotýrs. Signs

6in all 7 rive' basiris of th e.

'state are madepsie

by 9a partnership between.

the N•C. Departnment of

Envirbnriirenj and Natural

Resources and the NC.

Department of Transpor-

tatlon, along with funds

from the Federal Trans-

portation Enhancement

pp.i-ro M. ,*

Protecting water resources through land acquisition and easements is a popular conservation
strategy in the basin. Individuals can help by learning about conservation easements and by
protecting and maintaining buffers of vegetation-which filter pollutants in runoff and sta-
bilize sold-alongside streams on their property.
CHARLES B ,1LLIP

jdz FACES:
Hickory Nut Gorge

Hickory Nut Gorge is the
only Blue Ridge escarp-
ment gorge that can

be viewed by car i1s

entire length, which

exceeds ;0 miles. The

gorge drops some

1,800 feet ftorom Hickor/

Nut Gap to its end at
Lake Lure.
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• .. .:'2:" M..if makes. the Broad River Basin so s" ecial?. See for y•urself. Visit these Enviror imental

SHOULD Education Centers to discover more, bout your ecological address:
G.-.0 v Chimney Rock Park ( Foothills Equestrian Nature Center (FENCE)7::.•7 i .-!•• i:ii•.! :.-..•:iii 7 .Fall*n C reek Camp

For more information about all the Environmental Education Centers in North Carolina,

call the Office of Environmental Education at (919) 733-0711, or check out the Web site

at http://www\ee.enr.nc.us.

WHAT4
CAN
i DOl

WHO
ISHOULD

I CONTACT

Do your part to positively influence water quality in the Broad Rivet Basin.

* Get involved in basinwide planning or a local organization interested in rivers and

streams in the river basin.

* Take the time to learn about the env'ironmental consequences of your actions.

The following contacts can provide information:

* North Carolina Office of Environmental Education, Department of Environment and Nat-

ural Resources, (800) 482-8724 or (919) 733-0711, Web site http://www.ee.enr. state.nc.us

* Stream Watch Program, Division of Water Resources, Department of Environment

and Natural Resources, (919) 733-4064, Web site http://wwwncwater.org
e- Foothills Conservancy of North Carolina, (828) 437-9930

* Pacolet Area Conservancy, (828) 894-3018, Web site http://www3.teleplex.net/pac/

* Carolina Mountain Land Conservancy, (828) 697-5777,, Web site http://www.

carolinamountain.org

e Upper Broad River Watershed Protection Program, (828) 625-9983

or Soil and Water Conservation Districts, Division of Soil and Water Conservation,
Department of Environment and Natural Resources. Go to http://www.
enr.state.nc.us/DSWC for a listing of all county offices; call (919) 733-2302;

or check the blue pages in your local phone book.

To find out more about water quality in the Broad River Basin, contact the Division of
Water Quality's Basinwide Planning Program, Department of Environment and Natural

Resources, at (919) 733-5083, Web site http://h2o.enr.state.nc.us/basinwide/.

State of North Carolina: Governor Michael E Easley - North Carolina Department of Environment and Natural Resources: Secretary
William G. Ross Jr. • Office of Environmental Education: Project Manager Lisa Tolley - This publication was funded through the Clean
Water Act's Section 3.19 Grant Program. Editor Carla Burgess - Designer Kimberly Schott, Red Gate Design * Special Thanks North
Carolina Wildlife Resources Commission • Date: 2002 • No state funds were used to print this public document.

Printed on recycled paper
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Office of Environmental Education
All of North Carolina's EE Resources in One Place!
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Educator Resources

Informed Consumer

Library

EE Centers in the News

EE Certification

Eco Address

Professional
Development

Ne.ws ,_Ev ent s&_.M~tings

EE Garden

EE Research & Data

Order River Basin
Materials

Colleges & Universities

NC-EE Listserv

EE Parent

Health

The Office of Environmental Education serves as a clearinghouse linking people to EE materials,
facilities, programs and professionals across thestate. Our staff serves all North Carolinians
whether in the field of education, business, government, non-profit, or members

of the general public. Explore our website for the latest EE resources available to you.

Order Pet Waste Pickup Cards!

You Don't Want to Miss This!
The Omnivore's Dilemma

Art

Environmental
Education

9 Mail Service Center - Haleigh,
919-733-0711 - 800-482-8724

Last Updated 6/23106

NC DEPARTMENT OF
ENVIRONMENT AND
NATURAL RESOURCES
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Office of Environmental Education
All of North Carolina's EE Resources in One Place!
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Educator Resources

Informed Consumer

Li.bra~ry

EE Centers in-the News

EE Certification

Eco Address

Professional
Development

News, Events & Meetings

EE Garden

E.Research & Datat

Order River Basin
Materials

Colleges & Universities

Discover Your Ecological Address

You -know What. street you live, on
and what town you live in, but do
you know where you live
ecologically? Your ecological address
can tell you much about your place
in the world,. whether your street
address places you in the middle of
a city, on a rural road in the
country, or somewhere in between.
There are eight components of your
ecological address that are liisted
below. The characteristics of each
component help determine the
effects your actions have on your
environment.
Photo by Eli Strull.

.NCQE;E-Us.ts-erv

EE Parent

Health

Art

Environmental
fduction

NC DEPARTMENT OF
ENVIRONMENT AND
NATURAL RESOURCES

The Office of Environmental Education has developed a Discover Your Ecological
Address brochure. Please contact Rachel Golden at 919-733-0711 or
rachel.golden@ncmail.net if you are interested in receiving this publication.

Click here to order river basin booklets, inserts and posters!

Check out Discover NC's River Basins, a free booklet with information on what

river basins are, why they matter and how people affect them.

Click here for an interactive river basin map! Clicking on a basin will lead you to
a brochure that highlights the unique ecology, environmental concerns and
environmental success stories of that basin. These inserts can also be ordered
free of charge.

Click here for the "River Basin Riddler" cards and a copy of an activity that goes
with them!

River Basins

A river basin is all of the land that
water flows across or under on its way
to a river. Everyone lives in a river
basin, even if you are very far from any
body of water. In terms of our address,
our river basin can be thought of as a
county, or zip code. It can be quite
large, and other ecological address
components can vary widely within it.
The Office of EE, in partnership with

To pog0raphy

Do you live in the coastal plain,
Piedmont, or in the mountains? Are
there a lot of hills where you live, or
is it mostly flat? Topography describe
the physical features of an area, or
the terrain. It-can influence water
drainage, soil erosion, and plant
growth. We pay special attention to

/Awivxv -,-nrNrthrnrn1 inn rrcr/P.r.on(irirt-.,z,, htm 8/20/20(



Watersheds NC map Page 1 of 1

Discover North Carolina's River Basins

Click on a river basin to learn more......
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Broad. River Basin Page ,1 of 1

Broad River Basin
Click the-basin to find out more....

South

What makes the Broad River Basin so special? See for yourself. Visit the Environmental
Education Centers in the basin to discover more about the ecology of the Broad River Basin

Return to Ecological Address
Return Home

................. ~ h,'i,... TrT/fl,,hl;o/PCn(idr.fl/rivo-rhaqin.,fBroadRiverBasin.htm 8/20/20
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WHITE PERCH

Scientific Name: Morone americana

Other Common Names: silver perch, sea
perch

Identification •, •,,i•.• V Duanue Ram•

The white perch is a thin, deep-bodied fish
with sides that are predominantly silver, but
sometimes golden or olive colored. Very similar to the white bass in appearance, the white perch does
not have dark lines running the length of the body. The white perch also lacks a tooth patch in the ceni
of the tongue, which distinguishes it from the white bass (one patch) and striped bass (two patches). It
two dorsal fins are separated by a tiny notch. The first dorsal fin has nine spines, and the second has
one spine and 12 soft rays. The anal fin has three spines and eight or 10 soft rays.

Habitats and Habits

White perch are native to the Atlantic Coast. They prefer low-salinity estuaries but frequently inhabit
coastal rivers and lakes. White perch can be found in Piedmont reservoirs where they have been
introduced. Adult white perch prefer silt, mud and sandy bottom habitats with little cover. White perch
semi-anadromous, migrating from brackish estuaries to freshwater rivers to spawn during spring.

White perch have been known to eat the eggs of many fish species including walleye (Stizostedion
vitreum), white bass (Morone chrysops) and other white perch. They also hybridize with white bass.
White perch may overpopulate a small reservoir and prevent other species from thriving.

White perch are carnivores that feed in active schools. Smaller white perch eat aquatic insects and
zooplankton, and larger fish feed on worms, shrimps, crabs, small fishes, fish eggs and larval insects.

Fishing Techniques

Anglers often locate schools of white perch by trolling or drifting through prime habitat areas. Preferrec
baits include shrimp, worms, small minnows, lures or streamer-type flies. Once a school is located, wh
perch can be caught by casting lures or bottom fishing with bait.

Good Places to Fish

In North Carolina, most white perch fishing occurs in the Albemarle and Pamlico sounds and their In
tributaries. White perch can also be caught in Lake Mattamuskeet and Lake Waccamaw. Badin LaklW
Lake Tillery and Lake Norman are good spots to catch white perch in the Piedmont.

httn://www.ncwildlife.orQ/ 8/9/200



North Carolina Sport Fish Profiles Page. 1 of 2,

Whether you.'re an avid angler eager to catch the next state record, or you're just looking to
spend some quality time with family and friends, North Carolina is a great place to go fishing. With its
vast aquatic resources, North Carolina supports a diverse and'abundant freshwater fish fauna - from
the tiny pumpkinseed, which averages about 5 ounces to the massive blue catfish, which can attain
sizes well over 100 pounds.

To help you identify your catch, this fish identification guide provides Color illustrations of 33 of North
Carolina's most popular freshwater sport fish species, along with information about identifying
characteristics, habitats and habits, tried-and-true fishing techniques and the best places to go fishing
in the state.

Click on an image below to learn more!

American shad black crappie

4. .__&V A" 1
_177ý

blue catfish bluegill Bodie bass

green sunfishbowfin brook-trout brown bullhead brown trout

pumpkinseedhickory shad largemouth bass muskellunge rainbow trout

redbreast redear Roanoke bass rock bass smallmouth bass

spotted bass

white catfish

channel catfish

striped bass

white crappie

common carp

walleye warmouth white bass

white perch yellow perch chain pickerel

flathead catfish

Return to too

Return to Fishing section

htrn'//www.ncwildlife.org/oeO03 Fishin/1/Drofiles/index.htm 8/9/20



FishingaC Page 1 of 1

Fishing opportunities in North Carolina abound. Whether you are fishing for native brook trout in a cold
mountain stream, lunker largemouth bass in a piedmont reservoir, brawny striped bass in a .river or you
just want to take your kids fishing at a community fishing lake, our state's waters offer diverse angling
opportunities for everyone.

See information on licenses, regulations, fishing locations and stocking schedules, fishing programs,
fishing news, hatcheries, publications and/or frequently asked questions. After you browse this Web site,
sharpen your hooks and go fishing!

For saltwater fishing information, see the North Carolina Division of Marine Fisheries.

In addition to the fishing information above, you can also check out what's happening
in fisheries research. You'll get the inside scoop on what N.C. Wildlife Resources
Commission fisheries biologists are investigating to make fishing. better for you. Also
visit the "Ask a Biologist" page to learn more.

See the subtopic menu above or these links for more information.

" Roanoke River Fishing Report
" Disabled Sportsman Info
" Fish Consumption Advisories
" Keep bass alive during tournaments
" NC Sport Fish Profiles NEW!

" NC FreshwaterFishing Records
" NC Angler. Recbgnition Program (NCARP)
* Lake Norman Fisheries Sampling and

Assessment
" Strined Bass Fishing Guide for Roanoke River

httn-//Iww .ncwildlife.or2/oO03 Fishinc/Di3.htm 8/9/2C]
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ABSTRACT

Natural ecosystems, powerline transmission corridors, and other disturbed areas
were surveyed for plant species of interest at the V. C. Summer Nuclear Station, Fairfield
County, South Carolina, within acreage designated fora new nuclear facility. Of the
twenty-three federally listed or candidate plant species occurring in South Carolina, five
target species were identified as reasonably likely to occur. Of these, Symphyotrichum
gfeorgianum ("Georgia aster") is the most likely to occur within the study area. Although
some of the sites studied exhibit considerable and persisting natural diversity, no target
species were located.

ACKNOWLEDGEMENTS
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development of this project. I am indebted as well to staff members of Tetra Tech NUS
Inc. for the provision of maps and, photographs. Bert Pittman and Julie Holling of the SC
Department of Natural Resources provided information on the status of endangered and
threatened plant species of South Carolina.

INTRODUCTION

SITE DESCRIPTION

The V. C. Summer Nuclear Station (VCSNS), located in southwestern Fairfield
County, lies entirely within the outer piedmont physiographic region. This region features
dissected river drainages on generally rolling topography, ultimately draining west to the
Broad River. The geology of Fairfield County is dominated by the presence of crystalline
(igneous) and metamorphic stratai The Charlotte Slate Belt dominates the lower portion
of Fairfield County, including VCSNS. In general, the most prominent rock types include
granite, gneiss, and schist. Indeed, several active quarries and mines operate in Fairfield
County, which is renowned for its high quality granite. Although some inclusions or
plutons of gabbro or similar rock occur in nearby piedmont counties (especially Chester
and York), none apparently occur near VCSNS, and there are no known sites that feature
circumneutral or basic soil in the vicinity.

The two basic soil groups occurring in this part of Fairfield County (Hardee
1982) may be considered "upland" soils (Anonymous, 1980):

Cecil-Pacolet-Appling soils tend to be well-drained and gently sloping to
moderately steep, very clayey, and very strongly acidic to moderately acidic in the
subsoil.

Madison-Cecil-Hiawassee soils are topographically and chemically much like
those above, but tend to be slightly less acidic in the subsoil;

In addition, a narrow zone of Chewacla-Toccoa series soils is present along the
east side of the Broad River and Parr Reservoir, and along drainages of smaller creeks
within the area. These are alluvial deposits that are poorly to well drained, subject to
flooding, and generally with strongly to slightly acidic throughout.



The human disturbance history of Fairfield County is much like that of the rest of
the Piedmont. Native Americans probably had relatively little impact. European settlers,
however, began clearing forested land upon arrival in the middle 18th Century. With the
development of the cotton industry, destructive soil practices resulted in the depletion of
many sites. Continuing cotton production eventually led to a tendency toward gullying
throughout much of the county, with the land commonly abandoned after that, up until
the early 1920's, when cotton dramatically declined as a profitable enterprise.

The current project involves an assessment of the presence and health of
populations of twenty-three federally and state listed and candidate threatened species
that are known to occur in South Carolina. This information is needed for the planned
development of a new nuclear facility at VCSNS.

SURVEY METHODOLOGY

Natural and obviously disturbed areas (especially powerlines) within the project
area comprise four different areas, for convenience referred to as "East Block," "Central
Block," "West Block," and "South Block." (See Figure 1.). in addition to the blocks of
land, adjacent powerline rights of way were also inventoried.

Twenty plant species occurring in South Carolina are legally listed as either
"endangered" or "threatened" by the Federal government (Table 1). (The state of South
Carolina has no legally listed plant species. A number of animal species are so listed, but
provision has not been made for any plants. Thus, the only rare/endangered plants known
to occur within South Carolina have legal protection status only at the Federal level.)
Additionally, there are three species currently under review as federal "candidates" for
such formal listing (TESS 2006).

Of these 23 species, those most likely to be found at VCSNS, based on proximity
to known populations elsewhere in South Carolina, and relatively near southwestern
Fairfield County, may hereafter be considered "target species." There are five target
species. These are Pool-sprite (Amphianthus pusillus, formally listed as Threatened),
Smooth coneflower (Echinacea laevigata, formally listed as Endangered), Schweinitz's
sunflower (Helianthus schweinitzii, formally listed as Endangered), Black-spored
quillwort (Isoetes melanospora, formally listed as Endangered), and Georgia aster
(Symphyotrichum georgianum, formally listed as a Candidate species).

Two inventory trips were made to all the sites, one for summer blooming (27 June
2006), and the second for fall blooming (17 September 2006). The first trip was used
additionally as an inventory of unusual natural areas, and for habitats likely to support
populations of target species. All habitats within the target blocks were examined, and
given the relatively small acreage involved (approximately 200 acres total), this 'was
perceived as a reasonable rationale for complete inventory. These habitats include
wetlands, particularly those along stream drainages, as well ýas high-ground sites.
Powerline rights of way were included as a legitimate focus of inventory, despite their
disturbance history. The powerlines were of special importance during this project, as
they are the most likely areas for discovering any populations of Schweinitz' s sunflower
and Georgia aster.
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Field inventory included preparation of pressed specimens for positive
identification, as needed. All specimens developed from this study are on deposit at the

Herbarium of the University of South Carolina.

