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Ms. Kimberly D. Bose, Secretary
Federal Energy Regulatory Commission
888 First Street, N.E.

Washington, D.C. 20426

Dear Ms. Bose:

On behalf of Georgia Power Company, Southern Company is filing this letter to provide the Proposed Study
Plan for relicensing the Lloyd Shoals Project, to respond to stakeholder scoping comments, and to also
respond to FERC’s Additional Information Request (AIR), dated November 05, 2018.

There are two parts to this filing with five components total:

Part 1 of 2
1) Cover Letter
2) Appendix A — Lloyd Shoals Proposed Study Plan
3) Appendix B — Response to Scoping Comments

Part 2 of 2
4) Cover Letter
5) Appendix C - Response to AIR

If you require further information, please contact me at 404.506.7219.

Sincerely,

;QW@ .Gt arn

Courtenay R. O’Mara, P.E.
Hydro Licensing and Compliance Supervisor

cc. FERC/OEP — Neetu Deo, Allan Creamer
Geosyntec — Cristin Krachon
Kleinschmidt — Steven Layman, Ph.D.
Troutman Sanders — Hallie Meushaw
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FEDERAL ENERGY REGULATORY COMMISSION
WASHINGTON, D.C. 20426
November 5, 2018

OFFICE OF ENERGY PROJECTS

Project No. 2336-094 — Georgia
Lloyd Shoals Hydroelectric Project
Georgia Power Company

Courtenay O’Mara, P.E.

Hydro Licensing and Compliance Supervisor
Southern Company Generation

241 Ralph McGill Boulevard, NE

BIN 10193

Atlanta, GA 30308-3374

Reference: Staff Comments on the Pre-Application Document and Preliminary
Study Proposals for the Lloyd Shoals Hydroelectric Project

Dear Ms. O’Mara:

We have reviewed the Pre-Application Document (PAD) for the Lloyd Shoals
Hydroelectric Project No. 2336-094 (Lloyd Shoals Project), filed on July 3, 2018, and
participated in the scoping meetings for the project during the week of October 8, 2018.

Based on staff’s review of the PAD and the scoping meetings, we need additional
information and clarification on the material presented in the PAD. Unless otherwise
indicated in the specific request, the information requested (see attached Schedule A)
should be filed with the proposed study plan on, or before, December 20, 2018. If the
requested information is not readily available, the proposed study plan should discuss
Georgia Power’s plans for gathering the information prior to filing the final license
application. In addition, if the requested information causes another part of the PAD to
be inaccurate, that part must be revised and provided as well. Please be aware that
further requests for additional information may be sent to you at any time before the
Commission takes final action on your application. We also provide comments on the
preliminary study proposals in Schedule B.
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If you have any questions, please contact Navreet Deo at (202) 502-6304, or
navreet.deo@ferc.gov.

Sincerely,

Stephen Bowler, Chief
South Branch
Division of Hydropower Licensing

Attachments: Schedule A
Schedule B


mailto:sarah.salazar@ferc.gov
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SCHEDULE A
ADDITIONAL INFORMATION REQUESTS

Project Description

1.

The PAD, on page 7, states that a 19-foot by 12-foot trash gate is located within
the spillway section of the dam. Please provide a description of the trash gate,
including the capacity, and clarify whether the gate is currently operable. Please
describe the past and present uses of the gate (if operable).

The PAD, on page 8, describes steel trash rack structures in front of the
powerhouse intake(s). The PAD indicates that the trash racks have a clear bar
spacing of 1.3125 inches. No other design specifications are provided. To assist
us in our review of the project, please include in the Preliminary Licensing
Proposal (PLP) and license application: (a) the overall dimensions of each trash
rack panel protecting the project intake(s); (b) the number and width of the
individual bar racks; and (c) an estimate of the intake velocity for the trash racks,
along with the calculations and/or methods used to develop the estimate(s). If any
of this information is not available, such information should be obtained as part of
the project’s study plan.

The PAD, on page 8, states that in 2012 an Obermeyer gate system was installed
to replace the spillway flashboards. Please provide a description of the Obermeyer
gates, including the: (a) composition; (b) operation, including the time required to
inflate and deflate each section of gates; (c) conditions under which the gates
would fail; and (d) method and frequency of repair.

The PAD, on page 8, describes a 500-foot-long auxiliary spillway topped with
10-foot-high flashboards. Please provide: (a) the crest elevation of the auxiliary
spillway; (b) the conditions under which the spillway is operated, including the
design flow or reservoir elevation which would trigger use of the spillway, and the
frequency of use; and (c) a description of the auxiliary spillway flashboards,
including the (i) composition, (ii) method of installation, (iii) reservoir elevation at
which the flashboards are designed to fail, and (iv) method and frequency of
repair.

The PAD, on page 9, describes a substation located at the west dam abutment.
Please clarify whether the substation is project-owned.

Please provide a description of the intake headgates, including the number,
composition, and method of operation.

A-1
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7. Please provide a description of the project tailrace, including the dimensions and
normal surface water elevation.

Project Operation

8. The PAD, on page 8, states that the maximum hydraulic capacity of each turbine
unit is 620 cubic feet per second. Please provide the minimum hydraulic capacity
of each unit.

9. The PAD, on page 9, states that the project is operated in a modified run-of-river
mode, where inflow is temporarily stored during periods outside of peak power
demand (off-peak hours) and released through the powerhouse to generate energy
during periods of peak power demand (on-peak hours). You state that this cycle
repeats daily and varies seasonally with peak power demands. Please provide the
average number, timing, and duration of peak power demand periods per day,
seasonally.

10. The PAD, on page 9, states that the dependable capacity of the project is
22.5 megawatts (MW), while the nameplate rated capacity of the project is
18 MW. Please explain how, and under what conditions, the dependable capacity
of the project exceeds the rated generating capacity of the project.

11.The PAD, on page 9, describes two, 2.3-kilovolt project generator leads, which
exit the powerhouse and goes to two step-up transformers located in the substation
at the west dam abutment. Please provide the length of each generator lead.

12.The PAD, on page 9, states that the project is operated to maintain reservoir
elevations between approximately 530 feet and 527 feet Plant Datum? (PD) year-
round, excluding planned drawdowns. Please provide a record of all planned and
unplanned drawdowns that have occurred at the project, including emergency,
homeowner maintenance, and dam maintenance drawdowns. For each record
please provide the cause, duration, frequency, and extent (feet) of the drawdown,
as well as any adverse impacts observed to the aquatic environment.

13.The PAD, on page 10, states that the U.S. Geological Survey (USGS) gage
No. 02210500, used to develop the flow and discharge statistics for the Lloyd
Shoals Project, is located on the Ocmulgee River, 1.5 miles downstream from
Lloyd Shoals Dam (Ocmulgee River near Jackson, Georgia). The PAD, on

! Plant datum = mean sea level elevation (NAVD88, or North American Vertical
Datum of 1988) + 0.45 feet.
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page 19, states that this gage is located approximately 1 mile downstream from the
project dam. Please clarify the location of this gage relative to Lloyd Shoals Dam.

14.The PAD, on page 10, states that during high-flow events, all flows are first
passed through the turbine-generator units and, once the maximum hydraulic
capacity of the units is exceeded, spillway gates are opened incrementally to
approximate inflow. Please clarify the order in which each of the three sections of
Obermeyer spillway gates are operated (lowered or deflated) to pass inflow.

15. During the scoping meetings held on October 9, 2018, Georgia Power presented a
graph which showed that dissolved oxygen (DO) dropped below the minimum
state standard of 4.0 milligrams per liter (mg/L) when the existing draft tube
aeration system is offline. To assist us in our review of the project, please provide
information on: (a) the frequency and duration of any periods during which the
aeration system has not been operational since its installation; (b) the reasons for
the system not operating; (c) the ability of the existing minimum flow to maintain
the state’s DO standard? when the system is not operating; and (d) any known
effects of low DO on the fish and aquatic community in the Ocmulgee River
downstream from Lloyd Shoals Dam.

Geology and Soil Resources

16. The PAD, on page 18, states that potential impacts of continued project operation
on geology and soil resources would be limited mainly to Lake Jackson and the
tailrace area downstream from the dam. To assist us in determining whose lands
and property may be affected by erosion and sedimentation, please provide a map
delineating ownership of lands along the reservoir and tailrace shorelines. Please
indicate whether land is privately or project-owned. If this information is not
available, please obtain the information as part of the project’s study plan.

17.The PAD, on page 18, states that the effects of project operations on shoreline
erosion and sedimentation within the project boundary will be evaluated. To assist
us in our review of erosion and sedimentation issues at the project, please provide
any available historical data, including bathymetry, topography, and/or aerial
photography that shows how erosion and sedimentation within the project
boundary has changed over time.

2 The applicable DO standard for the project includes a daily average DO of
5.0 mg/L, and no less than 4.0 mg/L DO, at all times.
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18.0On February 26, 1993, Georgia Power submitted an application to amend the
existing license to implement a small dredging permit program at the project,
which was approved by the Commission on June 28, 1993. The permit program
authorizes Georgia Power to issue permits for minor dredging activities involving
1 to 500 cubic yards of material within the project boundary (e.g., for repair of
bulkheads and boat docks), and requires the filing of an annual report listing any
dredging permits issued for between 25 and 500 cubic yards of material. To assist
our review of how project operation may affect geology and soil resources, for all
dredging permits issued at the project please provide: (a) a description of each
event, including the purpose, volume of material removed, and equipment used,;
(b) the date(s) and duration of each event; (b) the location and site characteristics
(e.g. soil or substrate composition, vegetative cover, proximity to wetland habitats,
etc.) of each event, including a map; (c) the location and characteristics of all
disposal sites, including a map; and (d) methods used to prevent turbidity and the
transport of the disturbed material downstream.

Water Quality, Fisheries, and Aquatic Resources

19. During the environmental site review on October 10, 2018, Georgia Power staff
referenced a 2014 Ocmulgee Water Quality Study. The PAD does not appear to
reference this study. Please describe the study referenced during the site review
and provide a copy of the final study report.

20. During the October 9, 2018, scoping meetings, there was mention of work done in
2012 by Dr. Alan Wilson, an Auburn University Professor, regarding water quality
issues (e.g., algal blooms [including cyanobacteria], sedimentation, nutrients, etc.)
in Lake Jackson. This work was also referenced by Ms. Julia Haar in her
September 25, 2018, filing with the Commission. More specifically, Ms. Haar
provided a copy of a presentation given to the Jackson Lake Homeowners
Association (Homeowners Association) on June 22, 2012, by Dr. Wilson and two
Georgia Power staff members that addressed water quality issues in Lake Jackson.
The PAD does not reference Dr. Wilson’s work, and it is unclear if the June 22,
2012, presentation to the Homeowners Association is based on a report, or some
other work done by Dr. Wilson.® To assist us in understanding the issues being
raised in the September 25, 2018, filing, and at the October 9, 2018, scoping
meeting, please provide a copy of any report(s) that served as the basis for the
June 22, 2012, presentation to the Homeowners Association, if available.

3 We are aware that Dr. Alan Wilson helped produce a water quality report for
Alabama in 2012.
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21.The PAD, on page 24, describes the DO issues that occurred historically at the
project. The PAD states that, in 2006, Georgia Power fitted three of the project’s
six turbine units with passive draft tube aeration systems. We observed one of the
units operating (with the aeration system on) during the October 10, 2018,
environmental site review. The PAD, however, does not describe the systems or
their operation. Therefore, please provide: (a) a detailed description of the
aeration technology, and its installation and operation at the Lloyd Shoals Project;
(b) a description of which units are equipped with the draft tube aeration systems;
(c) the dates when the systems are turned on and turned off for the year; and
(d) the number of times, since the systems were installed, that any or all of the
system(s) were not operating during their normal operational period, and, for each
event, a description why the system(s) were not operating and any known
consequence (e.g., a drop in DO concentrations and any effects on the downstream
aquatic community). Item (d) can be addressed as part of your response to
AIR#15.

22.The PAD, on page 8, states that the invert elevation of the project intake is
495 feet PD, which is 35 feet below the normal full-pool elevation of Lake
Jackson. To assist us in reviewing water quality issues at the project, please
describe the relationship between the intake’s invert elevation and the typical
depth at which thermal and DO stratification occurs in Lake Jackson.

23.The PAD, on pages 25 and 26, lists a variety of information that is available to:
(a) characterize the fish and aquatic resources in the vicinity of the Lloyd Shoals
Project; and (b) evaluate the potential resource effects of continued project
operation. None of the references are provided as part of the PAD. Please provide
copies of:

a. the instream flow study report prepared by EA Engineering, Science, and
Technology, Inc. (1990);

b. the angler catch data collected by the Georgia Bass Chapter Federation for
Lake Jackson and other Georgia lakes from bass tournaments for the past
20 years (GBCF, 1996-2015);

c. the American shad habitat plan (Georgia DNR, 2014) and the American
shad stocking plan for the Altamaha River (Atlantic States Marine Fisheries
Commission, 2013);

d. the scientific literature on the distribution of fishes in the Ocmulgee River
(Bart et al., 1994; Nuckols and Roghair, 2004), habitat use and movements
of robust redhorse (Jennings and Shepard, 2003; Grabowski and Jennings,
2009; Pruitt, 2013), and spawning migrations and habitat use of Atlantic
sturgeon in the Altamaha River basin (Ingram and Peterson, 2016); and

e. Georgia DNR-Nongame Conservation Section’s records of mollusks in the
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24,

25.

upper Ocmulgee River Basin, 2008-2014; and the scientific literature on the
distribution of, and suitable host fishes for, freshwater mussels from the
Altamaha River Basin (Wisniewski et al., 2005; Johnson et al., 2012).

The PAD, on page 27, references the Ocmulgee Candidate Conservation
Agreement with Assurances for Robust Redhorse (Georgia Power, 2016, as cited
in the PAD). The agreement is described in some detail in the PAD on pages 45
and 46. Please file a copy of this agreement. In addition, the PAD, on page 30,
indicates that this agreement expires with the current license term in

December 2023. The PAD is silent with regard to any new agreement for the
robust redhorse. Please clarify whether Georgia Power intends to pursue an
extension of the existing agreement, or a new agreement for the species.

Ms. Julie Haar, in a September 25, 2018, filing, and in speaking at the

October 9, 2018, scoping meeting, presented documentation (including a picture)
of a fish kill in a cove of Lake Jackson near Elizabeth Circle in Butts County,
Georgia. This fish kill also involved an unspecified number of turtles. The PAD
provides no information on this event, or any other similar events. To assist us in
understanding such occurrences, including cause and severity, please provide:

(a) a description of the fish kill that occurred in 2012, as referenced in the
September 25, 2018, filing, including its cause, severity, and what measures, if
any, were taken to prevent future fish kills; (b) a list of other species that were
affected by the event; and (c) a description of any other known fish Kills that have
occurred during the current license term at the Lloyd Shoals Project, including
their cause, severity, and measures taken to address them.

Wildlife, Botanical Resources, and Threatened and Endangered Species

26.

217.

28.

The PAD, on pages 46 and 47, describes the Ocmulgee Candidate Conservation
Agreement for Mollusks of the Altamaha River Basin (Georgia Power, 2017Db, as
cited in the PAD). Please file a copy of this agreement.

The PAD, on pages 36, 39 and 40, references previous studies conducted by
Georgia Power for the prior relicensing effort that identified upland and wetland
plant community/cover types. To facilitate our review of the project and
environmental analysis regarding changes to the project area since the previous
relicensing, please file a copy of Wetland plant communities of the Lloyd Shoals
hydroelectric project (Gaddy, 1989).

The PAD, on page 38, indicates that Georgia Power’s timber and land

management activities on undeveloped lands within, and next to, the project
boundary support wildlife habitat and avoid disturbance to active bald eagle nests
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on Lake Jackson. To facilitate our review of timber and land management
activities at the project, please file any existing Georgia Power timber and/or land
management plans, programs, and/or policies that apply to Lake Jackson and the
lands around it described above.

29.The PAD, on page 39, mentions Georgia Power’s efforts to control non-native
invasive plants* within the project boundary.® However, it does not describe the
methods used to treat non-native invasive terrestrial and aquatic plants, or any
other regular vegetation management practices within the project boundary. To
facilitate our review of the project’s potential effects on botanical resources and
wildlife habitat, please provide a more detailed description of existing vegetation
management practices throughout the Lloyd Shoals Project area (e.g., project
recreation sites, access roads, and other project facilities or areas that Georgia
Power maintains). Specifically, please include detailed information on: (a) the
areas of vegetation that are maintained; (b) the goals, objectives, and methods of
vegetation management (e.g., manual, mechanical, or chemical treatments, regular
plantings) used in each area; (c) the frequency of treatments; and (d) any
vegetation monitoring that is conducted. If the information is not currently
compiled, please include a provision to gather and provide information on existing
and proposed invasive species and vegetation management practices with the
results of your proposed Wildlife and Botanical Resource Study and Wetlands,
Riparian, and Littoral Habitat Study.

30. Section 5.6(d)(3)(vi) of the Commission’s regulations require that the PAD
include estimates of acreage for each type of wetland, riparian, and littoral habitat,
including variability in such availability as a function of storage at a project that is
not operated in a run-of-river mode. The PAD, on pages 39 and 110, provides
estimates of total wetland acreage in the project boundary, but does not discuss the
variability in these habitats associated with project operation. The Lloyd Shoals
Project is operated in a modified run-of-river mode, with up to a 3-foot reservoir
drawdown on a daily basis. Thus, if available, please provide the estimated

4 Table 16 on page 100 of the PAD lists the noxious weeds and non-native
invasive plants (i.e., Category 1 and Category 1 Alert Invasive Plant Species) identified
in Butts, Henry, Jasper, and Newton Counties, and in the Oconee National Forest and
Piedmont National Wildlife Refuge (Georgia Exotic Pest Plant Council, 2006).

°> “Georgia Power proactively monitors the occurrence of and periodically treats
invasive terrestrial and aquatic plants within the project boundary...and has occasionally
treated the emergence of aquatic weeds in Lake Jackson. Identified taxa include the
cyanobacteria Microcystis spp., Lyngbya spp., and Cylindrospermopsis raciborskii; and
the vascular aquatic plant alligatorweed (Alternanthera philoxeroides).”
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31.

variability (in acres) of each type of wetland, riparian, and littoral habitat as a
function of storage at the project. If this information is not currently available,
please collect it as part of your study plan and include the results in the proposed
Wildlife and Botanical Resource Study Report and/or Wetlands, Riparian, and
Littoral Habitat Study Report.

The PLP and the license application are required to include information regarding
the potential effects of existing and proposed project operation, maintenance, and
project-related recreation on project resources, including botanical and wildlife
resources; wetlands, riparian, and littoral habitat; and RTE species and habitats
(85.16(b)(3); 85.18(b)(5)(ii)(B)). Therefore, please file an evaluation of project
effects on the aforementioned environmental resources, as well as other project
resources, with the PLP and the license application.

Recreation and Land Use

32.

33.

34.

35.

The PAD, on pages 50 through 52, refers to resource management plans for three
Regional Commissions (RC): Three Rivers RC, Northeast Georgia RC, and
Atlanta RC. To facilitate our review, please file these resource management plans
with the Commission.

The PAD mentions Georgia Power’s general guidelines for the management of
shorelines. To ensure that recreation facilities are managed for the term of a new
license, the PLP should contain information about the plans for developing and
implementing any new recreation enhancements, operation and maintenance of
recreation facilities, and plans for periodic monitoring and review of recreation use
and needs.

The PAD, on page 53, states that Georgia Power’s existing Shoreline
Management Guidelines include general permitting steps applicable to all Georgia
Power lakes, as well as specific requirements for Lake Jackson. To facilitate our
review of shoreline management policies at the project, please file a copy of the
existing Shoreline Management Guidelines and, if available, a shoreline
management plan for Lake Jackson. In addition, please note that because
Commission licenses are project-specific, any shoreline management plans and
guidelines filed with the PLP and license application should be specific to the
Lloyd Shoals Project (i.e., and not include requirements or guidelines for other
projects).

The PAD, on page 47, indicates that there are four project recreation facilities at

the project: Lloyd Shoals Park, Lloyd Shoals Tailrace Fishing Pier, Ocmulgee
River Park Public Access, and Jane Lofton Public Access Area. While a

A-8



20181105- 3034 FERC PDF (Unofficial) 11/05/2018

Project No. 2336-094
Schedule A

schematic drawing was included for Lloyd Shoals Park, which allows us to see
distances between amenities, no such drawings (only photographs) were included
for the three remaining facilities. Please include a map or drawing for each
facility which shows all amenities, to scale, including parking areas. Please also
provide the lengths of the trails/paths at Lloyd Shoals Tailrace Fishing Pier and
Ocmulgee River Park Public Access.

36.The PAD, in Table 22, lists several non-project recreation facilities that are located
within the project boundary. To facilitate our review of all the existing recreation
facilities at the project, please identify these facilities on a map(s) with respect to
the project boundary.

37.In an incident report filed on September 14, 2018, Georgia Power described
damage to two sections of the auxiliary spillway flashboards that was caused by a
brush fire which occurred at the east spillway abutment on September 2, 2018.
Please describe the location where the fire originated, and any authorized
recreational uses within that location. In addition, please describe the location of
any formal and/or informal fire pits at the project recreation sites, including any
that exist at the swimming beach near the auxiliary spillway.



20181105- 3034 FERC PDF (Unofficial) 11/05/2018

Project No. 2336-094
Schedule B

SCHEDULE B
COMMENTS ON PRELIMINARY STUDY PROPOSAL

PRELIMINARY STUDY PROPOSAL COMMENTS

Geology and Soil Resources

1.

The proposed Geology and Soils study consists of a shoreline reconnaissance
survey of the reservoir and tailrace area to inventory and characterize existing
sources of erosion and sedimentation, and a literature review and analysis of the
effects of shoreline structural stabilization practices. When you characterize the
erosion areas, please denote whether the erosion is project related, non-project
related, or a combination of both. Further, to assist us in our analysis of the effects
of project operations and project-related recreation on both existing and historic
sedimentation and erosion, please include a provision to analyze spatial and
temporal changes in geomorphology through a comparison of new and historical
data, such as bathymetry, topography, and/or aerial photography. Also, please
include a description of existing available sources of data, and a methodology to
collect additional field data if necessary.

Fish and Aquatic Resources

2.

The proposed Fish and Aquatic Resources study includes an evaluation of the
potential for fish entrainment and turbine-induced mortality at the project through
a desktop study. The description of the proposed methodology for the study
indicates that you would apply trends and data from other hydroelectric sites to the
physical, operational, and fisheries characteristics of the Lloyd Shoals Project. To
assist us in our analysis of fish entrainment and mortality, as well as the need for
potential fish protection measures at the project, please develop, as part of the
study plan, an estimate of the total number of fish entrained annually, by species,
size class, and season.

Wildlife, Botanical Resources, and Threatened and Endangered Species

3.

In the wildlife and botanical resources; wetlands, riparian, and littoral habitat; and
rare, threatened, and endangered (RTE) species sections of the PAD (sections 4.5,
4.6, and 4.7, respectively), you provide some local and regional-level information
on terrestrial natural resources, including a list of non-native, invasive species that
may occur in the project vicinity. You also propose to conduct reconnaissance-
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level surveys to document wildlife and botanical resources; wetlands, riparian, and
littoral habitat; and RTE species® and suitable RTE habitat in the project area.

We will need sufficient project-specific information for our analysis of potential
project-related effects on these natural resources, including information regarding
non-native invasive species, RTE species, and their habitats. Please ensure that
your proposed study plans include methodologies for collecting sufficient detail
for us to: (a) accurately describe the existing natural resources in the project area;
and (b) assess potential project-related effects on those resources within the
project boundary, including at existing formal and informal project facilities (e.g.,
recreation access sites), and at any areas under consideration for potential
development as part of the licensing proposal. In addition, please ensure that the
timing of the surveys for the botanical RTE coincides with each species’ flowering
or fruiting period, as appropriate, for accurate identification.

4. The proposed Rare, Threatened and Endangered Species study includes the
following objectives: (a) reviewing the lists of federal and state RTE plant and
animal species, and species currently under federal status review, with known
occurrence records near the project; (b) identifying the habitat requirements of
these species; and (c) describing the distributions and habitat use of RTE species
presently occurring near the project. Please ensure that the results of the RTE
Species study include an assessment of the potential effects of project operation on
these species and/or their habitats. In addition, please file documentation of
occurrences of federally-listed species, or their habitats, with the Commission as
“Not for Public Disclosure, Privileged.”

Recreation and Land Use

5. The proposed Recreation and Land Use study states Georgia Power will review
and analyze recreation use and assess the adequacy of existing facilities. To
facilitate our review, please also address the condition of the project recreation
facilities, including any erosion due to project-related recreational use at the four
project recreation facilities.

6 As noted in scoping document 1, little amphianthus, Michaux’s sumac, relict
trillium, and black-spored quillwort were included in the official species list for the Lloyd
Shoals Project generated on the U.S. Fish and Wildlife Service’s (FWS) ECOS-IPaC
website (https://ecos.fws.gov/ipac/) on August 3, 2018, and filed on August 6, 2018. In
addition, Georgia Power identified Gulf moccasinshell, oval pigtoe, shinyrayed
pocketbook, purple bankclimber, red-cockaded woodpecker, robust redhorse, Altamaha
arcmussel, inflated floater, and reverse pebblesnail in the PAD.
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Cultural

6. The proposed Cultural Resources study indicates that the area of potential effects
(APE) will be identified in consultation with Georgia Historic Preservation Division
(Georgia HPD) and the Commission, and will preliminarily include the area between
the lower daily water pool elevation and the project boundary. As part of the cultural
resources study, please prepare map(s) that clearly identify the APE in relation to the
project boundary, and provide documentation of concurrence on the proposed APE
from the Georgia HPD and potentially-affected Indian tribes. Please file with the
Commission a letter transmitting this information, including the map(s). Please mark
the document, “Not for Public Disclosure, Privileged.”



GEORGIA POWER RESPONSE TO FEDERAL ENERGY REGULATORY
COMMISSION ADDITIONAL INFORMATION REQUEST (SCHEDULE A)
ISSUED NOVEMBER 5, 2018

Project Description

Response 1

A vertical-lift trash gate was installed on the west abutment of the spillway in 1971. A new trash
gate was installed in 2007. The trash gate is currently operable and functions both as a trash gate
for passing drift material as it collects at the dam and as a flow control gate. When open, the gate,
which is bottom hinged, provides a free surface to allow drift material to pass unobstructed over
the spillway. The dimensions of the trash gate are 19 feet (ft) wide by 12 ft high. The bottom
elevation of the gate opening is at elevation 518 ft plant datum (PD)! and the top is at elevation
530 ft PD. Approximately 2,100 cubic feet per second (cfs) can be passed through the trash gate
when the reservoir elevation is at 530 ft and the gate is open 100 percent. This gate can only be
operated locally.

The Federal Energy Regulatory Commission (FERC) accepted Georgia Power Company’s
(Georgia Power’s) proposed installation of the new trash gate on October 2, 2006.

Response 2

Regarding design specifications of the trash racks, Georgia Power will include this information
in the Preliminary Licensing Proposal and license application, as requested.

Response 3

An Obermeyer gate system was installed at the Lloyd Shoals Project in 2012. From west to east,
the dam has three major, separate zones of spillway gates: Zone 1, Zone 2 and Zone 3. Zone 1
includes a 2-ft-high, 98.5-ft-wide Obermeyer-gated spillway section with a concrete crest elevation
of 528 ft PD. Zone 2 includes a 5-ft-high, 420-ft-wide Obermeyer-gated spillway section with a
concrete crest elevation of 525 ft PD. Zone 3 includes a 2-ft-high, 180-ft-wide Obermeyer-gated
spillway section with a concrete crest elevation of 528 ft PD. The top elevation of all three
Obermeyer gates is equivalent to the normal full-pool elevation of 530 ft PD. The Obermeyer gates
are bottom-hinged, each consisting of a 20-ft-wide steel gate panel supported by an inflatable
rubber bladder, which acts as a pneumatically-operated spillway gate. The system includes a
controlled source of compressed air to inflate and deflate rubber bladders to control the water level
in the upstream reservoir.

The Obermeyer gates are manually operated and only used during high flow conditions. During
high flow conditions, when inflows are rising or exceeding powerhouse turbine capacity and the
reservoir elevation is near 530 ft, the operators begin to manually open sections of the Obermeyer

! Plant datum = mean sea level elevation (NAVDS88) + 0.45 ft.
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gates to pass inflow. This keeps the lake level more stable during storm events than the flashboards,
which allowed the lake to rise before reaching the trip point. The Obermeyer gates are operated to
release only the amount of flow coming into to the Project. Gates are always operated as a zone
and not as individual gates. It takes approximately 20 minutes to lower the 5-ft high gates and 5 to
10 minutes to lower the 2-ft high gates. It takes 10 minutes to raise Zones 1 and 3 gates and 1 hour
to raise Zone 2 gates.

The Obermeyer gates have never failed. As a safety measure, however, they are designed to open
(lower) automatically when overtopped by 12 inches. If there is excessive buildup of air pressure
in the bladders resulting from the hydrostatic loads against the gates, the pressure relief valves
release air to lower the gates. The major gate zones are installed as a series of interconnected
bladders, with the longest length of gate with interconnection bladders being the 420-ft, 5-ft high
gates. Each zone has its own interconnected bladder. If one bladder in an interconnected series
were to deflate, the other interconnection bladders would also lose air pressure and the associated
steel panels would open (lower), so that a gate within a zone lowers evenly.

Failure of the gates could occur if any of the air bladders were damaged, or if the air compressors
or interconnecting piping were damaged. However, this would be limited to the individual
damaged zone and not the entire spillway. The bladder material is specifically made for harsh
outside conditions and this spillway gate application.

Safety of the gates is monitored and tested annually by Georgia Power dam safety personnel and
FERC’s Atlanta Regional Office (ARO) as part of the Project’s dam safety program.

Response 4

An auxiliary (emergency) spillway is located at the west abutment of the dam. The location is
downstream of the main dam axis. The auxiliary spillway is an excavated channel in rock, 500-ft
wide, with the top of the concrete sill at elevation 526 ft PD. There are 25 sections of wooden
flashboards, 19-ft by 10-ft high, that are hinged at the bottom to a concrete sill, which is set on and
anchored in rock.

Aluminum pipes, which are designed to fail in bending when the reservoir reaches the top of the
flashboards at elevation 536.0 ft PD, support these flashboards. The highest water level recorded
was 534.4 ft during the flooding caused by Tropical Storm Alberto in July 1994. The flashboards
have never tripped. The auxiliary spillway gates are repaired as needed as indicated by dam safety
inspections.

Response 5

Appendix C of the PAD includes single line diagrams of the substation on the Lloyd Shoals west
dam abutment. These diagrams demonstrate that the substation is the plant’s connection point to
the transmission system. The substation is described in the Project’s Exhibit A, is within the project
boundary, and is project-owned.



Response 6

Lloyd Shoals powerhouse headworks contains 12 headgates, one for each of the two intake
openings per unit. Each gate consists of a 12-ft by 8-ft structural steel frame with a skin plate
welded to the upstream side. Because the gate is sometimes underwater it was covered in a coal
tar epoxy coating at the time of fabrication. An approximate 2-ft-wide by 2.5-ft-high opening in
the center of the headgate is controlled by a Waterman cast steel filler valve. During an outage, a
headgate is in the closed position and the unit is drained of all water. When the unit is being
prepared to be placed back in service, the filler valve is opened to refill the unit. This allows the
equalization of water pressure on each side of the headgate so that the headgate can be lifted back
into its docked position. A structural steel frame connects the gate to the lifting mechanism.

A 20-ton gantry crane with two 10-ton hoists, which can be operated independently or in
synchronized mode, serves as the headgate lifting mechanism. The gantry crane is permanently
stationed at the plant’s headworks and traverses the deck on a set of rails.

Response 7

The Project discharges directly into the Ocmulgee River. The tailrace spans the length of the
spillway and the dam, then narrows to 150 ft wide approximately 200 ft downstream of the
powerhouse. The tailwater surface elevation ranges from 423 ft to 429 ft PD during normal
operations.

Project Operation

Response 8

The units do not have a known minimum hydraulic capacity. Currently the Lloyd Shoals Project
operates to release a minimum flow of 400 cfs, as required by Article 402 of the current license.
Although the license article allows for the Project to release calculated inflows below the 400-cfs
minimum flow requirement during periods of drought, Georgia Power continues to release a 250-
cfs minimum to ensure adequate stream flows for aquatic life and other downstream uses. The
units are able to operate at this flow of 250 cfs.

Response 9

The transmission grid in the southeastern region of the U.S. experiences peak power demand
periods that vary seasonally and from year to year depending on weather conditions. Because of
this expected variation, Georgia Power does not track actual timing or duration values for seasonal
peak power demand periods. Georgia Power schedules Lloyd Shoals unit operations one day in
advance on a daily basis, based on water availability and the most up-to-date forecast for the
region. Typically, a summer peak is experienced one time per day from June through September
from 2:00 p.m. to 7:00 p.m. The remainder of the year, from October through Mayj, it is typical for
the transmission grid to experience two peaks in demand from 6:00 a.m. to 11:00 a.m. and from
5:00 p.m. to 9:00 p.m.



Response 10

The powerhouse contains six horizontal Francis-type double runner turbines, each rated at 5,650
horsepower under 96.8 ft of head, directly connected to six horizontal generators, each rated 3,000
kilowatts (kW) at 300 revolutions per minute. Total nameplate capacity of the plant is 18,000 kW.
These ratings are the result of rehabilitation and upgrades made from 1996 through 1998. The
hydraulic turbines in the powerhouse were rehabilitated from 1996 through 1998 under a contract
with American Hydro Corporation of York, Pennsylvania. On each unit, new stainless-steel
runners, turbine shafts, shifting rings, and stainless-steel wicket gates were installed. Stationary
and non-rotating parts were rehabilitated to restore clearances and proper function. Greaseless
bushings were installed throughout.

The capacity rating of a project is influenced by many inputs, such as maximum net differential
head, efficiency of the turbine and generator units, and flow. Therefore, actual maximum capacity
often differs from the theoretical, design, or rated capacity. The 18 MW corresponds with the
current best wicket gate setting on the turbines and a 2,700 cfs flow rate at 96.8 ft of head. At a
maximum wicket gate setting, Georgia Power produces a maximum of 22.5 MW with a 3,700 cfs
flow. Using the full pool elevation of 530 ft and subtracting the 96.8 ft of gross head tied to the
nameplate rating (ignoring net head for this simple analysis) yields an expected tailrace elevation
of 433.2 ft. As indicated in Response 7, tailwater surface elevation ranges from 423 ft to 429 ft PD
during normal operations, which indicates that the index testing for the units that was completed
after the last turbine refurbishment was testing at a headwater level below the normal reservoir
range. The index testing was also only completed around the most efficient/best wicket gate setting
and not a full gate setting. Therefore, the nameplate output from the plant will be exceeded during
times when all six turbine units are operating at a full wicket gate setting and a close to full-pool
elevation. These conditions almost always happen during a high flow condition, and not during
normal flow ranges or when less than six turbines are running.

Response 11

Housed in adjacent cable trays, two 2.3-kilovolt project generator leads exit the western side of
the powerhouse. The cable trays and generator leads extend up the bank to the west of the
powerhouse. Inside the Lloyd Shoals substation are two three-phase outdoor step-up transformers
rated 10/12-megavoltampere (MVA) and 10-MVA. These transformers are positioned
approximately 25 ft apart. The approximate length of the generator lead that connects to the
northern-most transformer is 250 ft from where it exits the powerhouse to where it is connected to
the transformer. The approximate length of the generator lead that connects to the southern-most
transformer is 230 ft from where it exits the powerhouse to where it is connected to the transformer.

Response 12

Prior to 2012, in order to prevent spilling water during the high inflows normally experienced in
the winter and spring months, Lloyd Shoals reservoir conducted annual seasonal drawdowns of
about 8 ft from full pool. During November and December, the reservoir was gradually drawn



down and was held at a low elevation of 522 ft January through February. During March and April,
the reservoir was allowed to refill and was operated at a higher level from May through October.

In 2012, Obermeyer gates were installed at the Project. The installation of these gates allows
operators to have more control over the water levels in the reservoir. Prior to the installation of the
Obermeyer gates, flashboards on top of the spillway were designed to trip in order to release the
water. The water level would then have to fall below the crest of the spillway at elevation 525 ft
PD for the flashboards to be safely reset. With the Obermeyer gates, the water releases are
controlled to match inflows, resulting in less fluctuation in the reservoir.

Because the Obermeyer gates provide more control over the reservoir elevation, it is no longer
necessary to draw the lake down during November through February. This practice ended once the
Obermeyers began operation in 2012.

The elevation plots at the end of this section highlight the cause, duration, frequency, and extent
of drawdowns since the last license issuance. Georgia Power is not aware of any adverse impacts
to the aquatic environment as a result of these drawdowns.

Response 13

The U.S. Geological Survey describes the location of Gage No. 02210500 (Ocmulgee River near
Jackson, Georgia) as 1,500 ft upstream of the Georgia Highway 16 bridge and 1.5 miles
downstream of Lloyd Shoals Dam. However, based on examination of aerial photography on
Google Earth Pro and use of the ruler tool in that application, we measure the distance from the
dam to the gage to be approximately 1 mile.

Response 14

Obermeyer gates are operated as the reservoir elevation approaches 530 ft PD (full pool elevation)
and inflows exceed the flow capacity of the turbine units. First, all available turbine units in the
powerhouse are loaded. Then the trash gate will be opened prior to opening Obermeyer gates. The
sequence of Obermeyer gate operation begins with Zone 1 (west section of 2-ft-high gates),
followed second by Zone 3 (east section of 2-ft-high gates), and last by Zone 2 (middle section of
5-ft-high gates). Once the reservoir elevation starts dropping below 530 ft (full pond) due to
decreased inflow, the operator will begin adjusting the Obermeyer gate openings to maintain a
maximum pool level of 530 ft.

Response 15

Lloyd Shoals Units 2, 4, and 3 were retrofitted with draft tube aerations systems (two per unit) in
2004, 2005, and 2006, respectively, to improve dissolved oxygen (DO) concentrations in
downstream releases. Adding aeration to three of the six units provides redundant systems in the
event one or two of the units incur an unscheduled outage. Georgia Power opens aeration system
valves at Lloyd Shoals from May 15 through September 30 each year.



The passive draft tube aeration system cannot operate unless its valve is open and the unit is
generating. Because of this design, Georgia Power’s unit outage data provides a reliable way to
identify when aeration systems were not operational. These data show that at least one of the three
aerated units was operational every year during the critical period of May 15 through September
30. Additionally, the studies conducted in the summer of 2006 and 2007 on Units 2 and 4 to test
the aeration system indicated that one aerated unit was effective for maintaining Georgia
Environmental Protection Division (GEPD) DO criteria even when multiple units were operating.
Further, one test indicated that both Unit 2 and 4 aeration units were running when the plant output
was 18 MW.

Monitoring of the draft tube aeration system showed the aeration systems to be effective. After
GEPD accepted the results of the aeration system, the DO monitoring was discontinued. We are
not aware of any evidence of effects of low DO on the fish and aquatic community in the Ocmulgee
River downstream of Lloyd Shoals Dam since the draft tube aeration was installed. Moreover,
GEPD currently assesses the use attainability status of the 3-mile reach of the Ocmulgee River
downstream of Lloyd Shoals Dam as supporting its designated Drinking Water use, which also
includes fishing uses.

As part of its Proposed Study Plan, Georgia Power is proposing to conduct a Water Quality Study
that will include one year of continuous water quality monitoring in the tailrace area beginning in
summer 2019 to further document the performance of the passive draft tube aeration systems in
Units 2, 3, and 4 during normal project operations.

Geology and Soil Resources

Response 16

Regarding a map delineating ownership of lands along the reservoir and tailrace shorelines,
Georgia Power proposes as part of the Recreation and Land Use Study to provide a map of land
ownership within the project boundary indicating whether land is privately owned or owned by
Georgia Power.

Response 17

Georgia Power proposes as part of its Geology and Soils Study to review available historical aerial
photography for representative shoreline areas within the project boundary to characterize how
erosion and sedimentation have changed over time. There is no bathymetry data for the Project.

Response 18

Georgia Power proposes as part of the Geology and Soils Study to provide a summary of all
dredging permits issued at the Project and available information pertaining to each dredging event.



Water Quality, Fisheries, and Aquatic Resources

Response 19

Georgia Power staff does not recall referencing a 2014 Ocmulgee Water Quality Study at the
scoping meeting site visit. Paul Lamarre of GEPD, who was also present at the site visit, has
confirmed to Georgia Power that he mentioned a model calibration field study that the agency
performed during the summer of 2014. In its study request comments filed November 2, 2018,
GEPD refers to the 2014 water quality model calibration field study, noting that the data for the
upstream model boundary were gathered at Georgia Highway 16 about 1.2 miles downstream of
Lloyd Shoals Dam, not in the tailrace, and are limited in their duration and parameters monitored.
No final report is available for the study.