Table. 1. South Carolina's LISTED and CANDIDATE plant species, compiled
from US Fish & Wildlife Service and SC Nongame & Heritage Trust. Target species

indicated in bold.

Species -Status Notes SC counties of
occurrence

Amaranthus Federally An annual species of Georgetown,
pumilus, LISTED as intertidal beaches Horry
"Seabeach threatened, State
amaranth" Threatened
Amphianthus Federally Shallow vernal depressions Lancaster,
pusillus, LISTED as on granitic flatrocks. Saluda, York
"Poolsprite" threatened, State Previous detailed studies of

Threatened this plant suggest a very
low likelihood of additional
sites in South Carolina
other than known
populations.

Echinacea Federally Meadows, open woodlands, Aiken, Pickens,
laevigata, LISTED as roadsides. Questions Richland
"Smooth Endangered, remain concerning the
coneflower" State biology and natural

Endangered distribution of this species
in South Carolina; it is
most likely found on
circumneutral throughout
its range, such as the
upstate SC populations.

Helianthus Federally Relictual prairies on York
schweinitzii, LISTED as gabbro plutons; known in
"Schweinitz's Endangered, SC only from York County
sunflower" State

Endangered
Helonias bullata, Federally Mountain bogs Greenville
"Swamp pink" LISTED as

Threatened, State
Threatened

Hexastylis Federally Bogs of the inner Piedmont Cherokee,
naniflora, LISTED as Greenville,
"Dwarf-flowered Threatened, State Spartanburg
heartleaf Threatened
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Isoetes Federally Temporary pools-on Edgefield,
melanospora, LISTED as granitic flatrocks Kershaw,
"Black-spored Endangered, Lancaster
quillwort" State

Endangered
Isotria Federally Mountains forests, stream Oconee
inedeoloides, LISTED as drainages of the upper
"Small whorled Threatened, State Savannah
pogonia" Threatened
Lindera Federally Coastal plain isolated Beaufort,
melissifolia, LISTED as wetlands Berkeley,
"Pondberry" Endangered, State Colleton

Endangered
Lysimachia Federally Sandhills seepages of the Richland
asperulaefolia, LISTED as midlands: one known
"Rough-leafed Endangered, State population at Fort Jackson.
loosestrife" Endangered This species appears to be

very dependent on periodic
fires.

Narthecium Federal Coastal plain bogs Dorchester
americanum, CANDIDATE for
"Bog asphodel" listing
Oxypolis canbyi, Federally Carolina bays, rarely (in SC) Clarendon,
"Canby's LISTED as elsewhere. Orangeburg,
cowbane" Endangered, State Richland

Endangered I
Platanthera Federal Mountain bogs Greenville
integrilabia, CANDIDATE for
"White fringeless listing
orchid"
Ptilimnium Federally Unusual distribution Horry, Saluda
nodosumn, LISTED as ecologically. In the northern
"Harperella" Endangered, State part of its range, this plant

Endangered may occur on rocky river
shoals. In the southern part
of the range, including SC, it
is more likely in Carolina
bays.

Rhus mnichauxii, Federally Anomalous historic Kershaw,
"Michaux's LISTED as distribution: extirpated in Pickens
sumac" Endangered, State SC?

Endangered
Ribes echinellum, Federally A single population, known McCormick
"Miccosukee LISTED as only from rich woods along
gooseberry" Threatened, State Steven's Creek

Threatened
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Sagittaria Federally Inner piedmont bogs Greenville
fasciculata, LISTED as
"Bunched Endangered, State
arrowhead" Endangered
Sarracenia rubra Federally High-altitude cataract bogs Greenville,
var. jonesii, LISTED as in the mountains Pickens
"Mountain sweet Endangered, State
pitcher-plant" Endangered
Schwalbea Federally Fire-maintained flatwoods Beaufort,
americana, LISTED as and savannas Berkeley,
"American Endangered, State Charleston,
chaffseed" Endangered Clarendon,

Horry, Jasper,
Sumter,
Williamsburg

Sisyrinchium Federally High-elevation forests Greenville
dichotomum, LISTED as
"White irisette" Endangered, State

Endangered

Symphyotrichum Federal Upland sites, including Abbeville,
georgianum, CANDIDATE roadsides and powerline Cherokee,
"Georgia aster" for listing rights of way Edgefield,Kershaw,

Oconee,
Pickens,
Richland

Trillium Federally High elevation forests within Oconee
persistens, LISTED as the upper Savannah drainage
"Persistent trillium" Endangered, State

Endangered
Trillium reliquum, Federally Rich ravines over mafic rock Aiken
"Relict trillium" LISTED as and/or circumneutral soils. Edgefield

Endangered, State Known in SC only from
Endangered certain stream bottoms along

the Savannah River.
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RESULTS

Survey of East Block

This block, located entirely on the east side of the north-south entrance road, is
dominated by high ground, proposed as the site for new cooling towers. The northern
portion of this block includes forested land on relatively steep to gentle slopes, mostly
north facing, as well as wetlands in association. with a narrow tributary to Mayo Creek.
The upland forests at this site, and to the east, on the east side, of the adjacent powerline
rno.w., are relatively intact, featuring a reasonably diverse assortment of native species.
The canopy contains yellow poplar, American holly, Florida maple, chalk maple, white
oak, southern red oak, ash, loblolly pine, and mockernut hickory. Subcanopy species
include redbud, pawpaw, red buckeye, Russian olive, muscadine, red mulberry, and
hornbeam. Herbaceous plants include bloodroot, wild geranium, fly-poison, wild ginger,
mayapple, ebony spleenwort, black cohosh, crown-beard, elephant's-foot, and wild
comfrey. Portions of this forest are quite wet, and apparently subject to flooding from
some beaver activity. Vietnam grass is common within the bottomland portion of this
site. No target plant species were observed within this forest, either on the. west or east
side of the powerline.

The middle portion of this block will house the new cooling towers. Most of this
area is dominated by old fields and grown-up secondary woods, the consisting primarily
of young loblolly pine. This portion of the block is relatively uninteresting botanically,
due to past and apparently severe disturbance. Persisting native vegetation is scarce, but
includes blackberries, goldenrod, rabbit-tobacco, black cherry, winged sumac, poison ivy,
and an assortment of weeds. No target plant species were observed within this portion of
East Block.

The lower, southwestern portion of this block includes the headwater of a north-
south tributary to Mayo Creek, and a fairly steep forested ravine. This forest consists
largely of loblolly pine and little else. American beech is present in small numbers on the
west-facing east slope. The west slope is particular unappealing, featuring in addition to
young pines, and impressive and extensive stand of blackberry. No target plant species
were found in this portion of East Block.

Survey of Central Block

As planned, the new reactor facility will largely dominate the central Block. This
area consists of all the forested land between the north-south entrance road and the
powerline r.o.w. immediately west. In addition to the mapped portion of the block, all of
the forests south to the railroad were inventoried as well.

The central portion of Central Block represents the highest ground within all of
the study areas, with an elevation of about 450'. The forests slope rapidly to the south and
west, and a narrow strearnhead drains its more southern regions (toward the west). The
hydrology of this headwater is probably complex, as there are isolated marsh-like
openings scattered in the vicinity. The high ground forests consist mostly of canopy-sized
loblolly pine, red maple, sweetgum, yellow poplar, white oak, black oak, and black gum.
Subcanopy woody plants include considerable amounts of dogwood, as well as Russian
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olive. In general, the creek bottom is quite shady, and features few herbaceous species.
The somewhat open wetland "rooms" may be the result of previous disturbance, and they
are somewhat anomalous, featuring black willow, some cottonwoods, various sedges
(especially Carex), heal-all, rushes, and chain-fern. Additionally, Vietnam grass is
abundant. No target plant species were found within Central Block.

Survey of West Block

This block consists of a triangular area formed between three powerlines, as well
as a relatively narrow strip of land and associated creek bottom on the north side of this
complex. An additional creek bottom occurs at the lower end of West Block, this a
continuation of the stream emerging from Central Block.

The high ground of West Block is fairly diverse, suggesting a complicated
assortment of "standard" canopy elements: sweetgum, red maple, loblolly pine, willow
oak, black gum, white oak, and southern red oak. The highest, driest portions also feature
blackjack oak, and there are scattered glade-like openings. Subcanopy woody species of
these upland woods include winged sumac, hawthorns, winged elm, red cedar, hombeam,
and persimmon. Coreopsis, goldenrod, Christmas, fern, galium, and bracken fern are
common herbs; yellow Jessamine and scarlet honeysuckle are fairly common vines.

The wetter forests, located near the creek bottoms, feature considerable numbers
of American beech, some of which are fairly large, as well as ash and American holly.

The southernmost point of the high ground within the "triangle " of West Block
reveals a very steep north-facing slope. At the top of this slope is an unusually assortment
of very tall smooth sumac, along with an impressive stand of devil's walking-stick. This
portion of the site may also represent an old home-site. No target plant species were
found within West Block, nor within its associated powerline rights of way.

Survey of South Block

The smallest of all the sites studied, this block consists of the area on the south
side of the railroad and west of the entry road, as far south as an unimproved west-east
access road. The upper (northeast) portion of South Block consists of a monotonous
stand of pines, and was eliminated from consideration for target plants. The lower portion
of this block consists of high ground (on its south side) sloping rapidly away toward the
north, and toward the railroad.

The forest within the lower portion of South Black is heterogeneous and
apparently recovering from a series of disturbances, and a recent (?) storm has caused
considerable windthrow in places. Otherwise, the canopy the canopy is quite crowded in
places. The most common woody species are loblolly pine, red maple, and sweetgum,
with varying assemblages of black locust, American beech, pawpaw, redbud, and red
mulberry. Russian olive is a common shrub. No target plant species were found within
South Block.
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Survey for Amphianthus pusillus

Pool-sprite (Amphianthus pusillus, formally listed as threatened) is known to

occur throughout its range only in association with granitic flatrock (Hilton & Boyd

1996), which is not present within the study area. Rocks and outcrops, of various sizes,
are found within forested land at VCSNS, but legitimate flatrock communities are absent.

No populations of this plant were located in the study area.

Survey for Echinacea laevigata

Smooth coneflower (Echinacea laevigata), a very conspicuous plant, remains an

enigmatic species within South Carolina (Nelson & Kelly 1997), with its apparently

natural populations limited to calcareous substrates, (An unusual occurrence in central
Richland County is on sandy substrates, decidedly non-calcareous, but may be a remnant

of cultivation.) In the absence of truly calcareous or known mafic soils at VCSNS, the

likelihood of its presence within the study area is marginal. No populations of this plant

were located in the study area.

Survey for Helianthus schweinitzii

Schweinitz's sunflower (Helianthus schweinitzii) is known in South Carolina
from York County (Nelson & Rayner 1988), in association with Iredell soils. Although

Iredell soils (and related types) are not present at the study site, open woodlands and

powerlines are, and it is within these sorts of habitats that existing populations (York

County) are known. Additionally, a variety of native sunflowers are of potential
occurrence in southwestern Fairfield County; these are generally conspicuous and showy

while in bloom, including Schweinitz's sunflower. No populations of this plant were

located in the study area.

Survey for Isoetes melanospora

Black-spored quillwort (Isoetes melanospora) is known only from extremely

specialized habitats, that is, granitic flatrocks (Taylor et al. 1993), generally in association
with Pool-sprite (see above). This species' range includes southwestern Fairfield County,

but truly appropriate habitat is probably absent. No populations of this plant were located

in the study area.

Survey for Symphyotrichum georgianum

Georgia aster (Symphyotrichum georgianum) is known from scattered localities in

the Piedmont of South Carolina. It is most likely found on nutrient-rich, open sites, such

as oak-dominated woodlands (with frequent fire history? Weakley 2006), and populations

are known from powerline rights of way. Mostly because of this, and since its range

includes the study area, Georgia aster was considered reasonably likely to occur at
VCSNS, and special attention was given to any blooming asters. No populations of this
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plant were located in the study area, and in view of the attention paid in the field for
locating it, may be considered absent.

DISCUSSION

No listed species were found anywhere at VCSNS during this project, including
natural ecosystems and transmission line r.o.w.s. The absence of these species may be
explained by absence of appropriate habitat, except for Georgia aster (Symphyotrichum
georgianurn), whose habitat is presumably present in abundance.

At least-one species of Eur)'bia is present; E. mirabilis ("Piedmont aster,"
"miracle aster") is present in some abundance along the powerlines bordering West
Block. This Species is fairly uncommon in South Carolina, and is probably endemic to the
outer Piedmont of the two Carolinas. This species may warrant investigation as a species
"of interest" at some time in the future.

Lotus helleri (=Lotus purshianus var. helleri, taxonomy unresolved), "Carolina
prairie trefoil," is an uncommon member of the bean family with a somewhat unusual
Piedmont distribution. It was located in one site at the study area, as a population of
several hundred plants within the railroad right of way at the south end of West Block.
This species may be considered at some time in the future as a species "of interest."

In general, the areas surveyed during this project are characteristic of similar
topographic situations in the outer Piedmont of South Carolina. The sites studied are not
particularly noteworthy floristically, although some are fairly diverse and visually
arresting. The northern portion of East Block suggests a "rich" flora; otherwise, the study
sites are fairly consistent with other ecosystems elsewhere in the Piedmont, and certainly
within Fairfield County, The spring flora of this particular area is probably the most
diverse within the study area.

To date, the most botanical interest devoted to this portion of Fairfield County has
concerned the presence of "American Columbo," or Frasera caroliniensis, which occurs
along the lower stretches of Mayo Creek. In fact, the Fairfield County population here is
that largest known in South Carolina. Presently, this species is not likely to be considered
for possible listing as a threatened or endangered species, but it is definitely rare in the
state, and should continue to be monitored. Within this study, the most likely place of
occurrence for Columbo is at East Block, perhaps the nearest reasonable ecological
equivalent to the known population on Mayo Creek (Horn 1997).

A number of weedy, introduced species were consistently observed during this
project. Of notable occurrence are Russian olive (Eleagnus umbellata), a rampant shrub
mostly of high-ground woodlands, and Vietnam grass (Microstegium vimineum), an
especially vigorous grass which often colonizes shady bottomland wetlands. Both of
these species are abundant enough to represent significant invasive presence, and any
future efforts at maintaining or preserving natural areas will demand their control.
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PLANT NAMES:
Common-Scientific

American columbo
American holly
Ash
Black cherry
Black cohosh
Black gum
Black locust
Black oak
Black willow
Blackberry
Blackjack oak
Black-spored quillwort
Bloodroot
Bracken fern
Carolina prairie trefoil-
Chain fern
Chalk maple
Christmas fern
Coreopsis
Cottonwood
Crown beard
Devil's walking-stick
Dogwood
Ebony spleenwort
Elephant's foot
Florida maple
Fly-poison
Galium
Georgia aster
Goldenrod
Hawthorns
Heal-all
Hornbeam
Loblolly pine
Mayapple
Miracle aster
Mockernut hickory
Muscadine
Pawpaw
Persimmon
Piedmont aster

Frasera caroliniensis
Ilex opaca
Fraxinus americana
Prunus serotina
Actaea racemosa
Nyssa sylvatica
Robinia pseudo-acacia
Quercus velutina
Salix-nigra
Rubus argutus
Quercus marilandica
Isoetes melanospora
Sanguinaria canadensis
Pteridium aquilinum
Lotus helleri
Woodwardia areolata
Acer leucoderme
Polystichum acrostichoides
Coreopsis major
Populus deltoides
Verbesina occidentalis
Aralia spinosa
Cornus florida
Asplenium platyneuron
Elephantopus tomentosus
Acer floridanum
Amianthium muscitoxicum
Galium pilosum
Symphyotrichum georgianum
Solidago nemoralis
Crataegus spp.
Prunella vulgaris
Ostrya virginiana
Pinus taeda
Podophyllum peltatum
Eurybia mirabilis
Carya tomentosa
Vitis rotundifolia
Asimina triloba
Diospyros virginiana
Eurybia mirabilis
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Poison ivy
Pool-sprite
Rabbit tobacco
Red buckeye
Red cedar
Red maple
Red mulberry
Redbud
Rushes
Russian olive
Scarlet honeysuckle
Smooth coneflower
Schweinitz's sunflower
Smooth sumac
Southern red oak
Sweetgum
Vietnam grass
White oak
Wild comfrey
Wild geranium
Wild ginger
Willow oak
Winged elm
Winged sumac
Yellow Jessamine
Yellow poplar

Toxicodendron radicans
Amphianthus pusillus
Garnochaeta purpu.rea,
Aesculus pavia
Juniperus virginiana
Acer rubrum
Morus rubra
Cercis canadensis
Juncus. spp.
Eleagnus umbellata
Lonicera sempervirens
Echinacea laevigata
Helianthus schweinitzii
Rhus glabra
Quercusfalcata
Liquidambar styraciflua
Microstegium vimineum
Quercus alba
Cynoglossum virginianuin
Geranium maculatum
Hexastylis arifolia
Quercus phellos
Ulmus alata
Rhus copallina
Gelsernium sempenr irens
Liriodendron tulipifera
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1.0 INTRODUCTION
Monticello and Parr Reservoirs are located in the Piedmont region of South Carolina. Parr Shoals Dam

impounds the Broad River to form Parr Reservoir (4,400 acres) while Monticello Reservoir occupies most
of the Frees Creek watershedL The two impoundments are connected via a pump-storage hydroelectric dam
on Frees Creek Monticello Reservoir serves as a source of cooling water for the Virgil C. Summer Nuclear
Station operated by South Carolina Electric and Gas (SCE&G). Normandeau Associates was retained by
Tetra Tech NUS to conduct two surveys of the fisheries in Monticello and Parr Reservoirs, once during
autumn (October 2006) and once during the spring (April 2007).

2.0 METHODS

Monticello and Parr Reservoirs were surveyed for their fisheries from October 30 to November 2 2006 and
April 2 - 4 2007.. Sampling gear included boat electrofishing equipment; gillnets, and hoopnets. Monticello
Reservoir gillnets and hoopnets were set on October 30 and retrieved on October 31. Gillnets and hoopnets
were again set on April 2 and retrieved on April 3. Electrofishing was performed on October 3 1, November
1, and April 3. Parr Reservoir gillnets and hoopnets were set on November 11 and retrieved on November 2.
.Gilles aand hoopnefs 4ere agaih set on Apfil 3 and retrievea Aprnl 4. Electrofishing was done on.......
November 2 and April 4.

Electrofishing transects, gilinets, and hoopnet sites were pre-determined locations set by Tetra Tech and
SCE&G. Five gilinets and five hoopnets were set on Monticello Reservoir..Five electrofishing transects
were also sampled on Monticello. Parr Reservoir had three gillnet, hoopnet, and electrofishing transect
locations. The location of all gillnet, hoopnet, and electrofishing transects were recorded with GPS (Table 6
). These locations are shown in figure 1.

One experimental, monofilament gillnet, 100 ft. long by 8 ft deep, was used to sample at each of the pre-
determined locations on Monticello and Parr Reservoirs. The nets were constructed of four 25 ft panels of
1,2,3, and 4-inch stretch mesh. Gillnets were set perpendicular to shore and allowed to fish overnight.

One hoopnet, 4-m long with a 1-mr diameter mouth was used to sample at each of the pre-determined
locations. Mesh size was 3.8 cm in the body and 2.5 cm in the cod end. Hoopnets were set parallel to shore
and allowed to fish overnight.

The electrofishing was conducted from an aluminum boat equipped with aý4500-W, 230V gasoline
powered generator. A four-electrode array was mounted on a boom and suspended in the water
approximately 2 m in front of the boat; the cathode array was secured to the bow of the boat. Direct current
(DC) discharge was controlled by a Smith-Root Model VI electrofisher set to deliver 672V at 5-.6 amps at a
frequency of 60 pulses/sec. Current to the electrodes was pulsed by a foot switch operated by a netter at the
bow. Electrofishing was done in the early morning hours along the shallow shoreline.

All fish were identified to species, measured to the nearest mm., weighed to the nearest gm, and
representative samples were weighed to the nearest gin. A few individual specimens were retained for
further ID and reference specimens.

3.0 ENDANGERED, THREATENED AND SPECIES OF CONCERN

No endangered, threatened or species of concern fishes were collected during the study. None of fish
collected were a federal or state listed as endangered or threatened. Also, none of the fish collected were a
federal or state species of concern. All fish collected were typical of piedmont lakes, rivers and streams.
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4.0 RESULTS

A total of 820 fish (all gear types and seasons combined) representing 21 species were captured on Lake
Monticello during the study period (Tables 1-2). Blugill (32.6%), gizzard shad (19.6%), and blue catfish
(11.0%) were the three most common species collected (Table 3). A total of 404 fish were collected by
electrofishing during both seasons of sampling (Table 2). Bluegills were the dominant species electrofished
(Table 4). Gillnets captured a total of 412 fish (Table 2). A total of 4 fish were collected by hoopnet (Table
2).

A total of 476 fish (all gear types and seasons combined) representing 17 species were captured on Parr
Reservoir during the study period (Tables 1-2). Channel catfish (26. l%),white perch (24.8%), and gizzard
shad (12.6%) were the three most common species (Table 3). A total of 133 fish were collected by
electrofishing during both seasons of sampling (Table 2). Gizzard shad were the dominant species
electrofished (Table 4). Gillnets on Parr Reservoir captured a total of 343 fish (Table 2). No fish were
collected by hoopnet over both seasons (Table 2).

The fish communities sampled on Lake Monticello and Parr Reservoir were similar, but some differences
ini.speies captured are noted.Lairge numbers of'bluegill, giizard shad, whitel'prch, blue'catfish, and
channel catfish dominated the catches in each reservoir. These 5 species are among the most abundant
species collected on both reservoirs.

Water quality data for Lake Monticello and Parr Reservoir is presented in table 5. Lake Monticello
temperatures ranged from 19.55 - 20.27°C in the fall and 15.03 - 25.891C in the spring (Table 5). Parr
Resrvoir temperatures ranged from 16.48 - 19.24Cmin the fall and 17.39 - 20.100 in the spring (Table 5).
Dissolved oxygen concentrations in Lake Monticello ranged from 6.88 - 8.32 mg/l in the fall and 8.95 -
11.76 mg/i in the spring (Table 5). Parr Reservoir dissolved oxygen concentrations ranged from 7.84 - 8.50
mg/1 in the fall and 8.25 - 9.13mg/l in the spring (Table 5). Both reservoirs exhibited similar water quality
parameters. The largest range in temperature occurred on Lake Monticello in the spring (Table 5). The
widest range of dissolved oxygen occurred in Lake Monticello in the spring (Table 5).
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Table 1. Species collected on Lake Monticello and Parr Reservoir

Common Name

Largemouth Bass
Smallmouth Bass
Bluegill
Redbreast
Pumpkinseed
Warmouth
Redear
Black Crappie
White Perch
White Bass
Yellow Perch
Gizzard Shad
Whitefin Shiner
Spottail Shiner
Golden Shiner
White Catfish
Flat Bullhead
Blue Catfish
Channel Catfish
Quillback
Northern Redhorse
Shorthead Redhorse.

Scientific Name

Micropterus salmoides
Micropterus dolomieu
Lepomis macrochirus
Lepomis auritus
Lepomis gibbosus
Lepomis gulosus
Lepomis microlophus
Pomoxis nigromaculatus
Morone americana
Morone chrysops
Perc-aflavescens
Dorosoma cepedianum
Cyprinella nivea
Notropis hudsonius
Notemigonus crysoleucas
Ameiurus catus
Ameiurus platycephalus
Ictalurus furcatus
Ictalums puntatus
Carpiodes cyprinus
Hypentelium nigricans
Moxostoma macrolepidotum

Monticello

x.x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

Parr

x
x
x

x

x
x
x

x
x
x
x
x
x

x
x
x

x 0
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TABLE 2 Total fish collected by gear and season on Lake Monticello and Parr Reservoir

Season

Fall 2006

Spring 2007

Location

Lake Monticello
Parr Reservoir

Lake Monticello
Parr Reservoir

Electrofishing

Total Count

255
70

149
... 63 -

Gear

Gill Net

Total Count

Hoopnet

Total Count

215 1
292 0

197 3
51 0"'
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Table 3 Relative abundance for fish species collected on Lake Monticello and Parr Reservoir

Monticello
# individuals Relative Abundance

Parr
# individuals Relative AbundanceSpecies

Quillback
Northern Hogsucker
Shorthead Redhorse
Redbreast
Pumpkinseed
Warmouth
Bluegill
Redear
Smallmouth Bass
Largemouth Bass
White Perch
White Bass
Black Crappie
Gizzard Shad
Whitefin Shiner
Golden Shiner
Spottail Shiner
White Catfish
Flat Bullhead
Blue Catfish
Channel Catfish
Yellow Perch

1

10

3
12
6

267
7
2

71
78
2

32'
161
15

0
5

14
7

90
31
5

0.1
0.1
1.2
0.4
1.5
0.7

32.6
0.9
0.2
8.7
9.5
0.2

19.6
1.8
0.0
0.6
1.7
0.9

11.0
3.6
0.6

3
0

29
0
8
0
34
3
1

37
118

0
'1

60
2
5
2'
3
0

34
124
12

0.6
0.0
8.1
0.0
1.7
0.0
7.1
0.6
0.2
7.8

24.8
0.0

" 0.2 ""

12.6
0.4
1.1
0.4
0.6
0.0
7.1

26.1
2.5
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Table 4 Electrofishing CPUE (# of fish per hour of shock time) for Lake Monticello and Parr Reservoir

LAKE MONTICELLO PARR RESERVOIR
Fall 2006 Spring 2007 Fall 2006 Spring 2007

Species CPUE CPUE CPUE CPUE

Quillback 0.00 0.00 0.00 3.99
Northern Hogsucker 0.00 3.99 0.00 0.00
Shorthead Redhorse 0.00 19.96 7.98 19.96
Redbreast 7.99 4.00 0.00 0.00
Pumpkinseed 43.91 3.99 19.94 7.98
Warmouth 23.97 0.00 0.00 0.00
Bluegill 806.20 239.38 59.82 75.84
Redear 7.98 7.98 7.97 3.99
Largemouth Bass 31.92 143.74 39.90 35.93
White Perch 0.00 55.90 0.00 0.00
Black Crappie 0.00 0.00 0.00 3.99
Gizzard Shad 0.00 23.9°4* 119.69 63'86
Whitefin Shiner 55.92 3.99 7.97 0.00
Spottail Shiner 3.99 3.99 0.00 7.98
White Catfish 0.00 51.89 0.00 0.00
Flat Bullhead 15.97 0.00 0.00 0.00
Blue Catfish 0.00 0.00 3.99 0.00
Channel Catfish 0.00 31.95 0.00 3.99
Yellow Perch 19.98 0.00 11.96 23.95

p
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TABLE 5 Water Quality Data for Lake Monticello and Parr Reservoir

MONTICELLO

Temperature
STATION 1

Dissolved Oxygen Conductivity
Season Gear

•Fall 2006 Electrofishing
Gill Net

Hoopnet

Spring 2007 Electrofishing
Gill Net

Hoopnet

Fall 2006 Electrofishing

Gill Net

Hoopnet

Spring 2007 Eleclrofishing
Gill Net

Hoopnet

Depth

Surface
Surface
Mid
Bottom
Surface
Mid
Bottom
Surface
Surface
Mid
Bottom
Surface
Mid
Bottom

Surface
Surface
Mid
Bottom
Surface
Mid
Bottom
Surface
Surface
Mid
Bottom
Surface
Mid
Bottom

Surface
Surface
Mid
Bottom
Surface
Mid
Bottom
Surface
Surface
Mid
Bottom
Surface
Mid
Bottom

19.75
19.90
19.84
19.82
20.22
19.90
19.85
18.85
21.23
'17.48
16.45
22.25
20.96
17.76

19.69
19.88
19.76
19.74
19.84
19.77
19.75
18.76
21.56
18.47
16.74
21.58
19.86
18.79

19.65
20.10
19.70
19.67
19.93
19.72
19.59
16.88
19.14
17.86
17.18
20.67
18.59
16.44

7.41
7.23
7.02
6.88
8.05
7.44
7.14

10.60
11.68
11.75
10.00
11.76
11.62
11.09

STATION 2
7.26
7.71
7.37
7.26
7.75
7.27
7.22

10.69
11.51
10.99
10.24
11.57
11.29
11.75

STATION 3
7.57
7.88
7.63
7.47
8.32
7.76
7.56
8.99

11.52
10.21

9.46
11.41
11.38

9.49

88
89
89
89
89
84
89
73
79
72
71
80
78
72

86
89
89
89
89
89
89
73
79
73
71
79
76
74

Fall 2006 Electrofishing
Gill Net

Hoopnet

Spring 2007 Electrofishing
Gill Net

Hoopnet

88
89
88
88
89
88
88
73
75
74
74
77
74
72
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STATION 4
Dissolved OxygenTemperature

Season Gear Depth

Fall 2006

Spring 2007

Electrofishing Surface
Gill Nets Surface

Mid
Bottom

Hoopnets Surface
Mid
Bottom

Electrofishing Surface
Gill Nets Surface

Mid
Bottom

Hoopnets Surface
Mid
Bottom

19.60
19.94
19.61
19.56
20.27
19.79
19.59
24.27
25.34
16.47
15.03
25.89
18.5.8
16.41

19.75
19.82
19.66
19.55
19.98
19.75
19.64
21.50
21.72
16.78
15.23
21.91
20.17
17.94

7.82
8.14
7.79
7.74
8.08
8.11
7.76
9.34

10.06
9.95
8.95

10.14
10.23.
9.54

Conductivity

88
89
88
88
89
88.
88
85
87
70
68
88
74
70

Fall 2006 Electrofishing Surface
Gill Nets Surface

Mid
Bottom

Hoopnets Surface
Mid
Bottom

Electrofishing Surface
Gill Nets Surface

Mid
Bottom

Hoopnets Surface
Mid
Bottom

STATION 5
8.13
8.21
7.75
7.69
8.04
7.85
7.84

10.44
10.66
9.73
9.24

10.64
10.31
10.21

87
88
88
88
89
88
88
79
79
71
68
79

76
73

Spring 2007

PARR RESERVOIR

Fall 2006 Electrofishing Surface
Gill Nets Surface

Mid
Bottom

Hoopnets Surface
Mid
Bottom

Electrofishing Surface
Gill Nets Surface

Mid
Bottom

Hoopnets Surface
Mid
Bottom

18.93
19.00
18.90
18.53
18.99
17.48
16.67
19.70
20.10
20.06
20.07
20.08
20.05
20.02

STATION 1
7.84
8.11
7.91
7.92
8.25
8.27
8.50
8.35
8.32
8.27
8.25
8.38
8.27
8.25

91
91
91
91
91
90
89
82
84
84
84
84
84
84

Spring 2007
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STATION 2
Temperature Dissolved Oxygen Conductivity

Season Gear Depth

Fall 2006 Electrofishing
Gill Net

Hoopnet

Spring 2007 Electrofishing
Gill Net

Hoopnet

Surface
Surface
Mid
Bottom
Surface
Mid
Bottom
Surface
Surface
Mid
Bottom
Surface
Mid
Bottom

Surface
Surface
Mid
Bottom
Surface
Mid
Bottom
Surface
Surface
Mid
Bottom
Surface
Mid
Bottom

17.19
19.24
18.10
17.57
19.14
18.57
17.70
18.39
19.13
19.07
18.97
19.11
19.06
18.94

8.13
8.37
8.15
8.08
8.40
8.20
8.02
8.51
8.53
8.37
8.37
8.71'
8.46
8.45

Fall 2006 Electrofishing
Gill Net

Hoopnet

Spring 2007 Electrofishing
Gill Net

Hoopnet

18.06
18.69
17.16
16.48
19.01
17.42
16.72
18.13
17.46
17.42
17.39
17.56
17.54
17.58

STATION 3
8.03
8.35
8.26
8.31
8.29
8.17
8.31
8.42
9.13
8.96
8.93
8.83
8.82
8.79

90
93
91
91
93
92
91
77
80
79
79
79
79
79

90
92
91
90
92
91
91
76
73
73
73
74
74
74
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Table 6 GPS Coordinates for all sampling locations on Lake Monicello and Parr Reservoi

MONTICELLO PARR RESERVOIR

Electrofishin

Electrofishiin

Electrofishin

Electrofishin

Electrofishin

-GillNet i-.,
Qtil N et2-i:

Gill Net 3Gill Net 4
Gill Net 5

Hoopnet 1
Hoopnet 2
Hoopnet 3
Hoopnet 4
Hoopnet 5

N34 0 19'46.4!
N34 0 19'35.3"
N34018'54.4'
N340 18'36.0"
N34P1 8'02.6"

N34018'00.6"
N34 0 17'55.7"
N340 1.7'49.3"
N34°178"0.7"
NNO4O1T'L7

W081620'01.0" (start)
W081120'01.7" (end)
W0810 i9'43.5" (start)
W081919'38.5" (end)
W081 0 19'08.0'' (start)

W081 0 18'56.9 (end)
W0810 18'19.8" (start
W09°1018,'5.1". (end)
w810 17t25.9" '(star
W0810 17'24.5" (end

wo8V01ol9'4501:o
W081919'O46 9"
-W9810 ,18'104.