Georgia Power has also learned that GEPD conducted continuous water quality monitoring in the
Ocmulgee River downstream of the Lloyd Shoals Project from September 13, 2010 to October 4,
2010 as part of efforts to develop a water quality model downstream of Lake Jackson in the
Altamaha River basin. GEPD has shared the spreadsheet data. Georgia Power will review,
evaluate, and summarize relevant water quality data, as appropriate, in the proposed Water
Resources Study.

Response 20

In November 2018, Georgia Power contacted Dr. Alan Wilson by email seeking clarification as to
the level of analysis he performed for the water quality presentation given to the Jackson Lake
Association on June 22, 2012. The attached email correspondence documents his reply of
November 18, 2018, as well as his prior email correspondence with Julia Haar and Georgia Power
biologists Tom Broadwell and Tony Dodd leading up to the 2012 presentation.

Dr. Wilson recalls being contacted by Ms. Haar on April 6, 2012 about giving a talk on water
quality issues in Lake Jackson after she had communicated with Dr. Elizabeth Booth of GEPD.
He communicated with the two Georgia Power biologists in organizing and developing the
presentation. Dr. Wilson’s portion of the talk used water quality data provided by Georgia Power
as well as publicly available data for Lake Jackson. He did not prepare a report serving as the basis
of his presentation to the homeowners association.

Response 21
Definitions

Passive draft tube aeration. A vacuum is created when generation discharge water is flowing
vertically downward across the turbine and into the draft tube. Passive draft tube aeration uses this
vacuum to naturally aspirate air into generation releases through an air opening in the scroll case
or draft tube. As the air/water mixture traverses the draft tube, it is subjected to extreme turbulence
and high pressure resulting in the formation of very small bubbles. The small bubbles provide an
excellent condition for gas-transfer (oxygen transfer) to the water and the draft tube provides
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sufficient contact time for the process to take place. There is additional contact time, or gas
transfer, as the bubbles rise to the surface in the tailrace.

A deflector plate is a steel plate mounted onto the draft tube wall above a passive draft tube
aeration air injector port and parallel to the angle of water flowing off the turbine blade. The plates
increase the pressure differential between the air injector port and the draft tube by creating a
pocket of low pressure, and therefore, increase the air flow capability via natural aspiration.

Installation and Operation

The Lloyd Shoals powerhouse has six generating units, three of which have passive draft tube
aeration systems to enhance DO during generation turbine discharges. Units 2, 4, and 3 were
retrofitted with two passive draft tube aeration systems per unit in 2004, 2005, and 2006
respectively. Each aeration system is valve operated such that turbine discharges are only aerated
when the valves are open. When open, the valves allow air to aspirate through the aeration system’s
piping, and discharge into the draft tube. In order to initiate aeration, plant personnel must
manually open the gate valve, and conversely, in order to terminate aeration, plant personnel must
manually close the gate valve. The passive draft tube aeration system valves are opened May 15
through September 30 each year and the systems aerate during all generation periods regardless of
water quality conditions.

Because of the double runner configuration of the turbines at Lloyd Shoals, it was necessary to
install two passive draft tube aeration systems per unit. The passive draft tube aeration system
design includes a piping scheriie that provides atmospheric air to two air injector ports in the draft
tube below each turbine runner. Each aeration system consists of a horizontal air intake pipe that
pulls atmospheric air directly from inside the plant through a muffler, a 6-inch check valve, and a
6-inch gate valve. After the air passes through the gate valve, it turns into the powerhouse wall to
the unit inside. Once inside the unit, a 4-inch diameter header ports air through the draft tube wall
to two separate injector ports at a point just below the turbine blades. The installation includes
deflector plates which are welded above each air injector port in the draft tube to increase air flow
through the aeration system and thereby increase the aeration capability of the units.

Response 22

The PAD, on page 23 (Water Quality), describes the summertime vertical profiles in the forebay
of Lake Jackson (Station JAO1). Based on 10 years of summer profiles, as shown in Figure 8 of
the PAD, a pronounced thermocline develops about 10 meters (33 ft) beneath the surface, below
which water temperatures decline steadily with increasing depth. Also shown in Figure 8 of the
PAD, summer DO concentrations decrease rapidly with increasing depth at 2.5 to 7.0 meters (8 to
23 ft) beneath the surface. Below this depth, DO steadily declines to values below 0.5 mg/L. This
pattern of summer thermal and DO stratification is typical of southeastern reservoirs. The intake’s
invert elevation, at 35 ft below normal full pool, is at or slightly below the thermocline and 12 to
27 ft below the DO chemocline in most years.



Response 23
Copies of the specific PAD references requested by FERC staff are provided in the attachments.
Response 24

As requested, the Ocmulgee Candidate Conservation Agreement with Assurances (CCAA) for
Robust Redhorse is provided as an attachment. Although the agreement expires at the end of 2023,
Georgia Power has formally indicated to current Ocmulgee CCAA signatory representatives its
intention to renew or extend the agreement. Georgia Power met with the U.S. Fish and Wildlife
Service Region 4 At-Risk Species Program on September 19, 2018, and with the Georgia
Department of Natural Resources (GDNR) Wildlife Resources Division (WRD) Wildlife
Conservation Section on December 6, 2018.

Response 25

On July 16, 2012, Georgia Power notified FERC of the July 2012 fish kill identified by Ms. Haar
and others and provided a copy of the investigation report prepared by WRD’s Fisheries Section.
The filing is provided as an attachment to this filing. According to the GDNR report, the fish-kill
occurred on June 30 or July 1, 2012 in approximately 8 acres of shallow water in the cove on the
west side of the South River arm of Lake Jackson immediately upstream of the Georgia Highway
36 bridge. GDNR biologists counted 2,471 dead juvenile and adult fish, including gizzard shad,
crappie, catfish, largemouth bass, and sunfish; no other species were noted in the report. The cove
had been cut off from the South River embayment flow due to low inflow from the South River
over the spring and the low level in the reservoir, which was below normal pool level. Prior to and
during the fish Kill, the region was experiencing severe drought and the weather was hot, with air
temperatures above 100°F on both June 30 and July 1. The fish apparently succumbed to low DO
levels and high temperatures in shallow water. GDNR had stated that similar fish kills were
happening all over the state at the time due to the combined effects of drought and record high
temperatures. No further action was taken.

The fish kill occurred on a day when air temperatures in the region reached a high of 106°F, as
measured at the closest National Weather Service weather station located at Atlanta Hartsfield-
Jackson International Airport (see figure below). The average high temperature for the 8-day
period from June 29 through July 6, 2012 was over 102°F.
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A factor contributing to the low level of the reservoir before the July 2012 fish kill was the planned
drawdown that had been conducted for installation of the Obermeyer gates on the Lloyd Shoals
spillway. The drawdown began November 16, 2011 (timed to coincide with the drawdown for
homeowners), reached a minimum level of 522.63 ft plant datum (4.37 ft below normal low pool)
and ended on July 13, 2012. The contractor demobilized from the site on June 5, 2012, and the
reservoir was refilling but could not do so quickly because of low inflows into the Project. Refill
was well underway by the time of the fish kill, and in fact, the reservoir never dropped below
524.75 ft on June 30 and July 1, 2012.

On June 7, 2018, GDNR reported on its website a common carp die-off on Lake Jackson that
occurred over a few weeks in May and early June 2018. A copy of the article is provided as an
attachment. The die-off appeared to be a natural occurrence resulting from aggressive spawning
activities, which can weaken fish immune systems and allow bacterial or viral infections to spread.
GDNR noted that water quality appeared to be normal and concluded that the fish kill posed no
danger to anglers or lake visitors. No further action was taken.

Georgia Power is unaware of any other fish kills that may have occurred during the current license
term; however, as part of the proposed Fish and Aquatic Resources Study, we will request and
review available reports and information from GDNR on fish kills in the project waters and
describe these events in the resource study report.
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Wildlife, Botanical Resources, and Threatened and Endangered Species

Response 26

The Candidate Conservation Agreement for Mollusks of the Altamaha River Basin is provided as
an attachment.

Response 27

The wetland plant communities report by Gaddy (1989), which was filed as part of the previous
Lloyd Shoals license application (1991, Volume 2, Appendix C), is provided as an attachment.

Response 28

Georgia Power owns approximately 250 acres of land suitable for timber management around
Lake Jackson. There are no formal written timber and land management plans that apply
specifically to Lake Jackson and the lands around it; however, Georgia Power manages these lands
according to the Georgia Forestry Commission’s Best Management Practices for Forestry
(http://www.gfc.state.ga.us/resources/publications/BMPManual GA0609.pdf) and in partnership
with GDNR through its Forestry for Wildlife Partnership (https://georgiawildlife.com/FWP).

The one known bald eagle nest on Lake Jackson is located on Georgia Power land just outside of
the project boundary. Georgia Power follows the bald eagle nest management guidance in the
FWS’s National Bald Eagle Management Guidelines dated May 2007 (https://www.fws.gov/
northeast/ecologicalservices/pdf/NationalBaldEagleManagementGuidelines.pdf) and on FWS’
Eagle Technical Assistance website (https://www.fws.gov/southeast/our-services/eagle-technical-
assistance/). Georgia Power also consults with GDNR as needed and exchanges eagle nest survey
and monitoring information annually.

Georgia Power is a long-standing participant in GDNR’s Forestry for Wildlife Partnership (FWP).
This program recognizes large landowners who go above and beyond standard wildlife habitat
recommendations and sustainable forestry practices. As a FWP partner, Georgia Power’s approach
to forestry and wildlife habitat management on its lands centers on the following goals and
objectives:

e Develop and implement forest management plans that blend wildlife and timber
management.

e Protect sensitive sites and endangered species along with other assets.

e Increase public awareness of Georgia Power’s environmental commitment.

e Continue to encourage and support partnerships.

e Utilize wildlife management practices at stand and landscape levels.

e Promote the public use of company owned forest lands and its water resources.
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Response 29

Georgia Power proposes as part of its Terrestrial, Wetland, and Riparian Resources Study to
review and provide information on its existing invasive species and vegetation management
practices, including existing vegetation management practices, the methods used to treat non-
native invasive terrestrial and aquatic plants, areas that have been treated, frequency of treatments,
and any vegetation monitoring efforts.

Response 30

The PAD describes the wetlands and estimates the area of each wetland type within the project
boundary and within a zone extending an additional 2,000 ft beyond the project boundary based
on reasonably available information. Information sources included the wetland plant study
conducted for the previous relicensing (Gaddy, 1989) and review of FWS National Wetlands
Inventory information on the distribution of wetlands in the project area. PAD Figure 12 depicts
the location of the principal wetland types identified in the NWI database.

The modified run-of-river operation of the LIoyd Shoals Project does not result in daily reservoir
fluctuations of up to 3 ft. As described in the PAD, on page 9 (Normal Operation) and in Appendix
D (Operations Primer), Georgia Power maintains reservoir elevations within a 3-ft range (530 and
527 ft PD). In Appendix D of the PAD, Figure 28 shows for the years 1997 through 2016 that daily
reservoir fluctuations were less than 1.5 ft 98-percent of the time and less than 1.0 ft 95-percent of
the time. Moreover, since the installation of the Obermeyer gate system in 2012, reservoir
fluctuations have been reduced (see Figures 28-32 of the Operations Primer in Appendix D of the
PAD).

Because daily reservoir fluctuations are low, daily variability in wetland, riparian, and littoral
habitats would be expected to be small. As part of the proposed Terrestrial, Wetland, and Riparian
Resources Study, Georgia Power will evaluate the reservoir elevation-area relationship for Lake
Jackson to estimate the area of wetland and littoral zone habitats potentially affected by daily
reservoir fluctuations.

Response 31

Georgia Power’s PLP and license application will analyze the potential effects of continued project
operation, maintenance, and project-related recreation by environmental resource area in
accordance with 18 CFR 8 5.16(b)(3) and 8§ 5.18(b)(5)(ii)(B).

Recreation and Land Use

Response 32

The three regional resource plans summarized in the PAD are provided as an attachment.
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Response 33

Georgia Power’s PLP will contain information about its proposed measures and plans pertaining
to any recreation enhancements, operation and maintenance of recreation facilities, and periodic
monitoring and review of recreation use and needs.

Response 34

Georgia Power’s Shoreline Management Guidelines, which include guidelines specific to the
Lloyd Shoals Project, are provided as an attachment. There is no shoreline management plan for
the Project.

Response 35

Schematics of the four project recreation facilities are provided as attachments. The Emergency
Spillway South End Fishing Access, as labeled on two of the drawings, has been renamed the Jane
Lofton Public Access Area.

The length of the barrier-free boardwalk path to the Tailrace Fishing Pier is approximately 350 ft.
There are no formal trails/paths at Ocmulgee River Park Public Access, although some bank fishers
use an informal path extending about 750 ft upstream to the eastern side of the spillway area.

Response 36

The PAD, in Figure 3, depicts the locations of five non-project recreation facilities that are partially
located within the project boundary. Georgia Power proposes as part of the proposed Recreation
and Land Use Study to identify all nine non-project recreation facilities listed in the PAD, in Table
21, on a map with respect to the project boundary.

Response 37

The location of the fire is depicted on the map below that was included in Georgia Power’s
September 14, 2018 incident report. Access to the auxiliary spillway is restricted by a 6-ft-high
chain link fence with barbed wire around the top. There is a stand of pine woods between the
public recreation area and the axillary spillway flashboards. Georgia Power does not authorize fire
pits, formal or informal, at any of its project recreation sites. The Lloyd Shoals Park recreation site
does include picnic areas with tables, grills, trash cans, and parking, as noted on the FERC Form
80, filed on March 31, 2015. Georgia Power suspects that a recreation user dumped hot coals in
the wooded area between Lloyd Shoals Park and the auxiliary spillway and the fire spread to the
auxiliary spillway. As is stated in the incident report, the local fire department was called to Lloyd
Shoals Dam (by Georgia Power) in the evening of September 2, 2018, to extinguish the fire. A
park crew member noticed the fire was burning again in the morning of September 3, 2018, and it
was again extinguished. The fire apparently started in the public beach area and traveled down the
hillside on both sides of the concrete abutment. The fire flamed up between the two east sections
of the flashboards. Georgia Power dam safety personnel have inspected the boards and determined
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that there is no structural damage to them and are in the process of finding suitable repair material
in coordination with FERC’s ARO. FERC ARO also saw the fire damage in the most recent Part 12
inspection at the facility.

Figure 1. — Location Map for Lloyd Shoals Dam.
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From: Dodd, Anthony Ray

Sent: Sunday, November 18, 2018 8:32 AM
To: Alan Wilson <aew0009@auburn.edu>
Subject: Re:

Thank you, Alan!

| appreciate you taking time to reply during your busy time on the road. | hope you have a safe and
happy Thanksgiving!

Safe Travels,

Tony

Get Qutlook for iOS

From: Alan Wilson <aew0009 @auburn.edu>
Sent: Sunday, November 18, 2018 5:44 AM
To: Dodd, Anthony Ray

Subject: RE:

This email has been sent from an external address. Please use caution when clicking on links o
opening attachments.

Hey Tony — Thanks for the note. Here is my recollection regarding the talk we gave to the Jackson Lake
Homeowners Association on 22 June 2012. On 6 April 2012, Julia Haar contacted me about giving a talk
regarding water quality issues in Jackson Lake after communicating with Elizabeth Booth (see invitation
email below). | agreed and contacted you and Tom Broadwell about working together to organize a
presentation since it made sense to me to include the group that manages the lake in the

presentation. | was excited to team up with you and Tom for this presentation. On 14 June 2012, Tom
sent me water quality data for the lake (see email below; data attached). Fred Cox sent me another
dataset on 15 June 2012 (attached). | have also attached a copy of our talk. In it, you will see that the
talk was structured more informationally on the front end followed by data from the lake. So, no, |
haven’t conducted any thorough studies on Jackson Lake. | used data made available to me by my
colleagues at Georgia Power as well as open access data to show trends in Jackson Lake over

time. Hope this helps. If you need more information, just let me know. Alan

---------- Forwarded message ---------

From: Broadwell, Tom L. <TLBROADW @southernco.com>

Date: Thu, Jun 14, 2012 at 4:02 PM

Subject: RE: Jackson lake data and meeting with homeowners association June 22
To: wilson@auburn.edu <wilson@auburn.edu>

Cc: Dodd, Anthony Ray <ARDODD @southernco.com>, Cox, Fred L.



mailto:aew0009@auburn.edu
https://aka.ms/o0ukef
mailto:aew0009@auburn.edu
mailto:TLBROADW@southernco.com
mailto:wilson@auburn.edu
mailto:wilson@auburn.edu
mailto:ARDODD@southernco.com

<flcox@southernco.com>, O'Mara, Courtenay R. <CROMARA@southernco.com>,
Candler, W. Jim <WJCANDLE @southernco.com>

Alan - attached are files of profile data and water chemistry data. There may be some
errors in the early profile data (DO, Temp, pH, Spec. cond., etc) -not sure what
happened in my download from our database where this data is stored. There is more
data, but this is likely plenty.

My take on this data is that there is plenty of nutrients to grow Cyanobacteria and other
algae/aquatic plants and that reducing the loading to the reservoir from the surrounding
watershed will be the answer to reducing algae blooms, macrophytes, etc. GA EPD is
working on this, but it takes time as you know. | think Ms. Haar believes it can happen
overnight. | am sure there are plenty of nutrients stored in the bottom sediments
throughout the lake that can fuel algae/Cyanobacteria for years, so that is another
source also.

In the past, | have asked the Hydro managers to increase frequency of drawdowns for
dock maintenance/construction, etc. but they are reluctant to do this due to loss of
revenue from hydro operations. | think they are going to 4-5 year intervals - Fred Cox or
Courtenay O'Mara can answer this question, and may have input on rationale for these
intervals.

Tom Broadwell
GPC

5131 Maner Rd.
Smyrna, GA 30080

404-799-2152

From: Alan Wilson [mailto:aew0009@auburn.edu]
Sent: Wednesday, June 13, 2012 9:45 AM

To: Broadwell, Tom L.; Dodd, Anthony Ray
Subject: jackson lake data

hey guys - how do you want to handle the jackson lake data question? if
you have historical water quality data on the lake, i can organize it

for our meeting. if you want to do, that is cool too. if you don't

want to share past data, that is ok too. i beti can find some data on
STORET or the USGS site. i will send my talk slides to you once i have
had a chance to get them done. see you soon.

alan
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---------- Forwarded message ---------

From: <jmhaar@msn.com>

Date: Fri, Apr 6, 2012 at 2:37 AM

Subject: Addressing the Jackson Lake Homeowner's Association
To: <wilson@auburn.edu>, <alan.e.wilson@gmail.com>

Hello Dr. Wilson,

Elizabeth Booth, Program Manager of the Watershed Monitoring and Modeling Unit

GAEPD, is recommending that | talk with you about the possibility of addressing the Jackson
Lake Homeowner's Association with regard to water quality issues. The meeting runs 35-50
in attendance, depending on the time of year. The next meeting is June 22nd.

The topic that | would like to cover may be different than that of the Jackson Lake Board, so
perhaps you could give a few topic options for consideration?

My topic preference is mystic cyano bacteria (bluegreen algae), which has been confirmed
to be present in our watershed. My questions range from; How prevalent is this in our
national and state watersheds? How is it introduced, recognized, and measured? What are
the dangers involved? Are there any reconstruction methods that are found to be successful
in reversing this condition?

Looking forward to your response,

Julia Haar
Member
Jackson Lake Homeowner's Association

Alan Wilson

Associate Professor - Auburn University

School of Fisheries, Aquaculture, and Aquatic Sciences
www.wilsonlab.com [wilsonlab.com] - 334.246.1120

From: Dodd, Anthony Ray <ARDODD @southernco.com>
Sent: Thursday, November 8, 2018 2:46 PM

To: Alan Wilson <aew0009@auburn.edu>

Subject: RE:

Alan,

Thanks again for your interest in addressing this question from FERC for the Jackson Lake hydro
relicensing proceedings.

Below this message, please see FERC’s exact inquiry seeking clarification in its Additional Information
Request (AIR) of 5 Nov 2018.
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| very much appreciate your help responding to this. Your response can simply be made back to me in
the form of email reply. Please know that your response will become part of the public record. Please
let me know if you have any questions.

Safe Travels!
Tony

FERC AIR

FEDERAL ENERGY REGULATORY COMMISSION
WASHINGTON, D.C. 20426

November 5, 2018

OFFICE OF ENERGY PROJECTS Project No. 2336-094 Schedule A

...Item Number:

20. During the October 9, 2018, scoping meetings, there was mention of work done in 2012 by
Dr. Alan Wilson, an Auburn University Professor, regarding water quality issues (e.g., algal
blooms [including cyanobacteria], sedimentation, nutrients, etc.) in Lake Jackson. This work was
also referenced by Ms. Julia Haar in her September 25, 2018, filing with the Commission. More
specifically, Ms. Haar provided a copy of a presentation given to the Jackson Lake Homeowners
Association (Homeowners Association) on June 22, 2012, by Dr. Wilson and two Georgia Power
staff members that addressed water quality issues in Lake Jackson. The PAD does not reference
Dr. Wilson’s work, and it is unclear if the June 22, 2012, presentation to the Homeowners
Association is based on a report, or some other work done by Dr. Wilson.® To assist us in
understanding the issues being raised in the September 25, 2018, filing, and at the October 9,
2018, scoping meeting, please provide a copy of any report(s) that served as the basis for the
June 22, 2012, presentation to the Homeowners Association, if available.

3. We are aware that Dr. Alan Wilson helped produce a water quality report for Alabama in 2012.

From: Alan Wilson <aew0009@auburn.edu>

Sent: Thursday, November 08, 2018 9:22 AM

To: Dodd, Anthony Ray <ARDODD @southernco.com>
Subject: RE:

Hey Tony — great to hear from you. | am always happy to chat with you. | am driving to NOLA
with my family tomorrow. We will be on the road (wife will be driving since | have work to do)
from 12-5pm CT. Call my cell 770-722-9075 when you can chat. Alan

Alan Wilson

Associate Professor - Auburn University

School of Fisheries, Aquaculture, and Aquatic Sciences
www.wilsonlab.com [wilsonlab.com] - 334.246.1120

From: Dodd, Anthony Ray <ARDODD @southernco.com>
Sent: Tuesday, November 06, 2018 3:04 PM

To: Alan Wilson <aew0009@auburn.edu>

Subject:
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Alan,

Hey! | hope all is well with you.

It was good to hear you being involved in GA EPD’s HABs kick-off meeting last week.

On a somewhat related note, I'm wondering if | could grab a few minutes of your time by phone
to try to recall certain details of

the cyanobacteria presentation you presented for us at Jackson Lake, GA — way back in June of
2012.

| can explain more in conversation.
Might you have an opportunity for brief call from me sometime during Thursday of this week ?
Best Regards,

Tony

Tony Dodd

Natural Resources Specialist
Georgia Power Company
241 Ralph McGill Blvd, NE
Atlanta, GA 30308

Desk: 404-506-5026
Cell: 404-434-9412
ardodd@southernco.com

A Georgia Power

This e-mail and any of its attachments may contain proprietary Southern Company and/or affiliate
information that is privileged, confidential, or protected by copyright belonging to Southern Company
and/or its affiliates. This e-mail is intended solely for the use of the individual or entity for which it is
intended. If you are not the intended recipient of this e-mail, any dissemination, distribution, copying,
or action taken in relation to the contents of and attachments to this e-mail is contrary to the rights of
Southern Company and/or its affiliates and is prohibited. If you are not the intended recipient of this e-
mail, please notify the sender immediately by return e-mail and permanently delete the original and
any copy or printout of this e-mail and any attachments. Thank you.
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Atlantic States Marine Fisheries Commission

Shad & River Herring Management Board

February 19, 2013
2:45 - 4:15 p.m.
Alexandria, Virginia

Draft Agenda
The times listed are approximate; the order in which these items will be taken is subject to change; other items
may be added as necessary.
1. Welcome/Call to Order (M. Duval) 2:45 p.m.

2. Board Consent 2:45 p.m.
e Approval of Agenda
e Approval of Proceedings from October 22, 2012

3. Public Comment 2:50 p.m.

4. Review of NOAA Fisheries Possible Endangered Species Act Listing of 3:00 p.m.
River Herring (K. Taylor) Possible Action

5. Review of MAFMC Amendment 15 Development (K. Taylor) 3:50 p.m.

6. Consider Georgia proposed American shad stocking plan (M. Dionne) Action 4:10 p.m.

7. Other Business/Adjourn 4:15 p.m.

The meeting will be held at the Radisson Plaza Warwick Hotel 220 South 17th Street, Philadelphia, PA (215) 735-6000

Healthy, self-sustaining populations for all Atlantic coast fish species or successful restoration well in progress by the year 2015



MEETING OVERVIEW

Shad & River Herring Management Board Meeting
February 19, 2013
2:45 - 4:15 p.m.
Alexandria, Virginia

Chair: Michelle Duval (NC) Technical Committee Chair: Law Enforcement Committee
Assumed Chairmanship: 02/12 Mike Dionne (NH) Representative: Bridi
Vice Chair: Advisory Panel Chair: Previous Board Meeting:
Terry Stockwell (ME) Pam Lyons Gromen October 22, 2012

Voting Members: ME, NH, MA, RI, CT, NY, NJ, PA, DE, MD, DC, PRFC, VA, NC, SC, GA,
FL, NMFS, USFWS (19 votes)

2. Board Consent
e Approval of Agenda
e Approval of Proceedings from October 22, 2012

3. Public Comment — At the beginning of the meeting public comment will be taken on items not on the
agenda. Individuals that wish to speak at this time must sign-in at the beginning of the meeting. For agenda
items that have already gone out for public hearing and/or have had a public comment period that has
closed, the Board Chair may determine that additional public comment will not provide additional
information. In this circumstance the Chair will not allow additional public comment on an issue. For
agenda items that the public has not had a chance to provide input, the Board Chair may allow limited

opportunity for comment. The Board Chair has the discretion to limit the number of speakers and/or the
length of each comment.

4. Review of NOAA Fisheries Possible Endangered Species Act Listing of River Herring
(3:00 — 3:50 p.m.)
Background

e In August 2011 the National Resources Defense Council petitioned NOAA Fisheries to list
alewife and blueback herring (river herring) as threatened under the Endangered Species
Act throughout all or a significant portion of its range. Alternatively, the petition requests
designation of distinct population segments (DPSs) of alewives and blueback herring and
list each DPS as a threatened species.

e In November, NOAA Fisheries released a positive 90-day finding on the petition to list
river herring under the ESA based on the fact that the petition presents substantial scientific
information indicating the petitioned action may be warranted.

e InJune and July 2012 NOAA Fisheries conducted a series of workshops to gather more
information on the status and threats to river herring. The workshops focused on stock
structure, extinction risk, and the potential impact of climate change.

Presentations

e Update on timeline for ESA status review of river herring by K. Taylor

Healthy, self-sustaining populations for all Atlantic coast fish species or successful restoration well in progress by the year 2015



5. Update Mid-Atlantic Council Amendment 15 Development (3:50-4:10 p.m.)

Background

e The MAFMC has initiated the development of Amendment 15 to the SMB FMP to
consider adding shad and river herring as a stock in the fishery. (Briefing CD).

Presentations
e Update on Council Amendments by K. Taylor

6. Consider proposed American shad stocking plan in Georgia (4:10 — 4:15 p.m.)

Background
e The state of Georgia has submitted a stocking plan for the Altamaha River. Per
Amendment 3 to the FMP, any new stocking programs require TC review and Board
approval (Briefing CD).

Presentations
e Technical Committee Report by M. Dionne

Board actions for consideration
e Approve American shad stocking plan for Georiga

7. Other Business/Adjourn

Healthy, self-sustaining populations for all Atlantic coast fish species or successful restoration well in progress by the year 2015



DRAFT PROCEEDINGS OF THE
ATLANTIC STATES MARINE FISHERIES COMMISSION

SHAD AND RIVER HERRING MANAGEMENT BOARD

Radisson Plaza-Warwick Hotel
Philadelphia, Pennsylvania
October 22, 2012
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These minutes are draft and subject to approval by the Shad and River Herring Management Board.
The Board will review the minutes during its next meeting.
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INDEX OF MOTIONS

1. Approval of Agenda by Consent (Page 1)
2. Approval of Proceedings of August 7, 2012 by Consent (Page 1)
3. Move to approve the sustainable fishery plans for the states of Massachusetts, Virginia,

Rhode Island and Connecticut with the recommendations from the technical committee
(Page 7). Motion by Pat Augustine; second by Bill Adler. Motion carried (Page 7).

4. Motion to accept the Shad and River Herring FMP Review, the technical committee’s
recommendations and approve de minimis requests for shad from Massachusetts, New
Hampshire and Maine (Page 8). Motion by Pat Augustine; second by Bill Adler. Motion
carried (Page 9).

5. Move to adjourn by Consent (Page 10).

These minutes are draft and subject to approval by the Shad and River Herring Management Board. il
The Board will review the minutes during its next meeting.
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The Shad and River Herring Management Board of
the Atlantic States Marine Fisheries Commission
convened in the Radisson Plaza-Warwick Hotel,
Philadelphia, Pennsylvania, October 22, 2012, and
was called to order by Chairman Michelle Duval.

CALL TO ORDER

CHAIRMAN MICHELLE DUVAL: | would like to
call the meeting of the Shad and River Herring
Management Board to order.

APPROVAL OF AGENDA

CHAIRMAN MICHELLE DUVAL: The first item
on the agenda is approval of the agenda. Are there
any additions to the agenda? Seeing none, the
agenda stands approved.

APPROVAL OF PROCEEDINGS

CHAIRMAN MICHELLE DUVAL: The next item
is approval of the proceedings from our August board
meeting. Are there any changes to those
proceedings? Seeing none, those proceedings stand
approved.

PUBLIC COMMENT

CHAIRMAN MICHELLE DUVAL: This is the
point in the agenda where we accept public comment
from items that are not on the agenda. No one has
signed up to provide any public comment. Is there
anyone out in the audience who has not signed up to
provide public comment that would like to address
the board on items not on the agenda? Okay, seeing
none, we will move on. Our first major agenda item
is review of the possible Endangered Species Act
listing for river herring, and Kate is going to give us a
brief overview.

REVIEW OF NOAA FISHERIES
POSSIBLE ESA LISTING OF
RIVER HERRING

MS. KATE TAYLOR: As the board is aware, in
August 2011 NMFS received a petition to list alewife
and blueback herring on the endangered species list.
Last October NMFS published a positive 90-day
finding stating that the listing may be warranted. As
a result, NMFS initiated three status review
workshops in order to develop their proposed rule for
the listing.

NMFS will be using the results of the workshops in
conjunction with the ASMFC River Herring
Benchmark Stock Assessment in the development of
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the proposed rule. These workshops were held in
June and July. Many state agency, technical
committee and SAS members along with ASMFC
staff were involved in these workshops.

The reports from these workshops were recently
published on the NMFS Website, and | am just going
to give a brief overview of the results from these
three workshops. The first workshop that was held
was focused on stock structure of river herring. The
main objectives of this workshop were to determine
whether there is evidence of stock structure and to
provide an expert opinion on the extent of stock
structure.

NMFS will use the information from this workshop
to assess whether there are discrete and significant
populations of alewife and blueback herring, which
may warrant separate protections under their DPS
policy. For alewives the stock structure hypotheses
included a single stock complex for a stock complex
as identified in the NRDC petition for a stock
complex based on geographic breaks and
management differences; a six-stock complex based
on genetics; and also an individual river-by-river
stock complex.

The hypotheses for blueback herring were similar to
that. To assess the strength and weaknesses of each
hypothesis, the workshop participants considered all
available data including research on genetics,
evidence of physiological differences, tagging
studies, evidence of strain and homing behavior,
growth rates, run timing and abundance of alewife
and blueback throughout their range.

As an example of the genetic work that was
discussed, participants in the workshop reviewed the
preliminary results from Eric Palkovacs’ work from
Duke University. Many state agencies actually
provided Eric with river herring samples for this
work. His analysis identified five genetically distinct
populations for alewife and blueback herring.

This is an example of the stock structure that was
proposed in his research and is included in the stock
structure reports. Based on the results of the study,
his research suggests that there is substantial
population structure at the drainage scale. The
preliminary management recommendations from this
research suggest that river drainage is the appropriate
level for management for both species.

However, the authors noted a number of caveats for
their study, including that this is preliminary analysis,
hybridization may be occurring between alewife and
blueback herring, and a longer time series would be

These minutes are draft and subject to approval by the Shad and River Herring Management Board.
The Board will review the minutes during its next meeting.
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useful in the research. During the workshop,
participants also focused other discussions on the
genetic diversity in Maine rivers, the influence of
stocking, marine migrations, landlocked populations
of alewife and also identified major data gaps in the
research.

| want to note with regard to the landlocked
populations of alewife the petition focuses on
anadromous populations and does not address
landlocked populations specifically and NMFS has
made a determination that the scope of the review
pertains only to anadromous populations. The
recommendations from the stock structure workshop
were that there is evidence of regional stock structure
for both alewife and blueback.

However, the exact boundaries of where the stock
structure is occurring are difficult to distinguish.
Additionally, the ocean phase should be considered a
mixed stock, and there is evidence to support regional
differences in the migration patterns for both species.
The second workshop focused on the extinction risk
for alewife and blueback herring.

For each species two hypotheses were examined to
look at the extinction risk; a one-stock complex
option, coast-wide option; and then also looking at
five stock complex options for each species.
However, going forward the analysis does allow for
the possibility of combining the results of the
different DPSs in the future.

No consensus was sought from the participants in the
workshop and no results were provided in the report,
but rather the report included data that would be used
in the analysis and also a recommended methodology
for completing the analysis. The report did include
an attempted preliminary analysis using the NMFS
fall and spring trawl survey data for the coast-wide
population, looking at the next hundred years in
trying to assess the extinction risk.

However, the analysis did not produce realistic
confidence intervals and the model is being modified.
I would just like to note this proposed extinction risk
analysis is quantitative as opposed to the qualitative
analysis that was completed for the sturgeon listing.
The third workshop focused on climate change.
Again, no consensus was sought by NMFS at the
workshop, but rather the invited experts provided
their individual opinion on the potential impacts of
climate change on river herring.

Some of the results of the workshop were that there
are limiting factors that vary across the full
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distributional range for both species and that
conservation of river herring will need to consider
numerous factors other than the possible impacts
from climate change. All three reports were sent for
a peer review.

For the stock structure report the peer reviewers
found that the report was based on the best available
science. One of the quotes from one of the peer
reviewers is that among the data sources the genetic
evidence was the most coherent and robust available.
For the extinction risk report the peer reviewers
generally found that this was based on the best
available science.

However, there were noted deficiencies in some areas
of the reports and recommendations were made. Two
of the peer reviewers also noted and discussed the
landlocked populations of alewife and their
consideration in the petition. The climate change
peer review report has not been published yet; and
when it is I will inform you of the results.

The current timeline; the proposed rule was expected
on August 6. The Service filed for and was granted
an extension on the proposed rule. Just so the board
is aware if the proposed rule does publish in
November, the public comment period may not still
be open when our February board meeting takes
place. Itis late in February next year. However, if it
publishes after November, if it publishes in
December — we have been told to expect it before the
end of the year — then it would be open over our
February board meeting. Thank you, Madam Chair.

CHAIRMAN DUVAL.: Are there any questions for
Kate about the workshops? Doug.

MR. DOUGLAS GROUT: Just a little clarification;
as you were going through the stock structure you
said that one of the options they looked at was a five-
stock complex. Yet | also heard something in your
report that said that the stocks should be at the river
drainage level. There are a lot more river drainages
than five, so could you clarify for me what they were
trying to say there?

MS. TAYLOR: The work that Eric Palkovacs
completed, his management recommendation
suggests that the river drainage is the most
appropriate level for management. However, the
findings of the workshop participants recommended
the regional structure as opposed to — or there was
evidence of a regional stock structure. No
recommendations were made in the report as to
which should be used, but the findings of the

These minutes are draft and subject to approval by the Shad and River Herring Management Board.
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participants was that there was regional stock
structure.

MR. JAMES GILMORE: Kate, when NOAA or the
Fisheries Service was here last year when we met
with them and we were talking about Atlantic
sturgeon, we had asked them about the threats that |
guess caused or were the biggest contributing factors
to the listing at that point, and the two they said were
climate change and population growth.

I think the concern at that point was, well, we’ll just
about list everything of those two. Now, that was not
listed in any of these workshops, so are there other
factors that they include in this and is population
going to be one of them when they go through doing
this analysis. Again, they had climate change listed
here, but the one that they had mentioned last time
was human population growth.

MS. TAYLOR: There are the five factors for the
listing determinations. It includes the present or
threatened destruction of habitat, overutilization,
disease or predation, the anadromous existing
regulatory mechanisms and other natural or manmade
factors affecting their continued existence. In
developing these workshops, NMFS had consulted
with commission staff and technical representation
on the data gaps that were not addressed in the stock
assessment.

Our terms of reference were very focused. We were
operating within the commission stock assessment
process. However, for the listing determination the
Service is required to provide additional information,
including the population by ability analysis and
effects of climate change. That is why they focused
these workshops on those specific items because they
were not addressed in the ASMFC stock assessment.

CHAIRMAN DUVAL: Are there any other
questions for Kate on the workshops? Okay, seeing
none, we’re going to move on to our next item, which
is an update on both the New England and Mid-
Atlantic Council amendments that pertain to these
species.

UPDATE ON NEFMC AMENDMENT 4/5
AND MAFMC AMENDMENT 14

MS. TAYLOR: As the board has been briefed
previously, the New England Council’s Amendment
5 and the Mid-Atlantic Council’s 14, which both
include management options to address river herring
bycatch, those final EISs have been submitted. At
the Atlantic Herring Section this morning, Toni
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discussed the New England Council’s Amendment 4
Federal Court Ruling and postponed the discussion
until this board meeting.

I’'m going to go through the updates that have
occurred under that lawsuit right now. The lawsuit
was filed in April of 2011. The claim was that
NMFS was in violation of the MSA and the APA by
failing to include shad and river herring as a stock in
the fishery and to create catch limits for them. They
also failed to adequately set up ACLs and AMs for
Atlantic herring.

The federal court ruling orders that Amendment 4
was vacated or will be vacated effective one year
from now, and the court will retain oversight of the
agency’s actions in this matter until the Service fully
complies with the order. The ruling required NMFS
and the New England Council to review the most
recent science and consider a full suite of protections
for shad and river herring. They gave the Service one
year to take action in order to minimize the bycatch
of shad and river herring.

This time period will permit the Service to determine
whether Amendment 5, which has been approved and
submitted by the council, if this minimizes bycatch to
the extent practicable. The federal court ruling also
orders the Service to consider new approaches for
setting allowable catch for sea herring that accounts
for its role as a forage species.

The federal court ruling also specifies a specific
timeline the Service has to comply. Within one
month of the ruling, NMFS was required to provide
the court with an explanation of whether the
Amendment 4 definition of stock in the fishery
complies with the MSA. They have completed this.
The Service was also required to send a letter to the
New England Council recommending that the council
consider shad and river herring as a stock in the
fishery based upon the river herring and shad stock
assessments and NMFS positive 90-day finding.
They also completed this and those letters were
included in your briefing material.

In a six months’ timeframe NMFS is required to file
a report with the court describing the progress on the
actions ordered; and at the one-year mark in August
NMFS will be required to provide the court with an
explanation of whether the Atlantic Herring FMP
minimizes bycatch for river herring and also to
include a completed NEPA analysis for the
specifications and management measures
demonstrating that a hard look at the environmental
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impacts of the remedial actions were taken. Thank
you, Madam Chair.

CHAIRMAN DUVAL: Are there any questions for
Kate with regard to the status of the New England
amendments. | know several folks sitting around the
table here sit on the New England Council and there
might be questions from some of the other members
of the board. All right, if not, we will move on to our
update of Mid-Atlantic Council Amendment 15.

REVIEW OF MAFMC AMENDMENT 15
SCOPING DOCUMENT

MS. TAYLOR: The Mid-Atlantic Council has
initiated the development of Amendment 15, which
will consider the inclusion of shad and river herring
as a stock in the fishery to the Squid, Mackerel,
Butterfish FMP. The Mid-Atlantic Council could
either manage shad and river herring through a new
FMP, a separate FMP or could add shad and river
herring to the current Squid, Mackerel, Butterfish
FMP.

If the council directly managed shad and river herring
under an FMP, then the required mandatory and
discretionary provisions of the MSA would apply.
Potentially blueback herring, alewife, American shad
and hickory shad could go into the Squid, Mackerel,
Butterfish FMP. The scoping document that was
included in your briefing material was provided by
council staff.

This is a draft document. It has not gone out for
public comment yet although it is expected to be
released for public comment very shortly. Council
staff has advised that the draft will not change with
any significance most likely.  The council is
requesting input in the scoping document.

They posed specific questions including is the
existing management and framework sufficient for
shad and river herring; could a federal FMP improve
or maintain the condition of river herring stocks;
could an FMP resolve competing interests and
conflicts among user groups; are current efforts and
plan measures by the council sufficient to address
bycatch of river herring in federal fisheries; and
additionally, what scale should management occur;
what management units are appropriate; and if the
Mid-Atlantic Council ends up managing shad and
river herring, can the council and ASMFC fully
accomplish management of river herring throughout
its range without doing a joint FMP with the New
England Council?
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As | mentioned, the amendment was initiated in June.
The scoping and public hearings are expected to run
some time in the very near future, through the end of
November or early December. This lays out the
remainder of the timeline for the development of the
amendment with the expected final rule effective
January 2015.