W0810 17 29.4"

N34 0 18'05.1" W081O20.'15.8" (start)
N34018'6.6" W081020'07.3" (end)
N3461.'5.0 W081021'26.2" (start)
N349 1;7'02.4" W081'21'11.1" (end)
N34016'12.9" W081 020'09.6"' (start)
N340 15'57. 1" W081020'07.3" (end))

318'08" .......W081 0 '14.6"
N349171'0.2" W081-21'26.9>ý
N3.4.. 16 ,41", WO8 1920.12.8";

. " : '- < " ,i :' :: •]Y .

N3440 99'41.7"

N34 018'05.6'
N340 17'51.9"
N34618'02.8"

N34O19'46.4"
N34 018'52.9"
N34°18'02.1"
N34 0 17'51.5"
N340 17'53.8"

W 08 16 4 '59.7"",
W081919'42.5"
W081 019'05.3"
W081 0 18' 16.3"
W0810 17'28.3"

N340 18"03.9"
N349!7'02.2"
N34 0 16'15.9"

W081020'17;...
W810210'29.5"w081o20'08.9"

.) :
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. :oore, Phil- N1IS

From: Elizabeth Osier [OsierE@dnr.sc.gov] 0
Sent: Thursday, July 13, 2006 5:00 PM
To: Moore, Phil-- NUSI
Subject:, RE: Monticello Reservoir

Attachments: MonticelloSubO3-O5Summary.doc .

MonticelloSub03-05
Summary.doc ...

Phil:
Yes, Dan Crochet retired last August. I have been~here for a little over, a year. I don't
have much on Lake Monticello. With the re-organization, there was a jlot. that dropped by
the wayside. The last two reports I can find (2000-01 and 2001-;02) do' n'ot' cover Lake
Monticello. No reports have been written since, then. I've been trying to compile past
data and write a report to cover 2000-05. I haven't finished yet, but I have the analysis
done. I have attached a summary of the sampling done on Monticello Siab-ImpoTidment in
2003 and 2005.
The methods were basic boat electrofishing in the spring (March 31, 2003; May 2, 2,005),
three 30 minute tr~anscts. Please let me know if you need' anymore clarification.

Elizabeth Osi6er
Regional Coordinator
Freshwater Fi•sheries, Region 2
South Carolina Department of Natural Resour~es
2007 Pisgah Road
Florence, SC 29501
843/661-4767 (office)
843/870-0264 (cell)
843/661-4717 (fax)
Osi~erE@dnr. sc . go'v

----- Orig.inal Message-
From: Moore, Phil -- NUS [mailto:Phil.Moore@ttnus.com]
Sent: Wednesday, July 05, 2006 9:.36 AMt
To: Elizabeth Osier
Subject: Monticello Reservoir

Dear Ms Osier:

I am a consultant, assisting SCE&G in considering the environmental
impact.s of popsible nuewnrclear units at.VC Summer Nuclear Statin,.
which is in F"irfield. County.' Although SCE&G is probably a decade away
from acttiualy'"bperating ý.uch a plant (many approvals and liceps:es, are
required)' and may' in 'fact decide not the bui-ld t.;he ,plat (f o economic
reasons), the INRC reruires that' 'an' environmental' inmpact analysis• be
submitted along with;,t'he, application for . c,.o€mbihedý'license• f~o3
construction and opeftation.•, As, the prbject fish'eries biologi'st,..I have
been tasked with ev•6luating potential'-inpac-.s of a rie` unit :or new
units on the aquatic .communities of Monticello Reservoiri which is being
used as a cooling reservoir for the existing plant and could be used in
the future as a cooling reservoir for a new unit or units.

It's my understanding that DNR has reorganized and your office is now
responsible for managing Monticello Reservoir's fisheries. I am .looking
high and low for any information on Monticello Reservoir's fish
populations
--- fish surveys, creel surveys, research studies --- anything that

I



might shed some light on the current state of the reservoir's fish
populations.
Four or five years ago, when I was working on another project for SCE&GSat Summer Station, Dick Christie was kind enough to send me some annual
reports ("Fisheries Investigations in Lakes and Streams --- District
IV") that contained some useful information on work he. had done
(rotenone studies, creel surveys) at Monticello, but the last report he
sent me was for 1999.
Would subsequent annual reports contain information on Monticello
Reservoir's fish community?

I would very much appreciate your sharing any reports. or studies you. may
have that deal with Monticello Res. My goal is to develop a baseline
(the current state of the reservoir's fisheries) against which I can
measure potential impacts of new plant construction and operation.
Please feel free to call me if you have any questions or require any
additional information.

Thanks in advance for your assistance, and good luck in your new (?)
job. I gather Dan Crochet retired earlier this year or late last year?

Regards,

Philip Moore
Aquatic Biologist/Project Manager
TETRA TECH NUS, Inc.
900 Trail Ridge Road
Aiken, SC 29803
Telephone: (803) 641-6311
FAX: (803) 642-8454

SPhilip.Moore@ttnas.com
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From: Moore, Phil NUS
Sent: Monday, August. 07, 2006 6:13 PM
To: Moore, Phil -- NUS
Subject: Record of August 7, 2006 Phone Call

I called Robert Stroud, who is SCDNR's District Biologist in Union, SC, to discuss data provided to me by Eliz Osier
(SCDNR) on largemouth bass sampling and LMB growth in the Monticello Res Subimpoundrmnent.

Mr Stroud was generally familiar with the data, but seemed unwilling to draw any conclusions from it. I gather he did not
want to be quoted or cited in the Summer COL ER. I pressed him for more general information on the Subimpoundment's
fish populations and he indicated that no work had been done in recent years (other than the'limited largemouth bass
sampling). I asked about fishing pressure, and he said he had no data and no real opinion on whether fishing pressure
was reduced in recent years. I said "the data suggest to me that largemouth bass growth is fairly slow and fish are, on
average, fairly small." He said he didn't want to speculate on what the data meant and had no opinion about trends in
growth of. subimpoundment LMB.

I said, "When I was sampling fish on the subimpoundment in the 1980s, we collected a number of huge bass, fish in the 10
to 12 lb range, etc." He said he had no basis for saying so, but tended to agree that the days of very large bass were over,
and noted that no fish > 21 inch or 5 lbs had been collected in 2003 and 2005 sampling.

He acknowledged that the subimpoundment was once a "honey hole" and that DNR collected largemouth bass from the
sub in the 1980s when they needed big bass for display (tanks and aquaria) at special educational programs and the
Palmetto Sportsman's Classic.

He say budget cutbacks had basically prevent DNR from actively manageing the impoundment, and that aquatic weeds,
including water primrose, had become a real problem and probably had an effect on fish popns. 0

He said DNR hadnt placed fishiattractors (brushpiles and artificial habitats) in the impoundment in 15 or 20 years, and he
expected the brushpiles were no longer concentrating fish, had pretty much lost their effectiveness. He said the artificial
habitats made from PVC and flagging were probably in decent shape, but he doubted the buoys that had been set out to
locate them were still around.

The picture he drew was one of benign neglect, of a pretty good recreational fishery now gone to seed because of DNR's
financial woes.

I asked about Monticello Reservoir studies and management initiatives and Mr Stroud said "we havent done anything since
the late 1990s, and I believe I sent you those studies four or five years ago.." (when we were doing the LR ER). He said,
"we just don't have the people or the money any more to do much with Monticello..."

9
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Carolina Heelsplitter
Lasmigona decorata
Contributor: Jennifer Price

Taxonomy and Basic Description

The shape of the Carolina. heelsplitter's shell
is an ovate trapezoid with straight dorsal
margin that may end with a slight wing. The
outer surface of the shell is yellowish,
greenish or brownish and may have greenish
or blackish rays. The inner shell surface
ranges from iridescent white to mottled pale
orange. The Carolina heelsplitter shell can
range up to 118 mm (4.7 inches) in length; the mean shell length for this species is 78mm (3.1
inches) (Bogan and Alderman 2004).

Status

This is currently the only mussel species in South Carolina that is federally listed as endangered'.
It is also listed by the state of South Carolina as endangered. NatureServe (2005) identifies the
Carolina heelsplitter as critically imperiled globally and' statewide in both South Carolina and
North Carolina (G I and S I).

POPULATION DISTRIBUTION AND SIZE

The Carolina heelsplitter has been reduced to
only eight surviving populations, two in North
Carolina and six in South Carolina. In 1987,
this species was rediscovered; it had not been
found in its historic range since the mid 1800's
(Taxonomic Expertise Committee 2004).

Turkey Creek and its tributaries, Mountain
Creek and Beaverdam Creek contain one
population of Carolina heelsplitters; these creeks are in the Savannah River drainage in Edgefield
County. A smaller population is present in Cuffeytown Creek in Greenwood and McCormick
Counties. In Lancaster County, the Lynches River and one of its tributaries, Flat Creek, also
contain a population of Carolina heelsplitters. A fourth population occurs in a very small stretch
of the Gills River in the Catawba drainage (USFWS 2002). Two populations were recently
discovered: one in Fishing Creek in Chester County, South Carolina (J. Alderman pers. comm.);
and one in Bull Run Creek, also in Chester County (L. Zimmerman, pers. comm. e-mail message
June 1, 2005). North Carolina populations are found in the Pee Dee and Catawba River
drainages. The North Carolina population that is present in Waxhaw Creek is located within a
few miles of the North Carolina/Sbuth Carolina border. The entire extent of the heelsplitter's
historic range is not known, but evidence indicates that it was once more widely distributed in



the Catawba, Pee Dee, Savannah and, possibly, the Saluda River systems (USFWS 1996). The
Carolina heelsplitter has a spotty distribution where it is found due to restrictions in suitable
habitat (USFWS 1996). Where the heelsplitter is found, it is no longer abundant; typically only
one to three individuals are discovered during a survey at any one site (Taxonomic Expertise
Committee 2004).

HABITAT AND NATURAL COMMUNITY REQUIREMENTS

Although it was once found in large rivers and streams, the Carolina heelsplitter is now restricted
to cool, clean, shallow, heavily shaded streams of moderate gradient. Stable streambanks and
channels, with pool, riffle and run sequences, little or no fine sediment, and periodic natural
flooding, appear to be required for the Carolina heelsplitter (USFWS 2002). Although the
heelsplitter is found in some degraded streams, such as Waxhaw Creek, it appears to be restricted
to the highest quality portions of those streams (Taxonomic Expertise Committee 2004);

CHALLENGES

The Carolina heelsplitter is vulnerable to a variety of threats related to human disturbance.
Pollution from wastewater from sewage treatment plants and industrial discharges are a threat.
Storm water runoff carrying silt, fertilizer, pesticides and other pollutants threatens the Carolina
heelsplitter, especially when erosion and stormwater control is inadequate (USFWS 2002).
Habitat alteration including impoundments, channelization, dredging and streambank scouring
by stormwater runoff have also contributed to the decline of the Carolina heelsplitter and
adversely affect remaining populations (USFWS 2002). Activities such as agriculture, forestry,
road construction, urban development and other land use activities that do not adequately control
stormwater runoff and soil erosion are likely to destroy Carolina heelsplitter habitat (USFWS
2002). Given current rates of growth and development in the upper Lynches River watershed, all
of the northern populations of the Carolina heelsplitter are in danger of being lost in a few
decades, if nothing is done to reduce the rate of development and minimize the impact of
development on this endangered species (Taxonomic Expertise Committee 2004).

CONSERVATION ACCOMPLISHMENTS

The US Fish and Wildlife service (1996) has created a recovery plan for the species that includes
objectives such as research and monitoring of existing populations, reintroduction programs and
public education. They have also designated stretches of streams where the Carolina heelsplitter
is found as critical habitat (US Fish and Wildlife Service 2000). They have proposed that the
establishment of sanctuaries, stream buffer zones and other protective measures should be
encouraged.

CONSERVATION RECOMMENDATIONS

* Partner with USFWS to carefully evaluate the impact of all potential development
projects proposed in the watersheds where the Carolina heelsplitter is found.

* Encourage careful land use planning in the Charlotte metropolitan area to protect the
upper Lynches River and Catawba River watersheds. Land protection through



conservation easements and fee simple purchase should be a high priority, especially in
the vicinity of Fishing Creek and the headwater streams in the upper Lynches River
drainage. Land protection is also necessary in the Steven's Creek basin, particularly
around headwater streams. Careful land use planning is necessary in the Augusta and
Aiken developing areas that are beginning to encroach upon this watershed. Such
protection may be accomplished through conservation easements or fee simple purchase.

" Protect critical, habitats for the Carolina heelsplitter from future development and further
habitat degradation by following best management practices.

o Promote land stewardship practices through educational programs both within critical
habitats with healthy populations and other areas that contain available habitat for the
Carolina heelsplitter.

* Consider species needs when participating in the environmental permit review process.
• Educate off-road motor vehicle operators of the negative affects of crossing streams at

multiple locations and using stream bottoms as trails.

MEASURES OF SUCCESS

An increase in the size of the remaining populations of the Carolina heelsplitter will indicate
success of management practices.
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MEMORANDUM OF UNDERSTANDING .

among. the
GEORGIA DEPARTMENT OF NATURAL RESOURCES

and the
NORTH CAROLINA WILDLIFE RESOURCES COMMISSION

and the
SOUTH CAROLINA DEPARTMENT OF NATURAL RESOURCES

and the
GEORGIA POWER COMPANY

and the
CAROLINA POWER & LIGHT COMPANY

and the
DUKE POWER COMPANY

190

6<1

KY-.

7,

0

Co

.g)

and the
SOUTH CAROLINA ELECTRIC AND GAS COMPANY

and the
GEORGIA WILDLIFE FEDERATION

and the
U. S. GEOLOGICAL SURVEY (BIOLOGICAL RESOURCES DIVISION)

and the
U.S. FISH AND WILDLIFE SERVICE

and the
U. S. FOREST SERVICE

and the
U. S. ARMY CORPS OF ENGINEERS

and the
GEORGIA RIVER NETWORK

and the
SOUTH CAROLINA AQUARIUM

I. Authority

This Memorandum of Understanding (MOU) among the Georgia Department of Natural Resources, the

North Carolina Wildlife Resources Commission,. the South Carolina Department of Natural Resources, the
Georgia Power Company, the Carolina Power & Light Company, the Duke Power Company, the South

Carolina Electric and Gas Company, the Georgia Wildlife Federation, the U. S. Geological Survey

(Biological Resources Division), the U.S. Fish and Wildlife Service, the U. S. Forest Service, the U. S.
Army Corps of Engineers, the Georgia River Network, and the South Carolina Aquarium is hereby
entered into under the authority of the Endangered Species Act of 1973 (16 U.S.C. 1531-1548), the Fish
and Wildlife Coordination Act (16 U.S.C. 661), the Fish and Wildlife Conservation Act of 1980 (16 U.S.C.
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2912); and the Fish and Wildlife Act of 1956 (16 U.S.C.,.742f (a) (4)). Collectively the parties to this MOU
will be referred to as the Committee or its members,

HI. Background and Objectives

The purpose of this MOU is to establish and describe.a Robust Redhorse Conservation Committee
actively committed to the restoration of the species throughout its known range. The Committee w'ill
identify priority conservation needs for the robust redhorse, (Moxostoma robustum). previously
considered a Category 2 candidate for Federal listing, and its habitat and coordinate implementatibn of
programs for addressing those needs.

Historically, the robust redhorse inhabited Atlantic Slope drainages from the Pee Dee River system in
North Carolina to the Altamaha River system in Georgia. However, the species is presently known to

exist only in a relatively short reach of the Oconee River (AltamahaRiver system) below Sinclair Dam in
central Georgia. Impoundments, predation by introduced non-native species (primarily flathead catfish
and blue catfish), and general deterioration of habitat quality due to sedimentation and water pollution
are believed to have contributed to the decline of the species and are perceived as possible threats to the
survival of the Oconee River population.