The public comment period will most likely not
occur during an ASMFC board meeting. It is
expected obviously to be over before the February
board meeting, so the board will need to determine if
comments will be submitted to the council when the
public comment period does open; and if so, how
those comments will be developed if done outside of
this meeting. Thank you, Madam Chair.

CHAIRMAN DUVAL: In the past we have used a
workgroup approach to develop comments from this
board in response to the New England Council
Amendment 5 and Mid-Atlantic Council Amendment
14. 1 guess | would welcome some input from board
members with regard to what you all feel might be
the most efficient means to provide some comment
on the scoping document.

I would think that the board might want to weigh in
as to whether or not we would see joint management
or complementary management as something that we
would prefer should the council decide to move
forward with either an amendment to the Squid,
Mackerel, Butterfish FMP or a separate FMP for
stocks, but I would welcome some input from board
members with regards to how you would like to
develop some comments on this. Terry.

MR. TERRY STOCKWELL: Madam Chair, |
thought the approach you used on Amendment 5 and
14 were very helpful; but just as a point of
information for the board, at next week’s NRCC
meeting the New England Council has forwarded a
request for some discussion on the coordination of
river herring management, particularly following up
on Amendment 15.

The New England Council is at a point of impasse
not knowing in what direction to go. It is somewhat
reactive to the ongoing litigations, but it is of utmost
importance to me and | hope many other members of
the board that we have a coordination between the
two councils and this board and not have one council
take the lead.

CHAIRMAN DUVAL: Thanks for that, Terry. Are
there other thoughts or comments around he table?
Doug.
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MR. GROUT: | would agree with your suggestion
of getting some workgroups together in between the
two meetings to develop comments for the scoping
document and then have those comments approved
via an e-mail vote before the comment period is up.

MR. THOMAS FOTE: After dealing with black sea
bass, summer flounder and scup for these many years
in a joint management plan, | find very little
confidence in doing a joint management plan with
either one of the councils anymore. | think we should
coordinate, we should do things, but | don’t want to
be put under the restrictions of what the councils are
doing; especially like in the case of black sea bass we
have a fully recovered fishery that is not being —
overfished or overfishing is taking place and yet
we’re still fishing at the level of a collapsed fishery
with this being overfished and overfishing.

We have the summer flounder which is we spent the
most money, as NMFS has pointed out many time, on
studying summer flounder and yet when the SSCS
look at it they still put it as a Tier 3. I’m going to say
how much information do we have to get to get a Tier
1. That gives me grave concerns in doing joint
management plans anymore because of what goes on
in basically dealing with recovered fisheries. Now,
we are going to be a long way from recovering river
herring but it is just the principle of looking at these
joint plans and getting locked into the federal
guidelines.

MR. WILLIAM GOLDSBOROUGH: 1 just want to
endorse your thought about having a workgroup work
on comments. It seemed to work pretty well last
time. Having served on that one, | would volunteer
for this one if you go forward that way. One
comment to Tom’s point; obviously, | think the
unifying factor with all these species is that they’re
all forage species. Having that in common | think
there is great value in going down this road; but even
having said that, we’re going down it already. | think
it behooves us to put together some quality
comments.

MR. FOTE: River herring was not only a forage
species, but it was harvested by a lot of my people to
make pickled herring and things like that, and that
has been shut down recreationally. It was important
to be used for other things. Yes, | understand it is a
forage species, but it still is a consumption species
also in some ways. | would like to rebuild them to
the point that people can go out and catch herring to
pickle or use it in any way they want.
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DR. WILSON LANEY: To Tom’s point, | concur
with him entirely. | will just make the point again
and | have made it in the past, but river herring is
important from an ecological perspective, from an
economic  perspective and hugely important
historically from a cultural perspective, so | think
there are three big reasons to try and push this one as
a priority for restoration.

MR. MIKE ARMSTRONG: Just a comment; | am
concerned the more federal involvement, the more
we go that route — there is a problem with bycatch,
but the main problems facing river herring occur in
the rivers, occur in the headwater, ponds and occur in
state waters, and that is the purview of ASMFC. |
think our comments should reflect that we’re in a
better position to solve the really true problems that
face river herring as opposed to just the bycatch
issue.

CHAIRMAN DUVAL.: 1 think there is agreement on
that. If there are no other comments on this issue,
this is the point where we start asking for volunteers.
Bill  Goldsborough has already graciously
volunteered to do so. | see Doug Grout. Pam.

MS. PAM LYONS GROMEN: Madam Chair, | just
would like to have the opportunity to reach out to the
AP members, as before with the other working
groups, and allow them to provide some feedback to
the working group. Thank you.

CHAIRMAN DUVAL: So noted; | think that would
be a good idea and we would do the same thing with
the technical committee as well. Back to volunteers;
we have Bill, Doug Grout, Terry Stockwell, Russ
Allen, and Mitch. That would be five members plus
myself plus input from both the technical committee
and the advisory panel.

Unless anyone else has a burning desire to participate
in that committee, | think that is probably enough
cats to try to herd in terms of getting together for a
call between now and then. Is everyone good with
that approach? | will be getting in touch with those
folks to have a call down the road and you should be
expecting some e-mail correspondence from us
between now and the close of the comment period.
The next item on our agenda is review and approval
of American Shad and River Herring Sustainable
Fishery Plans. I think probably Larry is going to take
us through that.
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DISCUSSION OF AMERICAN SHAD AND
RIVER HERRING SUSTAINABLE
FISHERY PLANS

MR. LARRY MILLER: The technical committee
received four plans for review and potential approval
for sending along to the board. There were three
shad plans; one from Massachusetts, one from
Connecticut and one from Virginia. For river herring
there was one and that came from Rhode Island.
Since Kate actually took the better notes and speaks
much faster than | do, | will leave it up to Kate go
through the particulars for these plans.

MS. TAYLOR: The plan submitted by
Massachusetts was a request to close all fisheries
outside of the Merrimack River and the Connecticut
River. In addition, they would lower the bag limit
from six fish per day angler to three fish per day.
The technical committee reviewed the plan and
would encourage Massachusetts to implement
research to document the presence of spawning shad
above the Essex Dam. The technical committee
recommended that the board consider approval of this
plan.

The Connecticut Shad Plan proposed the continuation
of the commercial and recreational fisheries in the

Connecticut River. In all other systems in
Connecticut, they are currently prohibited and will
remain prohibited systems. Other than the

Connecticut River for recreational fishing would
become catch and release only. The technical
committee recommended the board consider approval
of this plan.

The Virginia Shad Plan is very similar to the bycatch
request the board has previously approved from
2006-2011. This is a limited bycatch allowance for
American shad through 2017.  The technical
committee recommended approval of the plan with a
modification to lower the permit cap from 50 to 30
and also recommended monitoring the 500 fish
harvest cap and adjust as necessary in future seasons.

The Rhode Island River Herring Plan that the board
reviewed was for a 5 percent bycatch allowance in
the Atlantic herring fishery. There was also a section
for a freshwater proposal. However, Rhode Island
removed this from the report. It was currently
contained in the briefing material, but it has been
removed.

The 5 percent bycatch allowance would require
mandatory participation by the Atlantic herring
fishermen in the current SMAST Monitoring
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Program. The technical committee had
recommended approval of this plan.  Thank you,
Madam Chair.

CHAIRMAN DUVAL: Are there any questions on
any of the plans or comments on the technical
committee’s report? Rob O’Reilly.

MR. ROB O’REILLY: Madam Chair, | just want to
point out on that slide for Virginia the board has
approved the bycatch allowance from 2006-2012. |
believe the slide said 2011.

CHAIRMAN DUVAL: Thanks for that clarification,
Rob. | did just want to give the board a heads up
while we’re discussing sustainable fishery plans,
North Carolina is probably going to, as a result of
unfortunate timing, come back to the board for
probably a fax poll before the end of the year. The
board approved our sustainable fishery plan for shad
in May.

That had to go through our state commission’s public
review and input process. Due to a number of other
items that were already in the queue for the July
public hearings, this was unable to be reviewed until
our September public hearings. There was an
advisory committee recommendation from one of our
state advisory committees to modify that plan
slightly; basically instead of a March start date for the
season, move to a February 15" start date for the
season in three of the river systems. We want to be
proactive and so took that to the technical committee
at their recent meeting, and they approved that, but
we still have yet to present this to our state marine
fisheries commission.

We were just trying to get ahead of the curve and
allow some options for our commission. | have no
idea what our commission is going to do. It is
difficult to predict that. If they stick with the
originally proposed opening date in the plan, we are
good to go. But if they elect to change that from a
March 1 to February 15" start date, we are going to
need to come back to this board for approval of that
modification.

The reason that is important is because our fisheries
by rule in North Carolina open January 1 and run
through April 14™. In order for us to issue a
proclamation to make that season change, we would
need approval prior to the end of the year. | just
wanted to give folks a heads up that might be
happening. Thank you for your indulgence. Mr.
Augustine.
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MR. PATRICK AUGUSTINE: Madam Chair, |
would move that the board approve —

CHAIRMAN DUVAL: Wait, Pat, | think Bob
wanted to make a couple of comments on Rhode
Island’s Plan, if you don’t mind holding up. I'm
sorry to interrupt.

MR. ROBERT BALLOU: Dare | jump in when Pat
was about to make a motion to approve, but for the
board’s edification I think it is important with regard
to the Rhode Island plan to note that it is more
nuance provision than what is up there. The 5
percent bycatch allowance would pertain to landings
from federal waters.

However, in state waters what we would enact is a
state permitting program through which it would
mandate participation in the move-along protocols
that are part of the SMAST Program; and in so doing
seek to minimize bycatch and maintain our zero
tolerance standard. We would not be changing the
state standard for state waters. We would be rather
implementing a program that would help minimize
bycatch in state waters. Thank you.

CHAIRMAN DUVAL.: Are there any questions of
Bob with regard to Rhode Island’s Proposal? Okay,
Mr. Augustine, | apologize for the interruption if you
would like to continue.

MR. AUGUSTINE: | move that the board approve
the plans as submitted for American shad and
river herring sustainable fishery plans for the
states of Massachusetts, Connecticut and Virginia
and Rhode Island with the recommendations
suggested by the technical committee. | believe
they were on Virginia; you had two
recommendations.

CHAIRMAN DUVAL: Okay, motion by Mr.
Augustine to approve the sustainable fishery plans for
the states of Massachusetts, Virginia, Rhode Island
and Connecticut with the recommendations from the
technical committee.

MR. AUGUSTINE: I want to tie the
recommendations from the technical committee
directly to Virginia, because Virginia had two
recommendations on it. So if that would clarify it;
could we move that up, Mike? Is that clear?

CHAIRMAN DUVAL: They have already taken
care of that, | believe, so | think it is okay to leave it
the way it is.
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MR. AUGUSTINE: All right, let’s take that off and
just say Rhode Island and Connecticut.

CHAIRMAN DUVAL: And a second by Mr. Adler.
Is there discussion on the motion? Is there any
opposition to the motion? Seeing none, that motion
stands approved. The next item on our agenda is
the Fishery Management Plan Review, and | think
Kate is going to take us through this.

FISHERY MANAGEMENT PLAN
REVIEW AND STATE COMPLIANCE

MS. TAYLOR: The 2012 Fishery Management Plan
Review looked at the 2011 fishery. The status of the
stocks is where the 2007 benchmark stock assessment
found that all stocks are current all-time lows. The
status of hickory shad is currently unknown. The
2012 benchmark stock assessment found the stocks to
be depleted.

The closure of the Ocean Fishery has lowered the
coast-wide landings of American shad. In 2011
coast-wide total landings reported in the compliance
reports from the individual states and jurisdictions
was at about 650,000 pounds, which is a 14 percent
increase from 2010. For hickory shad, in 2011
commercial coast-wide landings were just under
100,000 pounds is a 27 percent decrease from the
2010 landings.

For river herring, in 2011 landings were reported
from Maine, New Hampshire, New York, New
Jersey, Delaware, Maryland, PRFC, Virginia and
North Carolina and South Carolina, totaling 1.2
million pounds, which is a 40 percent decrease from
the 2010 numbers with the majority of the landings
coming from the state of Maine.

De minimis requests were made from Maine, New
Hampshire and Massachusetts. The plan review team
found that the provisions of the de minimis standards
were met. The plan review team made a number of
recommendations; specifically that several states did
not report all of the monitoring requirements listed
under Amendments 2 and 3. These omissions
included variance length frequency, age frequency
and degree of repeat spawning.

The plan review team requests that this information
be included in the future. The plan review team also
requests that all states check with their law
enforcement agencies and their  freshwater
counterparts when reporting poaching, bycatch or
other losses. Additionally, the plan review team
requests the board task the technical committee with
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a number of items, including having the technical
committee provide a spreadsheet on how to
accurately determine the variance; a study on
Connecticut sampling methods; a study on the
minimum sampling size recommended in the survey
design; a consistent definition of a repeat spawner
mark; and standardization of the length frequency
reporting. That is my report, Madam Chair.

CHAIRMAN DUVAL.: And just to clarify in case |
missed it, those de minimis requests were for shad?

MS. TAYLOR: For shad.

CHAIRMAN DUVAL: Okay, thank you. Mr.
Adler.

MR. WILLIAM A. ADLER: What did you just say?

CHAIRMAN DUVAL: Okay, | was just clarifying
that the de minimis requests from Maine was actually
for shad as opposed to river herring and Kate
confirmed that.

MR. ADLER: Okay, that was my point because we
were talking about de minimis from Massachusetts,
Maine and everything was for shad and not river
herring, right?

CHAIRMAN DUVAL: That is correct. Are there
any questions for Kate with regard to the FMP
Review? If not, | think | may entertain a motion
from the board to task the technical committee with
those items that they requested to be tasked with.
Mr. Augustine.

MR. AUGUSTINE: How do you want to word the
motion? You could rattle it off and Joe could take it
down. Let’s see how we can do that. | move to
accept the technical committee’s report. What more
detail do you want more than that?

CHAIRMAN DUVAL.: I think it might be move to
accept the fishery management plan review.

MR. AUGUSTINE: Okay, and that, too.

CHAIRMAN DUVAL: Second by Bill Adler. Is
there any discussion on this motion?

MR. DAVID SIMPSON: 1 guess just a question
about the sort of dual track in assessment and
management that we’re on now because Amendment
3 is shad, right. Amendment 3 is based on state or
regional sustainability plans, which may or may not
include some of the elements that — for example,
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commercial catch characterization and biological
sampling for the Connecticut River; we don’t use that
in our sustainability plan.

But the technical committee is going to spend time
reviewing our use of proxy information from the
Holyoke, Massachusetts, Dam to characterize our
commercial fishery in Connecticut. So what you’ve
got is a detail of stuff that we have done historically
that has nothing to do with our sustainability plan and
is stuff that we don’t do.

It is collected from Massachusetts, if they collect it,
and then we use it as best | can. | have made that
sound a little more complicated but at what point do
we say, look, what are we doing this for, how much
technical committee time do you want to spend on it
and what is its relevance in management.

CHAIRMAN DUVAL: Dave, | understand what
you’re getting at. We have directed the states to use
the information that they feel is the most appropriate
in order to properly manage their fisheries through a
sustainable fishery plan. That may or may not
include all of the required monitoring elements, so
your question is where do these two things converge,
more or less.

It is a great question. | don’t know if Larry had any
input on that. | guess from my perspective | think
back to the beginning of Amendment 3 and all of the
different monitoring requirements that were put into
place and the belief from the plan development team
that those were all of the monitoring elements that we
ideally would want all the states and jurisdictions to
be collecting as the appropriate breadth of
information that would be necessary to properly
manage these species; recognizing that not all the
states and jurisdictions actually have the money to
collect some of those and some have been just due to
staffing shortages or funding shortages.

Some states have been in a situation where they
haven’t been able to collect those. There may be a
time in the near future where those two things do
converge. | think from my perspective the hope is
that the sustainable fishery plans are going to
continue to be works in progress. | know at least
from North Carolina’s perspective that as we
continue to move down the road and hopefully
collect more in-depth and appropriate information,
that we may be able to update those sustainability
targets that we have chosen and perhaps expand upon
them and use more than the two or three that we have
chosen for each of the systems.
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MR. SIMPSON: | really point it out because it has
been, what, five years since we have lost anadromous
fish conservation money, so there is no federal
support for — this is about managing a state budget
and trying to do everything we can to be full partners
in the commission process. But we were conscious
in our development of the sustainable fishery plan to
sort of be parsimonious and pick the most important
things that we could develop at the least cost.

Recognizing we are using sportfish restoration
money now to run our entire shad project, and you’re
talking about maybe four or five thousand fish that
get caught recreationally and we spend $100,000 just
on our monitoring, so it sort of begs the question into
the future of we’re going to continue to do this as
long as we can but you can foresee a day where it
might be more difficult.

CHAIRMAN DUVAL: | understand that and can
certainly feel that same pain. Are there thoughts
from other folks from around the table in response to
the comments that Dave had?

MR. MILLER: 1 think it was pretty much as Dr.
Duval had described it. We recognized, when we
were working on these different amendments, that
each state had a limited amount of resources
available and that they were the best entity to
determine how to spend that resource in order to
achieve what was the ultimate goal, which is the
restoration of these fish species.

Also we did recognize that these were works in
progress and that there is more than one way to skin a
catfish and that maybe we could all learn something
from what some other states are doing and that
eventually they could adopt some new strategies into
their plans in the future after they have reviewed and
seen what worked and what hadn’t worked.

That was the goal and | think that we’re actually
achieving that goal. | am seeing some very good
plans coming out. A lot of thought, a lot of
discussion at the technical committee meetings and a
lot of ideas being exchanged, and | think that is
exactly what we were hoping would happen.

MR. AUGUSTINE: Madam Chair, do we want to
add to that and technical committee report?

CHAIRMAN DUVAL:
committee recommendations?

How about technical

MR. AUGUSTINE: Excellent; thank you.
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CHAIRMAN DUVAL: Okay, the motion reads
move to accept the Shad and River Herring FMP —
okay, so we need to include de minimis requests in
there as well. Okay, the motion now reads move to
accept the Shad and River Herring FMP Review and
the technical committee’s recommendations and
approve de minimis requests for shad from
Massachusetts, New Hampshire and Maine. Motion
by Mr. Augustine; seconded by Mr. Adler. Is there
any other discussion on this motion? Is there any
objection to this motion? Seeing none, that motion
stands approved.

At this time | did want to take a couple of minutes
since we actually do have a couple of minutes and
thank Mr. Miller for his service on the technical
committee. He is going to be stepping down as chair,
which means that this is his last meeting for us. He
was gracious and willing enough to step into that role
as the chair of the technical committee when not a lot
of other folks had the time or the inclination to do so.
I think if everyone could sort of join me in a round of
applause for Larry for his efforts. (Applause) Mr.
Grout.

MR. GROUT: | had a question for Larry or Kate on
the compliance reports. The question is are these
items that are listed under each state; are they
referred in detail back to the technical committee
members so they understand what needs to change
here because there are some things that | personally
don’t quite understand here and even why you’re
asking for them, like did not report variance on river
herring. Well, we get absolute counts at ladders so
why would there be a variance on that; but they know
what they need to come up with and that is the
important thing.

MS. TAYLOR: | inform the states of the compliance
issues that were brought up after the FMP Review is
accepted and then | also remind them when | send out
the compliance report reminder.

OTHER BUSINESS

CHAIRMAN DUVAL: Are there any other
questions? If not, | believe that was our last agenda
item. Unless there is any other business to come
before the board — Wilson.

DR. LANEY: Well, just a quick comment, Madam
Chairman, to let the board know that the Fish and
Wildlife Service has created a River Herring Team
that covers the entire east coast. We can provide a
list of who those numbers are. One of the things
we’re doing as part of the formation of that team is
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conducting an inventory of all the national wildlife
refuges on the east coast with a view toward
identifying whether or not they host river herring
habitat; and if so, whether there has been any
monitoring done.

We do have an expanded inventory and monitoring
program for the National Wildlife Refuge System, so
there is the possibility that we might be able to
allocate some funding toward river herring
monitoring on national wildlife refuges. 1 just
wanted to mention that and we can provide details to
the technical committee later and to the board, too, if
there is more interest in who is serving on that.

CHAIRMAN DUVAL: Thanks for that very much,
Wilson. | think a lot of folks would be very
interested whenever they hear the word “funding”
especially with regard to our anadromous species.

ADJOURNMENT

CHAIRMAN DUVAL: Is there any other business
to come before the board? Is there any objection to
adjourning? Seeing no objection, the Shad and River
Herring Board is adjourned.

(Whereupon, the meeting was adjourned on October
22,2012))

These minutes are draft and subject to approval by the Shad and River Herring Management Board.
The Board will review the minutes during its next meeting.
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American Shad Stocking Plan for Georgia

Altamaha River

Introduction: Cultured fish have been used successfully in the restoration of depleted American
shad populations in several drainages and stocking efforts are now underway in several Atlantic
Coast states. Stocking has been especially useful when combined with fish passage programs by
re-establishing populations of fish to river segments upstream of recently breached or removed
stream obstructions or above facilities where fish passage structures have been constructed
(Hendricks and St. Pierre 2002). Segments of the Altamaha Basin have been completely
uninhabited by American shad for well over a century due to the lack of fish passage at dams
(Evans et al. 2012). The objective of initiating an experimental stocking program is to “jump-
start” the recovery effort as a complement to ongoing efforts to obtain fish passage and increase
the availability of spawning habitat above dams.

Goal: The long-term restoration goal for the Altamaha River is to re-establish self-sustaining
spawning migrations that more closely approximate the historic range in the Altamaha River
Basin. This goal will specifically entail the restoration of American shad spawning runs to nearly
6,000 acres of riverine habitat (Tom Litts and Joel Fleming, GADNR, 2007, personal
communication) above existing dams. Based on the widely accepted planning level figure of 50
fish/acre as the estimated carrying capacity of restored American shad spawning runs (Hightower
and Wong 1997), and complete access to available habitats above dams, the spawning run could
eventually increase by approximately 300,000 fish (Evans et al. 2012). It is anticipated that
several decades would be required to realize this objective.

Location to be Stocked: Restocking efforts will occur above blockages in the Altamaha basin
to “jump start” the rebuilding process for populations within the basin. The number of fry
stocked annually would be proportioned among stocking sites based on fry production and the
amount and quality of available habitat.

Stocking Rate: Accepting Hendricks and St. Pierre’s (2002) recommendation that no more than
25 percent of American shad returns should be of hatchery origin, and calculating the harmonic
mean of the Altamaha River census size for the 1982 — 2011 period of record as 134,600 (Don
Harrison, GADNR, 2012, personal communication), the number of returning shad of hatchery
origin should not exceed 33,600. Applying Hendricks (2006) model of approximately 300 fry
stocked per return of one adult American shad, a maximum of 10 million fry could be stocked
annually into a combination of sites within the Altamaha Basin. However, due to hatchery
limitations, this level of stocking would not likely be feasible, at least in the initial years of the
stocking program.

Brood Source: All adult fish will be collected from the Altamaha River during their annual
spawning run.

Target Number of Broods: The number of broods to be used will be < 300 adults, maintaining
a broodfish sex ratio no greater than 1:3 female/male.



Marking Methods: Fry will be marked with oxytetracycline (OTC) in accordance with
ASMFC requirements.

Evaluation: Information gathered during the culture phase will be used to refine and evaluate
culture techniques. Sampling for YOY shad will occur in reservoirs and downstream river
sections. Otoliths will be removed and examined for OTC marks to evaluate success of stocking
efforts and evaluate downstream migration patterns. Data collected from these stocking efforts
will provide useful information towards determining the feasibility of stocking above blockages
and will be used to guide future shad management efforts in Georgia.

Targeted Start Date: The Georgia Fisheries Management Section will begin experimentation
with Shad culture and stocking in the Altamaha River System in 2013.
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Altamaha River Basin, Georgia. Georgia Department of Natural Resources. 2012. 29 pp.
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Figure 1. Locations of known possible natural and manmade barriers to potential American shad
spawning habitat in the Altamaha River Basin, Georgia.*

! This map represents the results of a preliminary survey conducted in 2007 and other potential barriers to fish
migration may be added in the future.
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Georgia Power Company (GPC) hereby submits for review the
attached Final Report on Instream Flow Incremental Methodology .
(IFIM) Studies for the North Georgia and Lloyd Shoals
hydroelectric projects. GPC acknowledges that there has been
substantial criticism of the IFIM methodology, particularly in
the Southeast. Two main concerns are: 1) IFIM has not been
shown to be a valid predictor of the effect on fish
populations from varying stream flows, and 2) IFIM does not
evaluate the existing fishery. Accordingly, GPC is continuing
to evaluate what impacts changes in stream flows at these
projects have on fish populations.

In the most important sense, GPC desires to underscore its
fundamental observation that this report or any other similar
report should not be viewed in isolation. Section 4(e) of
the Federal Power Act sets forth the criteria that need to be
considered which include, in addition to the impact on fish
and wildlife, power and development purposes, energy
conservation, recreational resource needs, and other aspects

of environmental quality.

Your review of the enclosed report in light of these
considerations will be appreciated.
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1. INTRODUCTION

This report presents the results of Instream Flow Studies performed on
the Tallulah, Tugalo, and Ocmulgee rivers. These studies were conducted
for Georgia Power Company (GPC) by EA Engineering, Science, and Technol-
ogy, Inc. as part of the environmental studies for Federal Energy Regula-
tory Commission (FERC) relicensing of the North Georgia Hydro Group (FERC
Project No. 2354) and Lloyd Shoals (FERC Project No. 2336) projects. The
purpose was to develop an analytical framework to evaluate the relation-
ship between flow scenarios and the resulting amount of fish habitat,

in order to protect fisheries resources in the project tailwaters.

The U.S. Fish and Wildlife Service (FVS) Instream Flov Incremental Meth-
odology (IFIM) (Bovee 1982; Bovee and Milhous 1978) formed the basis of
the analyses in this framework. The IFIM is a hierarchical, modular pro-
cess designed to assess the effects of incremental changes in flow regime
on fish habitat. This habitat-based approach quantifies the amount of
"potential” fish habitat at various discharges.

The studies described herein were conducted in a logical sequence
(Figure 1-1) to yield a basis for evaluation and negotiation of various
alternative minimum flow regimes. Project scoping, fish habitat suit-
ability studies, and physical habitat simulation were the core compo-
nents; the fish survey and temperature monitoring studies were conducted

to provide data for scoping and final recommendations.

Project scoping (Section 2) was conducted to delineate the study areas,
identify the appropriate fish species for evaluation and the habitat
variables of concern, and determine the data sampling locations.- Scoping
included periodic consultation meetings and contacts with federal and
state agencies as required by the FERC application procedures for hydro-
pover licenses (FERC 1985; FERC 1989). The fish survey results (Section

3) provided a basis for selecting species for the overall analysis.

1-1
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Species included in fish habitat suitability studies vere jointly select-
ed by GPC and the agencies on the basis of ecological guilding, existing
habitat use information, and the abundance of species in each study area.
The habitat preferences of these species were then quantified (Section
4), and habitat suitability criteria vere derived for use in physical
habitat simulation modeling.

Habitat mapping produced an inventory of riverine habitat types In each
study area and provided a basis for selecting habitat/hydraulic sampling
locations. Physical habitat simulation modeling (Section 5) integrated
the results of fish habitat suitability studies and habitat/hydraulic
sampling to yield information on fish habitat versus stream flow
dynamics.

In the final phase of the Instream Flow Studies (Figure 1-1), the results
of physical habitat modeling for all species were analyzed simultanequs-
ly to provide a basis for evaluating flow-habitat relations for the en-
tire fish community. Together vith consideration of water availability
(stream flow analyses), evaluation of stream temperature regimes (Sec-
tion 6), and constraints imposed by macrohabitat variables, the results
provide a basis for evaluating instream flow regimes producing a range

of possible fish habitat-maintenance goals (Section 7).

1.1 PROJECT DESCRIPTION

North Georgia Development

Georgia Power Company’s North Georgia Development consists of six

dams and hydroelectric generating facilities on the Tallulah, Chattooga,
and Tugalo rivers. These rivers are major tribufaries of the Savannah
River, located in the mountainous regions of northeast Georgia and north-
west South Carolina, and are contained within the Blue Ridge Mountains
and Southeastern Plains (Piedmont) ecbrekions (Omernick 1987). The
boundaries of the North Georgia Hydro Development fall within Rabun,
Habersham, and Stephens counties, Georgia, and Oconee County, South
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Carolina. The development extends over 37.5 mi from the head of Lake
Burton to Yonah Dam, and has a total drainage area of 470 mi? {Stokes
et al. 1987).

Lentic habitats in the North Georgia Hydro Group include six reservoirs—-
Burton, Nacoochee (Seed), Rabun, Tallulah Falls, Tugale, and Yonah. Riv-
erine (lotic) habitats directly affected by project operation include the
Tallulah River between Lake Rabun and Tallulah Falls Lake, the Tallulah
River in Tallulah Gorge, and the Tugalo River between Yonah Lake and Lake
Hartwell. The first two of these riverine segments are affected by flow
diversion via tunnels to powerhouses at the downstream end of the river
segment. Little or no riverine habitat exists between the other reser-
voirs because downstream reservoir levels back up to the outflow of the
upstream reservoir. Major riverine habitats less directly influenced by
project operation include the Tallulah River upstream of Burton Lake and
the Chattooga River upstream of Tugalo Lake. .

Water releases from the North Georgia dams are regulated in an integratea
manner for hydroelectric generation to meet peak load demand and for
lake-level control for recreation. The existing FERC license for the
North Georgia Development has no minimum flow requirement.

Lloyd Shoals

v

Georgia Pover Company’s Lloyd Shoals project consists of a single dam

" and hydroelectic generating plant on the Ocmulgee River near Jackson,
Georgia. The boundaries of the Lloyd Shoals project fall within Butts,
Jasper, and Newton counties, Georgia. The Ocmulgee River, a major
tributary to the Altamaha River, drains south-central Georgia, and is
contained within the Southeastern Plains (Piedmont) ecoregion {(Omernick
1987). The Lloyd Shoals impoundment, Lake Jackson, extends up the Alcovy
River approximately 11 mi, and extends up the Yellow and South rivers
lesser distances. The total drainage area for the project is 1,400 mi?
(Stokes et al. 1987).
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Lentic habitat affected by the operation of the Lloyd Shoals project is
limited to Lake Jackson. Riverine habitats directly affected by the
project are the Ocmulgee River and, to a lesser extent, its principal
tributaries, the South, Alcovy, and Yellow rivers.

Water releases from the Lloyd Shoals facility are regulated for hydro-
electric generation to meet peak load demand, flow augmentation for cool-
ing vater needs for downstream power plants, and for lake-level control
for recreation. The existing FERC permit for the Lloyd Shoals facility
stipulates a minimum flow of 100 cfs, except when the reservoir level ig
at or below elevation 518.8 and the inflow to the reservoir is less than
100 cfs; then the outflow will be equal to inflow into the reservoir.
During periods of high flow, the facility is operated as a baseload
generation facility.
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2. PROJECT SCOPING

Prior to initiation of Instream Flow Studies, project planning and a
predetermination of the various study elements vere conducted. Project
scoping serves to define the present system and identify variables that
must be considered in the analysis. The three scoping tasks were to:
(1) define the study area and study sites, (2) identify the flow-
dependent variables affecting the habitat potential of the streams, and
(3) select the fish species to be included in instream flow analysis and
describe their temporal patterns of habitat use.

Completing the scoping process included site visits, analysis of maps and
aerial photographs, and a search and review of available wvater quality
and fisheries resource data. Insufficient or lack of existing published
or agency file information in several areas triggered two separate study
components (e.g. fish survey, temperature monitoring). The results of
these studies were integrated as the study progressed. The preliminary
results of concurrent studies conducted by Georgia Power Company (GPC)
{see Section 2.5) were also used to verify assumptions or decisions made

before full information became available.

The scoping process was conducted in consultation with federal and state
resource agencies as required by FERC application procedures for hydro-
pover license (FERC 1985; FERC 1989). A chronology of the agency consul-
tation meetings is presented in Section 2.4,

2.1 STUDY AREAS

For the Instream Flow Studies, four study areas were defined by GPC:

(1) Tallulah River from Mathis Dam to the Terrora Power House, (2) Tal-

lulah River from Tallulah Falls Dam to Tugalo Lake (Tallulah Gorge),

{(3) Tugalo River from Yonah Dam to Lake Hartwell, and (4) Ocmulgee River
downstream of Lloyd Shoals Dam. The general physical characteristics of

each area are presented in Table 2-1 and the habitat characteristics are
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described in detail in Section 4. Maps of the study areas are presented
in Figures 2-1 through 2-4.

Mathis-Terrora Bypass (Figure 2-1)

Flow in the Tallulah River is directed from Lake Rabun into a tunnel

at Mathis Dam. The diverted water reenters the Tallulah River channel
5.6 river miles (RM) downstream, after passing through the Terrora
Poverhouse located at the headwaters of Tallulah Falls Lake (Figure 2-1).
Leakage from Mathis Dam and some ground-vater accrual constitute the
total flow in the diverted section of the Tallulah River below Mathis
DPam to its point of confluence with Tiger Creek; habitat in this section
of the old river channel most closely resembles a wetland area. Down-
stream of the Tiger Creek confluence, the Tallulah River channel appears
to have adjusted to the Tiger Creek flow regime during the past 50 years.

In its first-stage consultation document for the North Georgia Hydro
Group (GPC 1987a); GPC proposed to conduct no instream flow. study in this
reach. Several important factors contributed to this decision including
the presence of unique vetland and backwater habitats in the old river
channel. Additionally, the river channel appears to have equilibrated
with the Tiger Creek flow regime, such that no additional flov into the
diverted reach is considered to be necessary. Some months later the con-
sulting agencies concurred. During the intervening period, EA completed
the scoping, fish survey, temperature monitoring, and habitat mapping
study components for this study area. Further study in this area by EA
was discontinued in February 1988, by order of GPC’s project manager.

Tallulah Gorge (Figure 2-2)

This reach of the Tallulah River is a 1.8 mi length section of deeply
incised river channel vith precipitous walls and extremely limited and
difficult access. Flov is diverted from the Tallulah Falls Lake via a
tunnel to. the power plant located in the gorge at the river’s confluence
with Tugalo Reservoir (Figure 2-2). Flowv in the diverted reach consists
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of dam leakage and flow from minor tributaries. The contribution of dam
leakage to flow in this reach was reduced considerably during February

1988 after GPC conducted grouting vork related to dam safety.

Due to construction work on the Tallulah Falls Dam, field work was
delayed in the Tallulah Gorge. Hydraulic sampling in the Tallulah Gorge
has begun at the time of this report; the results of the Tallulah Gorge
Instream Flow Studies will be presented in an addendum to this report.

Tugalo River (Figure 2-3)

This reach of the Tugalo River extends from Yonah Dam downstream to its
point of confluence with Lake Hartwell. This reach can be divided into
two segments: riverine habitat and transitional river-reservoir habitat;
wvater depth for the latter is determined by the level of Lake Hartwell.
The length of the riverine habitat ranges from 1.2 mi to 2.5 mi, and the
downstream boundary of this habitat varies from the downstream island to
the U.5. Army Corps of Engineers boat ramp (Figure 2-3), depending on the
pocl elevation of Lake Hartwell.

Habitat in the riverine portion of the Tugalo River immediately below
Yonah Dam consists of riffles and shoals alternating with shallow runs
and run/pool habitat; deeper pool habitat is rare or absent in this sec-
tion. The transitionmal river-reservoir habitat consists of slow, deeper
poel habitat; the depth and current velocity in this transition zone are
strongly influenced by the pool elevation of Lake Hartwell.

Two small tributaries contribute flow to this study area. Panther

Creek (drainage area 33 mi?) enters on the west side approximately 0.3 mi
downstream of Yonah Dam. Brasstown Creek (drainage area approximately

15 mi?) enters. on the east side approximately 0.7 mi downstream of Yonah
Dam.



Ocmulgee River (Figure 2-4)

This study area extends from Lloyd Shoals Dam downstream approximately
16.8 mi to the Highway 83 bridge. Flov in this reach consists of
releases from the Lloyd Shoals Dam and numerous small tributaries
(i.e., Berds Creek, Yellow Water Creek, Wise Creek, Little Sandy Creek,
Long Branch, and Sandy Creek). The combined contribution of the trib-
utaries relative to the flow of the Ocmulgee River at the current

minimum flow is very small (<5 percent).

2.2 FISH RESOURCES

North Georgia

-

On the basis of a literature search and contacts with the Georgia
Department of Natural Resources (GDNR) (England 1987) and with South
Carolina Wildlife and Marine Resources Department (SCWMR) (Geddings
1987) regional fish biologists, insufficient information existed to
accurately document fish species composition and abundance in any of

the study stream areas. Dahlberg and Scott’s (1971) checklist of fishes
for the Savannah River and scattered university collections (Freeman
1987) were the only sources of information available to obtain species
lists.

One notable exception to the dearth of fisheries information was limited
data on the use of the Tugalo River by spawning walleye. The Tugalo
River is used by walleye, hybrid striped bass, and white bass (Williams
1988). According to reports by SCWMR, walleye vere introduced into
Hartwell Lake in the early 1960s (SCWMR 1970). Sampling of the Hartwell
Dam, Keowee River, and Tugalo River documented the presence of spawning
fish in these areas during the period 1971-1973 (SCWMR 1987). Recent
information from sampling in February-March 1987 .uggests a decline in
the abundance of spawning walleye in all three of these areas (SCWMR
1987), but the data are limited and inconclusive. Several possible
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explanations for this decline have been suggested (e.g., natural mortal-
ity, fishing pressure, shift in primary spawning grounds), but no defini-
" tive answer is possible at this time. Sampling by EA (see Section 2.5,
Concurrent Studies) during February-March of 1988 and 1989 documented a
small run of spawning walleye in the Tugalo River.

Based on the available fisheries information, it was clear that a fish
survey was needed in the study ateas of the North Georgia Dévelopment.
The objective of the fish survey was to provide an estimate of fish

species present and their relative abundance in the study area.

Lloyd Shoals

A literature search and contact with Georgia DNR regional biologists
(Ager and Evans 1988) yielded limited historical information from within
this study area. Hastings and Frey (1962) reported electrofishing catch
from three stations in Jasper, Twigg, and Wilcox counties, Georgia, and
Dahlberg and Scott (1971) provided a checklist of freshwater fishes
present in the Ocmulgee River. Other studies of fish populations in the
Ocmulgee and Altamaha rivers are reported by Coomer and Holder (1980),
Frey (1981), Hess et al. (1978), and Hottell et al. (1983), but recent
fish species composition data for the Ocmulgee study area considered here
are limited to two stations sampled in 1958 and reported by Hastings and
Frey (1962). Differences between fish populations in the Ocmulgee River
upstream and downstream of the Mill Dam at Juliette, Georgia (Monroe
County), are apparent from the historical data, as this dam is a barrier
to upstream movement of fish.

Realizing the scarcity of data for the Ocmulgee River, the Georgia DNR
has initiated a fish population and sport fishery survey of the upper
Ocmulgee River (Evans 1988a) (Lake Jackson to Hawkinsville). Concur-
rently, GPC has initiated a fish sampling program at four sites on the
upper Ocmulgee River. Since these studies had not been initiated prior
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to April 1988, a preliminary fish survey was deemed necessary to estab-
lish a fish species list to provide a basis for selection of species for

Instream Flow Studies conducted in 1988.
2.3 HABITAT VARIABLES

Proper application of the Instream Flov Incremental Methodology (IFIM)
requires the evaluation of potential biological response at two levels of
resolution: macrohabitat and microhabitat. The total habitat available
to a species at any flov is a function of macrohabitat and microhabitat
conditions. Macrohabitat characteristics are those that are longitudi-
nally distributed more or less uniformly and unidimensionally throughout
a stream segment (Bovee 1982; Bartholow and Waddle 1986). Examples of
macrohabitat variables affecting the suitability of a stream segment for
habitation by aquatic organisms are temperature, dissolved oxygen, nutri-

ents, and dissolved materials.

In contrast, microhabitat characteristics are point-specific conditions
that influence the local distribution of fish and other aquatic organisms
(Stalnaker 1979). Examples of microhabitat conditions are combinations
of depth, velocity, streambed substrate, cover, or other local condi-
tions. Such factors typically vary greatly on a scale of a fev feet or
less. The quantity and distribution of microhabitat conditions provides
an index of the physical habitat quality- of a stream segment for a par-
ticular species.

The total habitat available to a species at any flow is a function of
macrohabitat conditions and microhabitat conditions. Microhabitat condi-
tions are quantified by physical habitat modeling; macrohabitat condi-
tions are considered and incorporated only when they are affecting the
habitat potential of the stream (ile., are outside of the tolerance.
ranges of the species being evaluated). Where macrohabitat conditions
are judged to be affecting the habitat potential of a stream, estimates
of total available habitat at any flow must be adjusted or corrected.




This adjustment is typically done on the basis of results from tempera-
ture or vater quality modeling (Bartholow and Waddle 1986).

Water Quality (Macrohabitat Variables)

The approach to assessment of macrohabitat conditions involved a screen-
ing-level reviev of existing wvater quality data for the study areas. EA
revieved the summary reports of the available state water quality data
(GDNR 1987; GDNR 1988) and water quality data collected by GPC during
Water Quality Studies in the study areas during the period 1988 through
1989 (EA 1989 and EA 1990b; see Section 2.5). These data were used to
reach conclusions as to the need for incorporating macrohabitat variables
in the habitat modeling process.

A wvide variety of water quality parameters vere examined. The data
available from each source varied wvidely but typically included tempera-
ture, pH, conductivity, dissolved oxygen, fecal coliform, and alkalinity.
The data set from GPC’s Water Quality Studies (EA 1989; EA 1990b) was the
most complete data set evaluated; it included monthly and quarterly water
quality data. For each study area this data set included one or two
sites in the study area and one site in the source reservoir including
surface, mid-depth, and bottom samples (profiles). Turbidity, hardness,
nutrients, total suspended solids, and a variety of metals were measured.
The available temperature data vas deemed insufficient for the purposes
of this study. A full program of stream temperature monitoring and an
evaluation of suitability of the study stream for a variety of fish
species wvas conducted (see Section 6.0).

For each study area, the applicable water quality data was compared to
the state standards (South Carolina and/or Georgia, as applicable) for
the vater classification of that water body. If the state water quality
standards were not violated and state/federal reports identified no ex-
isting "problems," water quality was deemed to be suitable for maintain-

ing good fish habitat; this conclusion justified dropping water quality
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from considerations in the physical habitat simulation process. When
vater quality standards were violated or problems were identified, the
parameters, water body, area, and time of year were identified. On the-
basis of these data, recommendations were formulated as to which study
areas had outstanding wvater quality problems that must be factored into
final decisions on instream flow regimes in project tailwaters. These

recommendations are outlined in Section 7.1.2.

Microhabitat Variables

The IFIM focuses on microhabitat variables most airectly affected by
changes in stream flow: vater depth, velocity, substrate, and cover.
Morphological (Keast and Webb 1966; Gatz 1979), ecological (Mendelson
1975; Gorman and Karr 1978; Shirvel and Dungey 1983), and behavioral
(Hartman 1965; Gee 1974; Moyle and Li 1979) evidence suggests that many
stream fishes are closely associated with specific microhabitats defined
by these variables. Current ecological theory and empirical studies
support the hypothesis that microhabitat can limit fish populations,

but this limitation does not occur continuously; other factors such as
temperature and water quality may be important and must be considered
(Orth 1987).

2.4 AGENCY CONSULTATION

Federal Energy Regulatory Commission (FERC) hydropower'license applica-

tion procedures require applicants to consult with the relevant federal

_and state resource agencies in a three-stage process, to identify envi-

ronmental issues that must be addressed in the application process (FERC
1985). EA’s role in this process included agency consultation meetings,
technical support and guidance, and interim reports.

In the first stage of agency consultation, EA attended consultation

meetings, provided input to the first-stage consultation document, pro-

vided technical advice, and made study plan changes and drafted responses

to natural resource agency comments. Table 2-2 provides a chronological .
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listing of the major coordination tasks completed, agency consultation
meetings attended, and documents produced by EA in the consultation
process.

At the 10 December 1987 first-stage consultation meeting, GDNR requested
close interaction with GPC on the "major decision points" of the Instream
Plov Studies and notification as to when specific study components would
be conducted. Similar requests were made by South Carolina agencies dur-
ing the 19 January 1988 consultation meeting (Table 2-2). While the U.S.
Fish and Vildlife Service (USFWS) was present at the 19 January 1988 con-
sultation meeting, no written responses had been received from the USFVWS
regarding the first-stage agency consultation document (GPC 1987a). GPC
and EA representatives met with a USFWS representative on 2 February 1988
in Charleston, South Carolina to review the Instream Flow Studies Plan
and to request formal USFVS comments.

In response to these agency requests regarding the Instream Flow Studies,
GPC identified "two major decision points": (1) target species selection
for physical habitat and temperature analysis, and (2) review of habitat
mapping results and transect selection. EA prepared interim reports

for the fish survey and temperature monitoring studies and provided a
description and rationale for selection of target species (Appendix A) ‘
which were distributed to the agencies for review and comment. Following
completion of the habitat mapping process (Section 5.1.1), EA produced
documents summarizing the results and préposing instream flow transect
locations. These materials were presented by EA in separate agency
consultation meetings for the North Georgia and Lloyd Shoals prejects
(Appendix B).

2.5 CONCURRENT STUDIES
In addition to the Instream Flow Studies, Georgia Power Company is

conducting Vater Quality and Fisheries Investigations in the North

Georgia and Lloyd Shoals project areas. The results of these studies



will form the basis of portions of the Exhibit E section of the FERC
license applications for these projects.

The Water Quality and Fisheries Investigations are currently ongoing;
field work related to these investigations is to be completed during fall
1989 and all final reports are scheduled to be completed during 1990.

Water Quality Investigations (EA 1989; EA 1990b) involved monthly and
quarterly laboratory analyses of 23 chemical, physical, and biological
parameters at 39 North Georgia and 12 Lloyd Shoals locations during 1988.
Monthly in situ profiles of four additional parameters (temperature, dis-
solved oxygen, pH, and conductivity) wvere also measured at each location.
Sampling locations were chosen to be representative of both reservoir and
tailvater areas. The results of these analyses will be used to charac-
terize the existing water quality at the two major study areas and will
also be compared to applicable state and federal water quality criteria
in order to document any exceedances. Water quality impacts of continued

project operations, as well as existing and proposed measures to protect
and improve water quality, will also be discussed.

Fisheries Investigations (EA 1990a; EA 1990c) involved the use of various
sampling gears (primarily electrofishing and gill nets) at a total of

19 North Georgia reservoir and tailwater locations during the spring and
fall of 1988 and 1989. 1In addition to the general Fisheries Investiga-
tions at the North Georgia project area, a 2-year study to assess the
effects of the operation of Yonah Dam on walleye spawning in the tail-
vaters (Tugalo River) was also conducted. At Lloyd Shoals, Ocmulgee
River Fisheries Investigations involved quarterly sampling (electrofish-
ing only) during 1988 at four locations in the 12-15 mi reach immediately
below Lloyd Shoals Dam. Lake Jackson’s fisheries resources will be
characterized using data acquired from the GDNR.

The results of the Fisheries Investigations at North Georgia and Lloyd
Shoals will be used to describe the existing fisheries resources of the

various project waters. Statistics such as relative abundance, relative
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biomass, and condition factors, as well as diversity indices, will be
used for this purpose. Continuing impacts of project operations on fish-
eries resources will be discussed, as will any measures or facilities

that might serve to protect or improve these resources.

The Fisheries and Water Quality Investigations Report will produce infor-
mation pertinent to the Instream Flow Study results contained herein.

The EA reports are not in their final form, but a substantial amount of
data is available in its preliminary form. In this report (Instream Flow
Studie§), the preliminary results of Water Quality Investigations for the
study areas are used to identify water quality issues that may need to be
addressed when evaluating minimum flows (see Section 2.3). The prelimi-
nary results of the Fisheries Investigations are used to verify the
results of the Instream Flow Studies fish survey component (Section 3).
Any specific reference to these ongoing projects must be vieved as
tentative, pending the final report.
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TABLE 2-1 PHYSICAL CHARACTERISTICS AND BOUNDARIES OF THE FOUR INSTREAM FLOW STUDY AREAS

Drainage Area  Gradient

Study Area : Lowver Boundary Upper Boundary Length (mi) (wi?) (ft/mi) Tributaries
Mathis-Terrora Tallulah Falls Tiger Creek 5.6(c) 151(c) 34(b) Tiger Creek
Bypass Lake
Tallulah Gorge Tugalo Lake Tallulah Falls I.B(C) 186(0) 288(b) -
Dam . .
Tugalo River Hartwell Lake Yonah Dam 2.08 503(a,c) 4.57 Panther Creek,
Brasstown
Creek
Ocoulgee River Route 83 Bridge Lloyd Shoals Dam 16.8 1,420(°) 3.20 -

(a) 470 mi? at Yonah and 33 mi? at Panther Creek.
{b) Based on reservoir pool elevation difference + river distance.
(c) From GPC 1987a, GPC 1987b.

Note: *Herds Creek, Yellow Vater Creek, Wise Creek, Little Sandy Creek, Long Branch, and Sandy Creek.



TABLE 2-2 CHRONOLOGICAL SUMMARY OF EA’S INVOLVEMENT IN MAJOR

COORDINATION MEETINGS, AGENCY CONSULTATIONS, AND
DOCUMENTS (UNDERLINED) ASSOCIATED WITH INSTREAM FLOW
STUDIES FOR RELICENSING GEORGIA POWER COMPANY’S NORTH
GEORGIA AND LLOYD SHOALS PROJECTS

Dates

1987

5-13 Sep

10 Oct -
30 Dec

17 Dec

1988

13 Jan

19 Jan

21 Jan

25-29 Jan

16 Feb
16-20 Feb
- 14-15 Apr

20 Apr

26 Jul

Obtain state agency sampling permits, data, and notify
agencies of study initiation and sampling dates

Review state/federal resource agency comments on first-
stage consultation documents; study plan modifications

First-stage consultation meetings with Georgia resource
agencies (GDNR: Environmental Protection Division; Water
Resources Division, Savannah River Basin Coordinator)

Submit agency consultation package--Description and
Rationale for Selection of Target Species for Instream
Flow Studies

First-stage consultation meeting with South Carolina
agencies (SCDHEC, SCWMR, SCWRC) and USFWS

First-stage agency consultation-ﬁeeting with GDNR (Fisheries
Division)

Clarification of agency comments and preparation of
responses

Pirst-stage agency consultation--USFVS (Charleston, SC)

Review GDNR and SCWMR comments on target species document

Second-stage agency consultation (GDNR, SCDHEC, SCWMR,
SCWRC)--habitat mapping/transect selection and progress

report for North Georgia

Send Tugalo River Habitat Mapping and Transect Selection
summary for agencies to GPC

Second-stage agency consultation meeting with GDNR--habitat
mapping/transect selection and progress report for Lloyd
Shoals




TABLE 2-2 (Cent.)

Dates

1988

4 Aug

19-23 Aug

1989

17-19 Apr

Send Ocmulgee River Habitat Mapping and Transect Selection

summary for agencies to GPC

Study coordination and special-use permits from USFS for
Chattooga River work

Federal Energy Regulatory Commission outreach meetings

Note: GPC = Georgia Power Company
GDNR = Georgia Department of Natural Resources
SCDHEC = South Carolina Department of Health and Environmental

Control

SCVMR = South Carolina Wildlife and Marine Resources Department
SCWRC = South Carolina Vater Resources Commission

USFVS = U.S. Pish and Wildlife Service

USFS = U.S. Forest Service
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3. FIsH SURVEY

The objective of the fish survey was to obtain an estimate of fish
species composition and relative abundance in each. of the study areas.
The results of these representative fish samples were used in the selec-
tion of fish species for habitat preference studies (target species).
This fish survey precedes more exhaustive seasonal sampling of the fish
populations in the study areas (EA 1990a; EA 1990c¢) and was not intended

to identify all rare or migratory species present.
3.1 METHODS

Fish samples were collected in each of the four study areas during

the period 16-23 September 1987. Two to five sites were sampled in
each study area (Pigures 2-1 to 2-4). Inh the Mathis-Terrora Bypass
reach, four sites were sampled: immediately upstream of the 0ld Route
441 bridge, immediately downstream of County Bridge near Joy Church,
Country Road Bridge at Lakemount, and immediately downstream of Mathis
Dam (Figure 2-1); length of stream sampled ranged from 168 ft to 660 ft
(Table 3-1). In the Tallulah Gorge, five sites along the length of the
Gorge were sampled (Figure 2-2); length of stream sampled ranged from
150 ft to 668 ft (Table 3-1). In the Tugalo River, two sites were
sampled: vicinity of Yonah Dam to Corps Boat Ramp and Corps Boat Ramp
to Prather Bridge (Figure 2-3). On the Ocmulgee River, two sites wvere
sampled: vicinity of Route 16 bridge and vicinity of Georgia Route 141
near Porty Acre Island (Figure 2-4). At the latter four sites, the en-
tire stream width was not sampled, so sampling effort was only recorded
" on the basis pf time (Table 3-1).

A representative qualitative sample was collected at each site by employ-
ing several types of electrofishing gear in a variety of habitat types.
For the small river sites (Mathis-Terrora Bypass, Tallulah Gorge), back-
pack and pram electrofishing gear were used exclusively and the full
width of the stream was electrofished at each site. For large river

sites (Tugalo River, Ocmulgee River), boat-mounted electrofishing gear



was employed in deep pools and runs, and pram and backpack gear were
employed in wadable riffle, shoal, and run habitats.

Specifications for electrofishing gear vere as follows: (1) boat unit;
boat-mounted, Coffelt variable voltage pulsator (VVP-15) powered by 230V
alternator and connected to two circular arrays of stainless steel anodes
suspended in front of the boat and the boat hull (cathode); (2) pram
unit; pram-mounted Coffelt VVP-2C powered by 120V alternator and con-
nected to hand-held electrodes with 50-ft leads; and (3) backpack unit;
Coffelt, backpack model BP-1C with hand-held electrodes.

At each location, a three- or four-person crew electrofished in an
upstream direction (downstream with boat), netting all stunned fish.
Duration of electrofishing and/or length of sample area was recorded.
Fish vere held alive in vater until sampling was completed. Specimens
vere then identified to species, measured to the nearest millimeter,

and veighed to the nearest gram. Some fish vere preserved in 10 percent
buffered formalin as voucher specimens or for laboratory confirmation of
field identification; all other fish were released at the site. For
large river sites, boat and pram or backpack electrofishing catches

vere combined to form a composite sample for that site.

Preserved fish specimens were re-examined in the laboratory to verify
that field identifications were correct. Taxonomic references employed
vere: Moore (1968); Douglas (1974); Eddy and Underhill (1978); and
Jenkins and Burkhead (in press). Additionally, keys to the Georgla
Centrarchidae and Notropis (provided by Dr. B.J. Freeman, University

of Georgia) were used.

Eighty-seven voucher fish specimens representing 19 fish species, were
sent to Dr. Byron J. Freeman (University of Georgia) for expert identi-
fication. Dr. Preeman vas the suggested regional icthyological expert
of Georgia fish biologists (Evans 1988b). Any changes in species iden-
tifications made by Dr. Freeman vere corrected in the fish survey data.
These changes are reflected in minor differences between the preliminary




fish survey results released to agencies (for target species selection)
(Appendix A) and in the final results presented here.

3.2 RESULTS AND DISCUSSION

Fish Community Composition and Relative Abundance

A list of common and scientific names of fishes used throughout the text
is presented in Table 3-2.

North Georgia

The combined catch from all sampling sites in the Mathis-Terrora bypass
area ylelded 444 fish distributed among 14 species within four families
(Table 3-3). Seven species--bluehead chub, redbreast sunfish, yellowfin
shiner, northern hog sucker, bandfin shiner, whitefin shiner, and
margined madtom--constituted 93 percent of the total catch. No other
species composed more than 2 percent of the fish collected.

The composition of the fish community was similar at the Mathis-Terrora
Sites 1-3, as each of these sites was dominated by the same suite of
species (Appendix C). The distribution of the less common species
. éﬁpeared nonuniform, as would be expected due to lov probability of cap-
ture resulting from their low abundance. Composition of the catch at
Site 4 was different largely due to the type of habitat sampled. Site 4
was an emergeni vetland area with standing or slow-flowing waters immedi-
ately dovnstream of Mathis Dam; sunfish species dominated the catch at
this site.

Fish in the Mathis-Terrora study area exhibited a wide range of sizes
(Téble 3-3). Most species for vhich an adequate sample size was obtajned
had individuals ranging from young-of-the-year (YOY) fish to the expected
adult size.
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A total of 252 fish distributed among 10 species within four families

was collected from the five sites in the Tallulah Gorge (Table 3-4).
Bluehead chub, redbreast sunfish, and central stoneroller dominated the
catch, together constituting 83 percent of the total catch. Redeye bass
and northern hog sucker were the next most abundant species. The average
size of fish specimens captured was typically small (Table 3-4) relative
to the maximum attainable size for each species, but larger specimens of
each species were also collected for most species. Bluehead chubs domi-
nated the catch largely due to the presence of abundant YOY.

The number of species and "abundance of fishes was greatest in the middle
reaches of the gorge (Sites 2, 3, and 4); sites at the lowermost and
uppermost portions of the Tallulah Gorge study area contained very few
fishes (exception: bluehead chub YOY) (Appendix C). Overall, the abun-
dance of fish in the Tallulah Gorge was relatively low.

The Tugalo River fish survey yielded a total catch of 473 fish distrib-

uted among 22 species within seven families (Table 3-5). Eight species--
blackbanded darter, bluegill, margined madtom, redbreast sunfish, snail
bullhead, yellow perch, blueback herring, and largemouth bass--consti-
tuted 77 percent of the total catch. No other species composed more than
5 percent of the total catch. Although blueback herring ranked high in
overall abundance, the total catch of the species.was due to one large
school of young fish (<87 mm total length). At Site 1, this same phenon-
enon vas largely true for spottail shiner.

Clear differences exist between fish community composition at Tugalo

River Sites 1 and 2 (Appendix C). These differences are largely due to

gear type and habitat (Table 3-1). Site 1 is in the upper end of the

Tugalo arm of Lake Hartwell (lower end of Tugalo study area), where river

stage is determined by the Lake Hartwell pool elevation. This transi-

tional river-reservoir habitat consists of deep pools and runs with mod-

erate to slow velocity. Boat electrofishing vas used exclusively due to

water depth. Site 1 was dominated by Centrarchid species, pool-dwelling

suckers, and midwater planktivores or insectivores (blueback herring, .
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spottail shiner); no darters, madtoms, chubs, and few of the abundant
shiners vere collected here. In contrast, Site 2 was in the flowing
vater portion of the Tugalo River study area, which is dominated by
riffle, run, and shallow-pool habitat. The fish assemblage at Site 2
was characterized by darters and catfish, Gentrarchids, and a variety
of minnowv species.

As a result of the fish identification verifications conducted by

Dr. B.J. Freeman of the University of Georgia and fish identified by
EA (1990c), several corrections were made to the preliminary data
released to the agencies in January 1988 {(Appendix A). Two bullheads
collected in the Tallulah Gorge initially identified as yellow bullhead
were changed to brown bullhead. At the Mathis-Terrora site, all brown
bullhead (n = 3) were changed to snail bullhead.

The results of the fisheries sampling conducted as part of the ongoing
Fisheries Investigations in North Georgia (EA 1990c) yielded fish species
composition and abundance data very similar to the results reported here

for the Hathis-Terrora‘bypass and Tugalo River study areas.

During sampling of the Mathis-Terrora bypass area for the Water Quality
and Fisheries Investigations, EA (1990c¢c) identified five species not
found in this study, including warmouth, smallmouth bass, yellow perch,
swvamp darter, flat bullhead, and mottled sculpin (Table 3-2). Each of
these species was found in relatively lov abundance and such differences
between survéys would be expected. PDifficulties associated with identi-
fication of species of flat-headed bullheads (outlined in Section 3.3.2)
may account for minor discrepancies for this species. Also, EA (1990¢)
sampled different areas of Tiger Creek and the 01d Tallulah River chan-
nel. Othervise, the results of the two surveys wvere very similar in

terms of species composition and relative abundance.
Species found in Instream Flov Studies fish survey or during undervater

observations in the Tugalo River study area but not found during the
Fisheries Investigations included blueback herring, common carp, gizzard
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shad, and striped jumprock. Species collected only by EA (1990¢) include
redear sunfish, yellowfin shiner, turquoise darter, smallfin redhorse,
rosyface chub, and longnose gar (Table 3-2); all of these species were
found to be in very low abundance. Yellowfin shiner, longnose gar, and
rainbow trout were identified during underwater observations for Instream
Flov Studies in the Tugalo River study area.

Overall, the results of the Fisheries Investigations and Instream Flow
Studies yielded very similar fish species composition and relative abun-.
dance data; the minor differences noted would be expected based on spa-
tial and effort differences. This comparison provides a verification
that no important species were overlooked in the initial survey and that
the results reported here are similar to those produced in the more
extensive survey later conducted by EA (1990c).

Ocmulgee River

A total of 905 fish distributed among 30 species within 10 families
were collected from two sampling sites in the Ocmulgee River (Table 3-6).

Six species--redbreast sunfish, spottail shiner, snail bullhead, Altamaha
shiner, spotted Sucker, and American eel--accounted for 75 percent of the
total catch. Redbreast sunfish represented nearly one-third of the total
catch. No other species composed more than 4 percent.

Redbreast sunfish were the most abundant fish captured at both Site 1
(24.1 percent) and Site 2 (33.8 percent) (Appendix C). A somevhat great-
er percentage of pool species--gizzard shad, spotted sucker, bluegill,
and largemouth bass--were captured at Site 2 below Lloyd Shoals Dam in
the vicinity of the Route 16 bridge than at Site 1 off Route 141 in the
vicinity of Porty Acre Island. This may have been due to a slightly
higher proportion of pool habitat sampled (effort = 90 minutes for Site 2
versus 50 minutes for Site 1) or the increased likelihood of reservoir
introductions via Lake Jackson. In addition, gizzard shad relative abun-
dance may be partially inflated when a large school is located and they

are more easily collected than at other times. A greater percentage of




riffle or shallow water species (spottail shiner, Altamaha shiner) wvere
collected at Site 1 which included more extensive shallow and shoal hab-
itat. At both sites, relatively few species dominated the catch. At
Site 1, five species--redbreast sunfish, spottail shiner, Altamaha
shiner, snail bullhead, spotted sucker--constituted 80 percent of the
total catch. At Site 2, eight species--redbreast sunfish, gizzard shad,
American eel, snail bullhead, spotted sucker, bluegill, spottail shiner,
largemouth bass--represented 81 percent of the total catch. '

As a result of the fish identification verifications conducted by Dr.
B.J. Freeman of the University of Georgia and fish identified by EA
(1990a), several corrections were made to the preliminary data released
to the agencies in January 1989 (Appendix A). Five fish collected in the
Ocmulgee River originally reported to be spotted sunfish were changed to
redbreast sunfish.

The results of fisheries sampling conducted as part of the ongoing
Fisheries Investigations at Lloyd Shoals (EA 1990a) yielded fish species
composition and abundance data for the Ocmulgee River study area very
similar tokthe results reported here.

For the Ocmulgee River study area, the electrofishing catch was compared
vith that of two sites sampled in the Fisheries Investigations on the -
Ocmulgee River, which were located in the vicinity of the sites reported
here. White bass was the only species cﬁptured during this study that
was not collected by EA (1990a); the likely source of these two specimens
vas Lake Jackson. Seven species--golden shiner, pugnose minnow, coastal
shiner, creek chubsucker, smallfin redhorse, flat bullhead, and mosquito-
fish--vere found only by EA (1990a). All were found in very low abun-
dance, comprising only 48 total individuals out of 4,372 fish collected
at tvo sites over four quarterly samples. Collection of these species
vas a low probability event (as none were collected in more than half of
the samples) and a reflection of the more intensive sampling effort.
Golden shiner and mosquitofish were observéd underwvater during fish

habitat-use observations for the Instream Flow Studies. The difficulties



in identifying species of flat-headed bullheads and their uncertain dis-
tributional status (discussed in Section 3.3.2) may account for minor
discrepancies for this species. The presence of Ocmulgee shiner in EA
(1990a) collections and absence in this survey is notable, but not excep-
tional. This sEhooling species vas not collected by EA (1990a) in two of
their four surveys. Notwithstanding the above differences, the results
of the tvo surveys yielded remarkably similar species composition and
relative abundance data. This comparison provides a verification that

no important species were overlooked in the initial survey and that the
results reported here are similar to those produced in the more extensive
survey later conducted by EA (1990a).

3.3 SPECIAL TAXONOMIC .CONSIDERATIONS

0f the fish assemblage encountered in the Tugalo River and Ocmulgee River
study areas, two groups of closely related species stand out as having
very limited taxonomic and distribution infgrmation in the published
literature: the Micropterus coosae complex and the flat-headed bullheads.

One or more species from each of these two groups were suggested by the
agencies as target species or were accepted by the agencies as target
species for the Instream Flow Studies. Consequently, supplementary

discussion of these species groups is provided below.

Data on habitat use by redeye bass (Micropterus coosae) and shoal bass

(Micropterus sp.) were collected as part of the fish habitat suitability
criteria studies (Section 4.0). Due to the uncertain distributional
status of these species groups in the study areas and potential diffi-
culties in distinguishing among species in these groups, the available
literature for applicable information was reviewed prior to field work
for habitat suitability criteria studies. The results of the literature
revievs, presented below, and experience in the field enabled distin-.
guishing between “hese species.
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3.3.1 Micropterus coosae Complex

The two species of concern in this complex are the redeye bass
Micropterus coosae, first described by Hubbs and Bailey (1940), and the
shoal bass Micropterus Sp., an undescribed species previously confounded
with M. coosae. The redeye bass is found above the fall line in small
to large streams in the Varrior, Alabama, Chattahoochee, Altamaha, and
Savannah drainages (Ramsey 1973; Lee et al. 1980). The shoal bass is an

Appalachicola River endemic present only in large Piedmont and Coastal
Plain tributaries of the Chipola, Chattahoochee and Flint River drainages
(Ramsey 1973; Lee et al. 1980). These species occur sympatrically at
several locations (Gilbert 1978; Ramsey 1973). '

Historical literature accounts of these species are characterized by some
confusion. Ramsey (1975) reported that the redeye bass complex (i.e.,
redeye and shoal basses) had been the source of considerable taxonomic
confusion. During the 1950s and 1960s these basses were considered to be
ecologically distinct forms of the same species or "races" (Dahlberg and
Scott 1971; Wright 1967). Wright (1967) referred to shoal bass as the
"Flint River form" of the redeye bass, and reported its differentiation
from the "upland form" of the redeye bass on the basis of several morpho-
logical characteristics. ' '

During the period of taxonomic uncertainty, these species were apparently
introduced widely (Tatum 1965; Lambert 1980). The Georgia Game and Fish
Commission considered transplanting the "Flint River redeye bass" (now
thought to be shoal bass) to other rivers in Georgia. The result is that
the current distribution of these species is not unequivocally known.
Ramsey (1973) considers all records for redeye bass outside of the pre-
viously stated distribution to represent introduced populationms.

During the Ocmulgee River fish survey reported here, eight individuals of
the Micropterus coosae complex were collected. Due to the fact that, to

date, the shoal bass has not been reported as occurring in the Ocmulgee
River, these species were identified as redeye bass. Later contacts with
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Georgia DNR fish biologists (Evans 1988b) led us to believe that both
species were present in the study area. Some evidence exists that the
shoal bass may have been introduced into the upper Ocmulgee River (Evans
1988a).

A literature search was conducted and a list of atfributes potentially
useful in field identification of tﬁese species was compiled (Table 3-7).
During preliminary underwater observation of fish for habitat preference
studies (Section 4), EA became convinced that both species were present
in the Ocmulgee study area. The GDNR is also convinced that both species
are present and is nov conducting electrophoretic studies of these two
species (Evans 1988a). Consequently, the fish habitat utilization data
reported in Chapter 4 were based on the assumption that both species are
present and EA became adept at identifying these species underwater. The
shoal bass appears to be the more abundant species of the Micropterus
coosae complex in the upper Ocmulgee River study area.

The status of the Micropterus coosae complex in the upper Ocmulgee River

remains undetermined at this time. Current studies by GDNR (Evans 1988a)
include objectives to identify the species of the Micropterus complex
occurring in the upper Ocmulgee River by expert icthyological identifica-
tion and electrophoretic analysis (Evans 1988b).

3.3.2 Flat-headed Bullheads of Georgia

Until 1968 only one.species of flat-headed bullhead, Ictalurus
platycephalus, the flat bullhead (Girard) had been recognized. In 1968,
Yerger and Relyea redescribed I. platycephalus and identified two addi-

tional species, I. brunneus, the snail bullhead, and I. serracanthus,

the spotted bullhead. In Georgia, the flat bullhead is found in Atlan-

tic slope drainages south to the Altamaha River, being absent from the

Satilla and St. Mary’s rivers. The snail bullhead is found in all th.ee

major Georgian drainages, the Savannah, Altamaha, and Apalachicola. The

spotted bhullhead has a more limited distribution, being confined to the

lower Suwanee, Ochlockonee, Appalachicola, and St. Andrevs Bay drainage ' .

3-10



systems of northern Florida, southern Georgia, and southeastern Alabama
(Yerger and Relyea 1968; Lee et al. 1980) Hovever, the exact distribu-

tion of these three species has not been determined.

Identification.of the flat-headed bullheads has been confounded histor-
ically since many populations occur, sympatrically over their range and
because of their variable color patterns; individuals of the three
species often appear morphologically similar. Only the flat and snail
bullheads, however, occur sympatrically in those drainages examined in
this study (the Savannah and Altamaha). WUhile the flat bullhead is
repdrted to prefer slov water habitats with soft mud, muck, or sand
bottom, it can also occur over a fairly wide range of ecological condi-
tions (Lee et al. 1980; Yerger and Relyea 1968). Snail bullheads have a
strong preference for swifter montane streams with rocky, hard bottoms
but may occur in lowland coastal streams vhere appropriate habitat is
available (Lee et al. 1980; Yerger and Relyea 1968; Gilbert 1978); yert,

habitat preferences are not sufficient to make species determinations.

The flat bullhead is described as vaguely-to-strongly mottled and golden
yellow with brownish ground color. Snail bullheads are reported to be
usually solid or uniform and only occasionally mottled or spotted as in
the St. John’s River population (Florida). Colors are typically olive-
green to a brownish or gray-brown ground color (Yerger and Relyea 1968).

Based on the combined results of this survey and the ongoing EA (1990a;
1990¢) survey, both the snail bullhead and the flat bullhead are present
in the North Georgia and Ocmulgee River study areas. Howvever, snail
bullhead collected in both study areas (and identified by Dr. Freeman)
were noticeably mottled, a characteristic usually associated with the
flat bullhead. The similarity of these two species can make field iden-
tification difficult, but it was possible to distinguish between these
species after some practice prior to habitat-use studies. However, it
is clear from the combined survey results and habitat-use studies (Chap-
ter 4) that snail bullheads are, by a large margin, the dominant flat-
headed bullhead in both the North Georgia and Ocmulgee River study areas.
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TABLE 3-7

DISTINGUISHING CHARACTERISTIC%agsED IN THE IDENTIFICATION

QF SHOAL BASS AND REDEYE BASS

Shoal Bass (Micropterus sp.)

Redeye Bass (Micropterus coosae)

&~

o -

(o)

Caudal fin dusky--orange/white 1.

frosting absent (Ramsey 1973).

Pattern of horizontal dots 2.

less true for larger speci-
mens.

Vertical bars prominent on 3.

fish of all sizes (Wright
1963).

Chunky appearance. 4.

Dark spot at base of caudal 5.

peduncle present on all fish
regardless of age (VWright
1963).

Lighter almost golden colora- 6.

tion especially for larger
individuals.

Red eye evident for only a few 7.

specimens (Wright 1963).

Generally attain larger size 8.

(Ramsey 1973).

Emargination of dorsal fin 9.

greater (Wright 1963).

Orange/white frosting present
dorsally and ventrally on caudal
fin (Ramsey 1973).

Striking pattern of horizontal
dots present along ventral half
of fish.

Vertical bars prominent only on a
fev specimens and faded with age
(Hubbs and Bailey [1940},

Lavrence [19534], Parsons [1954]).

Slender, elongated head.

Dark spot at base of caudal
peduncle indistinct on older fish
(Hubbs and Bailey [1940],
Lavrence [19534), Parsons [1954]).

Darker body coloration--

olivaceous.

Bright red eye (Hubbs and Bailey
[1940], Lawrence [1954]), Parsons
[1954]).

Average 0.5 lbs (Ramsey 1973).

Emargination of dorsal fin less
(Vright 1963).

(a) In addition to literature cited below, distinguishing characteris-
tics were provided by J. Evans (GDNR, personal communication) and
B.J. Freeman (Univ. of Georgia, personal communication).
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4. FISH-HABITAT SUITABILITY CRITERIA STUDIES

The biological component of stream habitat simulation is represented by
fish species habitat suitability criteria. The habitat suitability cri-
teria (or suitability indices) used in physical habitat simulation model-
ing define the suitability of habitat variables most closely related to
stream hydraulics and channel structure for each major activity or life
stage of a given fish species (Bovee 1986; McMahon et al. 1984). These
criteria are used in the physical habitat modeling process (Chapter 5)
to translate predicted changes in the physical stream environment into
predicted changes in usability of a stream area by a species of concern.
Habitat suitability criteria define the tolerated and optimum range of
selected habitat variables. -

The objective of this phase of the Instream Flow Studies is to develop
and evaluate habitat suitability criteria for selected fish species for
use in physical habitat simulation modeling. The methods used herein for
the selection of target species, data collection and "analysis, and devel-
opment of final criteria are consistent with the most recent guidelines

and research on this topic (Bovee 1986; Bovee and Zuboy 1988).

Categories of Habitat Suitability Criteria

Several categories of habitat suitability criteria have been designated
by the U.S. Fish and Wildlife Service (Edvards et al. 1983; Bovee 1988).
The types of criteria are based on the kind of data used to derive the
criteria and the method of analysis. Category One criteria are based

on literature sources and/or professional experience and judgment. Cate-
gory Two suitability criteria, typically called utilization criteria, are
based on frequency analysis of field data on microhabitat conditions uti-
lized by a species. Category Three criteria are utilization data cor-
rected for bias caused by unequal habitat availability (typically called
preference criteria). The category of a criterion does not necessarily
imply a difference in quality or accuracy (McMahon et al. 1984).



The concept of Category Three, or preference criteria, was developed
. primarily for two reasons. First, utilization functions may not alvays
accurately describe a species’ preferences because the preferred condi-
tions might be absent or in short supply (i.e., fish forced to use less
than ideal habitat), resulting in the need to correct for this environ-
mental bias. This is why Bovee (1986) recommends selecting study sites
with a vide variety of microhabitat combinations when developing crite-
ria. Secondly, the high cost of developing habitat suitability criteria
led to the need for transferable criteria; the use of criteria in streams
that differ from those vhere the criteria were developed. It has been
suggested that this correction for fish habitat suitability leads to a
more accurate estimate of true preference, but this contention has met
with some criticism (Degraff and Bain 1986; Morhard; and Hanson 1988;
Kinzie and Ford 1988). This general topic, determining resource selec-
tion from data on use and availability, is currently of central interest
in wildlife and fisheries ecblogy (Strauss 1979; Johnson 1980; Neu et al.
1974; Alldredge and Ratti 1986).

To develop preference criteria for Instream Flow Stu&ies, Bovee (1986)
recommends that utilization data be modified by the amount and type of
habitat present at the time of sampling (habitat availability data).

Thé form of the modification, based on the work of Voos et al. (1981),
Baldridge and Amos (1982), and others, consists of dividing the frequency
distribution of fish habitat utilization by that of availability. This
proposed correction of habitat utilization data has led to considerable
controversy and research on the topic. Some authors contend that true
preference cannot be derived from utilization and availability data with
this proposed (or several alternative) correction factor (Morhardt and
Hanson 1988). When developing habitat preference curves, Hampton (1987)
found that small sample sizes at the upper ends of the distributions
yielded a misrepresentation of the actual preference of the majority of
the pop-lation. Hampton (1987) removed the influence of the outliers and
the adjusted preference criteria were then in close agreement with the

utilization criteria. Kinzie and Ford (1988) reported that preferences
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for depth, velocity, and substrate were significantly different between
streams for a given fish species, casting doubt upon the validity of the
correction factor. DeGraff and Bain (1986) tested and rejected the
hypothesis that habitat preference is constant in different streams.
. They concluded that preference curves derived in a single habitat are
less useful for wide application, and that habitat-use data that have
been gathered locally (i.e., site-specific) and are not corrected for
habitat availability are more useful than the preference curves.

In summary, the methods employed for developing habitat preference crite-
ria are equivocal and are still under considerable scrutiny. Currently,
the most reasonable approach is to develop site—specifié utilization
criteria (Category Two) for use in habitat modeling. Conversations with
U.S. Fish and Wildlife Service personnel currentiy working on this topic
suggest that this may be the best approach at this time (B. Slauson
1989).

Study Site Selection

Vhen selecting study streams and sites for developing habitat suit-
ability criteria, several stream attributes are desirable (Bovee 1986):
(1) habitat diversity: the stream should exhibit a variety of micro-
habitat conditions (i.e., deep-slow, deep-fast, shallow-slow, shallow-
fast, with a variety of substrates and cover types) and should contain
some conditions outside the tolerance range of the target species;

(2) stream size should be similar to that of the stream to which the
criteria vill be applied; (3) the fish community composition and abun-
dance should be similar; and (4) water quality and temperature should
be within acceptable ranges.

Study sites in the Ocmulgee, Tugalo, and Chattooga rivers were selected
to conform as closely as possible to these guidelines. Habitat avail-
ability measurements were made at all sites to document the range of
microhabitats present. Variable flows at the Tugalo River study area
resulted in difficult vorking conditions and the need for an additional
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site to study the target fish species. The Chattooga River, a tributary
of the Tugalo River, was selected as an additional study site,

Stream size, physical habitat, and fish species composition in the
Chattooga River were similar to those of the Tugalo River. A wider range
of microhabitat conditions are available in the Chattooga River and water
quality is generally excellent (USFS 1971; GDNR 1988). Habitat suitabil-
ity criteria were developed in the Chattooga River for use in the Tugalo
River. For some species, data for criteria development or comparisen to
Chattooga River data were collected in the Tugalo River.

4.1 METHODS

4.1.1 Selection of Target Species

The fish species to be included in the instream flov analysis were
determined during the scoping and first stage agency consultation phase.
A proposed suite of candidate species was developed on the basis of the
fish survey and selection criteria consistent with U.S. Fish and Wildlife
Service guidelines (U.S. Fish and Wildlife Service 1980; Roberts and
0’Neil 1985; Bovee 1986) and other published guidelines (Leonard and Orth
1988). The selection process yielded species typical of the stream size
and general temperature regime and included representatives of the major
habitat, feeding, and breeding guilds (see Appendix A for details).

The proposed list of target species and rationale for selection (Appen-
dix A) vas submitted to consulting agencies for comments and approval
(Section 2.4). The final selection of target species wvas consistent with
the South Carolina Wildlife and Marine Resources Department comment that
"...ve recommend the study of at least tvo redeye bass life stages and
one redbreast sunfish life stage. Species and life stage selection of
obligate-riffle and pool/slow-current fishes is left to your discretion,"”
and the GDNR comment "...and the valleye and redeye bass [should be]
included as target species at this (Tugalo River) site" (Appendix A).

The species actually studied are listed in Table 4-1.
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Life stages of each species were determined by size [i.e., young-of-the-
year (YOY), juvenile, adult] or activity (i.e., spavning). Size range
boundaries for each life stage were determined by literature review and

results of length-frequency analysis of fish survey data {Table 4-1).

Valleye

Runs of spawning walleye have occurred in the Tugalo River annually since
the introduction of this species into Lake Hartwell in 1962 (SCWMR 1970).
For reasons that are unclear at this time, the size of the walleye runs
in the Tugalo River have apparently declined from the large runs of the
1960s. Concurrently, there appears to be a shift from river spawvning to
spawning in the reservoir (SCWMR 1987), possibly associated with a change
in the strain of walleye stocked from a river-oriented spawning stock to
a more lake-oriented spawning stock (SCWMR 1987).

Because of the above-stated reasons, and the status of the walleye as an

important sport fish, the walleye is included here as a target species.

4.1.2 Microhabitat Data Collection

Collecting fish microhabitat-use data consisted of selecting study sites,
sampling by direct observation within habitats in approximately the same
proportion that those habitats occurred in the stream, measuring physical
habitat at fish locations, and quantifying the available microhabitat by
stratified-random sampling.

Preliminary testing of field methods was conducted in the fall of 1987
and spring of 1988. All personnel vere certified scuba divers trained
in undervater methods and fish identification. Training sessions were
conducted to ensure consistency in data collection among observers.

The same four people conducted all fish microhabitat data collection.
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Three primary study sites were used: (1) Chattooga River near the
Highway 76 bridge; (2) Tugalo River near Yonah Dam (Figure 2-3); and
(3) Ocmulgee River near Forty Acre Island (Figure 2-4). A complete
description of these study areas and their habitat characteristics are

included in the results section,

Collection of species microhabitat data was completed during the period
March through November 1988. Table 4-2 presents the species observed
and the dates of observation for all study sites. A limited number of
observations of spéwning valleye in the Tugalo River were collected in
March 1988. Qbservations on spavning, larval, and early young-of-the-
year (Y0Y) fishes were collected primarily during June 1988.