Due to the complex and diverse problems facing the robust redhorse, it is apparent that an inter-
disciplinary approach, using a broad spectrum of experience, expertise, and management authority. is
necessary to maintain and restore robust redhorse populations. In addition, it is essential that
restoration efforts include a process that works closely with the private sector as well as governmental
agencies potentially impacted by and interested in robust redhorse conservation.

Ill. Committee Membership, Structure, and Operations

The committee members agree that:

A. Membership on the Committee is open at any time to any agency or non-governmental
organization or individual interested in taking an active role in the conservation of the robust
redhorse. Membership becomes official at such time as the Memorandum of Understanding is
signed by the head of the agency/organization or a designee thereof;

B. Member agencies/organizations may designate no more than two officials (with alternates) to
serve as their representatives to the Committee, who shall attend scheduled meetings at their own
agencies' expense. Each member will inform the Committee, in writing, of the name and position of
its representative(s) and alternate(s) or of any changes in same;

C. The Committee shall establish its own working rules, including a procedure for designating the
Chair. The position of the Committee Chair shall rotate every two years; and,

D. The Committee shall meet a minimum of once per year. Additional meetings may be scheduled as
agreed to by the Committee, to include meetings at field locations.

IV. Committee Responsibilities

The Committee members aaree that the Committee will:

A. Develop and coordinate the implementation of a conservation program for the robust redhorse,
consisting of implementation of conservation measures that will focus on protection and
management of the remaining population of the robust redhorse, establishment of captive-breeding
populations, and reestablishment of the species within a significant portion of its historic range in

FiniJ Documet Rnised 10/01/01 by TAD
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Georaia, North Carolina, and South Carolina;

B. Establish technical working groups in specific program areas to identify needs and develop
conser-vation options for consideration by the Committee;

C. Coordinate program implementation among natural resource agencies, the private sector and
conservation organizations through existing agreements or through establishment of new
agreements, within the limits of their respective authorities, policies, and budgets; and,

.D. Evaluate program implementation and prepare an annual progress report.

V. Technical Working Groups

Technical working groups will be formed, as necessary, to determine needs for conservation actions,
research, information exchange, public education!outreach, etc. Technical working groups may, when
appropriate, work to plan, coordinate, implement and facilitate implementation of conservation actions
agreed to by the Committee and report periodically on progress to the Committee, within existing
authority, policy review, and budgets. Technical working groups may be formed and disbanded as
needed, at the discretion of the Committee.

VL Cooperators

Any agency, non-governmental organization, or individual, not desiring formal representation on the
Committee, but interested in conservation of the robust redhorse may become a Cooperator upon
acceptance of a written request to the Committee Chair and may attend meetings of the Committee.
Cooperator agencies and organizations may designate one individual as a contact person, informing the
Committee Chair in writing of the selection and any changes in the same. A Cooperator may withdraw
upon 30 days' written notice.

VII. Special Terms and Conditions:

This Memorandum of Understanding in no way restricts participants from involvement in similar
activities with other public and private agencies, organizations, and individuals.

This instrument is neither a fiscal nor a funds-obligation document. Nothing in this Memorandum of
Understanding shall be construed as obligating Committee members or Cooperators to expend funds or
to provide resources or be involved in any obligation for future payment of money or provision of
resources. Actions taken and funds expended to implement this agreement are contin gent upon
appropriations, priorities, and other constraints. Any endeavor involving reimbursement or contribution
of funds among the parties to this instrument will be handled in accordance with applicable laws and
regulations. Such endeavors will be outlined in separate agreements (contract, purchase order, grant,
cooperative agreement, etc.) that shall be made in writing by representatives of the parties involved and
shall be independently authorized by appropriate statutory authority.

Modifications within the scope of this Memorandum of Understanding shall be made by formal consent
of the Committee members, by the issuance of a written modification, signed and dated by the Committee
members, prior to any changes becoming effective.

Any Committee member may terminate or withdraw membership at any time before the date of expiration
by providing 30 days' witten notice to the Committee Chair. The Memorandum of Understanding

Final Document, Renised 10/00OIt by TAD

3



remains viable as long as at least two agencies/organizations remain Committee members.

This agreement expires on December 31. 2004, at which time it is subject to renewal, modification, or
termination.
When and if it becomes apparent to the U.S. Fish and Wildlife Service that threats ito the surival of the
robust redhorse cannot be resolved through this or another agreement, action will, be initiated by the
U.S. Fish and Wildlife Service to list the robust redhorse under Section 4 provisions of the adangered
Species Act.

VII. Effective Date

IN WITNESS WHEREOF, the parties hereto have entered into this Memoranduma of Understanding as
evidenced by their signatures on the day and year set forth below their signature., The Memorandum of
Understanding is effective upon the date of the second signature.

IX. Signature

Sip-nature: Date:

Name/Title:

Agency/Organization:
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State Management Plan for
Aquatic Invasive Species

in South Carolina
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U) An AIS Management Plan

For the State of South Carolina

Draft Management Plan
South Carolina Aquatic Invasive Species Task Force

Compiled and written by the South Carolina Department of Natural Resources, Steven J. deKozlowski. Christbpher
Page. and members of the South Carolina Aquatic Invasive Species Task Force.

November, 2006



South Carolina AIS Management Plan Outline
(Revised based on assessment of available information on 11/06)

1. Introduction
a. Purpose and scope
b. Plan development process
c. Interaction with other plans
d. Define "Aquatic Invasive Species"

2. Problem Definition
a. Background
b. Species Introductions
c. Invasive Species of Concern

i. Freshwater Plants
I. Hydrilla (Hydrilla verticillata)
2. Water hyacinth (Licthhornia crassipes)
3. Phragmites (Plhragmites australis)
4. Water lettuce (Pistia stratiodes)
5. Giant Salvinia (Salvinia molesta)
6. Alligatorneed (Alternantheraphiloxeroides)
7. Brazilian elodea (Elodea densa)
8. Water primrose (Ludaigia hexapetala)

ii. Freshwater Animals
1. Fishes

a. Spotted bass (Micropterus puncrulatus)
b. Flathead and blue catfish (Pylodictis olharis) and

(Ictalurusfurcatyus)
c. White perch (Morone americana)
d. Green sunfish (Lepoinis cyanellus)

2. Mollusks
a. Viviparus sp.
b. Zebra mussels (Dreissenapolymorpha)
c. Asiatic clams (Corbiculafluminea)

3. Insects
a. Asian tiger mosquito (Aedes albopictus)
b. Another Asian mosquito (Ochlerotatusjaponicus)

4. Crustaceans
a. Crabs
b. Crayfish

5. Mammals
a. Nutria

iii. Marine/Estuarine Plants
1. Beach vitex (Vitex rotundifolia)

iv. Marine/Estuarine Animals
I. Fishes (Finfish)

a. Red lionfish (Pterois volitans)
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2. Mollusks
a. Asian nreen mussel (Perna viridis)
b. Charrua mussel (Mytella char-ua,?a)

3. Shellfish
4. Crustaceans

a. Barnacle (Megabalanus coccoponia)
b. Isopod (Synidotea laticauda)
c. Green porcelain crab(Pet-olisthes arm atus)
d. Spiny hands crab (Chwybdis helleri)

d. Pathways of Introductions
i. Overview of USGS pathways database analysis

1. Description of database
2. South Carolina summary
3. Comparison to southeast region

ii. Stocking
1. Historic and current game fish stocking policies

iii. Aquascaping (water gardens; plant nurseries)
iv. Aquarium/Pet Trade (intentional and accidental releases)
v. Shipping (Maritime Industry)
vi. Bait

vii. Aquaculture
viii. Hitch hikers (boating)

3. Jurisdictions and Responsibilities
a. State Entities

i. S.C. Department of Natural Resources
ii. S.C. Aquatic Plant Management Council,

iii. S.C. Department of Agriculture
iv. Clemson University, Dept. of Plant Industry

1. S.C. Crop Pest Commission
v. S.C. Sea Grant Consortium

b. Federal Entities
i. U.S. Department of Agriculture

1. Animal and Plant Health Inspection Service
2. Natural Resources Conservation Service

ii. U.S. Coast Guard
iii. U.S. Army Corps of Engineers

1. Charleston District
2. Savannah District

iv. U.S. Fish and Wildlife Service
v. National Park •; i.i- -.-.--.--. --. --. --.--.-------- --e. .---- [-K -]---: - -nth -

c. Electric Power and Water Utilities
i. Santee Cooper, Duke Energy, SCE&G, Progress Energy
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4. State and Federal Legislation (Summarize in table and put details in. appendices?)

a. State Legislation
i. South Carolina Noxious Weed Act (Title 46, Chapter 23).

1. S.C. Department of Agriculture
2. Description

ii. State Crop Pest Act (Title 46, Chapter 9)
1. State Crop Pest Comlmission

2. Description

iii. Aquatic Plant, Management Act (Title, Chapter 6)

]. S.C. Department of Natural Resources
2. General description
3. APM Trust Fund
4. APM Council
5. APM Plan

iv. Prohibited aquatic plants (Section 50-13-1415)
1. S.C. Department of Natural Resources

2. Description.

v. Prohibited fish (Section 50-13-1630)
1. Description

b. Federal Legislation (same as above?)
iL. National Invasive Species Act of 1996 (P.L. 104-332)
ii. Plant Protection Act of 2000 '(PPA, 7 U.S.C. 7701 et seq.)

iii. Transportation of Water Hyacinths (Title 18, Part 1, Chapter 3,

Section 46)
iv. National Invasive Species Council (Executive'Order 13112)

5. Management Goals and Objectives

6. Proposed Management Actions and Legislative Initiatives

7. Implementation Table

8. Monitoring and Evaluation

9. Literature Cited

10. Appendices

a. APPENDIX A. MEMBERS OF THE SOUTH CAROLINA AQUATIC
INVASIVE SPECIES TASK FORCE
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b. APPENCIX B. INVASIVE SPECIES IN SOUTH.CAROLINA
c. APPENDIX C. SU`.NQARY OF SOUTH CAROLINA STATE LAWS,

PROGRAMS, AND REGULATIONS RELEVANT TO AQUATIC
INFVASIVE SPECIES

d. APPENDIX D. SUMM4ARY OF FEDERAL LAWS, PROGRAMS, AND
REGULATIONS RELEVANT TO AQUATICINVASIVE SPECIES

e. APPENDIX E. SECTION 1204 OF THE NATIONAL INVASIVE
SPECIES-ACT OF 1996

f. APPENDIX F. SUMMBARY OF INTERNATIONAL LAWS AND
TREATIES RELEVANT TO AQUATIC INVASIVE SPECIES
APPENDIX G. PUBLIC COMMENTS RECEIVED AND RESPONSES

h. APPENDIX H. PUBLIC COvMMENTS RECEIVED ANDRESPONSES
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Introduction

Jt is wvell documented andacknowledged that non-native aquatic invasive species cause

serious ecological and economic harm to water resources in many regions of the country,

Cong-ress first addressed this concern by passing the Nonindigenous Aquatic Nuisance

Prevention and Control Act of 1990, which targeted the control of zebra mussels in the

Great Lakes. Later it passed the National Invasive Species Act of 1996 (P.L. 104-332),

which greatly expanded nationwide recognition and coordination of aquatic invasive

species. This law established the Aquatic Nuisance Species Task Force and made it

responsible for developing voluntary national g-uidelines for ballast water management.

It also charged the ANS Task Force with national coordination of aquatic inyasive

species through regional panels. Section 1204 of the Act specifically authorized the

development of comprehensive state invasive species management plans and authorized

federal matching funds for states with comprehensive management plans that were

submitted to and approved by the ANS Task Force.

Purpose and Scope

Clearly, one of the purposes for completing a state aquatic invasive species management

plan is to help satisfy a requirement of the National Invasive Species Act. The approved

plan may even result in the state receiving federal assistance for managing aquatic

invasive species. However, the greater value in completing the plan and the primary

purpose of the South Carolina Aquatic Invasive Species Management Plan is to provide

guidelines for the coordinated management of aquatic invasive species in order to

minimize their ecological and economic impacts to the state's marine and freshwater

enviroriments. The Plan identifies current and potential aquatic invasive species

problems and threats to the state and recommends specific actions that could prevent

additional aquatic invasive species introductions and allow for rapid and effective

response to problems when they arise. Secondly, the planning process establishes a

formal communication network of public and private entities through the creation of the

State AIS Task Force. The Task Force is a critical element in ensurhig good

communication and diverse input to management decisions.
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The scope of the plan is limited to the State of South Carolina; however, it is understood

and expected that management activities will need to extend beyond these political

boundaries. Three out of the state's four major river basins receive inflow from

neighboring states. Consequently, state authorities need to work closely with their'

counterparts in Georgia and North Carolina to minimize possible AIS introductions from

those states.

Plan Development Process
A multi-agency task force was assembled to provide guidance in developing the plan.

Individual task force members were selected based primarily on their experience with

invasive species issues. Most members were selected from the State Aquatic Plant

Management Council, the State Aquatic Nuisance Species Communication Plan Advisory

Committee, and the State Zebra Mussel Task Force. The Aquatic Invasive Species Task

Force included 34 members representing ten state agencies, eight federal agencies, four

private entities, and 4 non-profit organizations. A complete list of AIS Task Force

members is presented in Appendix A.

The plan was developed over a one-year period starting in July 2006. The AIS Task

Force met every other month to review homework assignments and work on specific

sections of the plan. A schedule was provided to all members that included proposed

meeting dates for the year and anticipated completion dates for sections of the plan. A

web site that included detailed information about the planning process and task force

activities was established to help facilitate communication among task force members

and provide the public with up-to-date information on the plan's development.

Communication anmong task force members between meetings was conducted primarily

by email. The final draft was sent out for public review and conmment for a.30-day

period. Comments were reviewed, discussed among Task Force members, and

incorporated as appropriate. The final report was forwarded to the Governor's Office and

sent to the Aquatic Nuisance Species Task Force for approval.
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Interaction with Other Plans
Development, of theAquatic Invasive.Species Management Plan was closeW, coordinated

with recommnendations in the 2005 State Comprehensive Wildlife Conservation Strategy

(SCWCS). In addition to numerous species-specific recommendations, The SCWCS

identifies five general conservation actions pertaining to invasive species. These are:

1, Prevent the spread of existing invasive and non-native species, eliminating them,

where possible.

2. Determine the impacts of invasive and non-native species on South Carolina's

priority species and habitats used by those species.

3. Strive to prevent the import of additional invasive and non-native species to South

Carolina-

4. Develop and conduct an education .and outreach campaign to raise awareness of

the impacts of introducing non-native species into South Carolina.

5. Develop partnerships with other entities in South Carolina to address impacts

associated with invasive and non-native species.

The Aquatic Invasive Species Management Plan addresses each of these action 'items.

Since 1981, the Department of Natural Resources in conjunction with the State Aquatic

Plant Management Council has developed annual Aquatic Plant Management Plans that

identify public waters with nuisance aquatic plant problems and prescribe management

actions. This planning process is established by law. The AIS Management Plan

recognizes this as an effective statewide management effort for the control of invasive

aquatic vegetation. It is identified as an action item in the AIS Management Plan that

should continue as currently established.

Define "aquatic invasive species"

Many non-native and non-indigenous species can coexist with native species and may be

beneficial. These species typically do not reproduce rapidly or develop large populations.

For the purposes of this plan the term "aquatic invasive species" refers to nonindigenous

species that live most or all of their lives in freshwater or marine/estuarine enviromnents
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and threaten the diversity or abundance of native species or the ecological stability and/or

uses of infested waters.

Problem Description

Background

Our increasingly global economy has encouraged the rapid movement of plants and

animals to areas outside their native ranges. Not all non-native species cause problems;

however, those that are able to avoid predation and disease and are able to reproduce

rapidly or at least persistently can become very abundant. It is these invasive non-native

species that are cause for concern. Aquatic invasive species adversely impact native plant

and animal populations, disrupt natural ecosystem functions, and impair beneficial use of

our waterways. Specific impacts include:

* Blocked water flow and clogged water withdrawals for municipal, industrial,

agicultural purposes and for electric power generation

" Impaired recreational uses (swimming, hunting, fishing, boating)

" Fouled boat hulls and motors

" Reduced waterfront property values

* Degraded water quality

* Declines in fin and shellfish populations

* Reduced diversity of native organisms and desirable wildlife populations

* Flooding due to restricted flow, and

* Expanded breeding habitat for mosquitoes and other pests.