Fish Observation Methods

During the study, several methods of observing fish vere used and evalu-
ated. A description of each method and a discussion of its application .
are described below. For most species life stages, the most favored

(Bovee 1986) apbroach, direct observation of fish by surface observation
and underwater observation by snorkeling and scuba, was used (Table 4-2).

Undervater Observation

Undervater observation was the most effective method for habitat-
utilization data collection and had the fewest limitations as to which
habitats could be sampled. Snorkeling and scuba are used extensively in
fish habitat studies and allow reliable species identification and size
and abundance estimates (Goldstein 1978; Helfman 1981; MNorthcote and
Vilke 1963; Bovee 1986; Moore and Gregory 1988; Leonard and Orth 1988,
Hankin and Reeves 1988). ‘

Undervater observations of fish microhabitat use were typically made
between 1000 and 1600 hours (optimal light conditions) in a full range
of habitats. Vater visibility was estimated, and in all cases exceeded
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the minimum-standards suggested by Hickman and Saylor (1984). Snorkeling
vas generally limited to wvater less than 5 ft deep; scuba was employed in
vater with depth greater than 5 ft or where velocities were too high for

effective snorkeling.

Two to three divers moved qldwly upstream observing fish in assigned
"lanes". The entire area of the stream segment was vieved. Observers
utilized cover objects as viewing vantage points whenever possible to
avoid startling fish. Undisturbed fish were observed for a time period
sufficient to determine and record focal point of habitat use, species,
size class (life stage), number of fish, activity, position in wvater
column, and whether or not cover was being utilized (Table 4-3). These
data vere recorded undervater on vaterproof paper. A weighted and num-
bered location marker was placed to identify the focal point. Upon com-
pletion of undervater observations, microhabitat variables and marker
number vere recorded for each location marker as described in Section
4.1.3.

For schooling fish, one or more markers was used, depending on school
size and number of distinct focal points being used. For small schools
(<30 fish) using a single microhabitat, a single marker was placed. For
large schools, or vhere focal points were in different microhabitats, a
marker was placed for each 30 fish and/or focal point. These situations
accounted for less than 5 percent of all fish observations.

Surface Observations v

Surface observation refers to viewing fish and determining their micro-
habitat use from out-of-vater vantage points including banks, blinds, or
wading. This approach has been successfully applied in determining fish
microhabitat use (Bachman 1984; Leonard et al. 1986; Moore and Gregory
1988) and is especially useful for spawning, fry, and YOY fish that
inhabit shallow, slow, stream-margin habitats (Moore and Gregory 1988).
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This technique consisted of wvalking or vading quietly in an upstream
direction and observing undisturbed fish or identifying the location

of nests, and measuring physical microhabitat at these locations as
previously described. Positive identification of specles was by direct
observation of an adult guarding a nest or, for larvae and YOY, by cap-
turing a specimen vwith a net. Whenever the surface observation technique
vas employed, underwvater observations were collected concurrently for
those same species life stages, in habitats not observable by surface
observation, to avoid sampling method bias. Limits imposed by the
netting technique precluded collection of data on activity, position

in water column, and whether or not cover was being utilized.

Electrofishing

Electrofishing is a technique with limited applicability as a sampling
tool for fish habitat utilization studies. The reasons for these limi-
tations are described by Bovee (1986), but the single most important is
"fright bias", the tendency for fish to flee from samplers or to be
caught in areas that the fish were not originally inhabiting. Fright
bias is commonly noted in clear waters vhen sampling is directed at
highly mobile fishes (Bain 1988).

The margined madtom is a small, highly cover-oriented, interstitial-
dvelling, benthic fish species. Undervater observation of this species
is difficult, especially }n shallow (<1 ft) vater. We found backpack
electrofishing to be ideally suited for sampling this species, since this
species does not flee upon approach of a sampler and typically moves less
than 1-2 ft vhen "stunned." Bain (1988) found this technique to be suit-
able for small, cover-oriented fish when a predetermined sampling design
is employed.

To dete.mine the microhabitat use of margined madtom, we combined elec-

trofishing (in habitats <3 ft in depth) and undervater observation tech-

niques to adequately sample all habitat types. In order to pool observa-

tions from these two methods, we corrected for their unequal relative .




yields, as suggested by Bovee (1986), on the basis of catch per unit
area. ’

Ve sampled margined madtoms along randomly selected transects in the
Tugalo River in a manner similar to Bain (1988). The Tugalo River study
area vas stratified into 100-ft segments on an aerial photograph and each
100-ft segment was assigned a habitat type. A sampling location was
randomly placed within each 100 ft of strata. From the pool of possible
locations, 10 locations vere selected at random until the percentage of
habitat types represented by the loéations equaled the percentage of
habitat types in the study area. '

At each location, we established two transects perpendicular to the
channel, 3 ft in width, separated by a distance of 20 ft. The upstrean
transect vas sampled by an underwater observer overturning all rocks
within the "lane." The dovnstream transect "lane" vas sampled by back-
pack electrofishing (three person crew). Each fish "capture™ location
was marked and physical microhabitat measurements vere collected. For
transects in vater depths greater than 3 ft, only undervater observations
were conducted. The relationship betveen yield (catch-per-unit-area) for
electrofishing and underwater observations vas plotted and regressed by
the least squares method (Montgomery and Peck 1982). Using a rationale
similar to that of Petering and Van Den Avyle (1988), the slope of this
relationship vas the correction factor used to veigh the results of one
method relative to the other prior to data peoling.

Habitat Availability

Habitat available to fish at the time of fish observations vas quanti-
fied for each study area at the same (vithin 0.1 ft stage) discharge.

The study area was divided into 100-ft segments. Within each 100-ft
segment, a transect was randomly located ~nd established perpendicular to
flowv. Habitat measurements vere made at predetermined intervals (7.0 ft,
Chattooga River; 10.0 ft, Tugalo and Ocmulgee rivers) along the transect
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line, starting alternately, at vater’s edge and 3 ft out from water’s
edge.

4.1.3 Physical Microhabitat Measurements

Methods used to measure microhabitat conditions were identical for fish
habitat utilization, habitat availability, and transect measurements for
physical habitat modeling. For each point of interest in the stream
(i.e., fish location, transect vertical), depth was measured to the near-
est 0.05 £t vith a 4-ft, 7-ft, or 10-ft vading rod, and vater velocities
vere measured to the nearest 0.01 fps with a Marsh McBirney analog or
digital current meter. Mean column velocity was measured at 0.6 of the
depth down from the surface. If depth exceeded 3.0 ft, or if complex flow
vas evident, two readings (at 0.2 and 0.8 of the depth from surface) were
taken and averaged.

Substrate and cover were visually estimated (Bovee 1986; Bain et al.
1985) within a 3-ft-radius circle around the point of interest. Domi-
nant, subdominant, and percent dominant substrate or cover were classi-
fied according to a modified Wentworth scale (Bain et al. 1985) and

a cover type description, respectively, and given a numerical code
(Table 4-3).

Additional miscellaneous data collected at some locations included bottom
velocity, vegetation (no vegetation, rooted, attached), vegetation den-
sity (absent, sparse, moderate, heavy), and substrate embeddedness. See
Table 4-3 for complete descriptions.

4.1.4 Data Analysis

Habitat suitability index curves (Bovee 1986) wvere developed for each
life stage of each species for depth, mean column velocity, dominant sub-
strate, and dominant cover. Each focal point observation was treated as
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a single sample regardless of the number of fish at that location. In
the analysis phase, each observation was weighted by the square root of
the number of fish present at that focal point.

Prior to develdpment of habitat suitability criteria, descriptive
univariate statistics for each variable for all species and life stages
for each river (SAS 1988) were calculated. For continuous variables,
these included: mean, minimum, and maximum values; standard deviation
and variance; and median, lower quartile (25th percentile), and upper
quartile (75th percentile) values.

For the continuous variables, depth and mean column velocity, the basic
approach to developing suitability index curves included: development

of frequency histograms, decreasing histogram irregularities through the
use of optimal interval size (Slauson 1988) and smoothing algorithms
(Velleman 1980), and draving frequency polygons (Zar 1974). A generic
example of these analyses are presented in Figure 4-1. A more detailed
description of these methods is presented below and is based on methods
presented by Bovee (1986), Slauson (1988), and Cheslak and Garcia (1988).

The first step in frequency analysis of the continuous variables wvas

. the selection of interval size. We used Sturges’ formula as modified by
Cheslak and Garcia (1988) to determine optimal interval size: optimal
interval size = r/(1 + 3.332 * loglon) where r = the range of the vari-
able (max-min) and n - the number of observations. The utility of this
approach in the context of suitability index criteria has been demon-
strated by Cheslak and Garcia (1988).

Frequency histograms of depth and mean colﬁmn velocity constructed

using the optimal bin size vere then normalized to-a range of zero to

oné (Figure 4-1). At this point, the histograms were examiﬁed by two
biologists and decisions were made regarding: (1) the need for smoothing
to reduce local irregularities in the frequency histogram (Slauson 1988;
Cheslak and Garcia 1988); the possible solutions were no smoothing, one

pass, or two passes of a three-point running-means procedure; (2) methods
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for calculating running-means results for the first histogram interval;
options vere tvo-point and three-point running-means for the first inter-
val; and (3) objective methods for'drawing the final endpoints of the
frequency polygons.

For the second and third decision points outlined above, the overriding
considerations in final calculations vere the inherent shape of the orig-
inal histogram, the variable, and the biology of the species life stage
being considered. For the variable depth, suitability at zero depth vas
alvays set to zero for all species. The suitability of near-zero depths
vas determined by the data under the constraint that depth less than one
to tvo times the body height of the species life stage under consider-
ation vas unsuitable. A three-point running mean wvas typically used for
the first histogram interval for depth. Zero and near-zero velocities
are preferred by some species and avoided by other species. For slow-
vater inhabitants frequently using zero velocity, a two-point running
mean vas used for the first histogram interval; for species life stages
avoiding slow wvater, a three-point running mean vas used in the first
histogram interval. These adjustments ensured that the shape and rela-
tive values of the original histogram vere retained after smoothing.
After any histogram smoothing, the histograms wvere re-normalized

(Figure 4-1}.

In the final step, suitability criteria curves vere developed by con-
necting the midpoints of each histogram interval with a straight line
(frequency polygon) (Figure 4-1). A suitability of one (optimum) was
assigned to the range of values occurring under the highest interval
(not fully illustrated in Figure 4-1). The endpoints of the frequency
polygons were drawn under the followving constraints: (1) if the minimum
observed value was zero, the midpoint of the first bin was connected to
the y-axis with a horizontal line; (2) if the minimum observed value was
0.01-0.05, the midpoint of the first bin vas connected to the origin;
(3) if the minimum observed value was less than the midpoint of the first
bin, then the midpoint of the first bin was connected to the minimum
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value; othervwise, the midpoint of the second bin was connected to the

minimum value.

For the discrete variables, dominant substrate and dominant cover,
normalized frequency histograms were constructed (Figure 4-2) and the
resulting suitability values for each substrate or cover type were
determined.

Statistical Analysis

The question of whether a species is using habitat selectively or non-
selectively (i.e. in proportion to its relative abundance in the environ-
ment) is of interest vhen interpreting habitat use and availability data
(Johnson 1980; Alldredge and Ratti 1986). Selection of specific ranges
or classes of variables were tested for by comparing each species habitat
utilization pattern with that of available habitat.

For continuous variables, we used the Kruskal-Wallis and two Sample
Kolmogorov-Smirnov criteria to test for location and distribution differ-
ences, respectively, between utilization and availability under the null
hypothesis of no difference (Conover 1971). For discrete variableg, the
chi-square test of equality of proportions (Zar 1974) in each class was
employed and in all cases the alpha level was set at 0.05.

Exploratory descriptive multivariate analysis was conducted to develop a
simple fish/habitat model that simultaneously described habitat use by
all fish species relative to the available habitat. Principal components
analysis (Pielou 1984) was used to reduce the number of habitat variables
(by creating new synthetic habitat variables) and remove correlations
among variables. This approach provides an objective format for inter-
preting species habitat utilization patterns (Rotenberry and Viens 1978;
Carnes and Slade 1982). Groups of species utilizing similar habitats
-were ldentified using average distance cluster analysis (Nie et al. 1975)
of habitat space centroids (mean principal component scores). These
analyses, similar to those conducted by Leonard and Orth (1988) and Bain
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et al. (1988), were performed only to provide a characterization of the
range and types of microhabitats used by the species studied.

4.2 RESULTS AND DISCUSSION

4.2.1 Study Sites and Habitat Availability

Chattogga River

Fish habitat use and habitat availability data were collected in the
Chattooga River from a point approximately 250 ft downstream of the

Route 76 bridge, Rabun County, Georgia, and extending upstream 1,700 ft
to a waterfall (Bull Sluice). Habitats in this study area were dominated
by run and riffle, with lesser amounts of cascade, run/ pool, and pool
(Table 4-4). Substrate wvas dominated by bedrock, boulders, and sand/
small gravel although all other substrate types were present. Cover was
generally in lov abundance, coqsisting primarily of boulders and bedrock
lédges (Table 4-4). Chattooga River discharges during these studies
ranged from 155 c¢fs to 350 cfs (McFarlane 1989).

Measurements of habitat availability (n = 350) were taken along 18
transects. The results shoved that for the range of discharges encoun-
tered, depths ranged from a maximum of 3 ft in riffles to 8 £t in pool
habitats. Average mean column velocities were lowest in pool (0.35 fps)
and highest in cascades (1.1 fps) and ranged from 0.0 to 4.32 fps for the
site (Table 4-4).

Tugalo River

Habitat data vere collected from a 1,300-ft segment of the Tugalo River
(Figure 2-3). Habitats in this area were dominated by run habitat; the
remaining area consisted of neafly equal pruyortions of riffle, riffle/
run, and run/pool habitats (Table 4-4). Habitat measurements along 13
transects (n = 244) indicate a lesser range of available microhabitats
than the Chattooga River for the discharge at the time of measurements.
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Depths ranged from 0.0 to 6.8 £t and velocities ranged from 0.0 to 2.32

fps for the site. Substrate was dominated by cobbles and boulders, with
nearly equal propoqtionﬁ of the less common substrates, bedrock, gravel,
and sand. The abundance and type of cover was similar to the Chattooga

(i.e. dominated by no cover, boulder, and ledge), but logs and log com-

plexes vere more abundant. Discharges during these studies ranged from

approximately 120 to 160 cfs. '

Ocmulgee River

Fish habitat use and availability data were collected from a 1,400-f¢
segment of the Ocmulgee River in the vicinity of Forty Acre Island
(Figure 2-4). This was an area of divided channels (i.e., islands) and
only a portion (one-half) of the full channel width was sémpled in some
areas. Habitat at this site was dominated by pool and shoal habitat,
with lesser proportions of run/pool and run habitat (Table 4-4). Other
habitat types--cascade, riffle, chute, and backwater--were present within
the .larger habitat groupings. Substrate consisted primarily of bedrock,
boulders and sand; gravel and cobble were least abundant. A variety of
cover types were present, but most common were no cover, boulder, and
ledge, with lesser amounts of rooted plants and logs and limited amounts
of overhang and undercut banks. Discharges in the Qcmulgee River during
these studies ranged from approximately 250-600 cfs.

Based on 351 habitat measurements along 14 transects, a vide range

of depths and velocities were present for the range of flows encoun-
tered (Table 4-4). Depths ranged from a maximum of 4.0 ft in runs to
13.8 ft in pools. Average mean column velocities were slowest in pools
(0.23 fps) and greatest in shoals (1.09 fps), and mean column velocities
as high as 5.58 fps were encountered.
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4.2.2 Fish Habitat Use Observations

Chattooga River

During the study period, measurements were collected at 1,518 fish
habitat-use focal points, representing the habitat use of 2,576 fish
(Table 4-3); these data were collected as a result of 83.4 observer-
hours in the Chattooga River. The number of measurements (sample size)

collected by species and life stage are presented in Table 4-5.

The largest sample sizes obtained vere for redeye bass, northern

hog sucker, whitefin shiner, silver redhorse, and redbreast sunfish.
Moderate sample sizes were obtained for striped jumprock, bandfin shiner,
margined madtom and snail bullhead. The reliability of descriptions of
habitat use and generalizations outlined below are related to the sample
sizes reported.

Fishes of the Cﬁattooga River used a wvide range of hahitats and over-
lapped in habitat use among species. Data were collected for species
life stages representative of shallow-fast, shallow-slow, deep-fast

and deep-slow habitats over a variety of substrates. The relationship
between available habitat and use of habitat by fishes is illustrated by
the results of principal components analysis (Figure 4-3) and. the summary
of microhabitat variables measured at fish locations for each species and
life stage (Table 4-5).

The results of principal components analysis (Figure 4-3; Table 4-6)

simultaneously illustrates the use of five habitat variables by fish

with respect to the habitat types sampled. The first two principal

components {PC), explained 58 percent of the variability of all habitat

measurements collected. The interpretations of PCl and PC2 are illus-

trated on Figure 4-3). For example, available habitats range from
shallow-fast-coarse substrate habitats (cascade, riffle habitats) in

the upper left quadrant to deep-slow-fine substrate in the lower right

quadrant (pool habitat). Mean principal component scores (plotted on .
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Figure 4-3).and the original microhabitat measurements were used to place
the species life stages into groups that used similar habitats (i.e.,
guilds). Generalizations below are based on 25 and 75 percent quartiles.

Margined madtoms and adult striped jumprock used the faster and shal-
lover habitats (typically >0.7 fps velocity and <2.5 ft depth) with
coarse substrate; northern hog sucker juveniles and adults used similar
but somewhat deeper and slower (typically <3.5 ft depth and >0.5 fps
velocity) habitats. Both of these groups characteristically used rif-
fles, cascades, and runs (Figure 4-3). Adults of redeye bass, redbreast
sunfish; snail bullhead, and silver redhorse primarily used moderate to
deeper water with moderate velocities (typically >3 ft depth and <1.0 fps
velocity). Although all four of these species life stages used a variety
of substrate types, they appeared to preferentially use irregular bedrock
and boulders, and hence were typically associated with boulder and ledge
cover (less so for silver redhorse). Habitat for these species are char-

acterized as run, run/pool, and pool (Figure 4-3).

Three species life stages vere characterized as inhabiting shallow, slow-
water habitats--northern hog sucker YOY, redeye bass YOY, and spawning
redbreast sunfish (Figure 4-3). Most observations for this group were
collected by surface observations in shallow habitats along the margins
of runs and pools, typically less than 2.5 ft depth and velocities slower
than 0.5 fps (Table 4-2). Northern hog sucker YOY and spawning redbreast
sunfish showed a decided preference for sand and small gravel substrates;
redeye bass YOY used a variety of substrate types but used disproportion-
ately more small boulder substrate.

Adult vhitefin shiner, bandfin shiner, and juvenile redeye bass are best
characterized as habitat generalists. These species life stages used a
wide range of both depths and velocities and showed no apparent strong
preference for specific substrate types.
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Tugalo River

A total of 883 fish habitat-use observations were made during the study
period on the Tugalo River, representing the habitat use of 1,856 fish
(Table 4-7); these data wvere produced as a result of 78.8 observer hours.
Most observer hours expended in the Tugalo River vere directed at spé-
cialized observations for margined madtom and bluehead chub. The number
of focal point habitat measurements collected for each species and life
stage are presented in Table 4-7.

The largest sample sizes vere obtained for juvenile and adult margined
madtom, spawning bluehead chub and redbreast sunfish, adult redeye bass
and blackbanded darter, and YOY bluehead chub. Moderate-to-small sample
sizes vere obtained for juvenile and adult vhitefin shiner and YOY north-
ern hog suckers. Most observations vere collected during tvo specific
time periods: during the late May to early June period, most spavning and
YOY observations vere collected along with general habitat observations;
the madtom habitat-use study occurred in mid-September and also yielded
data on snail bullheads (Table 4-2).

The relationship between available habitat and habifat use by fishes in
the Tugalo River is illustrated by the results of principal components
and cluster analysis (Figure 4-4; Table 4-6). The summary of microhabi-
tat variables measured at fish locations for each species and life stage
are presented in Table 4;7. The first two principal components explained
63 percent of the variability of all habitat measurements collected; the
interpretation of these axes are illustrated in Figure 4-4. Groups of
fish using similar habitat as determined by cluster analysis are
indicated.

Representativeé of shallow-slov habitats were small YOY bluehead chub

and northern hog sucker. Alth.ugh these species did not cluster together
(Figure 4-4), both used similar habitats with depths shallower than

1.8 ft and velocities typically less than 0.4 fps; northern hog sucker
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YOY appeared capable of using slightly faster habitats. Both were typi-
cally found along the stream margins in riffles and runs. WNorthern hog
sucker YOY used open cobble areas with fines and gravels and avoided bed-
rock areas. Chub YOY were often associated with sandy (fines) areas with
no cover or logs as typically found in the Tugalo River margins.

A group of species using shallov habitats with moderate-to-fast veloci-
ties included juvenile and adult margined madtom, adult blackbanded dart-
er, spavning bluehead chub and adult whitefin shiner. These species life
stages used riffle, riffle/run and fo a lesser extent, run habitat and
vere usually found in water shallower than 1.4 ft and faster than 0.5 fps
(Table 4-7). Bluehead chubs selected areas of small and large cobbles
with interspersed gravels (nests were constructed of gravel) and used
areas of no cover, along the edge of boulders, or within log complexes.
Margined madtoms used substrates which provided interstitial spaces
(cobbles, small boulders) and avoided fine substrates and hedrock; cover
appeared unimportant. Blackbanded darters used most substrate types
frequently but avoided organic and preferred fines and small gravel.
Residents of the deeper habitats were adult snail bullhead and redeye
bass (Figure 4-4) and other species life stages not shown in Figure 4-4
because of small sample size, including: adults of silver redhorse,
largemouth bass, and redbreast sunfish. These species life stages were
found in run and run/pool habitats with depths greater than 2.0 ft and
velocities less than 0.5 fps (Table 4-7). Both adult redeye bass and
snail bullhead were moderately to strongly associated with cover, typi-
cally using boulders, ledges, or logs in proportions greater than the
available habitat. Snail bullhead adults preferred coarser substrates

. and avoided organic, fines, and smooth bedrock; adult redeye bass did

not exhibit a consistent substrate.preference.

Spavning redbreast sunfish constructed nests in very slow velocity water

of shallow-to-moderate depth. Although organic and fine substrate types
were uncommon in the Tugalo River study area, redbreast sunfish selected
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areas of mixed cobbles and fines/organics to construct their nests; areas
with logs or log complexes were used preferentially.

Valleye

Because of the importance of this target species, specific efforts wvere
made to collect spawning microhabitat data during February, March, and
April of 1988 and 1989. 1In both years, the abundance of adult valleye
was monitored with hoop nets and gill nets (EA 1990c¢c; see Section 2.5
until running ripe males and females vere present in the river; attempts
to locate walleye spawning locations were then initiated. Observations

wvere made by surface observation and undervater observation.

Approximately 20 observer-hours were expended in attempting to locate
spavning walleye in the Tugalo River study area during the period

11 March to 1 April 1988. Very few occurrences of spawvning valleye
were recorded, due to lov walleye abundance (EA 1990c¢) and poor water

clarity.

On 11 March 1988, Walleye were observed spavning in run habitat approxi-
mately 1,000 ft downstream of transect Y-29. Several pairs of walleye
vere observed splashing and breaking vater while moving together; actual
spavning vas verified by collecting freshly spawned eggs in those loca-
tions. Sixteen microhabitat measurements were collected within three

separate, but adjacent, spawning areas.

Valleye were observed spawning in depths of 1.2-1.7 ft, 0.6-1.5 mean

column velocity, over cobble/gravel substrates.

Panther Creek

Panther Creek is a tributary that joins the Tugalo River approximate-

ly 1,000 ft dovnstream of Yonah Dam. Portions of Panther Creek were

included-in a survey of chub nest locations conducted on the Tugalo River

during the week of 31} May 1988 (Table 4-2). Habitat measurements were .
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taken at 22 chub spawning (nest) locations. Chubs spawning in Panther
Creek used shallow (typically 1-2 ft) habitats with slow to moderate

velocities and substrates composed of interspersed gravels and cobbles
(Table 4-7).

Ocmulgee River

A total of 910 fish habitat-use observations were made during the study
period representing the habitat use of 3,645 fish {Table 4-8); these data
were produced from 80.7 observer hours in the Ocmulgee River. The number
of focal point measurements collected by species and life stage are pre-
sented in Table 4-8.

The largest sample sizes were obtained for adult life stages of shoal
bass, striped jumprock and Altamaha shiners; juveniles of shoal bass and
striped jumprock; and spawning redbreast sunfish (Table 4-8). Moderate
sample sizes were obtained for adult snail bullhead, redeye bass, and
silver redhorse, and juvenile Altamaha shiner. Most observations for
spawvning and YOY life stages were collected during 2 weeks in late June
1988; the remaining ohservations were collected in early November 1988
(Table 4-2).

The relationship between available habitat and habitat use by fishes in
the Ocmulgee River is illustrated by the results of principal components
and cluster analysis (Figure 4-3; Table 4-6). The summary of micro-
habitat variables measured at fish locations for each species and life
stage are presented in Table 4-8. The first two principal components
explained 59 percent of the variability of all habitat measurements col-
lected; the interpretation of these axes are illustrated-in Figure 4-5.
Groups of fish using similar habitat as determined by cluster analysis
are indicated.

The fish species life stages studied used a wide range of habitats and

overlapped in habitat use. Representatives of shallow-slow habitats
were small YOY shoal bass and striped jumprock; although difficult to
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interpret from Figure 4-5, these areas were Iargely in shallow, shoal
or stream margin habitats. These two species life stages used habitats
shallowver than 2 ft and slower than 0.5 fps almost exclusively (Table
4-8). Both were found over a variety of substrates but used gravels
preferentially and avoided smooth bedrock; areas of no cover, ledges,
and vegetation were used most frequently.

Representatives of relatively faster, shallow-to-moderate depth
habitats typical of shoals and runs were adult striped jumprock and
Altamaha shiner. Both typically used depths shallower than 3 ft and
moderate velocities (striped jumprock used substantially faster water);
both used a variety of substrate and cover types, but were most fre-
quently associated with irregular bedrock and ledges (Table 4-8).

Residents of the deepest water were adult shoal bass and silver red-

horse. These species life stages were typically found in run, run/pool,

and pool habitat with depths greater than 3 ft and slow velocities

(<0.8 fps); these were the only target fish species observed in the .
deeper pool areas (8-14 ft) (Table 4-8). Adult snail bullhead and redeye

bass used slightly shallower habitats, but with similar vater velocities,

and tended to be associated with coarse substrates. Snail bullhead were

alvays strongly associated with cover such as boulders and logs.

Spawning redbreast sunfish constructed nests in slow habitats with
shallow-to-moderate depths and having fine substrate types. This species
life stage appeared to prefer cover such as ledges or rooted vegetation,
but these were not requisites, as open vater was frequently used. This
species use of coarse substrate types for spawning alvays appeared to be
predicated upon the presence of some fine substrate.

4.2.3 Final Habitat Suitability Criteria

In this report section, the derivation of the final habitat suitability
criteria to be used in physical habitat modeling is described and the
final results are presented. The quality of the habitat suitability .
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criteria and their applicability to one or more of the study rivers are
then evaluated.

Derivation of Suitability Criteria Coordinates

As described in Section 4.1.4, several methods of translating field data
into more or less smooth monotonic or unimodal functions (Slauson 1988)
suitable for use in physical habitat simulation vere used, including:
optimal bin-size frequency analysis, curve smoothing, and construction of
frequency polygons. For some species (e.g., bluehead chub YOY, margined
madtom adults and YOY) constructing histograms based on an optimal bin
size vas sufficient to produce a smooth function, and no further smooth-
ing was necessary. Other species (e.g., northern hog sucker juvenile)
required up to two passes of a running-means procedure to gain acceptable
smoothness. Two-bin running means for the end bins vere sometimes
required for some species and variables to retain the original histo-

gram shape through the smoothing process.

For each species and life stage, Appendix D contains graphic illustra-
tion of the field data, the normalized raw data, and the histogram and
frequency polygon resulting from curve smoothing (if any). No smoothing
of cover or substrate values was conducted. '

The x-y coordinates were taken directly from the frequency polygons
_(Appendix D) and input directly into computer files for physical habitat
modeling; these coordinates are presented in Appendix E. Optimal habitat
(i.e., suitability = 1.0) for a species and variable was defined as the
range of that variable under the tallest bin, and vas assigned a suit-
ability of 1.0. The endpoints and endpoint line segments vere drawn as
described in Section 4.1.4.

Quality Review and Verification

For species life stages with large sample sizes (gréater than 50-100

observations, depending on species) the analysis was considered complete
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at this poinf and the final habitat suitability criteria were used for
physical habitat modeling in the river from which the data originated.
In some cases, literature data or published habitat suitability criteria
for that species were provided as a comparison and to support the data
from the study rivers.

For species life stages having small-to-moderate sample sizes, several
approaches vere used to verify that basing the final habitat suitability
criterla on the observed sample sizes was justified. The first approach
was similar to a "verification study" as described by Bovee (1986). The
data collected in this study were compared with existing criteria from
literature sources. Strong agreement to minor disagreement of these two

sources is considered to be a confirmation of the criteria.

A similar situation existed where small sample sizes were available from
one study river and large sample sizes were available from another study
river (e.g., redbreast sunfish: Ocmulgee River, n = 184; Tugalo River,

n = 70) and the final habitat suitability criteria were to be applied to
both rivers. In this situation, the smaller data set was used to verify
the applicability of habitat suitability criteria developed from the
study area with a large sample.size to the study area with the smaller
sample size.

Finally, some very limited modifications of the final habitat suitability
criteria wvere made on the basis of the professional judgment of fisheries
biologists involve& in the fieldwork and data analysis. Criteria modifi-
cation is a recognized and accepted method for making changes to improve
the accuracy of habitat suitability criteria (Bovee 1986). The limited
modifications (e.g. depth criteria for adult silver redhorse, depth
criteria for margined madtom) are explicitly described below.

Terminology

In the sections below, the microhabitat use patterns of each species and
life stage are described in detail. Several terms are used frequently in .
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these descriptions; these terms are defined here for clarity: "Range"
refers to the interval between the minimum and maximum value of a vari-
able; "optimum suitability" refers to the interval under the tallest his-
togram bin (or bins when two or more bins are subequal); and "typical" or
"most frequently" refers to the interval between the first quartile (25%)
to the third quartile (75 percentile) values of a variable {Tables 4-5,
4-7, and 4-8).

Bluehead Chub

Microhabitat use data collected in the Tugalo River for spavning bluehead
chub vere in close agreement with the data based on limited sample sizes
collected in the other streams (Panther Creek, Chattooga and Ocmulgee
rivers) (Tables 4-53, 4-7, and 4-8; Appendix D) and with previously pub-
lished suitability criteria (Miller 1964; Leonard et al. 1986; Lobb and
Orth 1988). All of these data suggest that spawning chubs use a very
narrov range of habitat-conditions: shallow water (0.3-3.0 ft), moderate
velocity (0.2-1.5 fps), gravel and cobble substrates, and are associated
with, but not dependent upon; cover objects.

Based on our analyses of a moderate sample size (n = 72) and agreement
with published data, the quality of the habitat suitability criteria
for spawvning chub (Appendix D) are good to excellent. Numerous species
are reported to spawn on chub mounds (Raney 1947; Leonard et al. 1986),
and the importance of chub mounds in this respect must be emphasized.
Lachner (1952) suggested that the use of chub nests by other cyprinids
for breeding purposes may be important in the maintenance of a large

supply of forage minnows for piscivores.

The microhabitat data for bluehead chub YOY represent the habitat use of
fish less than 1.0 in.; these fish were early YOY, probably best referred
to as prejuveniles (Snyder 1983). Bluehead chub YOY in the Tugalo River
used shallov (<1.80 ft) and slow velocity (<0.38 fps) habitats with fines
and cobble substrates. These data are in close agreement with YOY chub
habitat use in the Cowpasture River, Virginia, reported by Goudreau
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(1989) (n = 46; number of fish = 336): range of depths 0.6-2.5 ft; range
of velocities 0.0-0.27 fps; fines and cobble substrates most frequently
used. Although based on a moderate sample size, the well-defined depth’
and velocity distributions of bluehead chub YOY from the Tugalo River and
their agreement with existing data suggest that the quality of the final
criteria for YOY bluehead chub are fair to good.

Final-habitat suitability criteria for both life stages of bluehead chub
(Appendix D) were derived from data originating in this study and were
not modified on the basis of literature data. These criteria were used
in habitat simulation of the Tugalo River only.

Redbreast Sunfish

The U.S. Fish and Wildlife Service has published habitat suitability cri-
teria for redbreast sunfish based on professional opinion from a 4-round
delphi exercise with 11 expert panelists (Crance 1988). The published
criteria apply to two life stages: (1) spawning, incubation, and larvae,
and (2) juvenile and adults, and are used below for comparison to the
data collected in this study.

A large sample size (n = 184) was obtained for spawning redbreast sunfish
(nests) in the Ocmulgee River; smaller sample sizes were collected in the
Tugalo and Chattooga rivers (Tables 4-5, 4-7, and 4-8). The Ocmulgee
River data represent data collected from a wider range of habitats, as
observations taken in the Tugalo and Chattooga rivers were collected from
~a limited number of concentrated spawning areas. Notwithstanding this
difference, spavning microhabitats for redbreast sunfish were similar
among the study rivers: shallow-to-moderate depth (1-3 ft), slow water
(<0.5 fps), with fines/gravel substrate and some cover. The range of
microhabitats used by spawning redbreast sunfish in the Ocmulgee River
encompassed the range of microhabitats used by spawning redbreast sunfish
in the Tugalo and Chattooga rivers.
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The final habitat suitability criteria for spavning redbreast sunfish in
the Ocmulgee River (Appendix D) are in very close agreement with those
published by Crance (1988) who reported: optimum depths 1-3 ft; optimum
velocities 0.1-0.4 fps; sand and gravel substrates optimum. Mean column
velocities at redbreast sunfish nests in the Chattooga and Tugalo rivers
(Tables 4-5 and 4-7) vere substantially slower, but were similar to the
only published field data for redbreast sunfish spavning (Leonard et al.
1986).

The large sample size, range of habitats, and agreement wvith published
data substantiates the use of the final habitat suitability criteria
for spawning redbreast sunfish based on the Ocmulgee River data set
(Appendix D), and indicates that the criteria are of good qualitcy.
Agreement among rivers suggests that these criteria can be applied to
both the Tugalo and Ocmulgee river habitat modeling.

Data collected in this study for adult redbreast sunfish in the Chattooga
River (n = 52; 97 fish) were compared to Crance’s (1988) criteria for
adult/juveniles. Crance (1988) reported optimal depths from 2.0 to

7.0 ft, decreasing to a suitability of 0.5 at 20 ft; the Chattooga data
show near-optimal depths in the 2.0-5.0 ft range, declining to zero suit-
ability near 10 ft (Appendix D). Crance (1988) reported substantial
disagreement among panelists as to suitability of depths greater than

3 £t; in light of this, the Chattooga depth data appear reasonable.

For velocity, Crance (1988) reported optimal velocities of 0.1-0.7 fps,
declining to zero suitability at 3.0 fps; data for the Chattooga show
near-optimal velocities from 0.0-0.5 fps, declining to zero suitability
at about 2.0 fps (Appendix D). Crance (1988) did not provide substrate
criteria for redbreast sunfish adults, but reported highest suitabilities
for the cover types logs/brush/snags, cobble/boulders, and rock over-
hangs. 1In the Chattooga River, cover types most frequently used by adult
redbreast sunfish included no cover, boulders, ledges, and logs (Appen-
dix D).
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Considering the different nature of Crance’s (1988) expert opinion-based
criteria and the site-specific criteria presented in Appendix D, the two
sets of criteria are fairly similar. Based on the above results and a
moderate sample size, the final criteria for adult redbreast sunfish
{Appendix I} ffom the Chattooga River were used in both the Tugalo and
Ocmulgee river habitat simulations.

Northern Hog Sucker

Moderate-to-large sample sizes were collected for YOY, juvenile, and
adult northern hog suckers in the Chattooga River study area (Table 4-5).
Habitat suitability data for YOY and adult northern hog sucker developed
by Leonard et al. (1986) (n = 24) for Virginia streams, and microhabitat
use data from Illinois streams (Larimore and Garrels 1982) and a Vest
Virginia river (Lobb 1986) were available for comparison.

All available data sources and the final suitability criteria {Appen-

dix D) for northern hog suckers show that YOY typically use ver& shallow
(<1.5 ft), slow wvater (<1.0 fps), most commonly over cobble and sand sub-
strates with no cover. Lobb (1986) classified YOY northern hog suckers
as part of the shallow edge-pool guild. Leonard et al.’s (1986) velocity
criteria have a wider optimum range (0.0-0.7 fps) as compared to the cri-
teria based on Chattooga River data (0.0-0.2 fps) but have an identical
range (0.0-1.0 fps).

Leonard et al. (1986) developed criteria for the adult northern hog
sucker on the basis of small sample sizes and literature accounts (Lari-
more and Garrels 1982; Scott and Crossman 1973). Leonard et al. (1986)
reported depth suitability increasing from zero at 0.28 ft to optimal at
depths greater than 1.30 fr; thé data collected in the present study show
a similar rapid increase in suitability at depths from 0.9 to 2.2 ft,.
optimal depths of 2.2-3.3 ft, and declining suitability to zero at about
9.4 ft. Depths exceeding 4-6 ft vere not available in the Leonard et al.
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(1986) and Larimore and Garrels (1982) study areas, so deélining suit-
ability of depths beyond this range would not be shown as in the present
study (Appendix D).

Velocity suitability criteria for the adult northern hog sucker in the
present study (Appendix D) are similar to the final velocity criteria
reported by Leorard et al. (1986) (Appendix D). Both shov rapid increas-
es in suitability of velocities from 0.0 to 0.8 fps, optimal or near-
optimal velocities from 0.8 to 1.6 fps, and low or no suitability beyond
3.0 fps. However, substantial differences in suitability occur in the
velocity range‘1.6~2.5 fps between the two criteria. Agreement between
the two velocity criteria at the high velocity end is not necessarily
expected, as Leonard et al. (1986) criteria are based on few samples in
this velocity range, and their criteria were intentionally drawn in a
conservative manner to ensure that criteria encompassed the upper optimal
range (Orth 1989).

Substantial differences existed between the substrate criteria in this
study (Appendix D) and those of Leonard et al. (1986); most of these can
be attributed to differences in predominant available substrates at the
study sites, as the reported optimum substrate in both cases was also

the most abundant substrate. Other literature suggests that adult north-
ern hog suckers use a wide variety of substrates (Becker 1983) but select
hard substrates over soft/fine substrates (Jenkins and Burkhead, in
press). The use of substrates by juvenile and adult northern hog suckers
in the present study was non-selective (X* = 7.468, p =0.487; x* a
13.485, p = 0.096 for juveniles and adults, respectively).

No previously published criteria or specific habitat use information wvere
available for the juvenile northern hog sucker. Juveniles used habitats
almost identically to adults (Table 4-5; Appendix D) and these life
stages were frequently observed together.

Based on the large sample sizes and similarity to published habitat suit-
ability criteria, the final YOY, juvenile, and adult northern hog sucker
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criteria were used without modification (Appendix D) in the Tugalo River
habitat simulations.

Whitefin Shiner

Data on habitat use by whitefin shiner from qhe Chattooga and Tugalo
rivers include a large sample size for adults, small sample sizes for
YOY, and a few miscellaneous measurements at spavning locations (Tables
4-5 and 4-7). Data for YOY and spawvning whitefin shiner wvere inguffi-
cient to develop habitat suitability criteria. Based on measurements at
spavning locations and miscellaneous underwater observations, spawning
occurs in the crevices of logs, boulders, and bedrock in typical adult
habitats.

No published data on the habitat of this species are available; however,
published data on the habitats used by other similar Notropis species are
available for general comparison'(Leonard et al. 1986; Lobb 1986).

Based on a large sample from the Chattooga River (n = 239; 566 fish),
adult whitefin shiners used a wide range of habitats but primarily used
moderate depths (1.3-3.5 ft) and slow-to-moderate velocities (0.35-1.10
ft) over a variety of substrate types (Table 4-5). Boulders and ledges
vere frequently used as velocity barriers (i.e., feeding stations), but
no cover type vas preferred (Appendix D).

The final habitat suitability criteria for adult vhitefin shiner are
remarkably similar to the criteria for rosefin shiner (Notropis ardens)

reported by Leonard et al. (1986). Data for rosefin shiner habitat use
indicated the range of utilized depths as 0.43-9.32 ft with optimum suit-
ability at 1.6-2.7 ft, and the range of utilized velocities as 0.07-1.84
fps with optimal suitability at 0.21-1.15 fps; no cover preference vas
indicated. Lobb (1986) grouped a suite of Notropis species as members of
the riffle-habitat guild but added that these species frequently used a
variety of habitat types, commonly including run habitat. Our data for
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adult whitefin shiners suggest that they are habitat generalists, most
frequently using riffle and run habitat.