South Carolina has an abundance of freshwater and marine resources. Four major river

basins, the Savannah, ACE (Ashley, Combatee, and Edisto), Santee, and Pee Dee include

over 11,000 miles of rivers and streams with an average daily flow of about 30 billion

gallons. These basins also contain about 1,600 impoundments often acres or more in

size with a total surface area of over 521,737 acres. In addition, the state's 200 miles of

shoreline along the Atlantic Ocean incorporates about 750,000 acres of estuaries. These

waters provide important habitat for fish and wildlife populations, support diverse
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recreational activities, provide a source of water for industrial, municipal, and agricultural

withdrawals, and support commercial and recreational navigation that are important to

the economy of the state. The influx of non-native invasive species can severely impact

these important water resources.

It is estimated that non-native invasive species cost the U.S. economy $120.billion

annually in lost production, control costs, and environmental damage (Pimentel et al.,

2005). In addition, about 42 percent of the nation's endangered or threatenied species are

significantly impacted by non-native i, vasive species. While the full economic impact

from aquatic invasive species is not well documented for South Carolina, a critical

incident in 1991 and state records of aquatic plant control costs since 1980 help frame the

extent of the problem..

The aquatic weed hydrilla is attributed to causing one of the geatest single irmpacts from.

an invasive species in the state. Hydrilla populations in the Santee, Cooper Lake System,

a large hydroelectric project north of Charleston, had been expanding rapidly since 1982.

Following a storm in 1991, large rafts of hydrilla were dislodged and floated into the

water intake canal and impinged on the debris screens of the St. Stephen Hydroelectric

Facility. The power plant was shut down for weeks while hydrilla was removed from the

screens. The economic impact from that incident alone was esthnated at $4 million in

lost electric power generation and associated costs. In addition, the shutdown prevented

water flow downstream, which resulted in oxygen depletion and one of the state's largest

fish kill incidents with $526,000 in lost game fish. Hydrilla continued to impair electric

power generation at St. Stephens to a lesser extent during subsequent years.

The economic impact of invasive species infestations to the state is also reflected by the

cost of preventing water-related problems through ongoing control operations. From

1981 to 2006 a total of $22.6 million has been spent to control hydrilla and other priority

invasive plant species in public waterways. These expenditures are a combination of

state, federal, and local (public and private) funds. This cost does not include aquatic

plant control expenditures by the private sector and federal facilities around the state. It

10



is also limited to the control of invasive aquatic plants and does not include impacts from

the Asiatic clam which invaded the state in the 1970's, certain non-native game fishes

stocked over the past 40 years, and a variety of marine organisms released along our

coast.

Species Introductions
The U.S. Geological Survey Center for Aquatic Resources Studies maintains an excellent

database on introduced aquatic non-indigenous species by state. A-review of the data for

aquatic animals indicates that the number of non-native species introduced to the state

has increased substantially in recent years (Fig. 1). About 87% of all aquatic animal

species introduced to the state were introduced after 1950. Most of these wiere fish (68%)

and about 59% came from other regions of North Armerica, eight percent from South

America, and eight percent came from Asia (Fig. 2). By far most. introduced aquatic

animals are freshwater species (82%), followed by marine (15%) and brackish water

(3%) species (Fig 3).
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Unfortunately, the USGS database does not include non-natie aquatic plants in the state

summaries. If it did, the total number of introduced species would be even higher.

However, the overall conclusion would be the same. That is, the state is experiencing an
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increasing influx of non-native species.from locations all over the world. Aquatic

invasive species of particular concern to Suth Car6lina are discussed below.

Invasive Species of ConCern

This section describes species that are particularly problematic to South Carolina. State

management and control are focused primarily on theses specific species. However,

there are other species of concern, and South Carolina will focus on preventing the spread

of all aquatic invasives and controlling their impacts.,

Freshwater Plants

Hydrilla (Hydrilla verticillata)

Hydrilla is an introduced submersed perennial originally from Asia. The two biotypes,

dioecious and monoecious. that occur in the United States also occur in South Carolina.

Dioecious hydrilla was first found in 1982 near a fishing camp in Lake Marion. It has

spread to II public waterbodies and over 55,000 acres throughout the state. The largest

populations have occurred in Lake Marion, Lake Moultrie, Lake Murray, the Cooper

River, Goose Creek Reservoir, and Back River Reservoir. Lesser amounts occur. in Lake

Greenwood, Lake Keowee, and Lake Watei-ee. Monoecious hydrilla, which was first

found in 1995 in the J. Strom Thurmond Reservoir on the South Carolina/Georgia border

and more recently in North Carolina reservoirs near Charlotte, threatens to spread to

additional South Carolina waters. Both forms were probably introduced inadvertently by

boaters or anglers from framnents on recreational boats, their motors and trailers, and in

live wells.

Hydrilla reproduces rapidly from plant fragments, tubers and turions, and forns very

large populations up to 25 feet in depth. The greatest amount of growth occurs near the

water surface where dense surface mats decrease plant diversity by displacing beneficial

native species. Hydrilla increases mosquito breeding sites, impairs boating activities

(sailing, motor boats and jet skies), clogs municipal and industrial water intakes, as well

as cooling water intakes for electric power plants. It decreases oxygen levels and lowers

water quality, and decreases lakefront property value. Hydrilla is the most problematic
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aquatic plant in the state with over $14.7 million spent since 1982 in controlling over

58.000 acres statewide.

a infested 90% of Goose Creek Reservoir in early 1990's.,
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Hydrilla covered over 10,000'acres in upper Lake Marion.

Water hyacinth (Eichhornia crassipes)

Water hyacinth is a showy, free-floating plant from Brazil that reaches up to 3 feet in

height. Water hyacinth was most likely introduced to public waters by homeowners

discarding water garden plants. Water hyacinths have beeni in the state prior to 1980 with

the largest concentration in water bodies near Charleston such as Back River Reservoir,

Cooper River and Goose Creek Reservoir. Water hyacinths have spread south to the

Ashepoo River and Savannah River, north to the Waccamaw River and Pee Dee River,

and northwest'to upper Lake Marion. Infestations have been found in small private

ponds in Lexington County near Columbia. By forming new plantlets, a population can

completely dominate and obstruct a body of water in a short period of time. Native

species are.excluded, and large populations may affect water quality. Its floating mats

block public access and use of lakes at boat ramps; it also covers coves and shoreline

areas, clogs industrial, municipal and electric power plant <,ater intakes. Large

infestations inhibit water flow causing upstream flooding during heavy rain events.

Water hyacinth is the second most problematic invasive aquatic plant in South Carolina.

Since 1985, over 14,000 acres of water hyacinth have been treated in South Carolina's
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public waterways at a cost of over $1.3 million. Annual treatmnents help keep this prolific

plant in check in most areas.
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Comn m on reed (Phrragmites australis)

Phragmites is a tall grass that gows up to 10 feet tall-and forms dense monotypic stands.

While it is native to North America, the variety that occurs in South Carolina originated

in Europe. Phraogmites was first noticed in the 1970s in waters near Georgetown where it

is speculated that it arrived on contaminated dredge equipment from northern states. It is

still most problematic in this area. The coverage of this plant is not fully lkown in South

Carolina, but estimates are that it exceeds 3,000 acres and it is spreading. Phragnfites is

not a problem in major reservoirs. It is more commonly found in freshwater

impoundments along the coast and in estuaries and marsh ecosystems. It is not good

waterfowl food and it outcompetes native plants that provide food and habitat for

waterfowl. Over $1 million has been spent to control Phragmites in the state since 1985.
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Water lettuce (Pistia stratiodes)

Water lettuce is a free-floating, stoloniferous perennial from the tropical/subtropical

regions of the world. Water lettuce was first found in South Carolina on the Waccamaw

River near Brookgreen Garden in 1991; however, cold winter temperatures, apparently

eliminated that population. It currently is present in Goose Creek Reservoir north of

Charleston. This infestation cane from a private upstream subdivision lake. Water

lettuce forms large floating mats that impair water flow, public .access and use of.

waterways, and clog water intakes. Large populations can completely co•ier the water

surface in small lakes and small coves of large lakes and degrade water quality and

impact native plants and animals. This species reproduces rapidly from a single plant and

is easily spread to other water bodies by man.
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Giant satvinia (Salvinia molesta)

Giant salvinia is a small, free floating, introduced aquatic fern. Giant salvinia was' first

found in South Carolina in 1995 in a private pond in Colleton County. The introduction

originated from contaminated shipment of water garden plants rorm California. Close

coordination and rapid response between SCDNR, Clemson Extension Service, and

USDA resulted in successful eradication in 1995. A new population was found in 2004

in a Jasper County plantation pond. The introduction originated from contaminated water

-garden plants purchased in Georgia. This

population was successfully eradicated by

2006 using repeated herbicide treatments.

Populations of giant salvinia in North

Carolina and Georgia provide a close

source for new infestations in South

Carolina. Giant salvinia can be a very

problematic plant in South Carolina. Its

rapid growth characteristics (can double its biomas every seven days) could make this

one of the most problematic plants ever. Giant salvinia can impact irrigation systems,

navigable waters, fisheries, electric power production, and municipal and industrial water

intakes. Giant mats reduce light penetration and result in oxygen depletion. As light

becomes limiting, it affects the growth and survival of phytoplahkton and vascular plants.

Oxygen depletion may be so severely reduced beneath a mat that it influences fish

survival. Extensive mats may exacerbate a situation because they prevent water

circulation and mixing.
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Alligatorweed (AltermaZthera ph iloxeroides)

Alligatorweed is an aggressive emergent perennial from South America. The original

pathway of introduction to South Carolina is unknown, but likely originated from

aquarium disposals. Alligatorweed is found throughout South Carolina but is most,

problematic in waters in the northern Pee Dee Basin. Alligatorweed spreads rapidly by

fragmentation. Biological control agents introduced many years ago, such as

alligatoreed fleabeetles and stem borer moths, keep populations in most of the state

under control. Alligatorveed displaces native vegetation, disrupts navigation, recreation.

andwater flow by the formation of impenetrable mats. It decreases uptake for

agricultural, municipal and industrial purposes and expands human health risks with

increases.in mosquito breeding habitats.
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Brazilian elodea (Elodea densa)

Brazilian elodea was the most problematic submersed aquatic plant in South Carolina
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prior to the introduction of hydrilla in 1982. Original pathway of introduction is

unknown. The earliest report of Brazilian elodea in the United States was from Milineck,

Long Island' where the plant was collected in 1893. It was offered for sale in the United

States in 1915. where it was recommended as a good "ox'yenator" plant. In South

Carolina, populations have been identified in the Saluda River below Lake Murray,

Savannah River near Augusta, Richard B. Russell Lake, Waccamaw River and small

ponds upstate.. After Brazilian elodea has been introduced into a lake it grows rapidly

and creates dense mats on the waters surface. These mats will choke out native plants
that don't grow as quickly. It impedes boating, fishing, swimming, water skiing and

other aquatic activities. The mats are unsigbtly and provide poor habitat -for fish. It will

for-n amonotypic stand that can become so dense that water movement is restricted and

can cause fluctuations in water quality, and it traps sediment. The fragimented pieces can

ciog water intake pipes. Because this plant spreads readily through fragmentation,

mechanical controls such as cutting, harvesting, and rotovation. (underwater rototilling)

should be used only when the extent of the infestation is such that all available niches

have been filled. Application of herbicide is recommended over mechanical control.

Water primrose (Ludwigia hre.apetala)

The original introductory pathway of water primrose is unknown. Water primrose is

found throughout the state in man-made impoundments but is most problematic from the

fall line to the coast. There are problem populations in Back River Reservoir, Goose

Creek Reservoir, the Santee Cooper lakes. Water primrose is an emergent perennial that

grows to 3 feet tall but stems may be man), feet long when floating on the water. This
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shoreline plant is very difficult to control due to extensive underground rhizomes.

Unlike most shoreline species new shoots can float on the water surface and extend far

from shore. Adverse impacts include restricted public access to waterways and use of

shoreline areas, binpaired navigation-in small channels, restricted water flow, formation of

free-floating mats, and clogging of water intakes.
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Freshwater Animals

Spotted bass (Micropterus punctulatus)

jj R

Spotted bass populations are found in the Tennessee drainage and were probably illegally

introduced to South Carolina by anglers. They are quite prolific where established and

may be competitively displacing largemnouth populations in upstate Piedmont and

mountain lakes, as they are in Lake Lanier in Georgia. Spotted bass seem to dominate

the fishery in largemouth bass lakes. Bass anglers are catching them in good numtbers
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because of their relatively large population size. They seemed to be easier to catch, but

the populations are so great that average size is going down compared to largemouth

bass. Spotted bass are hybridizing with red-eye bass (Micropterus coosae), which is a

native Piedmont mountain bass. The red-eye bass does not attain a large size like

largemouth bass or support a large fishery, but hybridization may be eliminating this

native bass species.

Flathead (tlodictis olivaris) and blue catfish (Ictalurusfurcatus)

Flathead catfish and blue catfish are native to the Mississippi drainage and were.

introduced into lake systems in South Carolina during the 1960s. These top predators

thrived and became popular in lakes, especially in the Santee Cooper system. Flathead

and blue catfish now support a large recreational and commercial fishery. They, are now

found in the Edisto River and several coastal plain rivers, where they have negatively

affected a previously popular fishery for native catfish and redbreast sunfish. These

species are able to survive in any water in the state.

White perch (Morone americana)
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White perch have become established throughout the state and have compete with white

bass. White perch are native to South Carolina's coastal rivers but. have been moved to

upstate reservoirs and may be competing with the crappie fishery., White perch' have

displ'aced-white bass, which are not native to the state but were managed as a sport

fishery in upstate reservoirs.

Green sunfish (Lepomis cyanellus)

Green sunfish are native to the central and eastern United States west of the Appalachian

-mountains and east of the Continental Divide, fi-om the Great Lakes region south to the

Gulf Coast states and northeastern Mexico. Green sunfish has been introduced in

Piedmont rivers and streams where it could be having an effect on native species of

warmwater streams. To date, no information is available on bow areen sunfish have

affected native fish fauna in Piedmont rivers and streams.

Mollusks

Viviparid snails
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V1viparus georgianus Viviparus subpurpureus BellanIyajaponica
photos courtesy of Rob Dillon, Collage of Charlesion

The ecological and economic impacts from non-native snails in South Carolina is not

well known. Two species of particular concern include :Vivipar-us subpurprueus and

Bellamyvajapanoica. Millions of viviparid shells have been identified on beaches at

Lake Marion, one of the Santee Cooper lakes. The shells were a mixture of

approximately 95 percent Viviparus subpurpureus and 5 percent V georgianus. This is

the first known report of V. subpurpureus in an Atlantic drainage, as well as the first

report that this species can be invasive.

Native to Southeast Asia, Bellamyajapornica (sometimes misidentified as the Chinese

mnysterysnail, Cipangopaludina chinensis mnalleata) was first int-oduced to North

America in the late 1890s and has now become firmly established in the United States.

Healthy populations have become established in South Carolina (Jonesville Reservoir,

Lake Greenwood, and Lake Marion). The species is believed to be spread mainly by

water garden hobbyists.

Zebra mussels (Dreissenapolymnorpha)

While zebra mussels have not yet been found in South Carolina, they occur nearby (near

Knoxville, Tennessee) and threaten to invade the state's waterways. A statewide zebra

mussel risk assessment indicated that water quality conditions (soft water) should inhibit

the growth and reproduction of zebra mussels in most of the state; however, water quality

conditions are more favorable in the middle Piedmont region from York County to
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McCormick County. the Intracoastal Waterway near Georgetown, portions of the Cooper

and Ashleyrivers near Charleston, and the Savannah River near Savannah, Georgia.

The growth of zebra mussel populations can cause significant ecological consequences

throughout an aquatic community. They are efficient filter feeders, so can remove large

amounts of phytoplankton from the water which serve as the primary energy source in

most aquatic ecosystems. Zebra mussels like to attach and coloniize on hard surfaces

including native clams and mussels. Clams covered with zebra mussels cannot open their

valves and as a result are smothered thus reducing the rich diversity of the mussel and

clam community. When zebra mussels impact aquatic communities, recreational angling

usually suffers. Unprotected docks, break-walls, boat bottoms and engine outdrives can be

rapidly colonized. Economically, industries, including hydropower production facilities

and water utilities that take water from inland waters, would incur costs of removing

zebra mussels from clogged intake pipes.