Final habitat suitability criteria were developed only for the adult
wvhitefin shiner (Appendix D) and these criteria were used in habitat
simulation on the Tugalo River only. Based on the large sample size
and general agreement with habitat data for other ecologically similar
Notropis species, the final criteria are reasonable and of good quality.

Striped Jumprock

Data on microhabitat use of YOY striped jumprock were collected in the
Ocmulgee River (n = 72; 230 fish) during June 1988 (Table 4-8). At this
time, these fish were approximately 1-2 in. in size, and were found occu-
pying bedrock shoals, often congregating behind velocity shelters created
by bedrock outcrops. Striped jumprock YOY typically occupied shallow
(0.8-1.7 ft) water wi;h slow current (0.01-0.23 fps) (Table 4-8); optimum
depths were found to be 0.62-0.92 ft aﬁh optimum velocities .were found to
be 0.0-0.12 fps (Appendix D). In addition to irregular bedrock, striped
jumprock YOY used gravels, smooth bedrock and fines; areas of no cover
were preferred, but some association with ledges and attached vegetation
was observed. '

No published data exist about habitat use by YOY striped jumprock, but
it is noteworthy that the habitat use by YOY striped jumprock is quite
similar to that of the YOY northern hog sucker (Tables 4-5 and 4-8;
Appendix D).

Microhabitat use data for adult striped jumprock were collected primarily
in_the Ocmulgee River (n = 100; 174 fish), but smaller sample sizes were
also collected from the Chattooga (n = 15; 16 fish) and Tugélo (n = 4;

6 fish) rivers. Striped jumprock adults occupied shallow-to-moderate
depths (range 0.4-3.6 ft) and a wide range of velocities (0.02-2.85 fr;
Table 4-8); optimal depths vere 1.68-2.51 ft and optimal velocities were
0.38-0.75 fps (Appendix D). Adult striped jumprock were observed in
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small schools occupying bedrock shoal areas and often using swift chute
areas to graze on the surface of bedrock and boulders. Substrate use vas
dominated by irregular and smooth bedrock, but large gravel, small boul-
ders, and cobble substrate vere also used.

Microhabitat use data for adult striped jumprock in the Chattooga

River, although based on a small sample size, are in very close agree-
ment, with the data for the Ocmulgee River (Tables 4-5 and 4-8). Adult
striped jumprock in the Chattooga were most often found in depths of
1.70-2.70 ft, and velocities of 0.65-1.25 fps, over bedrock substrates.
These data suggest that adult striped jumprock use similar habitat in
both rivers. Leonard et al. (1986) reported that an ecologically similar
and closely-related sucker species, the black jumprock (Moxostoma
cervinum), wvas also a shallow, fast-water inhabitaﬁt (riffle guild); the
following vere reported for black jumprock: optimum depths 1.7-2.4 ft;
optimum velocities 1.0-2.0 fps; cobbles and bedrock preferred; and, no
preference for cover. Except for inhabiting slightly slover velocities,
the habitat suitability criteria for adult striped jumprock are quite
similar to those for adult black jumprock.

Final habitat suitability criteria for YOY and adult striped jumprock

are presented in Appendix D. These criteria are judged to be of good
quality, based on moderate sample sizes and general agreement with data
for ecologically similar species. The final criteria, based on data from
the Ocmulgee River, vere used in habitat modeling in the Ocmulgee and
Tugalo rivers.

Silver Redhorse

Data on the microhabitat use by adult silver redhorse were obtained
primarily from the Chattooga River (n = 102; 282 fish). Smaller sample
sizes vere available from the Tugalo (n » 9; 29 fish) and Ocmulgee

(n = 26; 202 fish) rivers for comparison (Tables 4-7 and 4-8). Data
for YOY and jﬁveniles vere insufficient to develop habitat suitability
criteria.
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Based on a small sample size (n = 26; 202 fish), habitat use by

silver redhorse in the Ocmulgee River was similar to habitat use in

the Chattooga River. Optimum suitability for depth wvas 3.81-4.76 ft

in the Chattooga, vhile in the Ocmulgee optimum depth wvas reached at
about 5 ft. In the Chattooga, suitability dropped to zero when depths
increased to 9.52 ft, vhile silver redhorse in the Ocmulgee were observed
in up to 14 ft of water. The lack of available deep-vater habitat in the
Chattooga River (i.e., >8 ft) vas the reason for this difference. The
range of observed velocities were quite similar with values in the range
0.05-2.06 fps for the Chattooga and 0.05-2.45 fps for the Ocmulgee.
Optimum velocity suitability vas slightly lover for the Ocmulgee (0.42-
0.84 fps) than the Chattooga (0.79-1.05 fps) and vas probably a direct
result of the deeper, slover pools available in the Ocmulgee River
(Appendix D, Tables 4-5 and 4-8).

Substrate use by adult silver redhorse was very similar in the two
rivers. Fines vere used most often, followed by gravel (either small

or large) and irregular bedrock. Groups of silver redhorse were often
observed cruising or feeding over sandy bottomed pools or in sandy
depressions in run and cascade habitat. Silver redhorse vere usually
observed in open vater (no cover) in both rivers. In the Ocmulgee they
vere occasionally found in association with log complexes, boulders, and
ledges, the dominant available cover types. Chattooga River fish were
also found associated with ledges and boulders (Appendix D, Tables 4-5
and 4-8).

The sample size of adult silver redhorse (n = 9) from the Tugalo River
vas too small to make any comparison with data from the Chattooga and
Ocmulgee rivers.

Final habitat suitability criteria for adult silver redhorse are pre-
sented in Appendix D. The final criteria vere based on data from the
Chattooga River (larger sample size), and the similarity of habitat use
by this species life stage in tvo rivers provides a justification for
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using these final criteria in the Tugaloe and Ocmulgee rivers. The final
depth criterion, derived from the Chattooga River data, wvas modified on
the basis of the known suitability of deeper vater based on data from the
Ocmulgee River. Depths in excess of 3.80 ft were assigned a suitability
value of 1.0.

Redeze Bass

Microhabitat use data for redeye bass were collected primarily in the
Chattooga River and included large sample sizes for three life stages:
YOY (n = 180; 189 fish), juveniles (n = 174; 184 fish), and adults

(n = 199; 224 fish) (Table 4-5). Smaller sample sizes for adults vere
collected from the Tugalo River (n = 43; 51 fish) and the Ocmulgee River
{(n = 34; 38 fish); these data provide a basis for comparing adult redeye

bass habitat use among three rivers (Tables 4-7 and 4-8). No quantita-
tive data on the habitat use of redeye bass are available in the litera-
ture, so a brief comparison is made with the habitat used by a closely
related and ecologically similar species--the smallmouth bass
(Micropterus dolomieui).

Redeye bass YOY in the Chattooga River were observed most often in water
of shallow depth (optimum suitability 0.8-1.6 ft) (Appendix D; Table 4-5)
although occasionally were found in deeper water (up to 7 ft). Redeye
bass YOY utilized a wide range of velocities {range 0.00-2.24 fps) but
preferred slover vater (optimum suitability 0.00-0.27 fps). Dominant
substrates utilized by redeye bass YOY included small boulders, fines,
small gravels, and to a lesser extent irregular bedrock; no cover,

boulders, and ledges were the cover types most frequently utilized.

Juvenile redéye bass vere found in somewvhat deeper water than YOY (range
0.75-7.50 ft; optimum suitability 1.60-3.20 ft) (Appendix D; Table 4-5),
but utilized almost identical current velocities (range 0.01-2.25 £ps;
optimal suitability 0.00-0.27 fps). Juvenile redeye bass used substrates
non-selectively (i.e., in direct proportion to availability; x* = 8.605y
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P = 3.77). Juveniles typically occupied open water, but were also found
in association with boulder and ledge cover types.

Adult redeye bass utilized deeper waters (range 1.20-9.30 ft; optimum
suitability 2.81-3.75 ft) with slowv to moderate current velocity
(range 0.04-2.80 fps; optimum suitability 0.32-0.96 fps) (Appendix D;
Table 4-5). Substrate and cover use for adults was very similar to
that previously described for juveniles.

Habitat use by adult redeye bass was very similar in the Chattooga and
Ocmulgee rivers: most observations were within the depth range 2.5-5.0 ft
and vithin the current velocity range 0.4-1.2 fps for both rivers; sub-
strate types utilized included small boulders and irregular bedrock; no
cover, boulders, and ledges were among the most frequently used cover
types (Table 4-5). In the Tugalo River adult redeye bass used similar
but slightly shallover and slover water (Table 4-7). This appears to be
due to the low-abundance, deeper, moderate-velocity habitats available in
the Tugalo River, resulting in a bias of the data from the Tugalo River
for this species. Howvever, in all three rivers, adult redeye bass
typically used run and run/pool habitat and deeper areas of shoals.

Not unexpectedly, habitat use by redeye bass is quite similar to that

of smallmouth bass, an ecologically similar riverine species. Adult and
juvenile smallmouth bass have been classified as habitat'generalists
(Leonard et al. 1986; Lobb 1986; Bain et al. 1988)vand this description
applies as well to the adult, and juvenile redeye bass, which herein are
shown to use a vide variety of depths, velocities, and substrate types.
Leonard et al. (1986), whose data are also based on undervater observa-
tions, reported optimum habitat for juvenile and adult smallmouth bass
as: depths greater than 2-3 ft; velocities in the range 0.2-0.8 fps;
coarse substrates (cobble, boulder, bedrock), and instream object/under-~
cut bank cover types. ‘

Smallmouth bass are known to use depths of 1.2-4.8 ft (Probst et al.
1984), velocities less than 0.6 fps (Probst et al. 1984; Rankin 1986),
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and to prefer substrates ranging from gravel to boulders (Munther 1970;
Rankin 1986) with selection for larger particle sizes (Larimore and
Garrels 1982; Sechnick et al. 1986). Other accounts of habitat use

by smallmouth bass indicate a preference for depths of 0.50-3.75 f¢,
velocities less than 1.60 fps, and substrates ranging from sand to rocks
(Larimore and Garrels 1982). These accounts of habitat use agree closely
wvith the habitat used by redeye bass: intermediate depths, slow to mod-
erate current speed, coarse substrate types, and moderate cover.

Final habitat suitability criteria for YOY, juvenile, and adult redeye
bass, presented in Appendix D, wvere based on data from the Chattooga
River. These criterfa vere used in habitat simulations of the Ocmulgee
and Tugalo rivers. Based on the large sample sizes, agreement between
rivers, and similarity to habitat use of an ecologically similar species,
these criteria are judged to be of good-to-excellent quality.

Shoal Bass

Data on the microhabitat use of the shoal bass collected from the
Ocmulgee River were sufficient to develop habitat suitability criteria
for YOY based on a large sample size (n = 127; 337 fish) and for adults
based on a moderate sample size (n = 83; 86 fish); an insufficient
number of observations vere obtained for juveniles {n = 11; 11 fish)
(Table 4-8). The shoal bass is an undescribed species (Section 3.3
for which no published habitat suitability information exists.

. Shoal bass YOY were observed in June 1988; at this time YOY were approxi-
mately 1-2 in. They typically used shallow depths (range 0.30-3.20 frt;
optimum suitability 1.09-1.45 ft), areas of very slowv current velocity
(range 0.0-~1.1; optimum 0.0-0.14 fps), over a wide variety of substrates
including irregular and smooth bedrock, gravel, and fines. Although
frequently found in open vater, YOY utilized rooted and attached
vegetation and ledge cover types (Appendix D; Table 4-8).
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Shoal bass adults also used a wide range of habitats but were observed
primarily in moderate to deep water (range 1.65-13.00 ft; optimum suit-
ability 3.08-4.62 ft) with slow-to-moderate velocities (range 0.0-1.88
fps; optimum suitability 0.51-0.77 fps) (Appendix D; Table 4-8). Adult
shoal bass used substrates in nearly direct proportion to substrate
availability (X? = 17.569; p = 0.041). Shoal bass were observed occupy-
ing open vater nearly as frequently as they were observed in the vicinity
of boulders. Other cover objects used by adults included bedrock ledges
and log complexes.

In the Ocmulgee River, shoal bass adults used habitat similar to the red-
eye bass adults; the two species were frequently observed together. Both
shoal bass and redeye bass have similar optimum ranges for depth (approx-
imately 2.80-4.60 ft) and velocity (approximately 0.35-0.96 fps), and
both used a vide range of similar substrates and cover types (Table 4-8).
Hovever, shoal bass also utilized the deeper pools not frequently occu-
pied by redeye bass; the maximum depth used by redeye bass in the
Ocmulgee River was 9.3 ft, versus 13.0 ft for shoal bass.

Final habitat suitability criteria for YOY and adult shoal bass, pre-
sented in Appendix D, were used in habitat simulation of the Ocmulgee
River only. Based on the moderate-to-large sample sizes and similarity
of habitat use with other riverine Micropterus species, the quality of
the criteria is judged to be good.

Altamaha Shiner

Data on habitat use by the Altamaha shiner vere obtained solely from
observations made on the Ocmulgee River and include a moderate sample
size of YOY fish (n = 42; 592 fish) and a large sample size of adults
{n = 171; 1,665 fish). Data for YOY and adults were sufficient to
develop habitat suitability criteria. No publishr4 data on the habitat
of this species are available.
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Altamaha shiner YOY used a wide range of depth and flow conditions
inhabiting moderate depths (range 0.95-4.20 ft; optimum suitability
2.04-2.55 ft) and slow to moderate velocities (0.05-1.45 fps; optimum
suitability 0.22-0.44 fps) (Appendix D; Table 4-8). YOY shiners were
often observed'in mid-column over irregular bedrock substrates inter-
spersed with gravels or small boulders. Ledges and boulders provided
velo;ity shelter for feeding stations and cover, but no cover was used
most frequently.

Adult Altamaha shiners were observed occupying depths from 0.80 to

3.80 ft with optimum suitability in the range 1.43-1.78 ft, and veloci-

ties from 0.02 to 3.50 fps with optimum suitability of 0.42-0.83 fps

(Appendix D; Table 4-8). These values are quite similar to criteria

previously reported for whitefin shiner from the Chattooga River, and

similar to rosefin shiner criteria reported by Leonard et al. (1986),

although the ranges of depth and velocity for Altamaha shiner were

narrover than those of whitefin shiner. As with whitefin shiner, our .

data suggest that Altamaha shiner are typically riffle-run (shoal) inhab-
itants but tend to utilize a fairly wide range of depths and velocities
within their preferred habitat.

The final habitat suitability criteria for both life stages of Altamaha
shiner, presented in Appendix D, were derived from data originating in
the Ocmulgee River and were used in habitat simulation only in the
Ocmulgee River. However, based on the relatively large sample sizes
obtained during this study, similarities with published data on the
habitat used by other Notropis species, and information obtained for
vhitefin shiners during this study, the habitat suitability criteria
for Altamaha shiners is believed to be of good quality.

Margined Mad tom

As described in Section 4.1.2, an independent study was conducted to
determine the habitat use of margined madtom, a highly cover-oriented, '
benthic fish species. Thirteen paired transect locations in the Tugalo .
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River, stratified by habitat type, vere sampled; six locations vere sam-
pled by both electrofishing and snorkeling, three locations were sampled
only by electrofishing, and four locations were sampled only by snorkel-
ing (Table 4-9). A total of 325 margined madtoms were collected {three
miscellaneous observations from other snorkeling efforts were later
added). The "catch" of madtoms by snorkeling (Cs) vas regressed against
the catch of madtoms by electrofishing (Ce) and yielded the equation Cs =
2.39 Ce + 7.36 (r = .911). The interpretation of this equation is that
snorkeling an equal area of habitat yields 2.39 times more observations
than electrofishing. The data sets produced by the two methods vere
pooled by weighting the electrofishing observations by 2.4.

Data on microhabitat use of margined madtom in the Tugalo River were
sufficient to develop habitat suitability for YOY (n = 154; 251 fish)

and adults (n s 174; 309 fish) (Table 4-7). Smaller sample sizes for YOY
(n = 14; 14 fish) and adults (n = 36; 36 fish) were also collected in the
Chattooga River for comparison (Table 4-5). However, the Chattooga River
madtom data are thought to be somewhat biased due to the fact that a Sys-
tematic sampling was not completed in all habitats for this species and
electrofishing techniques necessary to sample shallow water (<1.0 ft)
vere not used.

Margined madtom YOY used riffle and run areas with shallow depths (range
0.10-1.90 ft; optimum suitability 0.44-0.65 ft) and a wide range of cur-
rent velocities (range 0.01-2.48 fps), but preferred moderate velocities
(optimum suitability 0.60-0.90 fps). Substrates used by margined madtom
YOY vere largely restricted to the intermediate particle sizes, large

" gravel to small boulders (Appendix D; Table 4-7). ’

Adult mafgined madtoms vere found in habitats similar to YOY, with
slightly deeper vater (range 0.10-5.40 ft; optimum suitability 0.63-
1.26 ft), nearly identical current velocities (Appendix D; Table 4-7).,
and similar substrate sizes.
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Because margined madtoms are secretive, interstitial dvellers, the cover
types recognized in this section are probably not meaningful to this
species. In fact, use of cover by adults vas in direct proportion to
availability (X* = 7.491; p = 0.187) suggesting that this species is
indifferent to cover as defined in this study. Based on these data, all
cover types vere assigned a suitability of 1.0 for habitat modeling of
both life stages of this species. '

Adult margined madtoms in the Chattooga River appeared to use slightly
deeper and faster habitats, but similar substrate types, than their
Tugalo River counterparts (Table 4-5). Caution should be used when
making these comparisons, due to potential bias in Chattooga River
samples previously outlined. Habitat for this species is generally
considered to be cobble and gravel areas of moderate-to-svift riffles
and runs (Lee et al. 1980), vhich is in close agreement with our
findings.

Final habitat suitability criteria for YOY and adult margined madtoms,
presented in Appendix D, are based solely on the Tugalo River data and
vere used for physical habitat simulation for the Tugalo River only.
Based on the large sample size and agreement with general literature
descriptions of habitat use by this species, the final criteria are
judged to be good.

Walleye

Data collected at valleye spawning locations in the Tugalo River (n = 16)
vere insufficient to develop habitat suitability criteria. Consequently,
it vas necessary to rely on habitat suitability criteria from existing
literature. A full literature search vas conducted to obtain data on the
microhabitat preferences of spawning walleye. The search yielded many
references on sp.wning walleye and general descriptive accounts of wvall-
eye spawning habitats, but few reports containing actual physical micro-
habitat measurements at walleye spavning locations.
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The most important references found were McMahon et al. (1984), Gaboury
{1985), and Bechtel (1986). McMahon et al. (1984) is the habitat suit-
ability index model or "Blue Book" for the walleye, and includes Category
Two suitability criteria for depth and velocity based on frequency analy-
sis of raw data collected in the Yellowstone River (Graham, unpublished
data) and by Kallemeyn and Novotny (1977), and Category One criteria for
substrate based on information from Graham (unpublished data), Kallemeyn
and Novotny (1977}, and Newburg (1975). Habitat suitability ecriteria for

incubation are identical to the spawning criteria (McMahon et al. 1984).

The Gaboury (1985} study included walleye egg survival and instream flow/
habitat modeling components. Habitat suitability criteria for depth,
velocity, and substrate were developed for spawning wélleye based on
measurements from eight spawning areas in the Valley River, Manitoba,

(total sample size not reported) and for egg incubation based on egg

survival studies in the Valley River.

The Bechtel (1986) study was an assessment of instream flowv needs for
valleye spawning habitat below the Sheldon Springs Hydroelectric Project
on the Missisquoi River, Vermont. Development of the walleye spawning
habitat suitability criteria in this study used "...a combined approach
of developing preliminary curves based on empirical data, followed by
agency review and (subsequent} modification of the curves to their final
form" (Bechtel 1986). Because no data were available on walleye spawning
in Vermont, the initial -habitat suitability criteria were developed from
information collected in VWisconsin. The data consisted of 89 measure-
ments collected by the Wisconsin Cooperative Fishery Research Unit (under
contract to the U.S. Fish and Vildlife Service) from seven streams in
Visconsin. The curves were developed from the rawv data by frequency
analysis and smoothing, and transmitted to Vermont state and federal
resource agencies for review and comment; changes suggested by these

agencies were incorporated into the final curves.
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The final habitat suitability criteria for the three studies outlined
above are presented together in Figure 4-6. The substrate suitability
criteria are nearly identical for all of the studies; gravel and cobble
are the most suitable substrates (Figure 4-6). The range of suitable
velocities is nearly identical, but the optimum range is substantially
slowver for the Bechtel (1986) data, and slightly lower for the Gaboury
(1985) data. All three data sets yielded depth criteria with ascending
limbs in a similar range, but both the Bechtel (1986) and Gaboury (1985)
data show a narrower range and shallower optimum depths (Figure 4-6).

In deciding which set of spawning walleye habitat suitability criteria to
use for habitat simulation of the Tugalo River, the origin and comprehen-
siveness of the data and the similarity to the spawning walleye mierohab-
itat use data (n = 16) collected in the Tugalo Rivér were considered.

The Bechtel (1986) curves were judged to be most applicable to the Tugalo
River because: (1) the data were collected in a variety of streams by
experienced U.S. Fish and Wildlife Service personnel specifically for
habitat suitability criteria development; (2) the criteria were developed
using methods similar to methods used in this study (e.g., frequency
analysis and smoothing); and, (3) the final criteria include formal
review and modification by state and federal resource agencies (i.e.,
U.S. Fish and Wildlife Service, Vermont Department of Fish and Wildlife).
Additionally, the microhabitat data collected at walleye spawning loca-
tions in the Tugalo River are in closest agreement with the criteria of
Bechtel (1986). Computer files containing the habitat suitability cri-

teria coordinates for spawning walleye are presented in Appendix E.
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Figure 4-1. Example of development of depth and velocity suitability criteria
for juvenile northern hog sucker from data collected in the Chattooga River.
HMicrohabitat utilization data were plotted as frequency histograms (top
graph), normaliced to a scale of 1.0 {middle graph), smoothed, and
tenormalized {(bottom graph) to produce suitability criteria [polygons). One
pass of & three-point running mean was used in the above example. {See texct
for complete euplanation.}
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criteria for juvenile northern hog sucker from data collected in the Chattooga
Microhabitat utilization data were, plotted as frequency histograms

River.

.v

aw

Example of development of substrate and cover suitability

(top graph) and normalized to a sc¢ale of 1.0 {bottom graph) to produce

suitability criteria.

{Sea taxt for complete explanation.}
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this figure.
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TABLE 4-1 TARGET SPECIES AND SIZE RANGES FOR EACH LIFE STAGE OBSERVED
IN THE TUGALO, CHATTOOGA, AND OCMULGEE RIVERS DURING HABITAT
SUITABILITY STUDIES

Species

Life Stage

(Size, Range, mm)

~ Scientific Name Common Name Code YOY Juvenile Adult
Cyprinidae

Nocomis leptocephalus Bluehead chub BC <50 51-100 >100
Notropis hudsonius Spottail shiner SS <50 - >50
Notropis lutipinnis Yellowfin shiner YS <50 -— >50
Netropis niveus(a) Whitefin shiner us <50 -- >50
Notropis xaenurus Altamaha shiner AS <50 --  >50
Notropis zonistius Bandfin shiner BS <50 -- >50
Catostomidae '

Hypentelium nigricans Northern hog sucker NH <100 101-150 >150
Moxostoma anisurum(a) Silver redhorse SR €100 101-200 >200
Moxostoma rupiscartes, Striped jumprock SJ S0 51-100 >100
Ictaluridae

Ictalurus brunneus Snail bullhead SB S0 51-100 >100
Noturus insignis(a) Hargined madtom MM <50 -- >50
Centrarchidae

Lepomis auritus(a) Redbreast sunfish RS S0 51-100 >100
Micropterus coosae(a) Redeye bass RB €100 101-150 >150
Micropterus sp. Shoal bass SH <100 101-150 >150
Micropterus salmoides Largemouth bass LB €100 101-150 >150
Percidae

Percina giggofasciata(a) Blackbanded darter BD <50 --  >50
Stizostedion v. vitreum(a)Ualleye VE adults only

(a) Suggested target species:
Resources Department.

South Carolina Wildlife and Marine



TABLE 4-2 SUMMARY OF LOCATION, DATE, AND METHODS FOR COLLECTION OF FISH MICROHABITAT USE DATA ON THE CHATTOOGA, TUGALO
{INCLUDING PANTHER CREEK), AND OCMULGEE BIVERS .

Method of Data Collaection

Underwater Surface Dates Sampled At Each River Site
Species Lifestage Observation Observation Electrofishing MAR APR MAY Juy JUL AUG SEP oCT NOV
Altamaha Yoy Q o
shiner Adult o 4]
Bandfin YOy c c
shiner Adult c Cc c
Blackbanded Spawn T T T
darter Yoy o, T o,T
Adult T T
Bluegill Juvenile T T
Adult T T T
Bluahead Spawn c,0,p,T P,T o, T [
chub YOov T T T
Juvenile T T
Adult T T
Largemouth Spawn oc,T o,T
bass Yoy o o
Juvenile T T
Adult T T
Margined YOoY c,T T T c,T
sadtpm Adulg Qc,r T T c,T
Northern Yoy [~ c,T T T c, T c
hog sucker Juvenile c,T c T T [ [ Cc
Adult c,T T T C c c
Bainbow Adult T T
trout
Redbreast S5pawn c,o0,T c,o,T o,T c,T [
sunfish Yoy c,o, T o,T c
Juvenile c,0,T Q,T c
Adult c,0,T o,T c
Bedeye bass Spawn c,o0,T [ o,T [«
YOy c,T c T c c [
Juvenile c,0,T c o,T C c c
Adult c,0,T T o,T C c c Q

Note: C = Chattooga River; 0 = Ocmulgee River; P = Panther Creek; T = Tugalo River.




TABLE 4-2

Mothod of Data Collection

Undarwater

S5pecies Lifeatage Obsecrvation Observation Electrofishing
Shoal bass Yoy 5]
Juvenile [+]
Adult Q
Silver Yoy c
redhorse Juvenilae c,0
Adult c,0,T
Snail Spavn T
bullhead Yoy c,T T
Juvenile c,T T
Adult c,0,T T
Spottail Adult T
shiner
Striped YOY c,0
jumprock Juvenile c,o
Aduit c,o,T
Walleye Spavn
Adult T
Warmouth Adult T
White bass Adult T
Whitefin Spawun c,T
shiner Yoy c,T
Adult c,T

Dates Sampled At Each River Site

HAR APR MAY  JUN  JUL SEP NOV
o o
o
o
c c
c c o
T T c,o c o
T
T c,T
c c,T
T o,T c,T o
T
o c
o c
T o,T c c o
T
T T
T
T
T c
T c
T T c



TABLE 4-3

TUGALO,

AND OCMULGEE RIVERS

DESCRIPTION, CLASSIFICATION, AND CODING OF HABITAT AND FISH BEHAVIOR ATTRIBUTES MEASURED OR ESTIMATED AT FISH LOCATIONS
DURING HABITAT SUITABILITY STUDIES ON THE CHATTOOGA,

more than 90% of their surface embedded by
tines.

Code Classification Description Coda Clagssification Description
SUBSTRATE VEGETATION TYPE
[{] Organic Organic Debris/Detritus 0 Ho vegetation
1 Pines <2 om «0.08 in. ? Attached vegetation
2 Small Gravel 1-16 nm 0.1-0.6 in. 8 Rooted vegetation
k] Lacrge Gravel 16-64 anm 0.6-2.5 in.
4 Small Cobble 64-128 oom 2.5-5.0 in. VEGETATION DENSITY
5 Large Cobble 128-256 om 5.0-10.1 in. [ No vegetation No vegetation present
-6 Small Boulder 256-1,000 om 10.1-39.4 in. 1 Sparse €25% coverage
7 Lacge Boulder >1,000 om »39.4 in. 2 Modarate 25-75% coverage
8 Plain Bedrock surface irregularities <150 an <6 in. 3 Heavy 75-100% coverage
9 Irraeqular
Bedrock surface irregularities >150 an »6 in. FISH SIZE CLASS
COVER 1 Spawning
0 No Caver Oopen uwater 2 Young-of-the-year -
1 Boulders Rocks >256 mpm {10.1 in.) 3 Juveniles
2 Ledges Bedrock irregqularities >256 om (10.1 in.) 4 Adulkts
3 Undercut Streambank undercut »256 mm (10.1 in.})
4 overhang Objects suspended within 91 mm (3 ft} FISH ACTIVITY
5 Log Log {(>150 mn {6 in.] dia.) on bottoa FF Foraging and feeding
& Log Complex/ Aggregates of Logs/Root Systems RH Resting and holding
Roeot Wad HS Random swimming
7 Attached Aquatic Veg. Attached to Rochks 5N Spawning
Vagetation 58 Stationary sviaming
8 Rooted Aquatic Veg. BRooted in Substrate
Vagetation FISH POSITION IN
WATER COLUMN
EMBEDDEDNESS 0 In contact with the bhottom
1 €25% embeddad Gravel, cobble, and boulder particles have 1 Rear bottom but not in contact with
less than 25% of theiv surface embedded by 2 Lower one-third
fines. 3 Mid column
2 50% embedded Gravel, cobbla, and boulder particles have 4 Upper one-thircd
between 25 and 50% of their surface embadded 5 Oon or near surfacse
by €ines. .
3 75% embedded Gravel, cabble, and boulder particles have FISH USE OF COVER
between 50 and 90% of their surface embadded a Not using cover
by fines. 1 Using cover
L] 90-100% enmbedded Gravel, cobble, and boulder particles have




TABLE 4-4 PHYSICAL CHARACTERISTICS OF THE THREE FISH MICROHABITAT STUDY SITES

Tugalo River

Chattooga River

Ocmulgee River

Drainage Area 470 mi? 207 mi? 1,450 mi?
Discharge Range 150 cfs 155-350 cfs 250-600 cfs
Length of Site 1,300 ft 1,700 frt 1,400 ft
Average Wetted Width 189 ft 129 f1 255 ft
No. of Availability Transects 13 18 14
Total Heasurements {(N) 244 350 351
(a) Mean Heaﬁ (b) (c) Hean Hean (d) Hean HMean
b4 Depth  Velocity 4 Depth Velocity X Depth Velocity
HABITAT TYPE
Riffle 24 0.5 0.8 26 1.1 1.0
Riffle/Run 19 0.7 0.7
Run 34 0.9 0.5 42 1.6 0.6 4 1.9 0.7
Run/Pool 23 2.7 0.2 9 2.2 0.5 17 2.6 0.8
Pool 9 2.6 0.4 39 5.1 0.2
Shoal i 40 1.6 1.1
Cascade ’ 14 1.1 1.1

{a) Percentages based on total wetted widths of availability transects for each habitat type.

(b) Hean velocity refers to average mean column velocity for habitat type.

(¢) Percentages based on total wvetted vidths of availability transects for each habitat type.

(d) Percentages based on habitat mapping.

{(e) Percent dominant substrate obtained from point measurements made along availability transects.
(£) Percent dominant cover type obtained from point measurements made along availability transects.



TABLE 4-4 (Cont.)

Tugalo River Chattooga River Ocmulgee River
F4 ) F4 z
SUBSTRATE COHPOSITION(e)
Organic 0.0 0.0 0.3
Fines 4.5 18.3 14.5
Small Gravel 9.0 12.0 5.1
Large Gravel 5.7 3.1 7.1
Small Cobble 34.0 2.6 2.8
Large Cobble ' 15.2 6.0 2.3
Small Boulder 19.13 13.1 10.8
Large Boulder 1.2 8.3 7.7
Smooth Bedrock 4.5 13.4 21.1
Irregular Bedrock 6.6 23.1 28.2
cover(H)

No Cover 73.0 61.1 49.3
Boulder 20.5 23.4 17.9
Ledge 2.5 14.3 16.0
Undercut 0.0 0.0 1.1
Overhang 0.8 0.9 1.7
Log 1.2 0.0 4.8
Log Complex/Root Wad 2.0 0.3 1.4
Attached Plants 0.0 0.0 0.0
Rooted Plants 0.0 0.0 7.7




TABLE 4-5 SUMMARY OF HICROHABITAT HEASUREMENTS TAKEN AT FISH LOCATIONS ON THE CHATTOOGA RIVER FPROM JULY-SEPTEMBER 15988

Mean Coluan

8 st Depth (ft) Velocity (£ps)

: b . b . ’ b . b
. Mean Min Max gl Mediao g3 Hean Hin Mazx al Madian @3
SPECIES--LIFE STAGE
Bluehead chub-spawn 1 1 1.00 1.00 1.00 1.00 1.00 1.00 l1.18 1.18 1.1a 1.18 1.18 1.18
Band¢in shiner~yoy 1 10 1.85 1.85 1.85 1.85 1.85 1.85 0.50 0.50 0.50 0.50 0.50 0.50
Bandfin shiner-adult 27 60 3.31 1.10 8.40 1.50 2.50 .70 0.74 0.10 1.88 0.44 0.650 1.06
Margined madtom-yoy 14 14 1.37 0.%0 1.95 1.00 1.35 1.60 1.29 0.28 2.80 0.88 1.14 1.70
Harginaed madtom-adult 36 316 1.07 0.20 2.490 0.63 1.00 1.37 1L.63 0.23 3.15 1.00 1.71 2.19
Northern hog sucker-yoy 153 405 0.66 0.20 3.00 0.50 0.60 0.70 0.19 40.00 0.77 0.065 0.15 0.30
Horthern hog sucker—juvenils 78 111 2.80 0.70 7.50 1.95 2.70 3.30 0.9% 0.15 2.40 0.56 0.94 1.23
Northern hog sucker-adult 99 115 .88 0.90 9.40 2.05 2.60 3.40 1.21 0.05 3.12 0.65 1.07 1.67
Redeye banms-spawn 14 14 1.30 0.80 1.7 1.00 1.15 1.60 0.11 0.01 0.36 0.04 0.06 g.15
Redeye bass-yoy 180 189 1.22 0.20 7.00 0.7¢ 1.00 1.47 0.36 0.00 2.24 0.08 0.25 0.52
Radeye bass-juvenile 179 184 2.92 0.75 7.50 1.80 2.52 3.80 0.7 0.01 2.25 0.34 0.72 1.12
Redeye bass-adult 199 224 3.94 1.20 9.30 2.50 3.50 5.05 0.84 0.04 2.80 0.47 0.75 1.19%
Redhreast sunfish-spawn 26 26 1.53 0.70 2.95 1.08 1.50 2.10 0.07 0.00 0.25 0.02 o0.05 0.08
Redbreast sunfish-yoy 11 11 1.19 0.70 l1.%0 0.80 1.25 1.50 0.14 0.00 0.65 0.02 0©.05 0.15
Redbreast sunfish-juvenilae 27 39 .26 1.10 6.50 2.05 13.19 4.20 0.52 008 1.7} 0.15 0.47 0.83
Redbreast sunfish-adult 52 97 3.69 1.25 9.30 2.13 131.50 4.37 0.58 0.03 1.70 0.22 0.40 0.86
Snail bullhead-yay q 4 1.43 1.20 1.65 1.22 1.42 1.62 1.09 0.62 1.50 0.85 1.11 1.32
Shail bullhead-juvenile 4 q 2.05 1.40 2.60 1.70 2.10 2.40 0.73 0.58 0.85 0.61 0.74 0.84
Snail bullhead-adult 15 186 3.22 1.440 5.40 2.10 1.20 .10 0.56 0.07 1.50 0.22 0.41 0.93
Striped jumprock-yoy 2 q 0.93 0.60 1.25% 0.60 0.93 1.25 2.37 0.55 4.20 0.55 2.117 4.20
Striped jusprock-juvenile 7 8 0.93 o0.50 1.80 0.70 0.80 1.00 0.72 0.05 2.10 0.1% 0.40 1.65
Stniped jumprock-adult 15 16 2.11 1.05 3.10 1.70 2.00 .70 1L.08 0.20 31.00 0.65 1.00 1.25
Silver redhorse-yoy F L] 2.75 0.85 3,70 0.85 2.27 3.70 1.05 0.35 1.40 0.35 0.88 1.40
Silver redhorse-juvenile . 8 14 .44 1.20 4.60 1.52 12.15 3.05 0.78 -0.10 1.25 @.44 0.717 1.13
Silver redhorsa-adult 102 282 1.17 1.50 8.68¢ 3.35 1.90 4.70 0.87 0.05 2.06 0.68 0.99 1.15
Whitefin shiner-spawn 2 2 1.437 1.3 S5.00 1.9% 3.47 5.00 0.75 0.63 0.86 0.63 0.75 0.86
wWhitefin shiner-yoy P{3 116 2.04 0.55 &.10 0.75 1.05 3J.a0 0.46 0.04 1L.08 ©0.28 0.49 0.85
Whitefin shiner-adult 239 566 2.78 0.60 9.30 1.30 1.80 3.45 0.8 0.02 31.20 0.35 0.75 1.11

4 N = total number of points at which fish were obsarved and microhabitat maasurenments were taken (i.e., sample size};
H{W) = N weighted by the nunmber of fish observed at that location
b Q1 = first quartile {25th parcentile}; Q3 = third quartile (75th percentilae)



TABLE 4-5 (Cont.)

Dominant Substrata {percent of observations)

Sm Lg Sm Lg Sm Lg Smh Irr
organic Fines Graval Gravel Cobble Cobble Boulder Boulder Bedrock Bedrock

SPECIES-LIFE STAGE .

Bluehead chub-spawn 0.00 0.00 0.00 l00.00 0.00 0.00 0.00 o.00 0.00 0.00
Bandfin shiner-yoy 0.00 0.00 0.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00
Bandfin echiner-adult 0.00 7.41 18.52 3.70 0.00 7.41 25.91 3.70 14.81 18.52
Margined madtom-yoy Q.00 14.29 0.00 7.14 315.71 35.71 0.00 0.00 7.14 0.00
Margined madtoa-adult 0.00 0.00 0.00 25.00 33.3) 25.00 11.11 2.78 Q.00 2.78
Northern hog sucker-yoy 6.00 45.75 32.68 31.27 3.27 3.27 5.88 0.00 4.58 1.31
Horthern hog sucker-juvenile 0.00 11.54 10.26 5.13 2.56 11.54 12.82 6.41 12.82 26.92
Northern hog sucker-adult 6.00 9.09 7.07 3.013 .03 5.05 14.14 a.08 12.12 Ja.la
Redeye bass-spawn 0.00 7.14 14.29 21.43 0.00 14.29 21.43 7.14 0.00 14.29
Redeye bass-yoy 0.00 21.61 16.11 1.67 3.89 6.11 22.78 7.78 8.89 11.11
Redaye bass-juvenile 0.00 18.97 92.717 2.10 2.87 6.32 20.11 6.90 8.05 24.71
Redoye bass-adult 0.00 19.10 15.58 5.53 3.02 2.01 22.61 6.03 9.05 17.09
Redhreast sunfish-spawn 0.00 10.77 34.62 26.92 0.00 0.00 7.6% g.00 0.00 0.00
Redbreast sunfish-yoy 0.00 16.136 0.400 0.00 0.a0 9.09 18.18 36.16 0.040 0.00
Redbreast sunfish-juvenile 0.00 29.63 3.70 0.00 3.70 0.00 11.11 14.81 25.913 11.11
Redbreast suntish-adult 0.00 30.77 3.as 0.00 1.92 7.6% 3.85 13.46 17.31 21.15
Snail bullhead-yoy 0.00 50.00 0.00 0.00 0.00 0.00 25.00 0.00 25.00 0.00
S5nail bullhead-juvenile 0g.00 100.00 0.00 0.00 0.00 0.00 6.00 0.00 0.00 0.00
Snail bullhead-adult 0.00 6.67 0.00 0.00 0.00 0.00 0.00 26 .67 0.00 §6.67
Striped jumprock-yoy 0.00 0.00 0.00 0.00 0.00 50.00 0.00 0.00 o.g0 50.00
Striped jumprock~-juvenile 0.00 14.29 14.29 0.00 28.%97 28.57 14.29 0.00 0.00 0.00
Striped jumprock-adult 0.00 6.67 0.00 6.61 0.00 6.67 6.67 20.040 13.33 40.00
Silver redhorse-yoy 0.00 0.00 6.00 0.00 0.00 50.00 g6.00 0.00 50.00 0.00
Silver redhorsae-juvenile 0.400 25.00 0.00 25.00 0.00 0.00 0.00 12.50 37.50 0.00
Silver redhorsa-adult 0.00 30,35 20.59 4.90 1.96 0.98 10.78 1.98 12.7% 15.69
Whitefin shiner-spawn 0.00 0.00 50.00 0.00 0.00 ¢.00 0.00 0.00 0.00 50.00
Whitefin shiner-yoy Q.00 10.77 7.69 3.85 0.d00 11.54 3.85 19.213 7.69 15.38
Whitefin shiner-adult 0.00 17.51 9.21 2.93 5.02 6.28 18.81 .35 15.48 21.34




TABLE 4-5 {(Cont.)