Asian clams (Corbiculafluininea)
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The Asian clam was first reported in the United States in Washington's Columbia River

in the 1930s. It was likely introduced intentionally for harvest and consumption purposes

(Counts, 1986). Corbiculafluminea spread mostly through human activities, such as bait

bucket dumping, aquaria releases into streams or canals, and intentional releases by

people who bought the clams at food markets. Asian clams may also have been a

contaminant in an imported aquaculture species. Another pathway for dispersal is the

passive movement of larvae in water currents. Since then it has spread across the

country, with the first reports of it in South Carolina were from the Pee Dee River in the

late 1960s or early 70s. From there it has spread to the Savannah River, the Santee

Rivers, and throughout the state. Ecologica] impacts of Asian clam infestations include

the altering of benthic substrate and increased competition with native species for food

and habitat resources. Periodic massive dieoffs of the Asian clam have been linked to

mortality of native freshwater mussels (Scheller, 1997), and the clam has been blamed for

the decline and local extinctions of several native freshwater mussel species (Williams,

1997). Asian clams also serve as a food source for many species favored by fishermen,

including largemouth bass and freshwater drumn. But this benefit is outweighed by the

economic burden borne by industries and municipalities. Economically,. the Asian clam

introduction has been related to biofouling of power plant water intakes and other

municipal and industrial water intake and supply systems. In some parts of the United

States, C. fluminea also causes problems in irrigation canals and pipes (Foster et al.

2000).
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Insects

Asian tiger mosquito (Aedes albopictus)

Aedes albopictus, the Asian tiger mosquito, has perhaps been the most successful aquatic

invasive species to encroach into South Carolina over the past eighteen years. First

documented in South Carolina in 1988, the species has spread rapidly and now occurs in

all 46 counties. First found in the United States in Texas in 1985, Ae. albopictus is

thought to have entered the country through the worldwide distribution of used tires.

This species is a competent vector of many viruses including dengue fever, Eastern

equine encephalitis, potentially St. Louis and LaCrosse encephalitis, as will as dog.

heart-,orm. The life cycle ofAe. Albopictus is closely associated with human habitat and

'it breeds in containers of standing water. It is a very aggressive daytime biter with peaks

generally occurring during early morning and late afternoon. It feeds on a number of

hosts, including man, domestic and wild animals. It generalized feeding behavior

contributes to its vector potential. (Dr. Chris Evans, SCDHEC)

Asian mosquito (Ochierotatus japonicus)
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Ochleroatausjaponicus. an Asian species generally found in Japan and Korea,. was first

documented as occurring in South Carolina in 2003. Initially found in northern

Greenville County, the species has spread to nine South Carolina counties, primarily in

the upper Piedmont and Central Midlands (Oconee, Pickens, Greenville, Anderson.,

Laurens, Union, Cherokee, York and Richland). Oc.japonicus was first detected in the

United States in 1998 in New York and New Jersey. Since its first discovery, the species

has rapidly expanded it range. By the end of 2003, the species had been documented as

occurring in 19 states, primarily on the eastern seaboard. The species is suspected of

being a vector of Japanese encephalitis, West Nile virus and St. Louis encephalitis, The

larval habitat for the species is similar to that of,4e. Albopictus, with larvae typically

being found in small-wvolume containers such as bird baths, buckets, plastic containers,

wheelbarrows, animal watering containers and tires. While not considered an aggressive

human biting mosquito, the species is primarily a day and early evening biter. (Dr. Chris

Evans, SCDHEC)

Crustaceans

Mammals

Nutria (Myocastor coypus)

Photo:USGS

South Carolina's State wildlife officials are concerned that nutria may soon be showing

up in the Savanniah and Pee Dee river basins. Nutria were introduced from Argentina to

the United States in 1938 as a biological agent for controlling aquatic weeds. During the

1950s initial destruction caused by these animals on marshes, rice and sugarcane field

was documented, but their valuable fur had already become a target for fur traders.
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Haivesting of nutria fur caused them to be listed as protected wildlife in 1965. During the

1980s the international fur market declined and nutria populations started dramatically

increasing and the damage to wetland habitats became intense. Ecological impacts from

nutria are caused by herbivory damage in emergent marsh grasses where nutria graze.

Concerted efforts to regeneratebald cypress forests have largely been unsuccessful due to

nutria damrage. Burrowing causes significant dlamage in areas of infestation. Large

underground tunnels built by nutria weaken the sides of drainage canals, water

impoundments and levees. Nutria overgrazing exacerbates cave-ins and erosion

problems in these areas. Economic impacts from nutria have been seen in other states.

but not in South Carolina at this time.

Marine/Estuarine Plants

Beach vitex (VJiex rotundifoia)

Haven't received permission for us of photo yet; left voicemail with Chuck Gresham
Text coming. D. Knott.
Problems on the South Carolina coast are still being investigated with beach vitex, which
is used for sand dune stabilization. Ecological impacts include crowding out beneficial
species such as American beach grass and sea oats.
Beach vitex also interferes with nesting of sea turtles, a protected aquatic species.
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Marine/Estuarine Animals

Fishes

Red lion fish (Prerois volitans)

Text coining. D. Knott.

Mollusks

Asian green mussel (Perna viridis)

photos courtesy of the Sc

Text coming. D. Knott.

Charrua mussel (Mytella charruana)
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PERMISSION FOR USE OF THIS
Text coming. D. Knott.

Shellfish:
Any to include here?

Crustaceans

Barnacle (Megabalanus coccopoma)

a,

Text coming. D. Knott.

Isopod (Synidotea laticauda)
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Text coming. D. Knott.

Green porcelain crab (Petrolisthes armatus)

Text coming. D. Knott.

Spiny hands crab (Charybdis helIeri)
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Text coming. D. Knott.

Pathways of Introductions

The mechanism, or pathway, by which non-native species enter the state is important in

order to prevent or minimize additional introductions. An analysis of the USGS Center

for Aquatic Resources Studies database (Fig. 4). which only includes aquatic animals,

indicates that the major pathways for non-native species to enter South Carolina are

stocking (44%). aquarium releases (14%), shipping (11%),. and bait releases (10%).

These sources are comparable to other states in the southeast. Except for Florida,

stocking is the greatest source of introduced non-native species for all other southeastern

states. Stocking averages 43% for other southeastern states with ranges, from 30% in

Louisiana to 56 % in Tennessee (Table 1). These same states site stocking, aquarium

releases, bait releases, and aquaculture as the -top sources for introduced species.
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Figure 4.

Table 1. Major Pathways of Introductions for Southeastern States.

State Stocked Aquaculture Bait Aquarium Shipping

4•L 46 13 17 5 4

FL 13 11 4 36 11

SA 42 7 26 8 3

LA 30 23 8 15 7

MS 40 14 8 10 6

NC 42 3 24 9 6

SC 4": 9 :

TN 56 5 18 4 1

TX 48 4 11 18 4
VA 41 5 21 5 9

Average 40.2 9 14.6 12.4 6.2

When aquatic plants are included in the analysis, the top pathways for introductions for

South Carolina are stocking (37%), aquascaping (16%), aquarium releases (12%), and

shipping (9%) (Fig. 5).
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South Carolina Pathways for Introduced Aquatic

Plants and Animals

3% 7% 4% [I Aquaculture

* Aquarium

D Aquascaping
0 Bait

16% 8 Hitchhiker
M Pet releases
3I Shipping

8% 0 Stocking

1 Other

9% In Unknown

Figure 5.

Number of Species Established Through Each Pathway
In South Carolina

Pet releaselescape

0 5 10 15 20
Number of species

25 30

Figure 6.
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Stocking

An analysis of how non-native species originally enterthe state highlights the factthat

the primary pathway has been the intentional stocking of fish (37%). This should not be

too much of a surprise since the largest group of non-native species introduced into South

Carolina have been fish (68%). Prior to 19??, stocking of game fish by the S.C.

Department of Natural Resources (formally the S.C. Wildlife Department) and by most

fish and wildlife agencies nationwidewas standard operating procedure. The philosophy

at the time was to stock game fish in public waters that provided anglers with an exciting

and varied fishing experience. The potential impact of those stockings on native fishes

and other aquatic organisms was not weighed as heavily as it is today. Fortunately, most

stockings were with species native to North .America and usually to the southeast.

Because these species were carefully selected to live in South Carolina waterways, this

pathway has one of the highest percentages of species establishment after introduction

(Fig. 6). Stocking non-native fish in South Carolina is now limited to the introduction of

sterile grass carp and Tilapia for aquatic plant control, white bass in major reservoirs, and

...(What else?)

At the present time, there are no laws against moving fish that are established in the state.

One can move fish without a stocking permit into ponds. Fish can escape from their

ponds and become established in public waters.

Aquascapin2 (water gardens. plant nurseries)

This pathway, which is the second largest source of introductions to the state (16%),

primarily facilitates the introduction of non-native aquatic plants but may also include the

introduction of non-native fishes, such as koi. The water garden industry appears to be

increasing as more and more homeowners build backyard ponds and water features.

Clemson Department of Plant Industrsy reports an increase in the nunber of nurseries that

carry aquatic plants for sale. Recent outbreaks of water lettuce, water hyacinth, and
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Giant Salvinia have been attributed.to homeowner introductions of plants purchased for

use in water gardens.

Aquarium/ Pet releases and escapes

Combined, Aquarium and pet releases make up 15% of all non-native introductions to the

state (Fig. 5). Department of Natural Resources fishery biologist routinely capture or

receive reports from anglers of South American Pacu caught in state waters. This relative

to Parana is purchased as an aquarium pet and often released into the wild after they out-

grow their aquarium. While it is not well documented, it is possible that introductions of

the aquatic weeds hydrilla and Brazilian elodea also came from aquarium releases. These

are both popular aquarium "oxygenating:^ plants. Other examples of introductions from

this source are African snails, .... (what else?) Fortunately, only about one-third of all

aquarium species identified in South Carolina waters have established populations (Fig.

6). Since many of these species are tropical or subtropical they may survive South

Carolina winters by taking refuge in spring-fed waters that do not get as cold in the

winter or in thermal effluents of power plants or other industrial facilities. No

comprehensive information is available on the distribution of aquarium fish or other pets

in South Carolina.

Shippin2 (Maritime)
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Commercial shipping has been identified as the fourth largest pathway for the

introduction of non-native aquatic species in the state. Nine percent of all non-indigenous

aquatic species have arrived by this pathway. Commercial shipping is big business im

South Carolina. The Charleston Customs district ranks as the nation's sixth largest in

dollar value of international shipments, with cargo valued at more than $53 billion

annually. State ports pump over $23 billion into the state economy and generate $2.5

billion in state and local taxes.

Four major ports provide access to state waterways, Charleston, Georgetown, Port Royal,

and Savannah (Georgia). In 2005, the Port of Charleston was the busiest container

shipping port along the Southeast and Gulf coasts. In fiscal year 2006, the State Ports

Authority alone served 2,167 ships and barges at its terminals in Charleston, Georgetown

and Port Royal.

The principal way that aquatic invasive species can enter state waters through shipping is

by the discharge of ballast water while ships are in port. Ballast water is pumped in to

the hull of a ship to help stabilize the ship-and keep it upright while carrying cargo. This

water is often discharged at the receiving port after the cargo is unloaded. Each ship may

take on and discharge millions of gallons ofwater. Ballast water taken on in foreign ports

may include an abundance of aquatic plants, animals, and pathogens not native to South

Carolina. If discharged into state waters these foreigm species may become problematic.

The U.S. Coast Guard has developed a nationwide Ballast Water Management Program

and is responsible for enforcing it in South Carolina-

Ballast water discharges are of particular concern at the ports of Charleston, Georgetown,

and Savannah. All three of these areas were identified in a 2002 zebra mussel risk

assessment as sites in which water quality was suitable to support zebra mussels. Because

of the water quality of these sites they are a possible sources of introduction of marine,

estuarine and freshwater organisms.
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Bait Releases

Bait releases make up eight percent of all introductions. Bait is imported from many areas

outside of the state. so has the potential to be contaminated with local plants- and animals,

associated diseases, and parasites. Specifically, dead or live shrimp used fofbait can

carry disease that can impact native shrimp populations. South Carolina has not bad'a

problem with other species of bait to date. Baitfish introduction of blue-backed herring

occurred in late 1970s to early 1980s. Blueback herring are native to South Carolina,. but

are causing problems in oligotrophic lakes inland in Georgia. Nonnative fathead

minnows are used for bait or forage. Threadfin shad are established and not a big

concern, they can be used as bait. Anglers use shad and herring as bait for striped bass

and catfish fisher,. There is interest in raising rudd for bait, but it is currently illegal. A

number of dealers sell fish for private pond stocking and are restricted.to use of approved

species.

Aquaculture

South Carolina has a diverse aquaculture industry, but it is not a large industry compared

with other southeast states. The industry generates $10 to 15 million annually. South

Carolina's aquaculture interests range from marine to freshwater species. Native clams

(Mercen7aria mercenaria) are cultivated in coastal areas. There is an aquaculture interest

in using non-native clams, shrimp, fish and oysters such as Crassostrea ariakensis

(introduced in Chesapeake Bay) for bottom culture or cages along coastal and offshore

areas: Saltwater aquacuiture facilities raise nonnative shrimp, mostly Pacific white

shrimp (Litopenaeus vannamei) and some freshwater prawn (.'acrobrachium) for.

aquaculture. Native shrimp provide an important capiure fishery along the coast and may

be damaged due to importation of nonnative competitive species, genetic mixing with

highly inbred production stocks, and introduction of associated diseases. Nonindigenous

Australian (red claw) crayfish is under consideration for aquaculture use in South

Carolina.
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Freshwater species include grass carp, striped bass, crayfish, prawn and catfish. Use of

triploid grass carp in privateponds is permitted, which is the majority uise for grass .carp.

Most grass carp are spawned and reared out-of-state, then sold directl]\ by the dealer or

grown Out before selling. One business in South Carolinaproduces them from diploids.

There is a small amount of r-ainbow trout farming in upper regions. (Rainbow trout are

not native but not considered invasive.) The first breeding of hybrid striped bass was

conducted in South Carolina. As a cross between two species, it is also nonnative but not

invasive. Other freshwater species raised include: crayfish Procambarcus clarkii (not

native) and ProcaMbarus acurus (native); the freshwater prawn Macrobrachium

rosainbergii (not native) and channel catfish (argument as to whether it is native). South

Carolina permits raising nonnative crayfish for food. Most of the crawfish raised in the

state for food are native species., such as red crayfish. There is no information on what

their effects could be on native fauna or on potential transfer of disease to saltwater

shrimp industry.

A few production facilities raise baitfish, some saltwater, but on a small scale. Large

baitfish producers in South Carolina have problems maintaining stable markets. The

industry also raises golden shiners; these are not considered invasive except in small

ponds where they can interfere with pond management. Known high-risk species are

rudd, walking catfish, diploid grass carp, freshwater electric eel, and piranha. Many

others are available that are known to be a problem from the experiences in other states.

For example, silver, bighead and black carp have been a problem in other areas. Use of

sturgeon in aquaculture may become a future issue due to South Carolina's endangered

short nose sturgeon and Atlantic sturgeon. All proposed introductions have to go through

the review system for use in research, education, aquaculture and other uses.

Fish, shellfish and shrimp diseases:

A primary concern for nonindigenous shrimp farming is disease amplification and

release. Aquaculture producers are very concerned about all other unregulated pathways

for introducing disease. The main risk of bringing in disease relates to saltwater shrimp.

Health certification is only required for shrimp and shellfish (clams). There are five
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saltwater aquaculture production facilities in the state, which are competing economically

with local shrimp boats and imported shrimp'. Also, nonindigenous shrimp are in the

markets for consumption. Consumers buy live shellfish for consumption from out-of-

state sources. On occasion, they dispose of live leftover shellfish or shells and heads into

the waters: In doing so, they are creating pathways for disease introduction.

There is a large industry of hard clams shipped as small seed from hatcheries in Maine

and New Jersey, grown out and shipped back. There have been some issues with

Virginia and South Carolina producers concerning bringing in souwhern clams, which are

more susceptible to disease (QPX or Quahog parasite unknown). Taura syndrome, )yellow

head and white spot disease can be transmitted by disposal of body parts, either after

humuan consumption or when used as bait. There is evidence of disease transmission

from dead to live shrimp or other native crustaceans. Largemouth bass virus (LMBV) is

not confirmed in any USACOE reservoirs. The Santee Cooper lakes are the first location

where LMNBV was found in the U.S.