Dopinant Cover (percent of obsarvations)

Laog Attached Rooted
Ho Cover Boulder Ledge Undercut Overhang Log Com/Roots Vag Veg
SPECIES-LIFE STAGE .
Bluehead chub-spawn 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Bandfin shiner-yoy o.00 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Bandfin shiner-adult 48.15 29.63 22.22 0.00 g.00 0.00 0.00 0.00 0.00
Margined madtom-yoy 71.43 28.57 0.00 0.00 06.00 0.00 0.00 0.00 0.00
Mactgined madtom-~adult 58.33 41.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Northern hog sucker-yoy 86.91 9.80 1.96 0.00 0.00 0.00 0.00 1.31 0.00
Northern hog sucker-juvenila 52.56 33.133 14.10 6.00 0.00 0.00 0.00 0.00 0.00
Horthern hog sucker-adult 44.44 3. 24.24 0.00 0.00 0.00 0,00 0.00 0.00
Redeye bass-spawn 64.29 268.57 7.14 0.00 0.00 0.00 0.00 0.00 0.00
Redaye bass-yoy 45.00 13.89 16.67 0.00 2.22 1.67 0.56 0.00 0.00
Redeye bass-juvenile 37.923 35.06 24.14 0.00 0.57 1.72 0.57 0.00 0.00
Redeye bass-adult 41.71 35.18 21.61 0.00 0.50 1.01 0.00 0.00 0.00
Redbrea t sunfish-spawn 65.38 2).08 3.as5 0.00 l.as .85 0.00 0.00 0.00
Redbreast sunfish-yoy 27.27 72.713 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Redbreast sunfish-juvenile 33.3) 37.04 29.63 0.00 0.00 0.00 0.00 0.00 0.00
Redbreast sunfish-adult 46.15 13.08 28.85 0.00 0.00 1.92 0.00 0.00 0.00
Snail bullhead-yoy 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Snail bullhead-juvenila 25.00 75.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Snail bullhead-adult 6.67 53.33 40.00 0.00 0.00 0.00 0.00 0.00 0.00
Striped jumprock-yoy 50.00 0.00 . 50.00 0.00 0.00 ¢G.00 0.00 0.00 0.00
Striped jumprock-juvenila 71.43 14.29 14.29 0.00 0.00 0.00 0.00 0.00 0.00
Striped jumprock-adult 73.33 13.233 13.13 0.00 0.00 0.00 0.00- 0.00 0.00
Silver redhorse-yoy 100.00 0.00 0.00 0.0¢ 0.00 0.00 0.00 0.00 0.00
Silver redhorse-juvenile 75.00 25.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Silver redhorse-adult 64.71 16.67 18.4613 0.00 0.00 0.00 0.00 0.00 0.00
Whitefin shiner-spawn 50.00 Q.00 50.00 0.00 0.00 0.00 0.00 0.00 0.00
Whitefin shiner-yoy 61.54 26 .92 11,54 0.00 0.00 0.00 0.00 0.00 0.00
Whitefin shiner-adult 49.31 29.2% 20.50 0.00 0.42 0.00 0.00 0.00 0.42



TABLE 4-6 FACTOR LOADINGS, EIGENVALUES, AND PROPORTION OF VARIANCE
ACCOUNTED FOR FROM PRINCIPAL COMPONENTS ANALYSIS OF MICRO-
HABITAT VARIABLES MEASURED AT FISH LOCATIONS AND HABITAT
AVAILABILITY TRANSECTS IN THE CHATTOO0GA, TUGALO, AND
OCMULGEE RIVERS. ONLY THE FIRST TVWO PRINCIPAL COMPONENTS
(PC) ARE PRESENTED.

Chattooga River:

Factor Loadings PC 1 PC 2
Depth 0.226 0.792
Mean Column Velocity 0.484 0.027
Dominant Substrate 0.595 0.003
Dominant Cover 0.380 0.200
Vegetation 0.465 -0.577
Eigenvalue 1.764 1.148
Proportion Variance Explained 0.352 0.582
Cumulative Variance Explained 0.352 0.786

Tugalo River:

Factor Loadings 1 PC
Depth -0.366 0.766
Mean Column Velocity 0.610 -0.021
Dominant Substrate 0.457 0.642
Dominant Cover -0.335 0.001
Eigenvalue 1.467 1.036
Proportion Variance Explained 0.367 0.259.
Cumulative Variance Explained 0.367 0.626

Ocmulgee River:

Factor Loadings PC 1 PC 2
Depth -0.595 0.184
Mean Column Velocity 0.194 0.593
Dominant Substrate 0.508 0.322
Dominant Cover 0.004 -0.647
Vegetation 0.592 -0.291
Eigenvalue 1.595 1.363
Proportion Variance Explained 0.319 0.273
Cumulative Variance Explained 0.319 0.592




TABLE 4-7 SUMHARY OF MICROHABITAT HEASUREMENTS TAKEN AT FISH LOCATIONS ON THE TUGALO RIVER AND PANTHER CREEK FROM
MAY-SEPTEMBER 1988 N )

Mean Column

N niw)? Dapth (ft) Valocity (fps)
R b ; b . : b . b
Maan ﬂiﬂ Hax Ql  Median Q3 Mean Hin Hax Ql Median Q3
SPECIES - LIFE STAGE
Tugalo River
Blusbaead chub-spawn 12 12 1.18 0.50 2.10 0.93 1.10 1.42 0.94 0.13 2.20 0.70 0.92 1.12
Blushead chub-~yoy 43 1358 0.40 0.10 1.80 0.20 0.30 0.40 0.0%9 0.00 0.38 0.03 0.08 0.13
Bluehead chub-juvenils 5 [} 1.14 0.80 1.35 1.00 1.10 1.25 0.79 0.25 1.25 0.70 0.834 0.98
Bluehead chub-adult 9 25 1.26 0.60 2.50 0.90 1.00 1.40 0.83 0.05 2.00 0.35 0.60 1,20
Blackbanded darter-spawn 14 13 1.1%9 0.55 1.85 0.9%0 1.20 1.40 0.74 0.10 2.45 0.33 0.45 1.30
Blackbanded darter-yoy 19 26 1.84 0.60 6.30 0.90 1.15 1.50 0.58 0.13 1.80 0.25 0.43 0.82
Blackbanded darter-adult 68 105 1.18 0.40 5.30 0.80 1.00 1.40 0.%3 0.10 2.38 0.49 0.84 1.13
Bluegill-juveaile 1 [} 1.20 1.20 1.20 1.20 1.20 1.20 0.10 0.10 0.10 0.1¢ 0.10 0.10
Bluegill-adult 1 L] 1.45 1.45 1.45 1.45 1.45 1.45 0.10 0.10 0.10 0.10 0.10 0.10
Largesouth bass-spawn 2 2 2.41 2.17 2.66 2.17 2.41 2.66 0.00 0.00 0.00 0.00 0.00 0.00
Largemouth bass—juvenilae 1 1 1.20 1.20 1.20 1.20 1.20 1.20 0.10 0.10 0.10 0.10 0.10 0.10
Larqamouth bass-adult ] 4 1.53 1.50 1.60 1.50 1.50 1.60 0.80 0.80 0.80 0.80 0.80 o0.80
Margined madtom-yoy 154 251 0.70 0.10¢ 1.90 0.45 0.60 0.90 0.79 0.01 2.48 0.52 0.76 1.01
Hargined madtom-adult 174 13109 0.84 0.10 5.490 o0.50 0.78 1.00 0.87 0.00 2.70 0.42 0.88 1.11
Northern hog sucker-yoy 20 160 0.54 0.15 1.55 Q.28 -0.40 0.82 0.45 0.01 1.80 0.07 0.17 0.35
Northern bog sucker-juvenile 2 6 1.87 1.00 2.30 1.00 1.5 2.30 0.71 0.50 0.82 0.50 0.66 0.82
NHorthern hog sucker-adult 8 18 1.92 1.490 2.30 1.50 1.80 2.15 0.62 0.14 0.95 0.36 0.57 0.82
Redeye bass-spawn 5 5 2.50 2.10 3.30 2.10 2.50 2.50 0.10 0.08 0.15 0.08 0.08 0.10
Redaye bass-yoy 7 57 2.88 1.05 3.90 1.20 1.60 2.65 0.09 0.01L 0.48 0.02 0.05 0.35
Redeye bass-juvenile 13 " 15 1.54 0.9%0 2.85 1.20 1.50 1.60 0.40 0.02 1.40 0.15 0.26 0.45
Redeaye bass-adult 43 51 2.5 1.20 6.50 1.60 2.20 2.85 0.34 0.00 1.40 0.14 0.30 0.39
Bedbreast sunfish-spawn 70 70 2.16 0.85 1.50 1.70 2.05 2.53 0.01 0.00 0.09 0.00 0.00 0.00
Redbreast sunfish-yoy 1 3 0.80 0.80 o0.80 0.80 0.80 0.80 g.12 0.12 0.12 0.12 0.12 0.12
Redbreast aunfish-juvenile 13 Jo 1.16 0.70 1.50 0.95 1.30 1.40 0.26 0.04 0.45 0.1l6 0.20 0.37
Redbreast sunfish-adult 24 i2 1.42 0.95 2.15 1.15 1.30 1.72 0.24 0.00 0.65 0.05 0.16 0.3)9
Rainbow trout-adult 1 1 5.90 5.90 5.90 5.3%30 5.90 5.90 0.33 0.33 0.33 0.3} 0.33 0.33
Snail bullhead-spawn 1 1 0.90 0.90 o0.%0 0.90 0.90 0.9%0 0.30 0.30 0.30 0.30 0.30 0.30
Snail bullhead-yoy 10 10 0.99 0.25 2.75 0.30 0.80 1.45 0.27 0.02 0.88 0.05 0.18 0.27
Snail bullhead-juvenile 11 11 0.93 0.50 1.65 0.60 0.%0 1.15 0.2% 0.02 0.63 0.149 0.25 0.52
Snail bullhead-adult 35 36 1.53 0.5 S5.60 0.95 1.15 1.50 0.5 0.03 2.45 0.14 0.31 0.86
Striped jumprock-adult 4 [ 2.15 1.80 2.80 1.85 2.00 2.45 .76 0.22 1.40 0.32 0.70 1.20
Silver redhorsa-adult ] 29 3.67 1.45 7.20 2.00 3.B0 5.50 0.19 0.01 0.75 0.08 0.11 0.26
Spottail shiner-adult ? 26 1.20 0.%0 1.70 1.00 1.05 1.50 0.55 0.08 1.47 0.14 0.42 0.8)
White bass-adult 2 14 5.12 4.60 5.90 4.60 5.25 5.90 0.26 0.25 0.26 0.25 Q.26 0.26
Warmouth-adult 3 3 1.62 1.35 2.15 1.35% 1.35 2.15 0.28 0.05 0.40 0.05 0.40 0.40
Whitefin shiner-spawn k] ] 1.28 0.%0 1.90 0.90 1.05 1.9%0 0.72 0.40 1.05 0.40 0.70 1.05
Whitefln shiner-yoy 2 2 1.0 0.%0 1.10 0.90 1.00 1.10 0.74 0.70 0¢.78 0.70 0.724 0.78
Whitefin shiner-adult 23 81 1.15 0.60 1.80 0.%90 1.10 1.30 0.92 0.40 1.40 0.70 o0.849 1.18
Panther Creak
Bluehead chub-spawn 22 22 1.12 0.60 2.20 0.%950 1.00 1.20 0.64 0.20 1.30 0.50 0.81 0.175
a N = total number of points at which fish were observed and microhabitat measurements were taken {i.e., sample size};

HiW}) = N weighted by the number of fish observed at that location
b Ql = first quactile (25th percentile); Q3 = third quartile {75th percentile)



TABLE 4-7 (Cont.)

Dominant Substrate (percent of observations)

sa Lyg So Lg Sm Lg Smh Irr
Qrganic Pines Graval Gravel Cobble Cobble BHouldaer Boulder PBedrock Bedrock
SPECIES-LIFE STAGE
Tugalo River
Bluehsad chub-spawn 0.00 2.78 16.67 §.33 27.78 27.748 6.94 2.78 1.39 5.56
Bluehead chub-yoy 2.33 53.49 2.13 1.33 4.565 18.60 11.63 2.31 .33 0.00
Bluehsad chub-juvenile 0.00 0.00 20.00 0.00 60.00 20.00 0.00 0.00 0.00 Q.00
Bluehead chub-adult 0.00 11.11 22.22 0.00 a4.44 22.22 0.00 0.00 0.00 Q.00
Blackbanded darter-spawn 0.00 a.00 35.71 0.00 21.43 21.4) 0.00 7.14 14.29 0.00
Blackbanded darter-yoy 0.00 5.26 15.19 S5.26 21.0S 26.32 10.513 0.00 5.26 10.51
Blackbanded darter-adult 0.00 13.24 3.5 7.35 4.7 16.18 14.71 2.94 1.47 5.88
Bluegill-juvenile 0.00 0.00 0.00 - 0,00 100.00 6.00 0.00 0.00 0.00 0.00
Bluegill-adult 0.040 0.00 100.00 0.00 0.00 Q.00 0.00 0.00 0.00 6.00
Largemouth bass-spawn 0.00 50.00 0.00 0.00 50.00 0.00 g.00 0.00 0.00 0.00
Largemouth basa-juvenile 0.00 0.00 0.00 . 9.00 100.00 0.00 0.00 8.060 0.00 8.00
Largewouth bass-adult . 0.00 0.00 0.00 6.00 66.67 a.00 331.133 0.00 0.00 a.00
Margined madtom-yoy 0.00 0.00 3.25 8.44 58.44 18.18 6.49 0.00 3.90 1.30
Margined madtom-adult 0.00 0.00 3.45 2.30 39.08 17.24 27.59 1.15 3.45 5.75
Northern hog sucker-yoy 0.00 5.00 10.00 16.00 35.00 25.00 15.00 0.00 0.00 0.00
Horthern hogq sucker-juvenils 0.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00 0.00 0.00
Horthern hog sucker-adult 0.00 25.00 12.50 0.00 37.540 12.50 12.50 0.00 0.00 0.00
Redeys bass-spawn Q.00 0.00 20.00 0.00 40.00 40.00 0.00 Q.00 0.00 0.00
Redeye bass-yoy 0.00 . 14.29 0.00 0.00 28.57 28.57 14.29 0.00 0.00 14.29
Redeye bass-juvenile 0.00 7.69 231.08 7.89 7.69 30.77 7.69 0.00 0.00 15.138
Redaeye bass-adult 2.33 13.26 20.93 2.311 9.30 18.60 4.65 6.98 0.00 11.63
Redbreast sunfish-spawn 0.00 64.29 21.43 10.00 06.00 2.06 1.43 0.00 06.00 0.00
Radbreast sunfish-yoy Q.00 0.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00 0.00
Redbreast sunfish-juvenile 0.00 15.38 15.38 0.00 15.38 46.15 0.00 0.00 7.69 0.00
Redbreast sunfish-adult 12.50 16.67 q4.17 0.00 16 .67 41.67 4.17 0.00 Q.17 0.00
Rainbow trout-adult 0.00 0.00 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Snail bullhead-spawn 0.00 0.00 0.00 0.00 - 0.00 0.00 100.00 0.00 0.00 0.00
Snail bullhead-yoy 10.00 Q.00 0.00 10.00 40.00 30.00 10.00 Q.00 0.00 0.00
Snail bullhead-juvenile 0.00 Q.00 0.00 0.00 16.36 9.09 45.45 0.00 9.09 0.00
Snail bullhead-adult 0.00 0.00 8.57 2.06 14.29 8.57 42.86 8.57 2.86 11.43
Striped jumprock-adult 06.00 0.00 25.00 0.00 0.00 75.00 0.00 0.00 0.00 0.00
Silver redhorse-adult 0.00 44.44 22.22 0.00 11.11 22.22 0.00 0.00 0.00 0.00
Spottail shiner-adult 0.00 0.00 57.14 0.00 28.57 14.29 0.00 Q.00 0.00 0.00
Whitea bass-adult 0.00 6.00 100,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Warmouth-adult 33.33 0.00 0.00 66.67 0.00 0.00 0.00 0.00 0.00 0.00
Whitefin shiner-spawn 0.00 33.33 g.00 06.00 33.33 33.33 0.00 0.00 0.00 0.00
Whitefin shiner-yoy 0.00 0.00 0.00 06.00 0.00 100.00 0.00 0.00 0.00 0.00
Whitefin shiner—-adult 0.00 0.00 17.39 4.35 30.43 47.43 0.00 0.00 0.00 0.00
Panthaer Crack
9.09

Bluehead chul-spawn 4.55 18.18 27.27 0.00 9.09 18.32 9.09 0.00 0.00




TABLE 4-7

{Cont.)

SPECIES-LIFE STAGE

Tugalo River

Bluehead chub-spawn
Bluehead chub-yoy
Bluehead chub-juvenila
Bluehead chub-adult
Blackbanded darter-spawn
Blackbanded darter~yoy
Blackbanded dartec—adult
Bluegill-juvenile
Bluegill=-adult
Largemouth bass-spawn
Largemouth bass-juvenilae
Largemouth bass-adult
Margined madtom-yoy
Margined madtom-adult
Northern heg sucker-yoy
Horthecn hog suckaer-juvenile
Northern hog sucker-adult
Readeye bass-spawn

fledeye bass-yoy

fledeye bas.-juvenile
Redeye bass-—adult
Redbreast sunfish-spawn
Redbreast sunfish-yoy
Redbreast sunfish-juvenile
Redbreast sunfish-adult
Rainbow trout-adult
Snail bullhead-spawn
Snail bullhead-yoy

Snail bullhead-juvenile
S5nail bullhead-adult
Striped jumprock-adult
Silver redhorse-adult
Spottail shiner-adult
White bass-adult
Warmouth-adult

‘Whitefin shiner-spawn
Whitefin shiner-yoy
Whitefin shiner—adult

Panther C:eék
Bluehead chub-spawn

Dominant Cover

{percent of observations)

Lag Attached Rooted
N¢ Cover Boulder Ledge Undercut Overhang Log Cowmn/Roots Veg Veog

68.06 16.67 2.78 0.00 0.00 1.38 11.11 0.00 g.00
63.12 13.95 0.00 0.00 0.00 $.30 9.30 0.00 2.13
80.00 0.00 g.00 0.00 0.00 20,00 0.00 0.00 Q.00
77.78 0.00 0.00 0.00 0.00 0.00 22.22 0.00 0.00
50.00 7.14 14.29 0.00 0.00 0.00 28.57 0.00 0.00
63.16 15.79 10.53 0.00 0.00 5.16 5.26 0.00 0.00
66.18 16.47 0.00 0.00 0,00 5.88 1.47 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 100.00 0.00 0.00
100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ¢.00
0.00 50.00 0.00 0.00 0.00 0.00 50.00 Q.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 100.00 0.00 0.00
100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
85.06 11.69 1.95 0.00 0.00 0.65 0.65 0,00 0.00
68.97 27.59 1.30 0.00 06.00 0.00 1.15% 0.00 0.00
80.00 15.00 0.00 0.00 p.oo0 0.00 5.00 0.00 0.00
100.00 0.00 0.00 0.00 0.00 0.00 . 0,00 0.00 0.00
37.50 0.00 0.00 0.00 0.00 12.50 50.00 0.00 Q.00
20.00 40.00 20.00 0.00 Q.00 20.00 0.00 0.00 0.00
14.29 28.57 0.00 0.00 0.00 14.29 42.86 0.00 0.00
30.77 23.08 7.69 7.69 0.00 15,38 15.38 0.00 0.00
319.53 27.91 13.95 0.00 4.65 6.98 6.98 0.00 0.00
60.00 2.86 0.00 0.00 0.00 15.71 21.43 0.00 -0.00
0.00 0.00 0.00 0.00 0.00 0.00 100.00 0.00 0.00
0.00 7.69 0.00 0.00 0.00 23.08 69.23 0.00 0.00
12.50 4.17 0.00 0.00 0.00 45.8) 37.50 0.00 Q.00
100.00 Q.00 0.00 0.00 9.00 0.00 0.00 0.00 0.Q0
0.00 0.00 0.00 0.00 0.00 0.00 100.0Q0 0.00 0.00
ao0.o00 10.00 0.00 0.00 0.00 0.00 10.00 0.00 0.00
17.27 54.55 0.00 0.00 0.00 9.09 9.09 0.00 0.00
11.43 60.00 14.29 0.00 0.00 2.086 11.43 0.00 0.00
75.00 0.00 0.00 0.00 0.00 0.00 25.00 0.00 0.00
22.22 0.00 11.11 0.00 0.00 22.22 44.44 0.00 Q.00
85.71 14.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00
l00.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 g.00
0.00 0.00 0.00 0.00 0.00 66.67 33.13] 0.00 0.00
33.33 3133 0.00 Q.00 0.00 33.33 0.00 0.00 0.00
100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
100.00 0.00 0.00 0.00 06.00 0.00 0.00 0.00 0.00
54.55 13.64 0.00 0.00 217 4.58 0.00 6.00 0.00

.27



TABLE 4-8 SUMMARY OF MICROHABITAT MEASUREMENTS TAKEN AT FISH LOCATIONS ON THE OCMULGEE RIVER FROM JUNE-NOVEMBER 1988

Msano Column

8" new)® ' Depth’ (ft) Valocity (Eps)
. b . b b . b
Maan Min Hax Ql  Median Q3 Mean ELE Max Ql Median Q3
SPECIES-LIPE STAGE
Altamaha shiner-yoy 42 552 2.3) 0.95 4.20 1.60 2.15 2.70 Q.44 0.05 1.45 ©0.20 ©0.32 0.55
Altamaha shiner-adult 171 1665 1.92 0.80 3.80 1.40 1.79% 12.10 0.%59 0.02 3.50 0.25 O0.52 0.85
Bluahead chub-spawn 4 4 1.31 o0.70 2.10 0.95% 1.22 1.67 0.66 0.32 0.88 0.48 0.72 0.8)
Blackbandaed darter-yoy 1 1 1.720 1.70 1.70 1.70 1.720 1.70 0.02 0.02 0.02 0.02 0.02 0.02
Largqemoutbh bass—-spawn 2 2 3.15 3.10 3.20 3.10 13.15 13.20 0.14 0.08 0.20 0.08 0.14 0.20
Largemouth bass-yoy 1 1 0.60 0.60 0.60 0.60 0.60 0.60 0.15 0.15 0.15 0.15 0.15 0.15
Redeys bass-spawn 1 1 1.65 1.65 1.65 1.65 1.65 1.65 0.00 0.00 0.00 0.00 O0.00 Q.00
Aedeya bass—juvanilas 2 2 2.42 2.05 2.80 2.05 2.42 12.80 1.54 1.29 1.78 1.2% 1.54 1.78
Redeye bass-adult 34 38 J.59 0.40 ?7.00 2.70 "3.50 4.40 0.56 0.01 1.40 0.35 0.53 0.85
Redbreast sunfish-spawn 184 184 1.83 0.40 4.30 1.00 1.65 2.60 0.18 0.00 3.05 0.01 0.04 0.19
Radbreast sunfish-yoy 10 69 0.64 0.50 1.20 0.50 0.55 1.00 0.03 0.00 0.08 G.00 0.02 0.05
Redbreast sunfish-juvenile 1 2 0.65 0.65 0.65 0.65 O0.65 0.65 0.01 0.01 0.0p 0.01 oO0.01 0.0l
Redbreast sunfisb-adult 1 1 1.10 1.10 1.10 1.10 1.10 1.1l0 0.08 0.08 0.08 0.08 0.08 0.08
Snail bullhead-adult o 10 .78 1.30 6.50 2.%0 131.50 4.70 0.38 0.00 0.85 0.20 0.35 0.55
Shoal bass-yoy 127 337 1.35 0.30 3.20 0.80 1.20 1.70 0.19 0.00 1.10 0.04 0.12 0.29
Shoal bass-juvenile 11 11 2.30 1.10 3.30 1.55 2.30 13.10 0.58 ©0.03 1.15 0.15 0.65 0.98
Shoal bass-adult 813 86 5.25 1.65 13.060 31.25 4.20 6.90 0.56 0.00 1.88 0.135 0.52 0.70
Striped jumprock-yoy 2 230 0.99 0.25 2.45 0.50 0.70 1.15 0.17 0.00 0.87 0.01 ©.05 0.23
Striped jumprock-juvenile 5 9 1.51 0.60 2.40 1.00 1.20 1.45 Q.39 0.01 0.90 0.07 0©0.09 0.62
Striped jumprock-adult 100 174 2.13 0.40 31.60 1.75 2.00 2.50 L.02 0.02 2.45 0.53 0.90 1.40
Silver redborse-juvenils 2 [] 3.85 3.720 4.00 3.70 31.85 4.00 0.23 0.12 0.33 0.12 0.23 0.313
S5ilver redhorse-adult 26 202 8.65 2.10 14.00 4.00 6.35 13.00 0.52 0.05 2.45 0.12 0.47 o0.82
a N = total nunaber of points at which fish were observed and microhabitat measurements were taken {i.e., samplae sizeae);
N{W) = N waeighted by the number of fish obssrved at that location

b Ql = first quartile (25th percentile); Q3 = thicvd quartile (75th percentile)




TABLE 4-8 (Cont.}

SPECIES—-LIFE STAGE
Altamaha shiner-yoy
Altaoahas shiner-adult
Blushead chub-spauwn
Blackbandaed darter-yoy
Largemouth bass-spawn
Largemouth bass-yoy
Redeye bass-spawn

Redeye bass-juvenilae
Roedeye bass-adult
Redbresst sunfish-spawn
Redbreast sunfish-yoy
Redbroast sunfish-juvenile
Redbreast sunfish-adult
S5nail bullhead-adult
Shaal bass-yoy

Shoal bass-juvenile
Shoal bass-adult

Striped jumprock-yay
Striped jumprack-juvenile
Striped jumprock-adult
Silver redhorse~juvenile
Silver tedhorse-sdult

Dominant Substratae

{percent of observations)

Sa Lg 5o Lg So Lg Soh Irc
organic Pines Graval Gravel Cobble Cobble Boulder Boulder Bedrock Bedrock
2.38 4.76 14.29 7.14 0.00 ?7.14 16.617 0.00 4.76 42.86
1.17 1.75 5.85 5.26 0.00 7.60 5.26 2.92 14.04 56.14
0.00 0.00 25.00 0.00 0.00 0.00 0.00 0.00 0.00 75.00
0.00 0.00 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 .00 100.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 o.00 0.00 0.00 0.00 0.00 0.00 100.00
0.00 0.00 100.00 0.00 0.00 0.00 0.00 Q.00 Q.00 0.00
0.00 0.00 0.00 $0.00 0.00 0.00 0.00 0.00 0.00 50.00
0.00 0.00 V2,094 2.94 8.82 5.88 29.41 11.176 14.71 23.53
2.17 28.26 52.72 3.26 0.00 1.09 1.09 0.00 2.11 9.24
0.00 10.00 10.00 0.00 0.00 0.00 0.00 0.00 20.00 60.00
g.00 0.00 0.00 0.00 0.00 0.00 0.00 Q.00 0.00 100.00
0.00 0.00 0.¢0 0.00 0.00 0.00 0.00 0.00 0.00 100.00
0.00 0.00 0.00 0.00 3.33 ¢.00 20.00 40.00 6.67 Jo.ag
2.36 7.09 16.54 9.45 0.00 3.15 1.15 1.57 18.90 37.80
0.00 0.00 0.00 0.00 9.09 9.09 9.09 9.09 9.09 54.55
0.00 10.84 6.02 15.66 4.82 2.41 95.64 16.87 12.05 21.69
2.78 8.33 18.06 8.131 0.00 0.00 2.18 0.00 13.89 45.813
0.00 20.00 40.00 Q.00 0.00 0.00 0.00 0.00 0.00 40.00
0.00 2.00 4.00 14.00 1.00 7.00 8.00 1.00 19.00 42.00
0.00 0.00 0.00 0.00 0.00 ¢.o00 0.00 50.00 0.00 50.00
0.00 42.131 7.69 15.38 3.85 0.00 15.38 0.00 0.00 15.138



TABLE 4-8 {Cont.)

Dominant Cover (percent of obgaervations)

Loq Attached Rootaed

No Cover Boulder Ledge Undercut Overhang Log Com/Roots Vag Vag
SPECIES-LIFE STAGE
Altamaha shiner-yoy ig.10 231.81 26.19 0.00 0.00 4.76 4.76 g.00 2.38
Altamaha shiner-adult i .01 16 .37 35.67 0.00 0.00 5.85 4.09 .0.00 0.00
Blueheaad chub-spawn 25.00 25.00 50.00 0.00 0.00 0.00 0.00 Q.00 0.00
Blackbanded dartei-yoy g.00 g0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00
Largemouth bass-spawn 100.00 0.00 0.00 0.00 0.00 0.00 06.00 0.00 0.00
Largemouth bass-yoy 0.00 0.00 100.00 0.00 0.00 0.4d0 g.d0 0.00 0.00
Redeye bass~-spawn l00.00 0.00 0.00 0.00 0.00 0.00 g.00 0.00 0.00
Redeye basa-juvaenila 100.00 Q.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Redeye bass-adult 20.59 22.94 14.71 0.00 2.94 2.94 1.94 0.00 2.94
Redbreast sunfish-spawn 52.17 12.50 10.33 1.09 0.54 2.72 3.28 0.00 17.39
Redbreast sunfish-yoy 40.00" 0.00 30.00 0.00 0.00 0.00 g.00 20.00 10.00
Redbreast sunfish-juvenile 0.00 6.00 100.00 0.00 g.00 0.00 0.00 0.00 0.00
Redbreast sunfish-adult 0.00 0.00 100.00 0.00 0.00 0.00 Q.00 0.00 0.00
Snail bullhead-adult 1.13 70.00 231.33 0.00 0.00 0.00 0.00 0.00 3.33
S5hoal bass-yoy 23.612 1.71 22.05 0.00 0.00 3.15 1.57 15.75 29.13
Shoal bass-juvenile 17.27 16.36 36.36 0.00 6.00 0.00 0.00 0.00 0.00
Shoal bass-adult 37.35 36.14 9.64 0.00 2.4l 3.61 10.84 0.00 0.00
Striped jumpreck-yoy 30 .56 2.78 25.00 0.00 1.39 1.39 1.17 20.83 13.89
Striped jumprock-juvenile 80.00 0.00 g.00 0.00 0.00 0.00 0.00 Q.00 20.00
Striped jumprock-adult 45.00 16.00 27.00 g.00 4.00 1.00 3.00 1.00 3.ao
Silver redhorse-juvenile 50.00 50.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Silver redhorse-adult 73.08 7.69 3.85 0.00 0.00 3.85 11.54 0.00 0.00




TABLE 4-9

OF PATRED TRANSECTS IN THE TUGALO BRIVER STUDY AREA

SUNMARY OF RESULTS OF MARGINED MADTOM HABITAT-USE STUDY BASED ON COMBINED ELECTROFISHING AHD SNORKELING

Electrofishing

Snorkeling

Paired Transect Wotted Width Effort Madtons Catch per Effort HMadtons Catch per
Location Habitat {£E) {hours) Collectaed Hour {Hours) Observed Hour Approximate Location
1 Run 177.2 0.25 15 60.0 1.78 47 26 .4 First run below island
2 Run 206.7 0.18 3 16.7 1.30 24 18.5 First run below island
5 Riflflae 96.48 0.30 22 731.13 Left channel, island
1 BRiffle/run 110.2 0.32 20 62.5 Left channal near Transect
Y29
10 Run/pool 229.7 0.23 1 4.1 0.75 q 5.3 NR Transect Y26
13 Riffle 210.6 0.32 13 0.6 1.3) 37 27.48 NR Transect ¥25
L5 Riffla/cun 211.5 0.38 10 26.3 1.013 25 4.3 NHR Transect Y24
19 Run 226.0 0.27 9 33.) 1.48 29 1976 NR Transect Y21
29 Rifflae 291.7 0.40 s 87.5 HR Transect Y19
41 Ri€fle/run 133.0 - - - 0.88 21 231.9%9 HR Transect Y12
a3 Bun 240.1 - - -— 0.70 [ 8.6 NR Transect Y12
48 Run/poal 238.8 -— - - 1.00 2 2.0 NR Transect ¥7
54 Run/pool 103.6 -~ - - 0.50 2 4.0 NR GPC Park



5. PHYSICAL HABITAT SIMULATION

Application of physical habitat simulation requires the use of a collec-
tion of computer programs te simulate physical habitat in a stream in
relation to flow regime. Various elements of fish habitat preferences
and open channel hydraulics are simulated to describe the relationship
between stream discharge and the amount of habitat available to fish.

The three major components of physical habitat simulation are the hydrau-
lic medel programs (physical component), species habitat suitability
criteria (biological component), and the habitat model programs.

In this study, application of physical habitat simulation consisted of
several independent steps including:

Delineation of the location, type, and amount of stream
habitat types within each study area and selection of

representative sampling sites (habitat mapping, transect
. selection).

Placement of cross-sectional transects within each repre-
sentative habitat type and collection of measurements to
characterize channel characteristics, habitat, and hydrau-
lic conditions (transect sampling).

: ]
Development of habitat suitability criteria for repre-
sented fish species from site-specific data (Section 4).

Integration of the above components by hydraulic and
habitat simulation to produce an index of habitat avail-
able for each species life stage and discharge of interest
(hydraulic and habitat simulation).

The output variable of the physica. habitat simulation--weighted usable
area (WUA)--is an index of available habitat expressed as square feet of
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habitat per 1,000 ft of stream (Bovee 1982; Milhous et al. 1984). The
output of the habitat model defines the relationship between weighted

usable area and discharge for each species life stage.
5.1 METHODS

5.1.1 Habitat Mapping and Transect Placement

Habitat mapping is a technique for determining the location, type, and
amount of habitats found in a stream segment (Morhardt et al. 1983).

This includes mapping the habitat in a stream prior to determining vhere
to take measurements, stratifying the entire segment into various habitat
types, and placing data-collection transects in the most representative
areas of the stream segment. The results of habitat mapping are used to
extrapolate the results of habitat modeling to the whole stream segment;
each transect is weighted in direct proportien to the amount of the habi-
tat in the segment. This procedure maximizes the accuracy of extrapolat-
ing the hydraulic/habitat characteristies of a collection of transects to
the entire stream segment. It represents an improvement over the tradi-
tional method for transect placement (Bovee 1982) and is now taught as
the standard method by the FVS.

The length of river within each of the study areas was mapped with

a combination of derial photography and ground survey. High-quality
aerial photographs of each river segment vere enlarged to an appropriate
scale (1 in. = 200-400 ft), photocopied, and laminated. Mylar overlays
showing the river margins were produced for drawing habitat boundaries
in the field. All stream segments were mapped by two fisheries biolo-
gists during on-foot or boat surveys. Each homogenous habitat area
(e.g., riffle, pool, cascade) was marked on the overlay in the field
and assigned a unique number. Habitat attributes such as channel shape,
substrate type, length, gradient, or bank condition were measured or
estimated and recorded on field data forms. Ground-level photographs
of each habitat area vere taken, labeled with the unique habitat number,
and compiled in notebooks.
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Following field data collection, each habitat area was classified into
mutually exclusive habitat types (Appendix B), and its length (or area)
was calculated with an electronic planimeter. A database of the habitat
areas and their attributes was developed and analyzed with the Statis-
tical Analysis System (SAS 1988) to shovw summary statistics for all
attributes and total area of each habitat type.

On the basis of the above analyses, the locations of several represen-
tative transects vere selected for each habitat type. A éummary of the
above analyses was prepared for agency review (Appendix B). Agency con-
sultation meetings for transect selection were conducted, during which
all materials described above were presented (Section 2-4). In coor-
dination vith FWS, SCDHEC, SCWRC, and GDNR, the above materials were
revieved, examined in the field, and approved.

5.1.2 Transect Sampling

All transects vere sampled using the same methods, similar to methods
outlined by Trihey and Wegner (1983). Two permanent headstakes (rebar
rods) vere established, one on each bank, to define a cross-sectional
transect line perpendicular to stream flow. Sampling stations aldng each
transect vere established at intervals necessary to describe the cross-
sectional profile of the channel, distribution of substrate and cover,
vater velocities, and to obtain an accurate discharge measurement.
Between 17 and 64 stations (mean = 40 stations) vere sampled at every
transect and less than 10 percent of the total stream discharge-passed
betveen any tvo stations at any flow.

A benchmark was established at each transect and arbitrarily defined

as an elevation of 100 ft. - The elevations of the headstakes and each
station vere measured, using standard surveying equipment and techniques,
to the nearest 0.01 ft.
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For a minimum of three discharge rates, water surface elevation was
measured at each transect. Where wvater surface elevations were not
uniform (within 0.05 ft) across the entire transect, segments of the
transect with uniform water surface elevations were identified and
measured separately and their endpoints were recorded.

Stream depth and velocity were measured at each station for at least

tvo discharge rates at each transect. Velocity was measured with instru-
ments and techniques as previously described in Section 4.1.3. Depth was
determined indirectly for each station by subtracting the known streambed
elevation for each station from the elevation of the water surface at
that discharge.

At each sampling station along a transect, a rectangular cell within

. thg stream vwas visualized, its width being half the distance to adjacent
stations and extending upstream and dovnstream 10 fr. Within each cell,
streambed substrate and cover types vere visually estimated as described
in Section 4.1.3 and illustrated in Table 4-3.

At each transect, a staff gauge was established. For each period ‘of
stream flow meaﬁurement, the staff gauge wvas periodically monitored to
document any change in stream discharge for each measurement period;
discharge for a transect was calculated from measured depths and
velocities as described by Trihey and Vegner (1983).

5.1.3 Physical Habitat Simulation

The two basic components of stream habitat simulation are hydraulic simu-
lation and habitat simulation. Hydraulic simulation is used to describe
the area of a stream having various combinations of depth, velocity, sub-
strate, and cover as a function of discharge. Habitat simulation con-
verts the predicted hydraulic parameters and known substrate and cover
conditions into equivalent habitat units, using habitat suitability cri-
teria, and predicts the amount of habitat as a function of flow for any
species and life stage of interest. The theory and details of these
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methods are discussed in detail by Bovee and Milhous (1978), Stalnaker
(1979), Bovee (1982), and Milhous et al. (1984).

Hydraulic Simulation

The hydraulic simulation model used herein is EA’'s equivalent version of
the single-velocity application of the IFG4 program of the U.S. Fish and
Vildlife Service National Ecology Research Center (NERC) (Milhous et al.
1984). The primary feature of this hydraulic simulation model is its
ability to simulate a broad range of flow conditions for each transect
vith a single set of velocity data. The two major elements of the
hydraulic simulation model are the stage/discharge relationship and

the prediction of velocities at each transect station (or cell).

The stage/discharge relationship, representing the change in stage (or
vater surface elevation) at each transect as a function of stream flow,
can be defined in the model in one of two ways: (1) by invoking an ener-
gy balance, step-backwater algorithm [the WSP, or vater surface profile
model (Bovee and Milhous 1978)], or (2) by applying the log stage-log
discharge linear regression model. For all simulations, the regression
technique was used because 6f the potential limitation of the WSP model
in hydraulically complex rivers (Bovee and Milhous 1978).

One requirement of the single-velocity IFG-4 model is a uniform water
surface elevation across the transect. Many of the transects in this
study had non-uniform vater surfaces across the transect due to ‘the com-
plex nature of the streams, locally steep gradients, and frequent ledges
and boulders. This problem vas resolved by collecting data as described
in Section 5.2.2 and independently simulating the stage/discharge rela-
tionship for each transect segment which exhibited a uniform water sur-
face elevation. Thus, any single transect could have up to seven inde-
pendent stage/discharge relationships.
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The second major function of the single-velocity IFG-4 model, prediction
of mean column velocity at each station, is accomplished by invoking a
modified version of the Manning equation: '

val,4d9/n * d2/3 * 51/2 (Equation 5-1)
wvhere

n = roughness coefficient of transect cell, dimensionless

v = mean column velocity for transect cell, ft/second

d = mean depth for transect cell, ft

s = slope of the energy gradient.

Cell-specific velocities measured at calibration discharge rates are

applied to the Manning equation to predict n, the roughness coefficient.

During simulation, the roughness coefficient and velocity term in the

equation are interchanged, and velocity is predicted over a range of

stream flows as mean depth, d, increases and roughness is held constant. .

This permits independent simulations of velocity for each set of field-
measured calibration velocities. Calibration velocity sets were measured
at two or more discharge rates for each study area.

One of the difficulties encountered in using the single-velocity IFG-4
model is the assignment of roughness coefficients to transect cells that
vere not undervater at the calibration discharge rate. Generally, this
includes transect cells on the banks of the stream, on islands or exposed
shoals,  bars, or boulders in the main channel. When the model predicts
high water surface elevations at the upper range of simulated discharge
rates, the roughness coefficients that are assigned to these cells may
have a significant effect on predictions of fish habitat. Unless values
for the roughness coefficient for these cells are supplied during model
simulation, the default feature of the single-velocity model is to use a
nearest neighbor value for any out-of-the-water cells. This means that
roughness coefficients are used to assign roughness values for cells on
the stream bank.
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The problem that often arises in this situation is that the cells on

the edge of the stream often exhibit low velocities, due more to an edge
effect than to the roughness characteristic of the cell itself. These
lov velocities, often coupled with shallow depth, result in unreasonably
high roughness values for the edge cells, which then become projected to
the out-of-the-water cells on the stream bank.