Hitchhikers (boating)

Recreational boating is one pathway by which invasive species can enter and spread

throughout South Carolina's waterways. Lakes, ponds, rivers, and coastal w'aters provide

recreational opportunities for a large population of boaters. The transportation of boats

and their trailers between water bodies presents a risk of introduction through hull

fouling, entanglements, and water discharge from bilge pumps and bait buckets. By not

thoroughly washing or rinsing boats and boat trailers, boaters can easily transport aquatic

weeds from one waier body to another. The use of recreational boats for fishing poses

the additional risk of the release of imported bait species or species that serve as hosts for

nonindigenous organisms.

Jurisdictions and Responsibilities

State Entities
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South Carolina Department of Natural Resources (SCDNR)
" Land,- Water and Conservation Division. Environmental Conservation Section -

The division administers the Aquatic Plant Management Program, responsible for

statewide management of invasive aquatic plants in public waters. It develops

annual statewide aquatic plant management plans, coordinates control activities,

implements prevention/public education efforts and identifies research needs.

* Wildlife and Freshwater Fisheries Division, Freshwater Fisheries Section - The

division administers programs such as the Sterile Grass Carp Permit program that

restrict the importation and aquaculture of certain freshwater fish species.

" Marine Resources Division - The division administers programs that regulate the

importation and aquaculture of certain marine organisms. The program is

responsible for commercial fisheries in saltwaters of South Carolina, including

permitting, scientific collection permits, nonindigenous importation, legislation

and policy. Outreach is provided regarding regulatory responsibilities, data

collection and survey. The fisheries management program does fishery-

dependent data gathering. No formal surveys of satisfaction in the commercial

fishing industry have been conducted, but they are considering this possibility.

" Law Enforcement Division - Consetvation officers enforce game and fish laws

and are authorized to enforce all state laws including those by other state

agencies.

* Conservation, Education and Communications Division - The division

administers boater and hunter education programs, teacher workshops and agency

communications.

Aquatic Plant Management Council

This 10-member board was established by law in 1990 to provide interagency

coordination and serve as the principal advisory body to the SCDNR on aquatic plant
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management and researh: The council establislhes muanagement policies, approves all

management plans and advises SCDNR on research priorities.

South Carolina Department of Agriculture

The State Department of Agriculture administers the State Noxious Weed Act, including

enforcement ofthe State Noxious Weed List that features several invasixve aquatic plant

species. It has a limited role in resource management, with more activities focused on

agricultural marketing, promotion and regulation. The department has authority to stop

movement of materials through comrmnercial channels, including sale of plants by pet

stores and water garden distributors. It can place quarantines through the Commissioner

of Agriculture. The, department can use regulatory power to help resource mbanagers

control aquatic nuisance species.

Department of Plant Industry, Clemson University

The Clemson Universii), Department of Plant Industry (DPD) regulatesplant pests

throughout the state. 'The Department's regulatory authority is delegated by The State

Crop Pest Commission (SCPC). It inspects and regulates nurseries, nursery stock dealers

and agricultural producers, and administers the State Crop Pest Act, including the

enforcement of state crop pest list. The state crop pest list comprises all illegal state and

federal species, including several invasive aquatic plant species. The DPI provides

inspection and certification services to agricultural producers to assure they meet pest

free requirements for sales, distribution, and exportation of plant products. There is a

memorandum of understanding between the DPI and the Department of Natural

Resources, which encourages greater focus on the aquatic invasive plant species. The

DPI follows up on reports of invasive plant pest and cooperates with SCDN-R if

eradication or regulatory action is warranted. DPI conducts extensive survey for aquatic

invasive plants such as Salvinia molesta. Recently DPI assisted SCDNR in the

eradication of this invasive aquatic plant from SC. DPI's motto is "Regulation through

Education." DPI is proactive in educating the public about invasive species before they

are out of control.

The Cooperative Agricultural Pest Survey (CAPS) is a joint effort between states and
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USDA APH].S PPQ. The CAPS committee: is made up of individuals from several

agencies that act as an advisor), group for activities to detect or delimit exotic pests in this

state. Committee members provide input on upcoming exotic pest surveys. discuss

survey results, and share relevant information on pest occurrences. Pest distribution data

from surveys is submitted to a national database. CAPS surveys and other monitoring

activities strive to protect agricultural andnatural resources and prevent economic losses

from exotic plants, pests and pathogens. The committee includes a diverse cross section

of agencies that work closely with the public and concerned industries to prevent or slow

the dispersal of invasive plants.

South Carolina* Sea Grant Consortium (SCSGC) and Extension Program (SCSGEP)

The consortium is a university/laboratory-based state agency charged with supporting

research, education, training and technical assistance programs to enhance economic

opportunities and conserve marine and coastal resources. The agency's primary federal

sponsor, the National Oceanic and Atmospheric Administration (NOAA) National Sea

Grant College Program, supports aquatic nuisance species research, education and

outreach activities around the country with emphasis on marine and Great Lakes

environments. The staff includes six extension specialists who focus on aquaculture,

fisheries, coastal hazards, ocean observations, coastal communities and coastal

economics/business. It has four communications staff in graphic design, technical

writing, web design/management and public information. The extension program's

aquaculture program helps develop an economically viable and natural resource-friendly

aquaculture industry. South Carolina's aquaculture industry has grown dramatically in

the last 10 years, and this agency has played a leading role in support of that growth. It

also is heavily involved in zebra mussel research and outreach awareness.

Federal Entities

U.S. Department of Agriculture, Animal and Plant Health Inspection Service, Plant
Protection and Quarantine (USDA APHIS PPQ)

APHIS safeguards agriculture and natural resources from the risks associated with the

entry, establishment, or spread of animal and plant pests and noxious weeds. The, Plant
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Protection Act (PPA, 7 U.S.C. 7701 et seq.), enforced by APHIS-PPQ, prohibits the

introduction into, or the dissemination of a plant pest or noxious weed within the United

States. South Carolina has five regional APHIS- PPQ field offices plus the state office, all

of which work to exclude, detect and eradicate:hewly introduced plant pests or noxious

weeds that pose risk to U.S. agriculture or the environment. APHIS-PPQ and:the

Department of Plant'Industry, Clemson University work cooperatively in this

safeguarding effort.

APHIS funding assists with aquatic nuisance species surveys in South Carolina- APHIS-

PPQ's Smuggling. Interdiction and Trade Compliance (SITC) Program seeks to prevent

unlawful entry and distribution of prohibited products that may harbor exotic plant and

animal pests, diseases, or invasive species. SITC provides information about illegal

imports obtained from various data sources for incoming cargo, which also helps target

sumeys.

U.S. Department of Agriculture, Forest Service

The USDA. Forest Service has the goal nationally, regionally, and locally to reduce,

minimize, or eliminate the potential for introduction, establishment, spread, and impact of

non-native invasive species across all landscapes and ownerships. Emphasis areas

include early detection and rapid response, control and management, rehabilitation and

restoration, partnerships and collaboration, research, and infornation and education.

The USDA - Forest Services maintains lists of both terrestrial and aquatic species, which

are thought'to be inyasive (cause economic or ecological damage) on National Forest

lands.

U.S. Department of Agriculture, Natural Resources Coriservation Service (NRCS)

NRCS provides technical and financial assistance to conserve South Carolina's natural

resources. NRCS works in close partnership with the South Carolina Association of

Conservation Districts and has field staff available to assist private landowners in every

county in South Carolina. NRCS achninisters several Farm Bill Conservation programs
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that provide cost share conservation assistance to agricultural producers to address

resource concerns such as soil quality, soil erosion, water quality and wildlife habitat on

am-icultural lands. Private landowners also have the opportunity to enroll land in

conservation programs that encourages the enhancement of wildlife habitat. Conservation

easements, through the Wetland Reserve Pr6m-am, to restore and enhance the functions

and values of decraded wetlands in South Carolina. are also a high priority to NRCS.

Wetland functions include surface Water storage g-round water recharge, nutrient cycling,

and protection of characteristic plant communities and wildlife habitat. The NRCS is

South Carolina is providing funding and assisting in the administration of a local cost-

share program for the control of Phragmites on private property in the Winyah Bay area.

On the national level, NRCS manages the National Invasive Species Infonnation Center

(wwv.invasivespeciesinfo.n•ov), an important invasive species information web site, and

sits on the National Invasive Species Council, the Invasive Species Advisory Committee,

and Aquatic Nuisance Species Task Force.

U.S. Coast Guard (USCG), Ballast Water Management (BWM) Program

USCG is responsible for enforcing ballast water regulations. In recent years there has

been increased international focus on ballast water management due to the ecological,

economic, and potential health threats caused by the spread of ANS from ballast water.

USCG is responding to these concerns through a comprehensive national BWMv- program.

This program applies to all vessels equipped with ballast water tanks that operate in U.S.

waters and are bound for ports or places in the U.S. Highlights of the program are:

mandatory ballast water management practices for all vessels that operate in U.S. waters;

additional practices for vessels entering U.S. waters after operating beyond the Exclusive

Economic Zone, and reporting and recordkeeping of ballasting operations by all vessels.

U.S. Army Corps of Engineers (USACOE), CharlestonDistrict

USACOE, Charleston District is involved in dredging and storm damage reduction

projects. It also coordinates ecosystem restoration projects, flood control projects,

emergency stream bank protection projects and bioengineering projects. The Charleston

District's involvement in aquatic invasive species management is limited. It works
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closely with SCDNIR to provide cost-share funding for aquatic plant control efforts in the

state through its Aquatic Plant Control Program. Charleston District does not manage

an), USACOE resenroirs. Federal APC funding can only.be used on public waters with

public access, so the District's involvement is limnited to public water'bodies. USACOE

requires that public access sites and.boat landings post simgs warning of aquatic .invasive

species and to properly clean boats and trailers to prevent their spread. The Charleston

District is also working with the S.C. Department of Natural Resources to control the

spread of the aquatic weed Phragmites on dredge spoil areas in the state. They assist by

providing the Department with the location of dredge spoil sites for survey purposes and

plan to start reimbursing the Department for control expenditures on those sites.

U.S. Army Corps of Engineers,. Savannah District

USACOE, Savannah District (located in Georgia) is responsible for maintaining

Savannah and Brunswick Harbors, the Intracoastal Waterway along Georgia's coastline

and the Savannah River. The Savannah Harbor is a major foreign-trade and general

cargo port that has great economic and strategic importance. Savannah District also is a

leading producer of hydroelectric power, operating three major multi-purpose dam and

lake facilities along the Upper Savannah River along the Georgia/South Carolina border:

J. Strom Thurmond, Richard B. Russell and Hartwell. Hydrilla was first discovered in J.

Strom Thurrmond Lake in 1995. The Savannah District prepared an Aquatic Plant

Management Plan in 1998 in response to the presence of hydrilla in Thurmond Lake as

well as other aquatic plants of concern in Hartwell Lake. Richard B. Russell Lake, and

the New Savannah Bluff Lock and Dam. The plan establishes treatment priorities based

on impacts to authorized project purposes, funding, treatments by others and

environmental impacts. The Savannah District anticipates the spreading of aquatic

invasive species. The Corps of Engineers has matching aquatic plant control programn

funds for the state of Georgia to treat nonfederal bodies of water in Georgia. However.

these funds cannot be used to treat Thurmond Lake, because it is a federalwater body.

The Savannah District interacts with the public through numerous boating facilities at all

three reservoirs, and through public visitors at District offices. The district also educates
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and informs marina employees, boaters and~general public about problems associated 0
with improper sewage disposal and encouraces the use of pump out stations. It uses

displays, publications, workshops, promotional items, education programs and websites

to reach target audiences. It helps coordinate the Clean Vessel/Clean Marina Program.

The target audience and methods of reaching audiences are similar to aquatic invasive

species issues.

U.S. Department of the Interior, National Park Service (NPS)

The National Park Service manages more than 32,000 acres of public land in South

Carolina. This acreage is divided into four distinct management units including

Congaree National Park (26,434 acres), Cowpens National Battlefield (1,833 acres), Fort

Sumter National Monument (226 acres), and Kings Mountain National Military Park

(3.945 acres). The National Park Service preserves unimpaired the natural and cultural

resources and values of the national park system for the enjoyment, education, and

inspiration of this and future generations. The Park Service cooperates with partners to

extend the benefits of natural and cultural resource conservation and outdoor recreation

throughout this country and the world. Congaree National Park is by far the largest NPS

site in South Carolina and was established to protect the largest remaining tract of old-

growth bottomland hardwood forests in the southeastern U.S.

Exotic, non-native species are a primary management concern at all NIPS sites containing

significant land resources. In addition to Executive Order # 12112, there are specific

NPS management policies directed at the removal of all exotic species. Significant

efforts have been made in recent years to conduct baseline biological inventories at all

park sites through a centralized Inventory and Monitoring program. Fornal inventories

of vascular plants, reptiles, amphibians, fish and small mammals have been completed at

Congaree. More than 28 non-native plant species have been confirmed at the park

including several aquatic nuisance species. Congaree also hosts the Southeast Coast

Exotic Plant Management Team and is in the process of completing a draft exotic plant

management plan.
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U.S. Department of the Interior, Fish and Wildlife Service

The U.S. Fish and Wildlife Service is responsible for enforcing numerous federal laws
related to aquatic invasive species.

Clean Vessel/Clean Marina Program
Clean Vessel/Clean Marina Program is funded through a grant from the U.S. Fish and
Wildlife Service and the Department of Interior under the Clean Vessel Act of 1992. The
program's goal is to provide adequate pump out facilities in the eight-county coastal zone
area, with expansion to inland mharinas. This program is sponsored through South
Carolina Department of Health and Environmental Control's Ocean and Coastal
Resource Management (SCDHEC OCRM). OCRM developed'the Clean Vessel/Clean
Marina Program through close coordination with SCDNR and SCDHEC's Office of
Water Pollution Control, as well as the South Carolina Marina Association, a private
association of marina owners and operators.

Electric Power and Water Utilities

Several public and private entities are dependent upon public waters for electric power

production and some as a source of municipal water. All have a stake in the prevention

and control of aquatic invasive species problems in South Carolina and all have some

level of management responsibility based on their operating licenses from the Federal

Energy Regulatory Commission. The U.S. Army Corps of Engineers manages three

lakes on the Savannah River for power production, J. Strom Thurmond Lake, Richard B.

Russell Lake, and Hartwell Lake. The operation of these lakes does not fall under FERC

jurisdiction but the Corps of Engineers, as discussed above, has initiated invasive species

management plans and operations on these lakes. The principal electric utilities in South

Carolina are:

* Santee Cooper: Lakes Marion and Moultrie

" South Carolina Electric and Gas: Lake Murray,,Lake Monticello

* Duke Power: Cedar Creek (Stumpy Pond), Fishing Creek, Gaston Shoals,

Great Falls, Greenwood, Jocassee, Keowee, Ninety-nine Islands, WVateree,

Wylie

Santee Cooper

52



South Carolina Electric and Gas

Duke Power
Direct impacts to power production operations by aquatic invasive species have been

limited to the Asiatic clam, Corbiculafluminea. Power plant activities in response to

Corbicula infestations include increased field sampling and reporting of clam population

dynamics and increased in-plant maintenance of fire protection and heat exchange

systems.

Invasive aquatic plants such as hydrilla (Ht'drilla verticillauta), parrotfeather

(4)yriophl)'lun? brasiliense), brittle naiad (Najas minor), and creeping yellow water

primrose (LudWigia hexapetala ((L. wuugayensis)) have continued to move into mid-

Atlantic Piechnont reservoirs during the last two decades. Some 1500 acres of hydrilla in

Catawba-Wateree reservoirs beginning in 1994 have been managed usina a combination

of water level manipulation, herbicides and sterile Asian grass carp.

It is estimated that the 11 reservoirs that comprise the upper reaches of the Catawba-

Wateree river basin have 21,000 acres of potential hydrilla habitat that if left unmanaged

would impact all multiple use recreational reservoir activities enjoyed by the regional

citizenry. In addition, 18 major power production facilities, more than 30 municipal

drinking water intake and treatment systems supplying more than 1.5 million residential

customers in the Charlotte - Rock Hill metropolitan area alone are in direct jeopardy.

Since 1994, it is estimated that $250,000 has been expended to manage the invasive

aquatic plant species listed above by Duke Energy. In addition, approximately $160,000

has been invested in invasive aquatic plant research. It is anticipated that invasive

aquatic plants will continue to spread in the Piechnont of the Carolinas. An example of

this spread is the recent discovery of approximately 8 acres of hydrilla growing around a

public boat access ramp in Progress Energy's Lake Tillery located in the Pee Dee River

basin of NC.
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