To avoid this occurrence in simulations on the Tugalo and Ocmulgee
rivers, an average roughness coefficient, calculated from all wetted-
cell roughness coefficients, was used in the place of the default edge
cell values for out-of-the-water cells. Such adjustments were made to
less than 5 percent of the total number of cells. In addition to these
adjustments, a "cap" of 5.0 was placed on n values. Howvever, high rough-
ness values that could be identified from field notes as resulting from
either substrate roughness, upstream velocity breaks, or downstream con-
trols vere not adjusted. Both of the above adjustments to cell roughness
values are accepted procedures in "calibrating" a transect data set for
hydrgulic modeling with the IFG-4 program. The use of an average n value

or placing a cap on n values can be found in Milhous et al. (1984).

Transects on the Qcmulgee River which were placed in divided channel hab-
itat included by definition only one-half of the stream channel. In the
hydraulic simulation phase, such transects vere combined with a transect
crossing the remaining portion of the channel to form a "composite®
transect. This was donq to permit accurate hydraulic simulation of the
entire river flow simultaneously. During the habitat modeling process,
the results for the two transects constituting each "composite" transect
were separated and expressed independently.

Hydraulic Model Diagnostics

In this phase; a quality control check of the hydraulic field data was
conducted and the reliability and range of flow over which accurate Simu-

lations could be expected were determined. Figure 5-1 illustrates the
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steps which vere followed to examine the data, using EA’s Pascal programs
and the diagnostic outputs produced.

Each transect data set was examined in several ways. First, the cross-
sectional profile of the channel vas plotted using EA’s BEDPLOT program
and examined for accuracy and potential errors. Second, the distribution
of velocities and calculated roughness values at stations along a tran-
sect vere displayed, using EA’s NVELDIST program (Figure 5-2); patterns
of velocity and roughness were related to known channel features during
calibration. Third, the stage/discharge data were plotted (EA’s SQPLOT
program) and examined for log-linearity; regression diagnostics for the
stage/discharge relationship vere printed by the SQSTAT program (Figure
5-3). Pactors evaluated for each transect segment included slope,

_ intercept, mean percent error, and the ratio of measured to predicted

discharge.

For each velocity data set, hydraulic model simulations vere performed

over a wide range of stream flows. The reasonableness of predicted
velocity values for each transect vas evaluated by examining the transect
Froude number and Velocity Adjustment Factor (VAF). The VAF is the cor-
rection factor used to force the simulated velocities to reproduce the
discharge determined from the stage/discharge relationship (Milhous et
al. 1984). The VAF should be close to one (1.0) when the simulated dis-
charge is equal to the calibration discharge, and less than one when the
simulated discharge is less than the calibration discharge.

The Froude number is a measure of general flow characteristics of the

stream, and is based on depth and velocity of the stream. Stream sec-

tions with Froude numbers less than one exhibit subcritical flow. Sub-
critical flov is typical of most natural streams, ﬁhich exhibit velocity
rahging from 0.5 to 3.0 ft/second and depth greater than 1.0 ft. Depth
and velocity values for a given transect tha* result in a Froude number
that is less than one represent reasonable values. Predicted depth and

velocity values that result in a Froude number that is greater than one
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are not reasonable, as a Froude number greater than one represents a
stream of supercritical flow.

In the context of evaluating the reasonableness of predicted depth and
velocity values of a PHABSIM simulation, the Froude number is of primary
use in examining the higher discharge rates. The discharge rate at which
the Froude number reaches a value of 1.0 represents the limit of extrapo-
lation. The Froude number was calculated for each transect over the
range of simulated discharge rates as

Fy =V, / (g*oj)“z (Equation 5-2)
vhere

Fj = Froude number at discharge rate j

Vj = average transect velocity at discharge rate j, in fps

Dj a average transect degth at discharge rate j, in feet

g = gravitational constant

Average velocity and depth for each 'discharge rate were calculated as

b b.
]
V.= L V.. / L wu, (Equation 5-3)
h| 1] 1
i=a i=a.
h| j
b b.
3 j
D. = E D.. / ¢ W, (Equation 5-4)
h| ij . i
1=aj 1=aj

V.. = velocity predicted at transect cell i, discharge rate j,
in ft/second
D, = depth predicted at transect cell i, discharge rate j,
in ft
Ui = wvidth of transect cell i
aj ? number of first cell vetted at discharge rate J
b. = number of last cell wetted at discharge rate j.
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Based on the predicted Froude numbers and velocity adjustment factors

for each transect, the results reported herein were considered reasonable
extrapolations of the data. Computed Froude numbers and velocity adjust-
ment factors for each transect are provided in Appendix F.

Habitat Simulation

In this phase, the hydraulic sihulation results are translated into a
measure of habitat available for any species life stage as a function of
stream flow. In EA’s microhabitat simulation program, HABSIM, the suit-
ability of each cell along a transect is calculated from the habitat
suitability criteria in a fashion identical to the FWS HABTAT Model
(Milhous et al. 1984).

The output of the habitat program consists of a function defining the
relationship between weighted usable area (WUA) per 1,000 ft of stream
and stream flow. Independent WUA vs. stream flow functions are produced
for each life stage and transect, and are summed for the stream reach

of interest. .

The WUA for each species and transect was calculated as

(Sd xS, x S, x Sc)1/4 (A;) (Equation 5-5)

VUA(Q) i

n
L
transect -1

i
vhere
S = suitability of depth (Sd), velocity (Sv),
substrate (Ss), and cover (Sc) of cell i
for species i
Ai = area of cell i
n = number of cells for that transect
VUA(Q) = veighted usable area for the transect, species,
and flowv of interest
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Suitability weighting factors were obtained from the habitat suitability
criteria (Chapter 4; Appendix D). Computer files containing the habitat
suitability criteria coordinates are presented in Appendix E.

Veighted usable area for the stream reach (study area) was calculated as:

n
wUA(Q)reach jfl. Tj UUA(Q)transect (Equation 5-6)
vhere
Tj = transect weighting factor for transect j
n = number of transects in reach
g VUA(Q)reach = the weighted usable area for the reach

and flow of interest

The transect veighting factor is the extrapolation factor described in
Section 5.2.1.

5.2 RESULTS AND DISCUSSION

5.2.1 Habitat Mapping and Transect Ueigﬁting

A summary of the results of habitat mapping presented to the agencies
during transect selection meetings is presented in Appendix B. The final
transects used in hydraulic and habitat data collection are listed in
Table 5-1.

Tugalo River

In the Tugalo River, two transects were placed in each of the.major
habitat types (riffle, riffle-run, run, and run-pool) and one transect
vas placed in a backwater area for a total of nine final transects. Each
major habi-at was then categorized as being most similar to one of the
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tvo transects representing that habitat type, and transect weighting fac-
tors vere calculated as the proportion of the total stream length repre-
sented by that transect. Computations for calculation of the relative
contribution of each habitat type and the transect weighting factors

are shown in Table 5-1; these computations 'are based on habitat in the
riverine portion of the Tugalo River (Section 2.1).

Ocmulgee River

In the Ocmulgee River, 11 final transects were selected. One transect
was established for each combination of primary habitat types (shoal,
run-pool, run, and pool) and channel types. Two transects were placed in
other habitat types of limited distribution. Two of the final transects
included secondary or side channels, characteriziné the occurrence of
these habitat types in the Ocmulgee River study area.

Due to the high variability of river widths in the Ocmulgee River, it
was necessary to calculate transect weighting factors from the relative
‘contribution of the habitat based on the area of the habitat (versus
length of the habitat). The computations for transect weighting factors
are shown in Table 5-1 (based on habitats from Lloyd Shoals Dam to the
vicinity of Nelson Island). The transect weighting factors (WF) for the

Ocmulgee River were calculated as:
'JFi = [ —— (Equation 5-7)

where

Li = the total area (ft?) of habitat type i divided by the average
width of habitat type i (termed length factor) and n = number

of areas classified as habitat type i.
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These variables were computed by electronic planimetry from aerial
photographs. When multiple transects were used to describe a habitat
type (i.e., divided-channel shoal habitat; Table 5-1), each transect was
assigned an equal weighting factor totaling the weighting factor for the
habitat represented.

5.2.2 Hydraulic Sampling and Simulation Diagnostics

The results of transect sampling, cross-sectional profiles of the
stream channel, measured velocities, calculated roughness values,
stage—discharge relationships, and diagnostic statistics are presented
in Appendix F.

Tugalo River

Hydraulic sampling of all nine Tuéalo River transects was conducted

2-6 May 1988 during controlled flows provided by GPC. Stage and dis-
charge measurements were collected at four stream flow rates (Appen-

dix F). Velocities were measured at ﬁll transect stations at all flovs,
providing four sets of measurements for calibrating the hydraulic model.
During 2-3 May 1988, a U.S. Geologic Survey (USGS) team was preseﬂt to
measure flows in the Yonah tailvater and in Panther Creek; these data
provided a cross-check of discharge estimates. All USGS data were vithiﬂ
0-10 percent difference of the discharge estimates reported herein; the
discharge for Panther Creek, as calculated by USGS on 3 May 1988, wvas

28 cfs. The discharge of Brasstown Creek on 3 May 1988 was 23 cfs. The
best estimates of discharge for the four calibration flows were derived
from transect discﬁarge estimates and USGS discharge eﬁtimates, corrected
for tributary flows.

The diagnostics of the hydraulic simulations for the Tugalo River
(Appendix F) indicate that the results are of good quality: the mean
percent errors (MPE) of the transect segment stage-discharge relation-
ships were 43 percent excellent (<5 HPE),'aO percent good (5.1-10 MPE),
14.3 percent fair (10.1-25 MPE), and 3 percent poor (>25 MPE). The range
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of velocity adjustment factors encountered vere reasonable and trends in
velocity adjustment factors were as expected; velocity adjustment factors
vere typically within the range 0.90-1.10 when calibration flows equaled
the simulated flows (Appendix F). All transect Froude numbers assumed
reasonable values for the flow range simulated; pools had low Froude
numbers; and riffles had moderate, but subcritical values (Appendix F).

The range of flows simulated for the Tugalo River was 20-3,000 c¢fs. The
low end of this range is equivalent to the approximate flow that would
occur if the Yonah facility was discharging zero flow (i.e., only tribu-
tary flow) and the high end is equivalent to the maximum flow that can be
output from the Yonah facility under full pover production at the most
efficient gate setting.

Ocmulgee River

Hydraulic sampling of 11 Ocmulgee River transects ués conducted dur-
ing the periods 29 August - 2 September 1988, 10-11 October 1988, and
15-18 October 1988, during controlled flows provided by GPC. Stage
and discharge measurements were collected at four stream flow rates

(Appendix F). Velocities were measured at all transect stations at two
flows, providing two sets of measurements for calibrating the hydraulic
model. The best estimates of discharge for the calibration flows were
derived from comparison of transect discharge estimates and the Lloyd
Shoals facility tailwater rating curve.

Diagnosis of the hydraulic simulations for the Ocmulgee River
(Appendix F) indicate that the results are of good quality. MPEs of
the transect segment stage-discharge relationships were: 54.6 percent
excellent (<5 MPE), 27.3 percent good (5-10 MPE), 13.6 percent fair
(10-25 MPE), and 4.5 percent poor (>25 MPE) (Appendix F). The range
of velocity adjustment factors were reasonable for the range of flovs
simulated and trends in velocity adjustment factors were as expected;
velocity adjustment factors were typically within the range 0.90-1.10
vhen the calibration flow equaled the simulated flow (Appendix F).
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All transect Froude numbers assumed reasonable values for the flovs

simulated.

The range of flows simulated for the Ocmulgee River was 50-3,500 cfs.
This range of flows is approximately equivalent to zero power generation
with some dam leakage to the maximum capacity of the Lloyd Shoals facil-
ity under full power produEtion at the most efficient gate setting.

5.2.3 Habitat Simulation Qutput

A separate habitat simulation output (WUA versus discharge) was produced
for each of the separate calibration flows {sets of velocity measure-
ments). Depending on the quality of the data and hydraulic characteris-
tics of the stream, the VUA versus discharge functions can be somewhat
different for each calibration flow. In terms of evaluating the simula-
tion output, and in anticipation of using the habitat-discharge functions
in further analyses, a decision must be made as to the function which
most accurately depicts the habitat-discharge dynamics of the stream.

Two alternatives are possible: (1) selecting output of habitat simulation
based on the best and most complete calibration data set, and (2) produc-
ing hybrid habitat-discharge functions by combining output from habitat
simulations of separate discharge ranges for each calibration flow.

These alternatives were evaluated by comparing and contrasting the
results of each calibration flow in light of hydraulic considerations.

Figures 5-4 and 5-5 illustrate the habitat-discharge functions produced
vith two independent calibration data sets for the Tugalo and Ocmulgee
rivers. A summary of these data are presented in Tables 5-2 and 5-3.
Inspection of Figure 5-4 shows that estimates of WUA for the Tugalo River
are nearly identical regardless of the calibration data set used. For
the Ocmulgee River, eétimates of WUA from the two calibration flows are
nearly identical at flows less than S00 cfs and are similar atﬁfloﬁs
greater than 500 cfs (rigure 5-5). '
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Based upon the above comparison, it was decided to base the final habitat
simulations on the 575 cfs calibration flow for the Tugalo River and the
1,960 cfs calibration flow for the Ocmulgee River. The reasoning behind
this decision was twofold:

1. For both rivers, the lower stream flows at which velocity
measurements were taken vere quite low. Consequently,
the hydraulic simulation is based on fewer data, because
fewver cells are underwater and exhibit measurable veloci-
ty. Thus, many of the transect roughness coefficients
have to be assigned either from water’s edge cells or
averages from the wetted cells. In contrast, hydraulic
simulations performed on velocity data sets collected at
intermediate flows (i.e., 575 cfs at Tugalo River and
1,960 cfs at Ocmulgee River) benefit from larger amounts
of data and are more accurate in simulating velocity

distributions over a broad range of discharges.

2. Inspection of the habitat-discharge functions shows that
at the lower range of stream flows, WUA is predicted to
be nearly identical, regardless of the data set. There-
fore, there is apparently no need to combine results of
habitat simulations of different flow ranges based on
separate calibration data sets.

Based on the above arguments, final habitat-discharge functions wvere
generated for the Tugalo River based on the 575 cfs calibration flow
and for the Ocmulgee River based on the 1,960 cfs calibration flow
(Figure 5-4 and 5-5); these functions represent the most accurate
habitat versus discharge functions simulated for each study stream.

5.2.4 Habitat-Discharge Relations

Plots of the relationship between available habitat (WUA) and stream
discharge for each species life stage are presented in Figure 5-6 for
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the Tugalo River and in Pigure 5-7 ﬁqr the Ocmulgee River. A summary
of these data in tabular form are presented in Tables 5-2, 5-3, and
Appendix G. '

Three general ‘types of habitat-discharge relations vere observed in the
Tugalo and Ocmulgee rivers. In the Type-I relations, WUA vas near zero
at low flow, increased at a moderate rate, exhibited a broad peak, and
then gradually declined with increasing discharge (e.g., adult silver
redhorse, adult redeye bass) (Figure 5-6). In Type-II relations, WUA
increased rapidly from a low or moderate value at low flow, exhibited

a narrover peak, and declined rapidly (e.g., spavning redbreast sunfish,
margined madtoms, spawning bluehead chubs) (Figure 5-6). In Type-III
relations, WUA peaked at low flows and decreased vith increasing dis-
charge. These patterns are similar to those reported by Leonard and Orth
(1988), and their terminology is adopted here. The assignment of species
life stages to these patterns is not exact since the habitat-discharge
relations of some species are intermediate.

The shape of the habitat-discharge response curve is a function of

the species life stage habitat preferences and reflects the inter-

action between hydraulic variables and channel structure with increas-
ing discharge: (1) rapid increase in vetted stream bottom area (depth

to a lesser extent) especially in riffle areas; (2) increases in veloci-
ty; and (3) inundation of areas of variable substrate and cover types.
Velocity is affected more by a given change in flov than other hydraulic
variables (Kraft 1972; villiams and Winget 1979). As a result, the maxi-
mum habitat range of a species life stage is often closely associated
vith its velocity preference (Leonard and Orth 1988).

Species life stages that use similar microhabitats (habitat-use guilds)
typically exhibit similar habitat-discharge relations (Leonard and Orth
1988). This was found to be true of the species life stages included in
habitat modeling on the Tugalo and Ocmulgee rivers (Figures 5-6 and 5-7),

and some generalizations are outlined below.
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Species life stages inhabiting shallow-slow habitats (e.g., YOY of
northern hog sucker, striped jumprock, redeye bass) typically exhibit
Type-III habitat discharge relations. At low flows, both the Gcmulgee
and Tugalo rivers retain a substantial proportion of their total surface
area, and shaliow-slow habitats are abundant throughout the channel,
yielding high WUA values for these species. As discharge increases, WUA
values decrease due to increasing depths and velocities above the pre-
ferred or tolerated ranges of these small YOY fishes. Habitat for this
group of species is maximized at near-zero flows. Some species exhibit-
ing a Type-III response may exhibit a unimodal peak in WUA at very low
flovs not shown in our data due to extrapolation limits on hydraulie
simulations.

Species life stages inhabiting shallov to moderate depths and with mod-
erate to fast vater velocity preferences (e.g., spawning bluehead chub,
adult margined madtoms, juvenile Altamaha shiners), typically exhibited
a Type-II habitat-discharge relation (Figures 5-6 and 5-7). At low flow,

substantial amounts of shallow to moderate depth habitat is available,
but velocity is often too slow. With increasing discharge, WUA rapidly
increases as velocities increase and the channel is vetted; soon veloci-
ties enter unsuitable ranges and WUA drops off rapidly. The slope of
the ascending limb of the curve and the location and width of its peak
closely reflect the velocity preferences of the species life stage;
species with moderate velocity preferences have steeper ascending por-
tions of the curve and peak at lower flows than species with higher or
wider velocity preferences. For some species life stages with narrow
depth tolerances, depth may be a more limiting habitat variable.

Those species preferring deeper runs and pool habitat and/or having wide
velocity tolerances (e.g., adults and juveniles of redeye bass, shoal
baﬁs, whitefin shiners, Altamaha shiners, silver redhorse, §triped jump-
rock, redbreast sunfish) generally exhibited Type I habitat-discharge
relations. Although pools and runs maintain some of their depth and
surface areas at low flows, velocities are usually too low. As discharge

increases, velocities enter suitable ranges and newv areas of suitable
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depth are created. Habitat is maximized at moderate flows, and due to
wide velocity preferences, WUA does not decline as rapidly with addi-

tional flow, resulting in broad peaks on the WUA curve for some species.

The habitat versus discharge plots for some species exhibit irregulari-
ties (i.e., stair-step patterns or secondary peaks). These patterns

relate to irregularities in the stream channel and the location of areas
with suitable/preferred substrate or cover. As discharge in the stream
increases, areas of the channel are inundated and depths and velocities
increase at different rates and often in a nonlinear fashion. Local

areas of the stream chénnels may shift alternately between highly suit-

able and unsuitable, creating the observed patterns.
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OCMULGEE RIVER INSTREAM FLOW STUDY-GPCTI 1027604
TRANSECT 0-51 AND 0-47; DIVIDED CHANNEL RUN/POCL AND DIVIDED CHANNEL SHOAL HABITATS

STAGE/DISCHARGE REGRESSION ANALYSIS

GENERAL MODEL:

STMGE-S5TF = A*DISCHARGE®*B OR
LN{STAGE-S52F) = LN(Al + B*LN{DISCHARGE)

TRANSECT SECTION : 0.4 To 261.1 FEET

STAGE OF IERD FLOW (52F)= 88.60

INTERCEPT { LN(A} ) = =0,3756
SLOPE [ B ) = 0.2271

SUMMARY STATISTICS :

MEASURED PREDICTED

DISCHARGE DISCHARGE RATIO
2850.000 Jo21.17% 0.943
1960.000 1841.542 1.063
630.000 630.229 1.931
375.000 387.901 0.967
MEMN % ERROR 4.61

VARLANCE 2.52

STANDARD DEVIATION 1.59

SAMPLE SIZE 4

TRANSECT SECTION : 1302.1 TO 4D6.0 FEET

STAGE OF ZERD FLOW (SZF)= 88.78

INTERCEPT ( LN(A) } = =1.2924
SLOPE { B} = 0,3296

SUMMARY STATISTICS :

MEASURED PREDICTED

DISCHARGE DISCHARGE RATIO
2850.000 2826.585 1.008
1960.000 1919.768 1.010
550.000 691.209 0.940
375.000 159,221 1.044

MEAN \ ERROR 3.10

YARIANCE 7.10

STANDARD DEVIATION 1.66

SAMPLE SIZE 4

TRANSECT SECTION : 418.0 TO 561.1 FEET

STMGE QF IERO FLOW (SIFI= 88.738

INTERCEPT ( LN(A) | = =1.4324
SLOPE { B} = 0.3436

SUMMARY STATISTICS

MEASURED PREDICTED

DISCHARGE DISCHARGE RATIO
2850.000 279%9.011 1.018
1960.000 1961.085 0.999
650.000 69).586 0.937
375.000 357.619 1.049

Fiqure 5-3. Example output of EA’s SQSTAT progran l.ll.usl:rat:.nq staqa-
discharge and hydraulic simulation diagnostics.



MEAN % ERROR 3.29

VARIANCE 8.73
STANDARD DEVIATION 2.95
SAMPLE 5SIIE 4

HYDRAULIC SIMULATION RESULTS

STRENM MENN MEAN VELOCTTY ADQJUSTMENT FACTOR
DISCHARGE WIDTH DEPTH . VELOCITY FROUDE
{CrS) [FT} (re) (FPS) NUMBER 1960 CPS DATA SET 175 CPS DATA SET
S0 320.4 2.1 0.07 0.009 0.080 0.254
100 3182.5 1.9 0.13 0.017 0.143 0.4348
150 402.0 2.0 0.1% 0.024 0.19% 0.592
200 q08.1 2.1 0.23 0.020 0.217 0.714
250 410.2 2.2 0.28 0.033 0,275 0.821
100 412.0 2.) 0.32 0.017 0.310 0.917
350 413.5 2.4 0.36 0.041 0.343 1.004
400 414.9 2.5 0.39 0.044 0.373 1.08%
500 423.3 2.6 0.46 0.051 0.429 1.231
700 418.9% 2.8 0.60 0.063 0.528 1.491
900 418.9 3.0 0.72 0.073 0.612 1.707
1100 419.1 3.2 0.83 0.082 0.6a8 1.897
1300 419.7 3. 0.34 0.091 0.756 2.069
1500° 420.1 3.4 1.04 - 0.099 0.820 2.226
2000 420.9 1.7 1.29 0.118 0.961 .2.57%
2400 421.8 1.9 1.47 0.132 1.061 2.819
2800 422.5 4.0 1.64 0.144 1.15% 3.042
3200 421.2 4.2 1.41 0.156 1.238 3,248
1800 424.0 4.2 1.87 0.157 . 1,317 2,439
4000 424.7 1.4 2.1) 0.178 1.192 3.619

Pigure 5=3 {Cont.)}
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calibration flows

1575 cfs,

R4 Sy -4 B)

1,545 cfs}

abbreviations are listed in Table 4-1;
3 = juvenile, and 4 = adulr,

WFi--1545 cfs

for aelected species on the Tugalo River.

Comparison of weighted usable area versus discharge relations produced by separate

Specias

+*-v=% o) wna --1546 cfs

life stage codes are 1 = spuawning, 2 = young-of-the-year,
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TABLE 3-1 FISH SAMPLING GEAR, EFFORT(a), AND HABITATS SAMPLED AT EACH
SITE IN THE MATHIS-TERRORA BYPASS, TALLULAH GORGE, TUGALOD
RIVER, AND OCMULGEE RIVER DURING 16-23 SEPTEMBER 1987

Study Area

Site

Fish Sampling Gear Type/Effort(a)/Habitat

Mathis-Terrora
Bypass

Tallulah Gorge

Tugalo River

Ocmulgee River

1

Backpack and pram; 83 min; 660 f£t, pool,
riffle, run -

Backpack; 30 min; 255 £t pool, riffle, run

Backpack; 20 min; 168 ft, pool riffle, run,
backwvater

Backpack; 20 min; 100 f£t, pool, emergent
vegetation

Backpack; 30 min; 150 £t, pools, runs

Backpack; 20 min; 165 ft, cascade, run

Backpack; 27 min; 183 ft, pool, cascade, run

Backpack; 30 min; 200 ft, chutes, cascade, run

Backpack; 45 min; 668 ft, pools, run, cascade,
chutes

Boat; 17 min; pool, run

Boat; 50 min; pool

Backpack and pram; 90 min; riffle, run, shallow

pool
Backpack; 85 min; riffle, run, backwvater

Backpack and pram; 60 min; shoal, riffle,
shallow run

Boat; 50 min; pool, deep and shallow run, back-
water

Backpack and pram; 55 min; shoal, riffle,
shallow run
Boat; 90 min; pool, run

{a) Effort = Measure of time (minutes) or distance of stream reach
over which sampling occurred.
(b) See Figures 2-1 through 2-4 for locations of sampling sites.



TABLE }-2 COMMON AND SCIENTIFIC NAMES OF FISH SPECIES FOUND IN THE MATHIS-TERRORA BYPASS, TALLULAH GORGE,
TUGALO RIVER, AND OCMULGEE RIVER STUDY AREAS

Scientific Name Common MHame Scientific Hame

Common Name

LEPISOSTEIDAE
Longnose gar

Lepisosteus ossaus

ICTALURIDAE
Snail bullhead
White catfish

Ictalurus brunngug

Ictalurus catus

{a)

AMIIDAE (el Brown bullhead Ictalurus nebulosus (b.c)
Bowfin Amia calwva Flat bullhaad Ictalurus platycephalus’ '’
Channel catfish Ictalurus punctatus
ANGUILLIDAE Margined madton Noturus insignis(a)
Amsrican eal Anguilla rostrata Flathead catfish Pylodictis olivarisi(e)
CLUPEIDAE POECILITIDAE
Blueback herring Alosa aestivalis‘a' Mosquitofish Gambusia affinis
Gizzard shad Dorosoma cepedianum
ATHERINIDAE
SALMONIDAE Brook silverside Labidesthes sicculus(c,
Rainbow trout Oncorhynchus mykiss
- PERCICHTHYIDAE
ESOCTIDAE White bass Moraone chrysops
Chain pickerel Esox niger
CENTRARCHIDAE (a)
CYPRINIDAE Redbreast sunfish Lepomis auritus
Contral stonerollsar Campostoma anomalum Green sunfish Lopomis cyanellus
Copmon c<arp cyprinus carpio. (b) Bluegill Lepomis macrochicus
Rosyface chub Hybopsis rubrifrons (a) Dollar sunfish Lepomis marginatus {a,b)

Lepomis microlophus
Micropterus coosase(a)
Micropterus dolomisui(b)
Micropterus salmoides

Micropterus sp.

Pomoxis nigromaculatus

Redear sunfish
Redeye bass
Smallmouth bass
Largemouth bass
Shoal bass
Black crapple

Bluehead chub
Galdaen shiner
Ocmulgee shiner
Pugnossa minnow
Spottail shiner
Yellowfin shinaer
Whitefin shiner
Coastal shiner
Altamaha shiner
Bandfin shiner

Nocomis leptocephalus
Notemigonus crysoleucas
Notropis callisema(c}
Notropis emiliae(c}
Notropis hudsonius{a)
Notropis lutipinnis(a}
Notropis niveus{a}
Notropis petersdni{c)
Notropis xaenurus(a)
Notropis zonistius{a)

(c)

PERCIDAE
Swamp dactecr
Turquaise darter
Toessellated dacrter
Yollow parch
Blackbanded darter

Etheostoma fusifo:me(b'
Etheostoma insciptum(a'b)
Etheostoma olmstedi{c)
Perca flavescaens

Percina nigrofasciata‘a)

CATOSTOMIDAE
Creaek chubsuckar

Erinyzon oblongus‘c'

Northaern hog suckar Hypentalium nigricans Walleye Stizostedion vitreum vitreum
Spotted sucker Minytrema melanops
Silver raedhorsa HMoxostoma anisurum MUGILIDAE

{c)

Moxostoma robustuu‘b‘C}

Moxostoma rupiscartes

Spallfin redhorse Striped mullet Mugil cephalus

Striped jumpreck

COTTIDAE

Mottled sculpin (k)

Cottus bairdi

{a}) ID verified by Preeman.
(b) Collected by EA {(in progress) in North Georgia study area (not collected during this study).
{c)] Collected by EA {(in prograess) in Ocmulgesa River {not collected during this study)




TABLE 3-3 FISH SPECIES COMPOSITION AND LENGTH DATA FOR ALL MATHIS-TERRORA BYPASS SAMPLING SITES COMBINED;
COLLECTION PERIOD 16-23 SEPTEMBER 1987

g(

Length {(mm)

Standard

Species Number Percent Mean Minimum Maximum Deviation
Bluehead chub as 19.8 718.0 33 153 26.8
Redbreast sunfish 75 16.9 98.0 50 186 33.3
Yellowfin shiner 74 16.7 57.8 11 80 9.0
Northern hog sucker 62 14.0 127.3 46 256 53.0
Bandfin shier 40 9.0 85.5 60 106 12.4
Vhitefin shiner a9 8.8 61.4 31 88 12.1
Margined madtom 33 7.4 98.5 o . 146 22.4
Redeye bass 8 1.8 125.5 59 211 48.6
Stoneroller 8 1.8 91.5 17 125 14.8
Striped jumprock 7 1.6 197.3 165 252 33.2
Largemouth bass 3 0.7 132.3 41 236 98.1
Green sunfish 3 0.7 155.0 136 171 17.7
Snail bullhead 3 0.7 101.7 98 105 3.5
Bluegill 1 0.2 75.0 75 75 .
all 444 100.0 89.7 30 256 40.3



TABLE 3-4 FISH SPECIES COMPOSITION AND LENGTH DATA FOR ALL TALLULAH GORGE SAMPLING SITES COMBINED;
COLLECTION PERIOD 16-23 SEPTEMBER 1987

Length (mm)

J Standard
Speci=s Number Percent Mean Hinimum Maximum Deviation
Bluehead chub 129 51.2 52.0 0 163 25.8
Redbreast sunfish 48 19.0 631.8 29 180 46.6
Stoneroller 32 12.7 64.9 a8 127 26.9
Redeye bass 17 6.7 112.6 76 290 56.4
Northern hog sucker 10 4.0 84.6 72 100 10.6
Snail bullhead 7 2.8 201.4 170 230 22.1
Yellowvfin shiner 5 2.0 41.8 a8 47 , 3.9
Brown bullhead 2 0.8 69.5 68 71 2.1
Striped jumprock 1 0.4 193.0 193 193 .
Margined madtom 1 0.4 54.0 54 54 .
all 252 100.0 65.9 29 290 43.7




TABLE 3-5 FISH SPECIES COMPOSITION AND LENGTH DATA FOR ALL TUGALO RIVER SAMPLING SITES COMBINED;
COLLECTION PERIOD 16-23 SEPTEMBER 1987

Length (mm)

Standard
Species Number Percent Mean Minimum Naximum Deviation

Blackbanded darter 74 15.6 -78.2 46 101 11.2
Bluegill 65 13.7 112.8 51 193 26.3
Margined madtom 57 12.1 89.6 44 128 15.5
Redbreast sunfish 50 10.6 134.4 46 195 37.5
Yellow perch 31 6.6 105.2 60 162 31.0
Snail bullhead 28 5.9 162.6 100 240 43.7
Largemouth bass 26 5.5 157.0 41 450 112.5
Blueback herring 26 5.5 80.5 73 87 3.4
Spottail shiner 20 4.2 92.4 58 114 13.2
Bluehead chub 17 3.6 128.4 85 200 28.6
Vhitefin shiner 16 3.4 79.5 68 95 9.0
Silver redhorse 13 2.7 398.4 303 466 41.6
Redeye bass 11 2.3 172.4 64 301 98.0
Green sunfish 9 1.9 105.9 78 132 19.6
Brown bullhead 7 1.5 162.0 130 200 29.1
Northern hog sucker 6 1.3 ‘158.8 140 194 20.7
Carp 6 1.3 489.2 433 530 44.5
Varmouth 4 0.8 171.8 139 195 26.7
Vhite bass 2 0.4 380.5 Jol 400 27.6
Striped jumprock 2 0.4 146.0 141 151 7.1
Gizzard shad 2 0.4 300.0 290 310 14.1
Channel catfish 1 0.2 310.0 310 310 .
All 473 100.0 126.7 41 530 81.9



TABLE 3-6 FISH SPECIES COMPOSITION AND LENGTH DATA FOR ALL OCHULGEE RIVER SAMPLING SITES COMBINED;
COLLECTION PERIOD 16-23 SEPTEMBER 1987

" Length (mm)

Standard
Species Number Percent Mean Hinimum Haximum Deviation

Redbreast sunfish 275 30.4 116.6 27 195 30.4
Spottail shiner 152 16.8 83.13 63 117 13.1
Snail bullhead 69 7.6 177.3 45 347 67.1
Altamaha shiner 69 7.6 60.4 38 93 12.5
Spotted sucker 63 7.0 352.2 100 505 92.8
American eel 51 5.6 295.2 190 610 78.6
Largemouth bass 35 3.9 184.4 70 K1y 88.2
Gizzard shad 32 3.5 322.2 243 386 34.9
Bluegill 30 1.3 150.2 56 220 43.8
Browvn bullhead 24 2.7 225.4 86 345 51.0
Silver redhorse 21 2.3 338.6 205 445 86.5
Turquoise darter 16 1.8 48.8 40 71 7.3
Redeye bass 8 0.9 205.6 73 340 B84.1
Blackbanded darter 8 0.9 72.9 59 100 15.9
Redear sunfish 8 0.9 193.9 145 300 63.6
Yallowfin shiner 8 0.9 48.3 40 54 5.8
Bluehead chub 7 0.8 120.4 72 155 27.3
Striped jumprock 6 0.7 179.3 160 204 17.0
Yellow perch 5 0.6 196.8 102 285 - 72.8
Vhite catfish 4 0.4 196.5 68 280 90.5
Longnose gar K| 0.3 553.0 376 . 790 213.4
Yhite bass 2 0.2 465.0 460 470 7.1
Carp 2 0.2 575.0 470 680 148.5
Dollar sunfish 1 0.1 135.0 135 135

Hargined madtom 1 0.1 90.0 90 90

Stoneroller 1 0.1 125.0 125 125

Chain pickeral 1 0.1 402.0 402 402

Black crappie 1 0.1 . . .

Warmouth 1 0.1 150.0 150 150

Green sunfish 1 0.1 124.0 124 124 .
all 905 100.0 161.0 27 790 109.0
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Figure 5-6. Final weighted usable area versus discharge relations for all species life stages in the

Tugalo River study area. Species abbreviations are listed in Table 4-1; life stage codes are
1l = spawning, 2 = young-of-the-year, 3 = juvenile, and 4 = adult.
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. TABLE 5-1 SUMMARY OF HYDRAUiIC/HABITAﬁ!FIMULATION TRANSECT ATTRIBUTES AND COMPUTATION OF
TRANSECT WEIGHTING FACTORS

TUGALO RIVER

Total Length of

Habitat Represented Parcent of Total Reach
Transect Number Habitat Type (£t) Langth Weighting Factor
Y-7 Run/Pool 1,324 10.1 0.101
Y=-9 Backwater 1,236 . 9.4 0.094
¥=12 Run 174 5.9 0.059
¥-20 Run . },622 27.5 0.275
¥-21 Riffle/Run 525 4.8 0.048
¥Y=24 Riffle/Run 1,794 13.6 0.136
¥-25 Riffle 466 3.5 0.0315
¥-26 Run/Pool 1,379 10.5 0.105
¥=-29 Riftle 1,940 14.7 0.147
TOTAL 13,160 100.0 1.000
OCMULGEE RIVER
Average Width . .
Total Area of (W] Langth Pactor W;:g::tnq
. Habitat Represented of Habltat [Ly (f£t) {L./L L
Transect Number Channsl and Habitat Type {acres} (ft) {area/width) i i)
0-9 Divided Channel Shoal 9.2 161 2,489 0.053
0-17 Divided Channel 5hoal 6.2 161 2,489 0.053
0-32 Single Channel Run/Pocl 36.0 213 7,362 0.157
0-31 Single channel Pool 55.4 204 11,830 0.252
0=46 Divided Channal Pool 10.89 149 3,157 0.067
0-47 Divided Channel Shoal 9.2 161 2,489 0.0%53
0-48 Divided Channel Run 10.8 95 4,952 0.10s6
0-51 Divided Channel Run/Pool 8.4 100 3,65% 0.078
0-60 Single Channel Sheal 3z2.0 3155 3,915 0.084
0-84 Single Channel Gravel Run 6.0 140 1,867 0.040
0=55 Single Channel Sandy 10.8 178 2,643 0.05¢
Run/Poel
TOTAL 46,853 1.000

(a) See text for explanation.



TABLE 3-2 SUMMARY OF AVAILABLE HABITAT, EXPBESSED A5 WEIGHTED USABLE AREA (WUA) (S5Q. FT.,/ 1,000 PT.), FOR EACH
. SPECIES LIFE STAGE AND DISCHARGE IN THE TUGALO RIVER STUDY AREA. BRESWULTS DERIVED FROM PHYSICAL
HABITAT SIMULATION.

SPECIES-LIFE STAGE DISCHARGE (CFPS)
20 40 60 80 100 120 L40 160 200 250

Blueshead chub-spawn 126121 47411 68478 79085 86983 950597 95540 96811 37746 96574
Bluehead chub-yoy 63395 50502 42296 34292 281312 25767 24924 24253 20540 19214
HMargined madtom-yoy 78581 94525 97961 99184 100167 102004 1010457100875 99168 94714
Hargined madtom-adult 91333 112089 120624 124096 126999 131038 135653 137045 139313 1394679
Northern hog sucker-yoy 57580 59884 53751 477184 44013 38449 34247 10923 27077 231%917%
Horthern hog sucker—juvenile 997 10886 3131} 4864532 528716 66864 73164 197395 88IJ26 96164
Horthern hog sucker-adult 16378 22201 27769 38442 48263 58695 65479 69969 78511 85564
Redeye bass-yoy 100523 115940 120182 120779 1221689 120407 119670 119352 119142 118490
Redeye bass-juvanile 40243 48521 66251 80817 33660 100321 106451 110299 115745 120792
Redeye bass-adult 18048 23791 28404 333848 380512 41986 53297 599319 77916 93191
Redbreast sunfish-spawn 49770 70463 78269 00896 82554 84481 84191 B83I447 81636 79520
Redbreast sunfish-adult 24520 28081 31246 34879 36865 40198 44163 49828 59443 68801
Striped jumprock-yoy 56012 6131977 62671 59897 568129 53291 50020 47380 43335 40893
Striped jumprock-adult 26401 43069 52767 59590 65629 70829 74630 77742 82335 88021
Silver redhorse-adult 10446 14501 17041 189719 2111314 21513 26319 2717148 31828 41034
Walleye-spawn i 6955 11560 24975 36969 50558 60013 68045 75828 87041 972113
Whitefin shiner-adult 29398 52323 72972 84212 92939 99251 103422 107732 113321 117950
300 150 400 500 600 800 1000 1500 2000 3000
Bluehead chub-spawn 95915 %1170 87564 78155 64330 40789 31165 19611 14497 9800
Bluehead chuh-yoy 18084 182175 18836 19181 192499 17118 14189 9438 8269 4281
Margined sadtom-yoy 50121 45167 78531 66456 55706 18606 310853 19369 12992 6082
Marginaed madrtom-adult 139501 1380549 135477 128001 121134 1053014 93264 7136874 56402 35128
Northern hog sucker-yoy 19530 18004 14815 16342 19866 18553 16261 10296 19213 1866
Horthern hog suck- :-juvenile 100616-104563 107109 109398 109790 105057 102552 69045 67597 43185
NHorthern hog sucker-adult 90942 95000 97510 101003 105035 106826 105543 100070 91993 6&al18
Redeye bass-yoy 11468612 111824 1008358 103588 100130 90674 BlLE46 649291 52658 40371
Redeye bass-juvenile 122103 123624 1234139 124268 123210 121041 116205 96926 77295 58646
Redeye bass-—adult 100617 105114 107895 111410 112313 110646 105097 100304 93173 72045
Redbreast sunfish-spawn 16999 73624 71484 67589 67176 66941 65581 56954 50209 40051
Redbreast sunfish-adult 741813 TIL93 78257 T93IST 802413 TT318 T2697 55732 49981 41278
Striped jumprock-yoy 37614 33963 310318 27766 31470 27214 24132 19366 17360 13877
Striped jumprock-adult 31505 94162 96067 96599 97496 94%20 8B168 73008 59343 J)é&7013
Silver redhorse-adult 50127 58936 654997 71964 78533 82753 80466 67773 544935 44824
Walleya-spawn 105065 109166 113723 118501 1171235 110281 99770 65262 4311714 26117

whitefin shiner-a